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Abstract 

To safeguard the product or structure against chemical harm, a variety of procedures and materials 

can be applied in coating applications today. Nowadays, coatings are used extensively in 

manufacturing all over the world to increase efficiency and reduce expenses two factors that are 

essential to preserving the sector's profitability. Coated materials have greater strength compared to 

uncoated materials. A variety of materials, including bio glass, polymers, ceramics, strong and hard 

metals, and plastics, are accessible to designers as straightforward ways to provide long-term security. 

Physical/chemical vapour deposition, sol gel, thermal spray, micro arc oxidation, and electro 

deposition are only a few of the numerous methods that have been documented and studied thus far. 

This review study brought together recent advancements in the investigation of various functional 

coating categories, with an emphasis on their uses in intelligent and green buildings. Phase change 

materials (PCM) coatings and coatings designed to reduce surface solar radiation were among them. 

Additionally, they contained photo catalytic, hydrophilic, and hydrophobic coatings. High hardness, 

UV scattering, and homogeneous dispersion at the nanoscale are integrated with the protective 

properties of conventional coating systems. The current state of nanocoating is examined in this work 

along with a nanocoating system based on graphene, carbon nanotubes, titanium dioxide, and zinc 

oxide. At last, a photo of the nanocoating is displayed. 
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INTRODUCTION 

A product used to alter the colour, gloss, damage resistance, or top surface of other materials, such 

as antibiotics, or change permeability without altering the goods volume is referred to as a “coating.” 

For certain purposes, mechanical structures and parts are created. Several strict criteria for material 

selection must be satisfied before making these pieces. Physical qualities, mechanical properties (such 

as stress, compression, yield, torsion, fatigue, bending, and penetration), performance demands (such 

as wear resistance, hydrophobicity, and frictional strength), and thermal strength (such as thermal 

expansion) are all impacted by these restrictions. Electrical conductivity, resistance to corrosion, 

dynamic stress (such as vibration and high-speed 

spinning), and conduction heat flow. Further 

consideration must be given to aspects including 

material availability, price, safety, and toxicity. For 

instance, it is well known that silver has excellent 

electrical conductivity values, but producing 

significant amounts of silver for such uses is 

prohibitively expensive [1]. Copper has high heat 

conductivity and electrical conductivity, making it 

a good material for brazing complex materials, but 

it also has a low stiffness and wears resistance. The 

development of novel actuators can benefit from the 

super elasticity (SE) and shape memory effect 

(SME) of NiTi alloys, which are widely 
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acknowledged [2]. Copper's resistance to wear mechanisms means that in the case of rotating fins, the 

dependence on mechanical components is greatly reduced [3]. Many methods, including as heat 

treatment, alloying, and coating, have been proposed to overcome these problems and improve 

properties. Based on cost savings and the fact that defects are rarely larger than a micron, coating 

technique has the best percentage in the literature for this process. It is therefore unnecessary to 

manufacture numerous materials on various substrates. The method's capacity to harden, alter 

roughness, improve wettability and hydrophobicity, and other properties can offer numerous benefits, 

including [4]. There are numerous layers as a result of the variety of uses and needs in various sectors. 

However, depending on the performance needed, coating technology is effective in several applications, 

most notably corrosion prevention and wear protection [5]. The corrosion process leads to the 

deterioration of equipment material when corrosion material is produced in a variety of methods that 

increase the environment's resistance to corrosion or have detrimental effects in some applications [6]. 

An analysis of these strategies will show the advantages and disadvantages of the different deposition 

methods for layered data. Though there are many methods available, just a select few are considered 

highly important and effective. These methods include thermal spray, sol-gel (MAO), micro arc 

oxidation, chemical vapour deposition, physical vapour deposition (PVD), and polymer layer. This 

strategy is necessary in some situations. Because they have a range of deposits, various materials, 

secondary, and variable densities and thicknesses, mechanical stability, corrosion resistance, and 

biocompatibility are important considerations to keep in mind (for particular coating types, biomedical 

applications, and careful trade-off [7]). As with all forms of protection, material selection is the most 

important consideration when creating a successful technique [8]. Materials such as metals, ceramics, 

and polymers can all be used to create a protective layer. However, choosing the right composition for 

the deposited layer could be challenging given the variety of coating techniques and fabric 

characteristics. Al, Ti, Hf, Zr, Ni, Co, Pt, MgO, ZrO2, Al2O3, Y 2O3, BeO, Look, and PTFE are all used 

in the examples, with emphasis devoted to all the under utilised possibilities. Taking into account the 

most well-liked solutions is crucial to solving this challenge. Each feedstock material has corrosion or 

wears resistance, yet they all have different melting points, mechanical properties, and chemical 

compositions. These models restrict the variety of materials that can be utilized in addition to the variety 

of powders, sticks, paper, and metal shapes they have in some projects [9]. This evaluation does not 

cover all preservation techniques, including thermal treatment, mechanical treatment, 

mechanical/chemical wrapping, and cleaning. The review simply skims through the materials, their 

surface modification, and the coating method. 

 

TECHNIQUES FOR DEPENDABLE COATING 

The coating process provides protection for specific levels or zones of structures that are subjected 

to risky situations in a variety of industries, including the automotive and aviation sectors as well as 

microscopic biological devices embedded within the human body [10]. 

 

Vapour Deposition Coating 

Vapour deposition is the term used to describe any process wherein gaseous components solidify 

through condensation, reaction, or transformation. The mechanical, electrical, thermal, optical, 

corrosion, and wear properties of the substrate can all be altered with this method [10]. In order to create 

composite materials, they are also used in the manufacturing of textiles, films, yarns, and human bodies. 

