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Abstract: In this contemporary world, coating plays a vital role 
to improve the mechanical property of the material, complete 
chemistry and structure of the material need not be altered instead 
surface modification is more than enough to reduce the 
degradation of material through corrosion accumulation of the 
dust on the surface and the contact angle between the water and 
the surface is the major focus. the current article, current work 
gives the collective result of different types of coating like dip 
coating, sol-gel, spray coating, spin coating, plasma coating, 
chemical vapor deposition, and lithography in comparing all the 
methods of coating with spin coating it can convert the surface 
into a superhydrophobic surface with more contact angle of 165° 
with the coating microns of 10 to 30 micron, and dip-coating 
having a contact angle 160° with coating 3 microns, the sol-gel 
coating having contact angle 115°-165° with coating 20 microns, 
spray coating having contact angle 164° with coating 7 microns, 
plasma coating having contact angle 144° with coating 25 
microns, chemical vapor deposition having contact angle 
159.3°with 20 microns, lithography coating has a contact angle of 
160° with coating 33 microns, whereas other coating techniques 
like dip, spray, plasma coating, chemical vapor deposition, and 
lithography have constraints with contact angle respectively. 
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I. INTRODUCTION 

Superhydrophobic coatings have undergone various 

developments in recent years because of their excellent 
multipurpose qualities [1]. Natural superhydrophobic 
surfaces have gained a lot of attention because of the lotus 
leaf’s inherent ability to self-clean. This effect is known as 
the "Lotus Effect" [2]. The micro- and nano-hierarchical 
surface structure of leaves and the material's low surface 
energy that deflects water droplets inspired the lotus effect 
[3]. It is generally known that various plant leaves display a 
range of characteristics, including the capacity to resist water, 
roll off the surface, and act as an antifouling [4], even when 
covered with polluted water or dust. An essay on the cleaning 
capabilities of a lotus leaf was published in 1997 [5].  
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After studying Super-Hydrophobicity after that [4], Dettre 
and Johnson conducted the first investigation on the 
phenomenon of Super-Hydrophobicity in 1964 [6]. Wilhelm 
Barthlott and Ehler investigated the self-cleaning capabilities 
of superhydrophobic micro-nanostructured surfaces in 1977, 
coining the name "lotus effect" to describe these properties 
[7]. Self-assembly technology is another name for the 
fundamental component of the self-cleaning (SC) approach, 
which can clean a surface without the help of an external 
device [8] and remove dust particles from the surface [7]. 
There has been a lot of interest in making artificial 
superhydrophobic surfaces during the last 25 years. Artificial 
superhydrophobic surfaces provide various benefits that can 
be measured and distinguished by their amazing capacity to 
ripple the water droplet. The sliding angle or contact angle of 
a liquid droplet on a perfectly flat surface, as well as the angle 
between the liquid-solid and liquid-vapor interfaces, are both 
components of the contact angle. The chemically 
homogeneous surface may be predicted [9] by Young's 
relation [10]. A surface is said to be superhydrophobic if the 
water contact angles (CA) are more than 150°, the sliding 
angles are lower than 5°, and the contact angle hysteresis 
(CAH) is lower than 10° [5] [11] [9]. 
 

Cos Θ= (γAC - γAR)/ γRC 
 

Where the notation denotes C=gas, R=liquid, and 
A=solid, the c=contact angle (°) and γ=interfacial Surface 

tension measured in J/m2 are used. As seen in the equation 
above, Young's relation describes the equilibrium of the three 
interfacial tensions existing at the bubble point of a solid, 
liquid, and vaporous liquid droplet on a completely smooth 
hard surface [11]. 

 
Fig. 1. Young’s Model  

In contrast, hydrophilic surfaces have a modest contact angle 
with a water droplet and a large surface free energy. Water 
droplets have a low surface free energy and a contact angle 
with hydrophobic surfaces that are more than 90°.  
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Surfaces that have a water slide angle hysteresis of lesser 
than 10° and a contact angle (WCA) of more than 150° are 
said to be superhydrophobic. A hydrophobic material is used 
to create a rough surface, or a rough surface may be 
chemically treated with a hydrophobic coating to create 
synthetic superhydrophobic surfaces [12]. Superhydrophobic 
surfaces offer a huge potential for "dust-phobicity" and little 
dust adhesion due to their capacity to clean themselves [13]. 
The contact angles of a water droplet with hydrophilic, 
hydrophobic, and superhydrophobic surfaces are shown in 
Fig. 2 [14].  

 
Fig. 2. Schematic diagram of a water droplet over 
surfaces that are hydrophilic, hydrophobic, and 

superhydrophobic. 

 Due to its capacity to self-clean, prevent sticking, and 
avoid contamination [15], superhydrophobic surfaces are 
occasionally referred to as self-cleaning surfaces. Solar PV 
panels and [86] [88] [90] aluminum alloys [80] [81] [87] have 
employed self-cleaning materials that are super-hydrophobic 
coatings on the above subtract because of their surface 
wettability and surface microstructure [16] [8]. Photovoltaic 
glass has tremendous potential for using water-repellent 
coating layers on glass substrates [17]. The effectiveness of 
solar energy systems, such as solar thermal collectors and 
photovoltaic modules, is compromised as a consequence of a 
decrease in the amount of sunlight transferred when dust, 
pollen, dirt, and other air pollutants and particles build up on 
their surfaces [11]. These efficiency losses in solar panels 
reduce the amount of electricity generated by PV modules by 
35–40%. because the buildup of dust may dramatically lower 
the output efficiency of solar PV panels [18]. Water washing 
is a typical method for reducing dust accumulation [16]. By 
depositing a layer of low-surface energy nanomaterials on the 
glass surfaces after attaching low-surface energy materials to 
the surface in one of two ways—directly as a coating or by 
attaching low-surface energy materials to the surface of 
nanostructures—it is possible to reduce the surface energy of 
solid surfaces [13] [19]. Water droplets assume a spherical 
form and immediately flow off the surface when they come 
into contact with the tips of a rough structure. The rough 
structure's points also act as magnets for dust particles, which 
makes it easy for the spherical waterdrops to collect plenty of 
them and clean the surface. The water droplets' adhesion to 
the dust is greater than a solid, rough superhydrophobic 
surface. This article hypothesizes that the densely deposited 
dust particles with sizes ranging from submicron to 
millimeters on the surface that mimics a lotus leaf may 
ultimately self-clean by rolling water droplets. The 
self-cleaning capability of the superhydrophobic coatings 
was validated. Oil Red O powder was added to the coated 
surface as dust particles, as shown in Fig. 3a. As shown in the 
description of Fig. 3b below, the water droplets effectively 

caught the dust particles as they passed through the 
superhydrophobic surface. [20] 

 

 
Fig. 3. (a) Spread dust particles (b) Self-cleaned 

superhydrophobic coating. 

II. VARIOUS METHODS OF FABRICATION OF 

SUPERHYDROPHOBIC COATINGS 

Micro- or nano-roughness and complex morphology are two 
features that are frequently used to identify surfaces that repel 
water. Another significant feature is repeating multi-scaled 
roughness, which is best defined as nano projections of 
micro-level morphology. Therefore, the abovementioned 
features on pseudo, surfaces may be created using the 
following manufacturing processes. In the subcategories that 
follow, some of the most popularly used techniques for 
creating superhydrophobic surfaces are described in Fig. 4. 
The techniques used to make the superhydrophobic coatings 
are covered in this work. 

 

 
Fig. 4. Superhydrophobic surfaces are created using 

nanofabrication processes. 

The characteristic high surface roughness of 
superhydrophobic coating processes, which results in 
substantial light dispersion, reduces the efficiency of solar 
panels [13]. 
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 Artificial superhydrophobic coatings have been produced 
using a variety of methods, such as sol-gel [21], lithography 
[22], the templating method, colloidal assembly and 
aggregation, layer-by-layer assembly, the plasma method, 
chemical vapor deposition [23], electrospinning, 
electro-spraying, and dip-coating [5]. 

A. Dip Coating 

A quick and efficient method for creating coatings for 
superhydrophobic, self-cleaning silica is dip coating [24]. 
The dip coating technique is often used to create coatings 
with nanoparticles [22]. Colloidal self-assembly may be the 
most adaptable method for creating superhydrophobic 
surfaces since it has access to a wide array of cutting-edge 
self-cleaning methods and very homogenous colloidal 
particles in a range of sizes. The production of 
superhydrophobic surfaces by dip-coating is examined [25] 
using a nano-porous superhydrophobic coating. The 
dip-coating technique yields coatings with enormous, 
complicated shapes, a range of sizes, and a high level of 
quality. The solution is then applied to the surface using a 
dip-coating technique, and it is then dried [26]. Dip coating is 
used to prepare and apply the coating on glass plates. The dip 
coating method generates a water-contact angle (WCA) of 
about 170° and keeps it at about 550°C. The benefit of this 
method is that it works rapidly to provide a coating that can 
be used on any kind of coated substrate [27]. The goal of the 
current work is to create a silica-based hydrophobic surface 
with high adherence utilizing a single step of a conventional 
dip coating procedure without fluorination or any other kind 
of chemical treatment to lower the surface energy of the 
coating [22]. This strategy is highly useful for industrial 
applications since it allows you to reuse the solution up until 
the solute is consumed or evaporation occurs. The single- and 
dual-sized silica nanoparticles were dissolved in ethanol, 
silica sol, and acidic silica sol using the seed-growing 
method. Dual-sized particle coatings in ethanol with a 155° 
water contact angle demonstrated superhydrophobicity. A 
glass substrate was coated with silica-based 
superhydrophobic coatings using the dip-coating technique 
[28].  
Preparation of superhydrophobic silica coating:  

Because of its exceptional inherent qualities, including 
non-toxicity, outstanding thermal, environmentally friendly 
coating [82] and mechanical stability, and simplicity of 
structural control, silica was chosen as one of the covering 
materials. As a result, it has generated a lot of attention and is 
often employed in the field of coating technology, 
particularly for the production of superhydrophobic silica 
coatings. A hydrophobic surface with a water contact angle 
of larger than 170° was created when a silicon wafer was 
submerged in a toluene solution of methyl trichlorosilane 
(MTCS). The technique described here is efficient and fairly 
priced for coating glass substrates with self-cleaning 
superhydrophobic surfaces. Methyl-trichlorosilane (MTCS) 
is phase separated on glass and silica surfaces to yield 
three-dimensional graphene in a variety of shapes, sizes, and 
forms. In this work, four methyl groups were quickly added 
to silica particles using methyl-trichlorosilane (MTCS), and 
these modified particles were subsequently coated onto a 
glass substrate material using only a conventional dip-coating 
procedure. At room temperature (about 27°C), the coatings 
were created using the standard dip-coating technique. Figure 

5 shows a flowchart that illustrates the dip coating process. A 
spotless piece of glass received the solution, which was then 
applied, removed after five seconds, and allowed to air dry 
for five minutes. The identical specimen produced a uniform, 
rough-textured silica coating when the same coating method 
was applied twice more under predefined conditions. To 
improve the coating material's adherence to the substrate, all 
of the produced coatings were initially left at room 
temperature for an hour. The remaining solvent was 
subsequently removed from the materials by annealing them 
for five hours at 150°C with a ramping rate of 2°C/min in the 
air. The silica coatings made after one, two, and three dips 
were then thoroughly described using the right techniques 
[24]. 

 
Fig. 5. Diagram demonstrating a simple dip-coating 
procedure for depositing silica particles with methyl 

modifications on a glass substrate. 

Self-assembled superhydrophobic composite coatings are 
prepared using f-sio2. 

Fluorinated nano-SiO2 (F-SiO2) nanoparticles are 
dissolved using the proper butyl acetate concentrations. After 
being exposed to the cell disruptor, the liquid was blended for 
two minutes with a polymer resin binder. Next, the first 
dip-coating solution is bought. The pertinent dip-lifting 
parameters, such as the drop speed, pulling speed, residence 
time in the air, and immersion duration, are determined when 
the dip-coating liquid and component are appropriately 
positioned on the soak-lifting machine. The samples are put 
in an oven set at 80°C for three hours after the soak-lifting 
procedure is complete in order to create self-assembling 
super-hydrophobic coatings. The drawing and dipping 
processes for the self-assembled superhydrophobic 
composite coating are shown schematically in Fig. 6 [25]. 

 
Fig. 6. The process of superhydrophobic composite 
coating's dipping is shown in the above diagram. 
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B. SOL-GEL 

The sol-gel technology combined with the dip-, spray-, or 
spin coating technique was one of the most widely used 
approaches for mixing micro/nano inorganic particles to 
generate surface roughness [29]. Over prior techniques, the 
sol-gel methodology offered a number of significant benefits. 
It is a low-cost method that is effective on substrates with 
broad surfaces and complex geometries [15]. However, very 
hydrophobic surfaces have been created using the sol-gel 
technique. Sol-gel synthesis methods have not created 
materials with a wide range of physicochemical 
characteristics for a very long period. Superhydrophobic 
silica sheets may be produced easily using the time-tested 
Sol-gel method [19]. We have shown the creation of 
transparent, superhydrophobic surface coatings on glass solar 
panel plates using a combination of chemical and 
microstructural approaches. The film's water contact angle 
was 165 degrees [30]. To make rough surfaces on different 
oxides, a better, more inexpensive, low-thermal-energy, and 
low-pressure sol-gel approach has been developed [3]. It is 
often essential to first generate surfaces with hierarchical 
roughness before afterward adding certain chemicals with 
low surface energy in order to produce superhydrophobic 
surfaces [31]. There are several ways in which the 
sol-gel-dip-coating (SGDC) Unique non-line-of-sight 
deposition technique capability can coat complex 
components and deposition is preferable to conventional 
deposition techniques [85]. Several attempts have led to the 
development of very hydrophobic glass. A high-transparency 
superhydrophobic glass coating was created by utilizing 
hexane solution modification with trimethylchlorosilane 
(TMCS) and SiO2 deposition [86] by SGDC. The very 
transparent superhydrophobic glass was created by mixing 
fluorinated tin oxide (FTO) with TMCS sheets. Tin oxide is 
dense and has a wide band gap. Fluorine, antimony, 
cadmium, and molybdenum were added to tin oxide to 
improve its electrical and optical characteristics. Solar cells 
often use a liner constructed of FTO film. Sol-gel technology 
was used to create FTO film, and its electrical and optical 
characteristics were assessed [8]. The resulting silica-based 
coatings have water contact angles of around 165° for both 
advancing and retreating, which prevents water droplets from 
rolling on them because of the significant CA hysteresis. 
Even though the achieved WCA was only approximately 
123°, a modified sol-gel coating with silica filler produced 
uneven surfaces with a lotus-like structure. When the water 
droplets' Water Contact Angle (WCA) hit 150°, they began to 
roll away at a 3°–5° sliding angle [15]. Sol-gel synthesis has 
made it possible to cover glass surfaces with a strong, very 
hydrophobic, and transparent substance. Glass substrates 
were coated with a solid, very hydrophobic, transparent 
SiO2-based coating using the sol-gel technique at low 
temperatures. The ability of the superhydrophobic properties 
to endure impact damage was assessed both before and after 
an ultrasonication test and an impact from a water drop. 
Using the sol-gel technique, a silica-based coating with 
nanoscale roughness was applied to the glass substrate [32]. 
TiO2 sol was created using the conventional peroxo sol-gel 
procedure [31] [33]. As shown graphically in Fig. 7, a 
superhydrophobic coating might be produced on a glass 
substrate. In this case, sub-rough structures were created by 

piling hydrophilic TiO2 glass sheets on top of chemically 
modified octadecyl trichlorosilane (OTS). It has been shown 
that the hydroxyl groups on the Si-OH group of the produced 
glass slide and the Ti-OH coating on the TiO2 substrate 
combine to form the cross-linked chains of Ti-O-Si. As a 
consequence, on the glass surface, TiO2 coatings with 
excellent surface roughness were produced. To lower surface 
energy, the OTS monolayer was grafted onto the roughened 
surface of the TiO2-coated glass. The head of OTS (-SiCl3) 
must first be physisorption before it can interact with the 
layer of adsorbed water that covers the surface of the 
TiO2-coated glass and produce a silanol group (-Si (OH)3). 
OTS molecules are stably grafted onto the TiO2-coated glass 
surface via the "Si-O-Ti" strong chemical link, which is 
formed when the hydrolyzed head of OTS (-Si (OH)3) 
condenses with OH-groups on the surface of TiO2 films [34] 
[35]. 

 
Fig. 7. The process of superhydrophobic surface creation. 

When a condensation process takes place between nearby 
OTS molecules, the high alkyl chain groups (-C18H37) of the 
OTS tail are positioned. This process ultimately lowers the 
surface energy of the resultant coated glass [31], [36]. The 
coated glass created using this manufacturing process has 
superhydrophobic qualities as well as transparent and durable 
coatings. By first applying a thin coating of TiO2 to the glass 
substrate, followed by the surface modification of a 
fluorine-free compound of OTS, it has been successfully 
made to create superhydrophobic coatings that are 
transparent, mechanically stable, UV stable, chemically 
resistant, and chemically resistant. With a water contact angle 
of 160 degrees and an ultralow adhesion of 4 degrees, the 
coated glass displayed exceptional superhydrophobic 
qualities [29]. 

C. Spray Coating 

We provide a rapid and affordable method for coating a 
variety of surfaces with a strong hydrophobic layer using a 
fluorine-free mixture of modified SiO2, epoxy resin, and 
polydimethylsiloxane (PDMS). With a contact angle of 
159.5° and a rolling slope of 3.8°, this coating displays 
remarkable super-hydrophobicity [37]-[39]. To maintain the 
super-hydrophobicity on the different glass surfaces, [40] the 
functionalized SiO2 nanoparticles, polydimethylsiloxane 
(PDMS), and EP were all sprayed together in a fluorine-free 
solution [41].  
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A variety of mechanical durability tests may be performed 
using the newly created super-hydrophobic coating [42] [84]. 
The super-hydrophobic coating may attain exceptional 
self-healing capabilities with a simple spraying approach [3]. 

 The EP + PDMS@SiO2 super-hydrophobic coating was 
easily applied by spraying it on. 3.2 g of EP and 12 mL of 
ethyl acetate (EA) were well mixed before adding the 
OTS-modified n-SiO2. The mixture was then dispersed for 
10 minutes using ultrasonic energy. Then, 1 g of dissolved 
PDMS and 4:1 and 10:1 of each curing agent for EP and 
PDMS were added to the combined EP@n-SiO2 solution. 
The mixed solution was then continuously magnetically 
stirred for 1.5 hours at 25°C. A series of samples were then 
sprayed with the uniform EP + PDMS@SiO2 solution using 
0.6 MPa compressed air at a 20 cm distance between the 
sample and the spray cannon. After two hours of curing at 80 
degrees Celsius, the coated samples all effectively produced a 
super-hydrophobic EP + PDMS@SiO2 coating. A crucial 
step in producing super-hydrophobic surfaces is the 
functionalization of SiO2 nanoparticles. The inclusion of 
modified SiO2 nanoparticles may further lower the coating's 
surface energy, which is the key argument in favor of 
preserving the coating's use as a superhydrophobic coating. 
Figure 8 depicts a production process using the spraying 
technique [42].  

 
Fig. 8. Schematic illustration of the durable 

super-hydrophobic coating fabricated process. 

This research offers a unique, practical method for creating 
super-hydrophobic coatings that perform superbly in all 
respects, and it should broaden the range of metal materials 
and super-hydrophobic surfaces that may be used in 
challenging wetting situations [42].  The layer-by-layer 
(L-b-L) spraying assembly method is an additional spraying 
technique. This technique has the required replacement for 
the dipping LbL [43] assembly because it alternately sprays 
aqueous solutions of polyelectrolytes with opposing charges 
onto substrate surfaces [51]. Assemblies produced by 
spraying LbL are far superior to those produced by dip 
coating for changing structures and compositions in films. 
They could be put together rapidly. It is more practical to 
spray LbL assemblies than to dip them since this method also 
makes it straightforward to deposit films on surfaces across 
broad regions [38].  

 
Fig. 9. Diagrams showing the recommended 

manufacturing method for anti-wetting fabric coating 
[44]. 

Fig 9 shows that layer-by-layer(L-b-L) fabrication steps 
Step 1: Electrostatically deposit multilayered polymers on the 
cloth. 
Step 2 involves electrostatically depositing nanoparticles on 
the fabric's polymer layers. 
Step 3: Electrophoretic deposition is used to deposit the 
polymer and nanoparticle assemblies (EPD).  
Step 4: The cloth is heated to improve mechanical durability 
and achieve a water contact angle greater than 150°. 

D. Spin Coating 

The spin coating's only function is to uniformly apply light 
coatings to flat surfaces. A simple process is used to apply a 
little amount of liquid glue in the center of a substrate, and the 
substrate is swiftly rotated (often at a speed of around 3000 
rpm). This adhesive would finally hit the substrate's edge and 
eventually peel off due to centrifugal force, leaving a thin 
resin covering on the exterior. The spin process's parameters 
and other components may depend on the kind of resin 
utilized (viscosity, drying rate, percentage of particles, 
surface tension, etc.). The characteristics of coated films are 
described in terms of exhaust vapor, acceleration, and 
maximum rotating speed. Coats are spun with a device called 
a spinner, sometimes referred to as a coated [45]. 
Nanomaterials were spin-coated onto a plain (standard 
colonnaded) surface to improve their surface quality [46]. 
The capacity of the spin-coating nanoparticles to convert a 
hydrophobic barrier into a sticky one when touched is 
noteworthy. A sliding superhydrophobic coating may then be 
produced after another spin-coating step utilizing silica 
nanoparticles to provide an inter-roughness pattern. This is 
possible to produce superhydrophobic surfaces with a 
hydrophilic surface larger than 150° and low contact angle 
hysteresis (10°) by simply spin-coating the silica particles 
onto a silicon wafer [47]. Dopamine hydrochloride was 
acquired from The Endura Chemicals Company, Ltd. and 
utilized in accordance with instructions. Using the Stuber 
method, 430 nm silica particles were produced. 27 Usually, 
20 millilitres of ethanol and 5 mL of a weak acid are stirred 
for 30 minutes. 20 minutes were spent stirring the 100 mL 
container containing 10 mL of water, 20 milliliters of ethanol, 
and 5 mL of ammonia water. Dropwise added the 
(tetraethoxysilane)TEOS solution, which had spent five 
hours at room temperature being stirred continuously. The 
stirring process can occur by adopting gears in the spinning 
machine [83] [89] The silica spheres were eventually 
recovered after many centrifugation cycles and ethanol 
washings. The structure of silica particles was investigated 
using a Sony S-4700 transmission electron working at 15 kV. 
Azolo biphenyl polymers and derivatives were created and 
described in the electronic supplementary information (ESI) 
[47]. Using the spin coating method, a superhydrophobic 
coating was applied to the glass surface using SiO2 
nanoparticles that had been changed by 
hexadecyltrimethoxysilane (HDTMS) and polymethyl 
methacrylate (PMMA).  

 
 
 
 

https://www.doi.org/10.35940/ijeat.B38921212222
https://www.doi.org/10.35940/ijeat.B38921212222
http://www.ijeat.org/


 
Advantages of Spin Coating Over Other Coating Techniques in the Formation of Superhydrophobic Surfaces 

27 

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 

Retrieval Number:100.1/ijeat.B38921212222 
DOI: 10.35940/ijeat.B38921212222 
Journal Website: www.ijeat.org   
 

The major goal of this research is to create chemically, 
thermally, and mechanically stable superhydrophobic 
coatings on glass surfaces. 0.4 g of PMMA was dissolved in 
20 ml of toluene by stirring the mixture for 15 minutes. After 
that, 0.8 g of SiO2 nanoparticles and 0.4 ml of HDTMS were 
combined, stirred for 15 minutes, and then ultrasonically 
sounded for 20 minutes. After 15 minutes of stirring and 20 
minutes of ethanol addition, the mixture underwent a 
20-minute ultrasonic treatment. Using a spin coater and the 
aforementioned solution, the coating on the glass substrate 
was completed in three phases, as shown in Fig. 10. The 
procedure was broken down into three steps: the first was 
performed for 30 seconds at 1000 revolutions per minute 
(rpm), the second for 30 seconds at 1500 rpm, and the third 
for 60 seconds at 2000 rpm. The coated glass was spin-coated 
before being dried in a hot air oven for an hour at 100°C. The 
spin coating method was used to create a superhydrophobic 
PMMA-based coating on a glass surface utilizing silica 
nanoparticle and HDTMS. Superhydrophobicity is possible 
with a water contact angle of 165° and a sliding angle of 7° 
[46]. 

 
Fig. 10. Schematic diagram showing the preparation of 

superhydrophobic coating on glass substrate using a spin 
coating technique. 

There are normally two methods for creating the 
superhydrophobic surface using this procedure. One method 
is to aggregate or assemble the silica particles using spin 
coating or dip coating to produce a rough surface. The 
alternative method comprises spin coating and the addition of 
alkyl silane or fluoroalkyl silane chemicals to produce 
hydrophobic silica or silica composite nanoparticles during 
the costa del process 

 

Fig. 11. Schematic of vapor-liquid sol-gel processing in 
conjunction with the spin coating process. 

That is seen in Figure 11 above. By producing two layers 
of SiO2 nanoparticles and spin-coating the 
polydimethylsiloxane (PDMS) substrate with dodecyl 
trichlorosilane (DTS) solution, the superhydrophobic surface 

is produced. The substrate is allowed to cool to ambient 
temperature after removal [48]. A droplet of either TEOS 
(tetraethoxysilane) and PDMS(OH) or 3- 
aminopropyltriethoxysilane (APTES and PDMS(OH)) with a 
volume ratio of 5:1 was used to cover the first coating of 
SiO2 particles. The following stage included spinning the 
coat at 1000 rpm for 10 seconds. The assemblage was left at 
room temperature for 5 minutes before being exposed to a 
10% HCl vapor for a further 5 minutes of reaction time. The 
assembly was then subjected to the same heating and cooling 
processes as previously after that. The last step, which 
entailed applying surface modification or laying hydrophobic 
material, was examined using three different approaches 
[49]. We are producing a superhydrophobic surface on a 
PDMS substrate [50]. Two layers of SiO2 particles created 
using a vapor-liquid sol-gel technique in a mixture of 
spin-coating of at least 50% DTS solution entirely cover the 
same fault structure on the PDMS exterior. As a 
consequence, the surface becomes extremely hydrophilic and 
has a static contact angle of 162, a sliding angle of 2, and a 
CAH under 5. Two layers of SiO2 particles are required for 
the hydrophobic oligomeric siloxane to spin coat the DTS 
solution at a concentration of more than 30% weight percent 
and produce the wrinkle-like shape. Many of the substrates 
affixed to the modified PDMS might become very 
hydrophobic using this technique. A novel method for 
creating a superhydrophobic surface was created on a PDMS 
substrate. The wrinkled structure on the PDMS layer is 
completely covered by two layers of SiO2 particles created 
by the vapor-liquid sol-gel method in combination with 
spin-coating of at least 50% DTS solution. This results in a 
very hydrophobic surface, with a surface contact angle of 162 
static, a CAH of less than 5°, and a slide slope of 2° [49]. 

E. Plasma Coating 

Plasma spraying has become a standard in the field of 
mechanical engineering due to the ability to produce 
superhydrophobic surfaces on glass substrates utilizing 
materials with extremely high potential [51], [52]. As a 
result, thermal spray coatings have substantially more 
potential. Some surfaces have a propensity for water droplets 
to collect and roll off quickly, creating a trail of dirt and 
debris in their wake [53]. Superhydrophobic coatings were 
made possible by the brilliant atmosphere that the plasma 
polymerization process produced. Under ambient 
circumstances, a tetramethyl silane precursor may be used to 
produce such coatings on a variety of substrates in a single 
process. Glass surfaces may be exposed to the plasma's 
emitted dust without any pre- or post-treatment required [54]. 
When hydrogen was removed from the mixture of the input 
gases, a coating was created that lacked the 
superhydrophobic feature [55], [56]. The ideas behind these 
methods would be the easiest to put into practice and the most 
flexible for a variety of substrates. Plasma polymerization 
and deposition techniques may be used in a single phase to 
achieve this.  
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To create superhydrophobic coatings, a number of 
plasma-based approaches have been employed. The ease of 
usage of single-step plasma polymerization and deposition 
techniques is increasing their appeal [57]. Superhydrophobic 
coatings must be installed on flat silicon substrates using a 
single plasma method to create hydrophobic nanoscale 
topographic features. To accomplish these properties, it is 
feasible to produce hydrophobic particles with a strong 
surface attachment. Glow-discharge plasma polymerization 
techniques have the potential to convert reactive gases into 
solid particles. Because high-energy plasma polymerization 
techniques include a number of atomic reactions, they are 
much more intricate and imprecise than traditional chemical 
polymerization procedures [51]. The ability to swiftly and 
cheaply produce hydrophobic coating layers on glass 
substrates using non-thermal plasma polymerization 
technologies is very promising [58]. 

NiTi Plasma Coating Surface Morphology Analysis:  

Microcavities may be observed on the coating's outer 
surface. Thus, it is necessary to describe the irregularities in 
terms of the average surface roughness. This might be due to 
ineffective heat transmission from plasma to particles or from 
particles to nanoparticles. Additionally, it is thought that the 
surface imperfections make surface roughness, this shows the 
result of the defrosted particle's deposition [53]. The 
accumulation of numerous splat layers in the present study 
results in an increase in surface roughness as a result of 
layer-by-layer splat generation during the plasma deposition 
cycle. The surface morphology of the NiTi plasma sprayed 
coating was examined. In addition to the considerations 
already discussed, organic material deposition caused by air 
adsorption on coating surfaces also contributes to the 
development of superhydrophobic characteristics. 

 

Fig.12.Superhydrophobicity and slip condition for 
superhydrophobic surface and general case  

 Due to the existence of microroughness in the form of 
micro-cavities on the surface in the case of plasma coating, 
the slip condition offers increasing force in the opposite 
direction as the impingement after droplet impingement Fig. 
12. As a consequence, the affected droplets acquire a 
repellent property. By encouraging the recoiling feature, this 
phenomenon increases the contact angle. In order to go 
further into the subject, droplet behavior during impingement 
is examined using energy balance and the fluid dynamics 
theory. Fluid dynamics is first used to explain the behavior 
before the concept of energy balance is introduced [53]. 

F. Chemical Vapor Deposition 

Chemical vapor deposition (CVD) is now being used to 
produce hydrophobic films, which is of great interest [59]. 
The CVD technique deposits a solid material, such as silica, 
onto a substrate by a gas phase or surface reaction [60]. In 
this study, it is shown that the silicon oxide materials 
mentioned in the previous section on silicon oxides may be 

coated using effective CVD techniques. Naturally, only a few 
of these reactions are often used in the production of 
industrial glass coatings. In the parts that follow, I go through 
some of the most well-liked and possibly profitable replies 
[61] This study describes the use of chemical vapor 
deposition (CVD) technology for covering glass. The limited 
definition of glass forces us to exclusively deal with oxidic 
substrates. range of temperatures for coatings. The pyrolytic 
spray coating zone may be excluded from CVD using a more 
precise description. Due of this, the focus of the text will 
mostly be on the qualities of regular glasses. Maintain the 
coating temperature below 500 °C, depending on the kind of 
glass. The coating target's targeted surface finish and form 
[62]. 

Silicon oxides: 

The applied deposition system's experimental arrangement is 
shown schematically in Fig. 13. Despite using a plasma 
source that is a commercially available plasma BLASTER 
MEF system, the plasma jet nozzle has been modified to 
spray liquids or liquid-dispersed particle materials into the 
active plasma volume. The compact assembly that forms the 
system's foundation is made up of two parts an electrical 
supply unit and a supply of process gas. The real plasma 
nozzle serves as the inner stick metallic electrode while the 
DC pulsed plasma ignites between the two cylindrical 
electrodes. Using water-free compressed air as the process 
gas and driving the plasma through the nozzle at pressures of 
4-6 bar. Maximum electron energies in the cold plasma 
produced by the plasma BLASTER MEF vary from 12 to 16 
eV [63]. 

 

Fig.13. Layout of the APCVD plasma jet coating plant 
system 

The plasma by varying the burst time and frequency, 
BLASTER's electrical output may be altered concurrently 
from 60 to 500W. For the film-forming procedure to produce 
the silicon oxide matrix, hexamethyldisiloxane was 
employed as an organosilicone precursor material. In an STS 
03 CH evaporation device, the HMDSO was evaporated 
before being combined with the process gas and delivered 
into the plasma. The gas silane is a typical precursor for 
silicon dioxide. The breakdown of the precursor molecules in 
the plasma was probably mostly caused by collisions with 
excited oxygen and nitrogen states, and the deposition at the 
substrate was likely caused by interactions between the 
oxygen from the original precursor and the exciting air [64].  
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Even when the temperature is as low as room temperature, 
it interacts spontaneously with oxygen (called pyrophoric 
behavior). The amount of silane must be maintained low 
(1%), which will halt this reaction and allow for the 
formation of a film rather than a powder. Around 400°C, the 
rate of film deposition accelerates. The oxidation of silane is 
thought to involve free radical intermediates [65]. Free 
radicals must be removed from the process and slowed down 
by radical traps like ethylene in order to employ substrate 
temperatures over 600°C [61]. When oxygen is available in 
significant amounts, this method produces completely 
oxidized Si02 films with a low refractive index of 1.45. 
Silane reacts with less oxidizing oxygen sources such as 
carbon dioxide [59] or nitrous oxide [66] [67] to produce 
silicon suboxides with higher refractive indices, up to around 
2. Dichlorosilane and oxygen may also be used to produce 
silicon dioxide films. On salt-containing substrates like 
soda-lime glass, rapid deposition rates have been observed 
[68]. The ability to cover lengthy sections of flat glass with 
uniformly thick, high-quality coatings using chemical vapor 
deposition has been shown. It has been found that a number 
of oxides, nitrides, silicides, silicon, and metals have 
chemical predecessors. Large-scale machinery has been 
created to apply CVD coatings on cut glass or for creating 
float glass. When compared to alternative processes, such as 
sputtering, vacuum evaporation, glow discharge, sol-gel 
dipping, and electroless deposition, atmospheric pressure 
CVD is a less costly way to deposit thin films [61]. Using the 
method shown in Fig. 14, SiO2-coated ZnO nanoparticle 
arrays with great transparency and resistance to UV light 
were produced. The superhydrophobicity strongly depends 
on the length of the ZnO nanorods and the SiO2 layer. The 
coating may be applied to flexible thin PET sheets and glass 
with contact angles of 157° and 160°, respectively. 
Extremely durable and unchangeable, it maintains its shape 
even after repeated bending (coating on PET). Additionally, 
the film is exceptionally transmissive (93–95%) and 
UV-resistant. When applied to a solar cell panel, the 
superhydrophobic SiO2/ZnO nanocomposite coating had no 
impact on how the sun cell devices functioned [69] 

 
Fig. 14. Perfluorodecyltriethoxysilane (PTES) 

superhydrophobic SiO2-coated ZnO nanorod arrays on 
glass are prepared as shown in the above figure. 

They produced indium oxide microparticles with random 
distribution and vertical alignment using the deposition of 
chemical vapors approach. The static water contact angle was 
shown to be significantly influenced by the nanorods' 
alignment. According to Fig. 14. The haphazardly aligned 
nanorods display a value of 133.7°slide angle of 6.8°. In 
comparison, the contact angle and sliding angle of indium 
oxide nanorods that are vertically aligned are 159.3° and 4.8°, 
respectively [69]. 

G. Lithography 

Lithography is a well-known technique that is regularly 
used to create surfaces that are very superhydrophobic with 
precise control over the surface structure. Lithography is a 
method that may be used to design surfaces with micro- or 

nanostructures of different sizes, spacings, and forms, such as 
square or circular pillars. To cover a substrate in lithography, 
a thick master mask layer is usually used. After that, the 
whole substrate is exposed to a procedure that removes some 
of the exposed substrate material, allowing for the creation of 
a structured surface that is in opposition to the pattern of the 
mask layer. To control the reaction, a variety of methods may 
be utilized, including a photoactive polymer and UV light 
(photolithography), X-rays, electron beams, or lasers [13]. In 
a silicon wafer, arrays of nanopits or nanopillars were created 
using electron beam lithography to create superhydrophobic 
surfaces. Advantages and drawbacks to each lithography 
technique exist [70]. The patterned surfaces were chemically 
altered using octadecyl trichlorosilane (OTS) to produce 
superhydrophobicity [9]. 

 

Fig. 15. Optical microscope and AFM images of the 
hierarchical wrinkles with Prepatterned grooved 

nanostructures [81]. 

Microfabrication lithography, which combines UV 
photolithography with nano processing, was used to create 
superhydrophobic surfaces [71], [72]. This strategy can result 
in precise designs at the nanoscale. Then, to establish the 
multilayer surface structure, researchers took advantage of a 
spontaneous wrinkle process to create minute wrinkles, as 
seen in Fig. 15. Additionally, they demonstrated that the 
wettability could be adjusted between hydrophobicity and 
superhydrophobicity by varying the thickness of the first 
layer [73]. SEM micrographs are captured by scanning 
electron microscope [78] [79]. Using the lithography method, 
superhydrophobic surfaces were also created (repellent to 
oils with low surface tension). On polydimethylsiloxane 
(PDMS) substrates, inverse-trapezoidal microstructures were 
produced via lithography [9]. The "bond-detach lithography" 
method presented is based on bonding and detaching PDMS, 
and it could be a quick and affordable alternative to current 
lithographic techniques. The reported "bond-detach 
lithography" method, which is based on bonding and 
nonbonding PDMS, may be used to quickly and affordably 
create features at both the micro- and nanoscales [9]. A few 
minutes are all that each patterning cycle lasts. Each 
patterning cycle just takes a few minutes, and the stamp may 
be used again. There are no concerns with "ink" smearing as 
there are with many other non-traditional lithography 
methods when using the bond-detach lithography (BDL) 
method since it does not use external factors like electrostatic 
force, heat, load/pressure, or advanced surface preparation. 
For BDL, a parallel process technique, to effectively transfer 
patterns at the water level, the surface must have a water 
contact angle of 160° and a sliding angle of 5° [74]. 
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Table- I: Different materials coatings with various types of surface modification to achieve super hydrophobicity. 
 

Sl. No TYPES OF COATING MATERIALS CONTACT ANGLE THICKNESS 
1 SPIN polymethylmethacrylate 165° [46] 10-30μm[76] 
2 SPRAY polydimethylsiloxane 164° [77] 7μm [77] 
3 PLASMA silica polymers 144° [54] 25 μm[54] 
4 SOL-GEL trimethylchlorosilane 115° -165°[30] 15-20μm[30] 
5 DIP-COATING methyltrichlorosilane 170°[75] 3μm[26] 

6 CHEMICAL VAPOR DEPOSITION 
SiO2-coated ZnO 

perfluorodecyltriethoxysilane 
159.3°[59] 10μm-20μm[59] 

7 LITHOGRAPHY 
octadecyl- trichlorosilane 

(OTS) 
160° 33μm 

 

III. CONCLUSION 

In this review express the fundamental methodology to 
create super hydrophobicity was described in detail. The 
rough surfaces that chemically changed on the glass surface 
to generate an artificial superhydrophobic surface with a 
contact angle higher than 150° are key parameters in creating 
the super hydrophobicity surface. This paper provides an 
overview of various methods of coating glass that create a 
superhydrophobic surface. The dip-coating method is a 
fast-coating method to create a superhydrophobic surface that 
will be used on all types of the glass substrate and achieve 
170° the cost of the material used in dip coating is less than 
the plasma coating and more than other coatings. The sol-gel 
process took a long time to develop the superhydrophobic 
coating with a water contact angle of 165°. Spin coating's key 
benefit is that the coating surface is extremely thin, reaching a 
water contact angle of more than 165°. Spray coating is a 
quick and inexpensive method of producing a strong 
superhydrophobic coating and obtaining a water contact 
angle of 159°. Although the material used in plasma coating 
is costlier, it is a one of the types of coating that is more 
effective at producing superhydrophobic coatings. The most 
economical method for producing a superhydrophobic 
surface with a 160° water contact angle is chemical vapor 
deposition. One technique for producing a superhydrophobic 
surface at a 160° water contact angle is photolithography. 
The spin coating has been recognized as the most efficient, 
affordable, and economically feasible processing technique 
for the creation of superhydrophobic coatings.  

The control parameters of these processes must thus be 
optimized in order to create sophisticated superhydrophobic 
coatings for a variety of applications. 

REFERENCES 

1. S. A. Mahadik and S. S. Mahadik, “Surface morphological and 
topographical analysis of multifunctional superhydrophobic sol-gel 
coatings,” Ceram Int, vol. 47, no. 20, pp. 29475–29482, Oct. 2021, DOI: 
10.1016/j.ceramint.2021.07.115. [CrossRef] 

2. K. Vidal, E. Gómez, A. M. Goitandia, A. Angulo-Ibáñez, and E. 
Aranzabe, “The synthesis of a superhydrophobic and thermal stable 
silica coating via sol-gel process,” Coatings, vol. 9, no. 10, Oct. 2019, 
DOI: 10.3390/coatings9100627. [CrossRef] 

3. S. P. Dalawai et al., “Recent Advances in the durability of 
superhydrophobic self-cleaning technology: A critical review,” Progress 

in Organic Coatings, vol. 138. Elsevier B.V., Jan. 01, 2020. doi: 
10.1016/j.porgcoat.2019.105381. [CrossRef] 

4. P. Zhang and F. Y. Lv, “A review of the recent advances in 

superhydrophobic surfaces and the emerging energy-related 
applications,” Energy, vol. 82. Elsevier Ltd, pp. 1068–1087, Mar. 15, 
2015. DOI: 10.1016/j.energy.2015.01.061. [CrossRef] 

5. E. Kasapgi̇l, A. Nerat, B. M. Poyraz, and İ. Anaç, “Fabrication of 
Superhydrophobic Coatings on Glass based on Poly(dimethylsiloxane) 
and Fumed Silica,” JOTCSA, vol. 7, no. 2, pp. 589–96, 2020, DOI: 
10.18596/jotcsa. [CrossRef] 

6. Rulon E. Johnson, Jr., and Robert H. Dettre Study of an Idealized 
Heterogeneous Surface” Contribution Doi. 369 from the Experimental 
Station, Oroanic Chemicals Department! E. I. du Pont de iyemours and 
Company, Wilmington 98, Delaware (Receiz'ed October $1, 1963). 

7. W. Barthlott, C. Neinhuis “Purity of the sacred lotus, or escape from 
contamination in biological surfaces” Botanisches Institut und 

Botanischer Garten der Universita¨t Bonn, Meckenheimer Allee 170, 
D-53115 Bonn, Germany Received: 19 August 1996 / Accepted: 12 
November 1996 

8. T. Rezayi and M. H. Entezari, “Achieving to a superhydrophobic glass 
with high transparency by a simple sol-gel-dip-coating method,” Surf 

Coat Technol, vol. 276, pp. 557–564, Aug. 2015, doi: 
10.1016/j.surfcoat.2015.06.015. [CrossRef] 

9. A. Elzaabalawy and S. A. Meguid, “Advances in the development of 

superhydrophobic and icephobic surfaces,” International Journal of 
Mechanics and Materials in Design, vol. 18, no. 3, pp. 509–547, Sep. 
2022, doi: 10.1007/s10999-022-09593-x. [CrossRef] 

10. Thomas Young “ An essay on the cohesion of fluids “,December 20 

1804. 
11. University of Buner. Department of Electronics & Computer Science 

and Institute of Electrical and Electronics Engineers, 1st International 
Conference on Electrical, Communication and Computer Engineering 
(ICECCE 2019) : 24th - 25th July 2019, Swat, Pakistan.   

12. C.-H. Xue, S.-T. Jia, J. Zhang, and J.-Z. Ma, “Large-area fabrication of 
superhydrophobic surfaces for practical applications: an overview,” Sci 

Technol Adv Mater, vol. 11, no. 3, p. 033002, Feb. 2010, doi: 
10.1088/1468-6996/11/3/033002. [CrossRef] 

13. A. Hooda, M. S. Goyat, J. K. Pandey, A. Kumar, and R. Gupta, “A 

review on fundamentals, constraints and fabrication techniques of 
superhydrophobic coatings,” Progress in Organic Coatings, vol. 142. 
Elsevier B.V., May 01, 2020. doi: 10.1016/j.porgcoat.2020.105557. 
[CrossRef] 

14. L. Oberli, D. Caruso, C. Hall, M. Fabretto, P. J. Murphy, and D. Evans, 
“Condensation and freezing of droplets on superhydrophobic surfaces,” 

Advances in Colloid and Interface Science, vol. 210. Elsevier, pp. 
47–57, 2014. doi: 10.1016/j.cis.2013.10.018. [CrossRef] 

15. B. J. Basu, V. Hariprakash, S. T. Aruna, R. v. Lakshmi, J. Manasa, and 
B. S. Shruthi, “Effect of microstructure and surface roughness on the 

wettability of superhydrophobic Sol-gel nanocomposite coatings,” J 

Solgel Sci Technol, vol. 56, no. 3, pp. 278–286, Dec. 2010, doi: 
10.1007/s10971-010-2304-8. [CrossRef] 

16. W. Zhao and H. Lu, “Self-cleaning performance of super-hydrophilic 
coatings for dust deposition reduction on solar photovoltaic cells,” 

Coatings, vol. 11, no. 9, Sep. 2021, doi: 10.3390/coatings11091059. 
[CrossRef] 

17. K. Tadanaga, J. Morinaga, and T. Minami, “Formation of 

Superhydrophobic-Superhydrophilic Pattern on Flowerlike Alumina 
Thin Film by the Sol-Gel Method,” 2000. [CrossRef] 

18. L. Yao et al., “Long-Lived Multilayer Coatings for Smart Windows: 
Integration of Energy-Saving, Antifogging, and Self-Healing 
Functions,” ACS Appl Energy Mater, vol. 2, no. 10, pp. 7467–7473, 
Oct. 2019, doi: 10.1021/acsaem.9b01382. [CrossRef] 

19. M. Ramezani, M. R. Vaezi, and A. Kazemzadeh, “Preparation of 
silane-functionalized silica films via two-step dip coating sol-gel and 
evaluation of their superhydrophobic properties,” Appl Surf Sci, vol. 
317, pp. 147–153, Oct. 2014, doi: 10.1016/j.apsusc.2014.08.095. 
[CrossRef] 

20. S. Liu et al., “Self-cleaning transparent superhydrophobic coatings 
through simple sol-gel processing of fluoroalkylsilane,” Appl Surf Sci, 

vol. 351, pp. 897–903, Oct. 2015, doi: 10.1016/j.apsusc.2015.06.016. 
[CrossRef] 

 
 
 
 
 
 

https://www.doi.org/10.35940/ijeat.B38921212222
https://www.doi.org/10.35940/ijeat.B38921212222
http://www.ijeat.org/
https://doi.org/10.1016/j.ceramint.2021.07.115
https://doi.org/10.3390/coatings9100627
https://doi.org/10.1016/j.porgcoat.2019.105381
https://doi.org/10.1016/j.energy.2015.01.061
https://doi.org/10.18596/jotcsa.692565
https://doi.org/10.1016/j.surfcoat.2015.06.015
https://doi.org/10.1007/s10999-022-09593-x
https://doi.org/10.1088/1468-6996/11/3/033002
https://doi.org/10.1016/j.porgcoat.2020.105557
https://doi.org/10.1016/j.cis.2013.10.018
https://doi.org/10.1007/s10971-010-2304-8
https://doi.org/10.3390/coatings11091059
https://doi.org/10.1021/cm990643h
https://doi.org/10.1021/acsaem.9b01382
https://doi.org/10.1016/j.apsusc.2014.08.095
https://doi.org/10.1016/j.apsusc.2015.06.016


 
Advantages of Spin Coating Over Other Coating Techniques in the Formation of Superhydrophobic Surfaces 

31 

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 

Retrieval Number:100.1/ijeat.B38921212222 
DOI: 10.35940/ijeat.B38921212222 
Journal Website: www.ijeat.org   
 

21. D. Adak, R. Bhattacharyya, H. Saha, and P. S. Maiti, “Sol-gel processed 
silica based highly transparent self-cleaning coatings for solar glass 
covers,” in Materials Today: Proceedings, 2019, vol. 33, pp. 2429–2433. 
doi: 10.1016/j.matpr.2020.01.331. [CrossRef] 

22. P. Nguyen-Tri et al., “Recent progress in the preparation, properties and 

applications of superhydrophobic nano-based coatings and surfaces: A 
review,” Progress in Organic Coatings, vol. 132. Elsevier B.V., pp. 
235–256, Jul. 01, 2019. doi: 10.1016/j.porgcoat.2019.03.042. 
[CrossRef] 

23. X. J. Guo et al., “Fabrication of robust superhydrophobic surfaces: Via 

aerosol-assisted CVD and thermo-triggered healing of 
superhydrophobicity by recovery of roughness structures,” J Mater 

Chem A Mater, vol. 7, no. 29, pp. 17604–17612, 2019, doi: 
10.1039/c9ta03264a. [CrossRef] 

24. A. B. Gurav et al., “Superhydrophobic coatings prepared from 
methyl-modified silica particles using simple dip-coating method,” 
Ceram Int, vol. 41, no. 2, pp. 3017–3023, Mar. 2015, doi: 
10.1016/j.ceramint.2014.10.137. [CrossRef] 

25. Z. Xiao, D. Xu, W. Zhang, X. Yu, and Y. Zhang, “Dip-coating of 
Superhydrophobic Surface on Irregular Substrates for Dropwise 
Condensation,” J Bionic Eng, vol. 18, no. 2, pp. 387–397, Mar. 2021, 
doi: 10.1007/s42235-021-0024-0. [CrossRef] 

26. E. Kobina Sam et al., “Recent development in the fabrication of 
self-healing superhydrophobic surfaces,” Chemical Engineering 

Journal, vol. 373. Elsevier B.V., pp. 531–546, Oct. 01, 2019. doi: 
10.1016/j.cej.2019.05.077. [CrossRef] 

27. S. A. Mahadik, M. S. Kavale, S. K. Mukherjee, and A. V. Rao, 
“Transparent superhydrophobic silica coatings on glass by sol-gel 
method,” Appl Surf Sci, vol. 257, no. 2, pp. 333–339, Nov. 2010, doi: 
10.1016/j.apsusc.2010.06.062. [CrossRef] 

28. A. B. Kousaalya, N. Garg, and R. Kumar, “Silica-based 
superhydrophobic coating by a single-step process,” Surf Innov, vol. 1, 

no. 3, pp. 173–180, Sep. 2013, doi: 10.1680/si.12.00014. [CrossRef] 
29. N. Pratiwi, Zulhadjri, S. Arief, Admi, and D. V. Wellia, “Self-cleaning 

material based on superhydrophobic coatings through an 
environmentally friendly sol–gel method,” J Solgel Sci Technol, vol. 96, 
no. 3, pp. 669–678, Dec. 2020, doi: 10.1007/s10971-020-05389-7. 
[CrossRef] 

30. K. Tadanaga, K. Kitamuro, A. Matsuda, and T. Minami, “Formation of 
Superhydrophobic Alumina Coating Films with High Transparency on 
Polymer Substrates by the Sol-Gel Method,” 2003. 

31. J. Lin, H. Chen, T. Fei, and J. Zhang, “Highly transparent 

superhydrophobic organic-inorganic nanocoating from the aggregation 
of silica nanoparticles,” Colloids Surf A Physicochem Eng Asp, vol. 

421, pp. 51–62, Mar. 2013, doi: 10.1016/j.colsurfa.2012.12.049. 
[CrossRef] 

32. W. H. Huang and C. S. Lin, “Robust superhydrophobic transparent 
coatings fabricated by a low-temperature sol-gel process,” Appl Surf 
Sci, vol. 305, pp. 702–709, Jun. 2014, doi: 
10.1016/j.apsusc.2014.03.179. [CrossRef] 

33. N. Pratiwi, Zulhadjri, S. Arief, and D. V. Wellia, “A Facile Preparation 
of Transparent Ultrahydrophobic Glass via 
TiO2/Octadecyltrichlorosilane (ODTS) Coatings for Self-Cleaning 
Material,” ChemistrySelect, vol. 5, no. 4, pp. 1450–1454, Jan. 2020, doi: 
10.1002/slct.201904153. [CrossRef] 

34. S. Pearton, “Editorial: Doped nanostructures,” Nanoscale, vol. 2, no. 7. 
p. 1057, Jul. 2010. doi: 10.1039/c005273f. [CrossRef] 

35. J. Liu, X. Zhu, H. Zhang, F. Wu, B. Wei, and Q. Chang, 
“Superhydrophobic coating on quartz sand filter media for oily 

wastewater filtration,” Colloids Surf A Physicochem Eng Asp, vol. 553, 

pp. 509–514, Sep. 2018, doi: 10.1016/j.colsurfa.2018.06.007. 
[CrossRef] 

36. B. Xu and Z. Cai, “Fabrication of a superhydrophobic ZnO nanorod 
array film on cotton fabrics via a wet chemical route and hydrophobic 
modification,” Appl Surf Sci, vol. 254, no. 18, pp. 5899–5904, Jul. 2008, 
doi: 10.1016/j.apsusc.2008.03.160. [CrossRef] 

37. B. Thasma Subramanian, J. P. Alla, J. S. Essomba, and N. F. Nishter, 
“Non-fluorinated superhydrophobic spray coatings for oil-water 
separation applications: An eco-friendly approach,” J Clean Prod, vol. 

256, May 2020, doi: 10.1016/j.jclepro.2020.120693. [CrossRef] 
38. Y. Li, S. Chen, M. Wu, and J. Sun, “All spraying processes for the 

fabrication of robust, self-healing, superhydrophobic coatings,” 

Advanced Materials, vol. 26, no. 20, pp. 3344–3348, May 2014, doi: 
10.1002/adma.201306136. [CrossRef] 

39. H. Ogihara, J. Xie, J. Okagaki, and T. Saji, “Simple method for 

preparing superhydrophobic paper: Spray-deposited hydrophobic silica 
nanoparticle coatings exhibit high water-repellency and transparency,” 

Langmuir, vol. 28, no. 10, pp. 4605–4608, Mar. 2012, doi: 
10.1021/la204492q. [CrossRef] 

40. N. Bai, Q. Li, H. Dong, C. Tan, P. Cai, and L. Xu, “A versatile approach 
for preparing self-recovering superhydrophobic coatings,” Chemical 

Engineering Journal, vol. 293, pp. 75–81, Jun. 2016, doi: 
10.1016/j.cej.2016.02.023. [CrossRef] 

41. I. S. Bayer, “Superhydrophobic Coatings from Ecofriendly Materials 

and Processes: A Review,” Advanced Materials Interfaces, vol. 7, no. 
13. Wiley-VCH Verlag, Jul. 01, 2020. doi: 10.1002/admi.202000095. 
[CrossRef] 

42. D. W. Li, H. Y. Wang, Y. Liu, D. S. Wei, and Z. X. Zhao, “Large-scale 
fabrication of durable and robust super-hydrophobic spray coatings with 
excellent repairable and anti-corrosion performance,” Chemical 
Engineering Journal, vol. 367, pp. 169–179, Jul. 2019, doi: 
10.1016/j.cej.2019.02.093. [CrossRef] 

43. Y. Bao, P. Tang, X. Shi, and L. Gao, “Durable superhydrophobic 
coatings based on flower-like zinc oxide via layer by layer spraying,” 

Journal of Adhesion, vol. 98, no. 12, pp. 1801–1819, 2022, doi: 
10.1080/00218464.2021.1939016. [CrossRef] 

44. Y. S. Joung and C. R. Buie, “Antiwetting fabric produced by a 
combination of layer-by-layer assembly and electrophoretic deposition 
of hydrophobic nanoparticles,” ACS Appl Mater Interfaces, vol. 7, no. 

36, pp. 20100–20110, Sep. 2015, doi: 10.1021/acsami.5b05233.  
[CrossRef] 

45. M. D. Tyona, “A theoritical study on spin coating technique,” Advances 
in materials Research, vol. 2, no. 4, pp. 195–208, Dec. 2013, doi: 
10.12989/amr.2013.2.4.195. [CrossRef] 

46. M. K. Meena, A. Sinhamahapatra, and A. Kumar, “Superhydrophobic 
polymer composite coating on glass via spin coating technique,” Colloid 

Polym Sci, vol. 297, no. 11–12, pp. 1499–1505, Dec. 2019, doi: 
10.1007/s00396-019-04560-z. [CrossRef] 

47. J. Zhang, W. Zhang, N. Zhou, Y. Weng, and Z. Hu, “Photoresponsive 

superhydrophobic surfaces from one-pot solution spin coating mediated 
by polydopamine,” RSC Adv, vol. 4, no. 48, pp. 24973–24977, 2014, 
doi: 10.1039/c4ra03469d. [CrossRef] 

48. Q. Xin et al., “Superhydrophobic Surface-Constructed Membrane 
Contactor with Hierarchical Lotus-Leaf-Like Interfaces for Efficient 
SO2Capture,” ACS Appl Mater Interfaces, vol. 13, no. 1, pp. 
1827–1837, Jan. 2021, doi: 10.1021/acsami.0c17534. [CrossRef] 

49. Y. T. Peng, K. F. Lo, and Y. J. Juang, “Constructing a superhydrophobic 
surface on polydimethylsiloxane via spin coating and vapor-liquid 
sol-gel process,” Langmuir, vol. 26, no. 7, pp. 5167–5171, Apr. 2010, 
doi: 10.1021/la903646h. [CrossRef] 

50. S. Zhai and H. Zhao, “Silica-coated metallic nanoparticle-based 
hierarchical super-hydrophobic surfaces fabricated by spin-coating and 
inverse nanotransfer printing,” Appl Phys Lett, vol. 114, no. 23, Jun. 

2019, doi: 10.1063/1.5098780. [CrossRef] 
51. P. Fauchais, M. Vardelle, A. Vardelle, and L. Bianchi, “Plasma Spray: 

Study of the Coating Generation,” 1996. [CrossRef] 
52. O. Kylián et al., “Hydrophobic and super-hydrophobic coatings based 

on nanoparticles overcoated by fluorocarbon plasma polymer,” 

Vacuum, vol. 100, pp. 57–60, 2014, doi: 
10.1016/j.vacuum.2013.07.014. [CrossRef] 

53. B. Swain, A. R. Pati, P. Mallick, S. S. Mohapatra, and A. Behera, 
“Development of Highly Durable Superhydrophobic Coatings by 
One-Step Plasma Spray Methodology,” Journal of Thermal Spray 

Technology, vol. 30, no. 1–2, pp. 405–423, Jan. 2021, doi: 
10.1007/s11666-020-01132-4. [CrossRef] 

54. D. J. Marchand et al., “Atmospheric rf plasma deposition of 

superhydrophobic coatings using tetramethylsilane precursor,” Surf 
Coat Technol, vol. 234, pp. 14–20, Nov. 2013, doi: 
10.1016/j.surfcoat.2013.03.029. [CrossRef] 

55. S. H. Kim, J. H. Kim, B. K. Kang, and H. S. Uhm, “Superhydrophobic 
CF x coating via in-line atmospheric RF plasma of He-CF 4-H 2,” 

Langmuir, vol. 21, no. 26, pp. 12213–12217, Dec. 2005, doi: 
10.1021/la0521948. [CrossRef] 

56. V. S. Saji, “Superhydrophobic surfaces and coatings by electrochemical 
anodic oxidation and plasma electrolytic oxidation,” Advances in 
Colloid and Interface Science, vol. 283. Elsevier B.V., Sep. 01, 2020. 
doi: 10.1016/j.cis.2020.102245. [CrossRef] 

57. J. Yang, Y. Pu, D. Miao, and X. Ning, “Fabrication of durably 
superhydrophobic cotton fabrics by atmospheric pressure plasma 
treatment with a siloxane precursor,” Polymers (Basel), vol. 10, no. 4, 
Apr. 2018, doi: 10.3390/polym10040460. [CrossRef] 

 
 
 
 
 
 
 
 

https://www.doi.org/10.35940/ijeat.B38921212222
https://www.doi.org/10.35940/ijeat.B38921212222
http://www.ijeat.org/
https://doi.org/10.1016/j.matpr.2020.01.331
https://doi.org/10.1016/j.porgcoat.2019.03.042
https://doi.org/10.1039/C9TA03264A
https://doi.org/10.1016/j.ceramint.2014.10.137
https://doi.org/10.1007/s42235-021-0024-0
https://doi.org/10.1016/j.cej.2019.05.077
https://doi.org/10.1016/j.apsusc.2010.06.062
https://doi.org/10.1680/si.12.00014
https://doi.org/10.1007/s10971-020-05389-7
https://doi.org/10.1016/j.colsurfa.2012.12.049
https://doi.org/10.1016/j.apsusc.2014.03.179
https://doi.org/10.1002/slct.201904153
https://doi.org/10.1039/c005273f
https://doi.org/10.1016/j.colsurfa.2018.06.007
https://doi.org/10.1016/j.apsusc.2008.03.160
https://doi.org/10.1016/j.jclepro.2020.120693
https://doi.org/10.1002/adma.201306136
https://doi.org/10.1021/la204492q
https://doi.org/10.1016/j.cej.2016.02.023
https://doi.org/10.1002/admi.202000095
https://doi.org/10.1016/j.cej.2019.02.093
https://doi.org/10.1080/00218464.2021.1939016
https://doi.org/10.1021/acsami.5b05233
https://doi.org/10.12989/amr.2013.2.4.195
https://doi.org/10.1007/s00396-019-04560-z
https://doi.org/10.1039/c4ra03469d
https://doi.org/10.1021/acsami.0c17534
https://doi.org/10.1021/la903646h
https://doi.org/10.1063/1.5098780
https://doi.org/10.1016/0272-8842(95)00106-9
https://doi.org/10.1016/j.vacuum.2013.07.014
https://doi.org/10.1007/s11666-020-01132-4
https://doi.org/10.1016/j.surfcoat.2013.03.029
https://doi.org/10.1021/la0521948
https://doi.org/10.1016/j.cis.2020.102245
https://doi.org/10.3390/polym10040460


International Journal of Engineering and Advanced Technology (IJEAT) 
ISSN: 2249-8958 (Online), Volume-12 Issue-2, December 2022 

32 

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 

Retrieval Number:100.1/ijeat.B38921212222 
DOI: 10.35940/ijeat.B38921212222 
Journal Website: www.ijeat.org   
 

58. M. M. Hossain, Q. H. Trinh, D. B. Nguyen, M. S. P. Sudhakaran, and Y. 
S. Mok, “Formation of plasma-polymerized superhydrophobic coating 
using an atmospheric-pressure plasma jet,” Thin Solid Films, vol. 675, 

pp. 34–42, Apr. 2019, doi: 10.1016/j.tsf.2019.02.017. [CrossRef] 
59. Z. Guo, W. Liu, and B. L. Su, “Superhydrophobic surfaces: From natural 

to biomimetic to functional,” J Colloid Interface Sci, vol. 353, no. 2, pp. 
335–355, Jan. 2011, doi: 10.1016/j.jcis.2010.08.047. [CrossRef] 

60. S. Rezaei, I. Manoucheri, R. Moradian, and B. Pourabbas, “One-step 
chemical vapor deposition and modification of silica nanoparticles at the 
lowest possible temperature and superhydrophobic surface fabrication,” 

Chemical Engineering Journal, vol. 252, pp. 11–16, Sep. 2014, doi: 
10.1016/j.cej.2014.04.100. [CrossRef] 

61. R. Gordon, “Section 3. Glass coating at atmospheric pressure Chemical 
vapor deposition of coatings on glass,” 1997. [CrossRef] 

62. J. M. Blocher, “METALLURGICAL AND PROTECTIVE COATINGS 

51 COATING OF GLASS BY CHEMICAL VAPOR DEPOSITION*,” 
1981. [CrossRef] 

63. C. Wiegand et al., “Antimicrobial impact of cold atmospheric pressure 
plasma on medical critical yeasts and bacteria cultures,” Skin Pharmacol 

Physiol, vol. 27, no. 1, pp. 25–35, Aug. 2013, doi: 10.1159/000351353. 
[CrossRef] 

64. O. Beier, A. Pfuch, K. Horn, J. Weisser, M. Schnabelrauch, and A. 
Schimanski, “Low-temperature deposition of antibacterially active 
silicon oxide layers containing silver nanoparticles, prepared by 
atmospheric pressure plasma chemical vapor deposition,” Plasma 

Processes and Polymers, vol. 10, no. 1, pp. 77–87, Jan. 2013, doi: 
10.1002/ppap.201200059. [CrossRef] 

65. J. D. Chapple-Sokol, C. J. Giunta, and R. G. Gordon, “KINETICS OF 
SILICON OXIDE THIN FILM DEPOSITION FROM SILANE AND 
DISILANE WITH NITROUS OXIDE.” 

66. Hidenobu Mochizuki, Teruaki Aoki, Hisayoshi Yamoto, Masanori 
Okayama, Motoaki Abe and Tetsuo Ando “Semi-Insulating 
Polycrystalline-Silicon (SIPOS) Films Applied to MOS Integrated 
Circuits”. Copyright (c) 1976 The Japan Society of Applied 

Physics, Volume 15, Number S1 [CrossRef] 
67. Carmen J. Giunta, 1 Jonathan D. Chapple-Sokol, *'2 and Roy G. Gordon 

“Kinetic Modeling of the Chemical Vapor Deposition of Silicon Dioxide 
from Silane or Disilane and Nitrous Oxide” . Electrochem. Soc., Vol. 
137, No. 10, October 1990. [CrossRef] 

68. J. D. Chapple-Sokol and R. G. Gordon, “SUBSTRATE-DEPENDENT 
GROWTH OF ATMOSPHERIC PRESSURE CHEMICALLY VAPOR 
DEPOSITED SILICON DIOXIDE FROM DICHLOROSILANE AND 
OXYGEN,” 1989. [CrossRef] 

69. L. Fei, Z. He, J. D. LaCoste, T. H. Nguyen, and Y. Sun, “A Mini Review 

on Superhydrophobic and Transparent Surfaces,” Chemical Record, vol. 
20, no. 11. John Wiley and Sons Inc, pp. 1257–1268, Nov. 01, 2020. doi: 
10.1002/tcr.202000075. [CrossRef] 

70. Y. Yang, H. He, Y. Li, and J. Qiu, “Using Nanoimprint Lithography to 
Create Robust, Buoyant, Superhydrophobic PVB/SiO2 Coatings on 
wood Surfaces Inspired by Red roses petal,” Sci Rep, vol. 9, no. 1, Dec. 

2019, doi: 10.1038/s41598-019-46337-y. [CrossRef] 
71. Y. Y. Yan, N. Gao, and W. Barthlott, “Mimicking natural 

superhydrophobic surfaces and grasping the wetting process: A review 
on recent progress in preparing superhydrophobic surfaces,” Advances 

in Colloid and Interface Science, vol. 169, no. 2. Elsevier B.V., pp. 
80–105, Dec. 12, 2011. doi: 10.1016/j.cis.2011.08.005. [CrossRef] 

72. S. M. Lee and T. H. Kwon, “Effects of intrinsic hydrophobicity on 

wettability of polymer replicas of a superhydrophobic lotus leaf,” in 
Journal of Micromechanics and Microengineering, Apr. 2007, vol. 17, 
no. 4, pp. 687–692. doi: 10.1088/0960-1317/17/4/003. [CrossRef] 

73. Y. Li, S. Dai, J. John, and K. R. Carter, “Superhydrophobic surfaces 
from hierarchically structured wrinkled polymers,” ACS Appl Mater 

Interfaces, vol. 5, no. 21, pp. 11066–11073, Nov. 2013, doi: 
10.1021/am403209r. [CrossRef] 

74. A. L. Thangawng, M. A. Swartz, M. R. Glucksberg, and R. S. Ruoff, 
“Bond-detach lithography: A method for micro/nanolithography by 
precision PDMS patterning,” Small, vol. 3, no. 1, pp. 132–138, Jan. 
2007, doi: 10.1002/smll.200500418. [CrossRef] 

75. A. B. Gurav et al., “Superhydrophobic coatings prepared from 

methyl-modified silica particles using simple dip-coating method,” 

Ceram Int, vol. 41, no. 2, pp. 3017–3023, Mar. 2015, doi: 
10.1016/j.ceramint.2014.10.137. [CrossRef] 

76. C. Kosak Söz, E. Yilgör, and I. Yilgör, “Influence of the average surface 
roughness on the formation of superhydrophobic polymer surfaces 
through spin-coating with hydrophobic fumed silica,” Polymer (Guildf), 
vol. 62, pp. 118–128, Apr. 2015, doi: 10.1016/j.polymer.2015.02.032. 
[CrossRef] 

77. X. Zhao et al., “Environmentally benign and durable superhydrophobic 
coatings based on SiO 2 nanoparticles and silanes,” J Colloid Interface 

Sci, vol. 542, pp. 8–14, Apr. 2019, doi: 10.1016/j.jcis.2019.01.115. 
[CrossRef] 

78. G. M. Shankar C, Y. M. Shivaprakash, S. N. Kumar M, S. M. A, A. 
Dutta, and A. Professor, “EXPERIMENTAL INVESTIGATION ON 

SILICON CARBIDE REINFORCED DURALUMIN BASED MMC 
PRODUCED BY COLD COMPACTING,” 2019. [Online]. Available: 
www.tjprc.org 

79. Y. M. Shivaprakash, B. M. Gurumurthy, M. A. Siddhartha, N. M. S. 
Kumar, and A. Dutta, “STUDIES ON MILD STEEL PARTICULATES 

REINFORCED DURALUMIN COMPOSITE FABRICATED 
THROUGH POWDER METALLURGY ROUTE.” [Online]. 
Available: www.tjprc.org 

80. R. Kurbet, S. N. Kumar M, and R. Addamani, “A Review on Friction 
Stir Welding over other Welding Techniques of Aluminium Alloys.” 

[Online]. Available: www.solidstatetechnology.us 
81. S. N. Kumar M and G. Bawge, “Comparitive Study on Methods used to 

Improve the Corrosion Resistance Property of Aluminium Alloys-A 
Review.” [Online]. Available: www.solidstatetechnology.us 

82. S. K. N. M., T. N. Shashank, and Dhruthi, “Review—Different Ceramic 
Reinforcements In Aluminium Metal Matrix Composites,” ECS Journal 

of Solid State Science and Technology, vol. 10, no. 5, p. 053003, May 
2021, doi: 10.1149/2162-8777/ac0114. [CrossRef] 

83. N. M. Siddesh Kumar, T. N. Shashank, N. Khan, K. J. Mahendra Babu, 
and S. L. Ajit Prasad, “Modal and Harmonic Analysis of Spur Gear 

using FEA,” Journal of Failure Analysis and Prevention, vol. 21, no. 5, 
pp. 1855–1865, Oct. 2021, doi: 10.1007/s11668-021-01243-2. 
[CrossRef] 

84. N. M. Siddesh Kumar, M. Sadashiva, and J. Monica, “Speculative 
Testament of Corrosive Behaviour of Aluminium Composite Welded by 
FSW,” 2022, pp. 429–440. doi: 10.1007/978-981-16-4321-7_36.  
[CrossRef] 

85. N. M. Siddesh Kumar, S. Chethan, T. Nikhil, and Dhruthi, “A review on 

friction stir processing over other surface modification processing 
techniques of magnesium alloys,” Functional Composites and 

Structures, vol. 4, no. 1. IOP Publishing Ltd, Mar. 01, 2022. doi: 
10.1088/2631-6331/ac49f3. [CrossRef] 

86. N. M. Siddesh Kumar, M. Sadashiva, J. Monica, and S. Praveen Kumar, 
“Investigation on Corrosion Behaviour of Hybrid Aluminium Metal 
Matrix Composite Welded by Friction Stir Welding,” in Materials 

Today: Proceedings, 2021, vol. 52, pp. 2339–2344. doi: 
10.1016/j.matpr.2022.01.362. [CrossRef] 

87. M. Sadashiva, N. M. Siddeshkumar, J. Monica, M. R. Srinivasa, N. 
Santhosh, and S. Praveenkumar, “Hardness and Impact Strength 
Characteristics of Al based Hybrid Composite FSW Joints,” 

International Journal of Vehicle Structures and Systems, vol. 14, no. 1, 
pp. 13–17, Jan. 2022, doi: 10.4273/ijvss.14.1.04. [CrossRef] 

88. N. M. Siddesh Kumar, “Effect on wear property of aluminium metal 

matrix composite reinforced with different solid lubricants: a review,” 
International Journal of System Assurance Engineering and 
Management. Springer, 2022. doi: 10.1007/s13198-022-01654-w. 
[CrossRef] 

89. N. M. S. Kumar, M. R. H. Kerur, N. Khan, and T. N. Shashank, 
“Vibration analysis of healthy and faulty gear of parallel shaft drive 
system,” in AIP Conference Proceedings, May 2022, vol. 2463. doi: 

10.1063/5.0080184. [CrossRef] 
90. N. M. Siddesh Kumar, Dhruthi, G. K. Pramod, P. Samrat, and M. 

Sadashiva, “A Critical Review on Heat Treatment of Aluminium 
Alloys,” Mater Today Proc, vol. 58, pp. 71–79, Jan. 2022, doi: 
10.1016/j.matpr.2021.12.586. [CrossRef] 

AUTHORS PROFILE 

Rajath H G was born in Mandya, Karnataka, India, 
1988. He has BE & M.Tech. degree in the field of 
Mechanical engineering from Visvesvaraya 
Technological University (VTU), Karnataka, India. 
Currently, he is a faculty member of the department of 
Mechanical engineering at G Madegowda Institute of 
Technology. He is a Ph.D. student in the field of solar 

energy at Visvesvaraya Technological University (VTU), Karnataka, He has 
published many papers in the field of solar cells and Mechanical engineering. 
 
 
 
 
 
 
 
 
 

https://www.doi.org/10.35940/ijeat.B38921212222
https://www.doi.org/10.35940/ijeat.B38921212222
http://www.ijeat.org/
https://doi.org/10.1016/j.tsf.2019.02.017
https://doi.org/10.1016/j.jcis.2010.08.047
https://doi.org/10.1016/j.cej.2014.04.100
https://doi.org/10.1016/S0022-3093(97)00198-1
https://doi.org/10.1016/0040-6090(81)90359-X
https://doi.org/10.1159/000351353
https://doi.org/10.1002/ppap.201200059
https://iopscience.iop.org/volume/1347-4065/15
https://iopscience.iop.org/issue/1347-4065/15/S1
https://doi.org/10.7567/JJAPS.15S1.41
https://doi.org/10.1149/1.2086193
https://doi.org/10.1016/0040-6090(89)90636-6
https://doi.org/10.1002/tcr.202000075
https://doi.org/10.1038/s41598-019-46337-y
https://doi.org/10.1016/j.cis.2011.08.005
https://doi.org/10.1088/0960-1317/17/4/003
https://doi.org/10.1021/am403209r
https://doi.org/10.1002/smll.200500418
https://doi.org/10.1016/j.ceramint.2014.10.137
https://doi.org/10.1016/j.polymer.2015.02.032
https://doi.org/10.1016/j.jcis.2019.01.115
https://doi.org/10.1149/2162-8777/ac0114
https://doi.org/10.1007/s11668-021-01243-2
https://doi.org/10.1007/978-981-16-4321-7_36
https://doi.org/10.1088/2631-6331/ac49f3
https://doi.org/10.1016/j.matpr.2022.01.362
https://doi.org/10.4273/ijvss.14.1.04
https://doi.org/10.1007/s13198-022-01654-w
https://doi.org/10.1063/5.0080184
https://doi.org/10.1016/j.matpr.2021.12.586


 
Advantages of Spin Coating Over Other Coating Techniques in the Formation of Superhydrophobic Surfaces 

33 

Published By: 
Blue Eyes Intelligence Engineering 
and Sciences Publication (BEIESP) 
© Copyright: All rights reserved. 

Retrieval Number:100.1/ijeat.B38921212222 
DOI: 10.35940/ijeat.B38921212222 
Journal Website: www.ijeat.org   
 

Dr. H V Byregowda was born in Channapatna, 
Karnataka, India, in 1961. He Pursued M.Tech in 
Mechanical engineering from MSRIT Banglore, in 1993 
and then a Ph.D. degree in the field of solar cells from 
Banglore University, India, in 2006. He has published 
many papers in the field of solar cells and mechanical 
engineering. Also guided many research students in the 

field of solar Energy. Currently he is Principal of Sampoorna institute of 
Technology and Research, Channapatna, Karnataka, India. 
 
 
 

https://www.doi.org/10.35940/ijeat.B38921212222
https://www.doi.org/10.35940/ijeat.B38921212222
http://www.ijeat.org/