The Hoover chamber is where the steam deposition procedure is usually completed. Techniques for 

vapour deposition can be separated into two categories: 

1. Vapour deposition in the physical sense 

2. Build-up of chemical vapour 

 

Vapour Deposition in the Physical Sense 

This technique holds the coating in place by feeding a stream of neutral or ionised metal particles 

through the physical vapour deposition (PVD) system, as shown in Figure 1. It is possible to testify 

about the challenging coating using a range of PVD forms [11]. The mostly used techniques are combined  
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Figure 1. Process of physical vapour deposition. 

 

magnetron and bend forms, magnetron sputtering (or sputter particle plating), and cathodic bend vapour 

(plasma or circular segment particle plating). The coating process uses plasma and a different 

evaporation process than the PVD approach. The metal substance (to be deposited) can transition from 

the solid state to the gas phase, where metal atoms are ionised in various methods (such as magnetron), 

by heating the evaporation area (for example, in the cathodic arc) or the target sputtering [11]. Using 

the cathodic circular segment and a magnetron sputtering handle, Ti and Al can be sprayed from 

cathodes or targets formed of TiAl alloys. Compared to PVD sputtering, the PVD arc evaporation 

method requires more energy. In order to quickly vaporize a tiny, confined cathode area, arc evaporation 

entails rapidly passing a high-energy arc through the target metal surface. The plasma is made up of the 

vaporized heavy ionized metal [12]. In the event of spraying, ions or neutral atoms act to mechanically 

eject atoms from the target. Nonplanar surfaces cannot be coated by the majority of PVD-based coating 

methods that don't use more spatially dispersed sources, such as cylindrical magnetron sputtering, or 

substrate translation or rotation. This is because the vapour diffuses into other materials due to the high 

vacuum that produces the vapour atoms. Only the area in the stove's line of sight is therefore protected 

[13]. The cathodic bend approach can suffer from the arrangement of expanding particles. Bead 

arrangement between circular segments of materials with high melting points, such aluminum, can 

produce large particles (or expanding beads) in the case of (Ti, Al) N layers. It is also thought that extra 

atoms from the cathodic arc process quick evaporation make it to the partially ionized substrate surface 

[14]. These extra-neutral atoms can unite to create larger particles while in flight. There are also leaders 

who can find a solution to this issue. The increased arc approach and distribution over hot cathodes 

improve arcing. 

 

Build-up of Chemical Vapour 

CVD might be a vapour statement of sorts. The semiconductor industry makes extensive use of the 

technique of creating a robust, effective, and high-performance layer on any substrate using high 

vacuum [15]. The CVD method can be used to protect mechanical components against corrosion and 

wear when they are positioned next to one another. This process involves exposing a mixture of 

precursors for volatile materials to a wafer-shaped substrate, where the reaction causes a layer of 

material to be deposited [16]. It is possible that some residues of this reaction remain in the space, 

despite the vacuum pump's continuous lubricating having removed them. Graphene, polymers, Si 

combined with O and Ge, carbides, nitrides, oxynitrides, graphene filaments/nanofibers/nantubes, Ti-shaped  
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Figure 2. An illustration of the CVD configuration. 

 

carbon, and W are just a handful of the many different materials and material alternatives accessible for 

CVD technology. These materials can also be used to create a wide range of microstructures, such as 

shapeless, polycrystalline, and single-crystalline. Furthermore, polymer CVD has proven to be reliable 

in a range of applications, such as biomedical inserts, circuit sheets, and long-lasting lubricants. Climate 

weight, cow weight, really tall weight, and tall hoover are the three sorts of CVD forms; the latter two 

are the most common [17]. 

 

There are numerous varieties of CVD shapes, depending on the subsurface temperature, the 

properties of the fabric, and the kind of plasma employed to vaporize the material. These last categories 

essentially encompass coordinated fluid implantation CVD, plasma-assisted CVD, microwave plasma-

assisted CVD, and light-assisted CVD [18]. There are arguments for and against CVD's superiority over 

PVD, depending on the application. The substrate has been heated to 900°C, therefore heated materials 

cannot be used inside the CVD handle. PVD includes a preamble for this information. However, 

because CVD can cover hot surfaces, waste is not readily apparent. Computer-controlled lasers can be 

utilised to selectively warm the ranges required to enhance this capability [19]. Figure 2 depicts a 

schematic of the CVD configuration. 

 

Chemical and Electrochemical Plating 

Brenner and Riddell used the phrase “electrolysis metal deposition” in 1946 to describe an 

autocatalytic method for depositing metals without the aid of an external electrical source. When a 

reducing agent is added to the bath, an oscillation happens. On the freshly produced catalytically active 

surface, autocatalytic activity takes place. The creation of new materials for electronic devices, 

materials resistant to wear and corrosion, materials used in medicine, battery technology, and other vital 

areas [20]. During galvanic coating, a layer is placed to a cathode, which acts as the electrode (the 

component to be coated). All metals and alloys are cast in this way, with the exception of titanium and 

aluminium. Apply the coating with a handheld coating metre in place of a bath. An aqueous electrolytic 

solution is used as the anode to anodize aluminium and its alloys. The process of regulated autocatalytic 

deposition of a continuous layer on a catalytic surface through the reaction of a complex substance with 

a chemical reducing agent is known as electroless plating. With this technique, films can be easily 

prepared with any kind of low-thickness support and basic equipment. In Figure 3, electroless coatings 

are depicted. 
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Figure 3. Electro less coatings. 

 

APPLYING SOL-GEL COATING 

Sol gel coating is one of the best techniques for biomedical equipment, as Figure 4 illustrates. It is 

feasible to facilitate the design and execution of experiments while keeping trust in the results by 

thoroughly researching its applications and methodologies. [21, 22]. Conversely, solgels have the ability 

to improve corrosion and ion release in existing systems. Because of their liquid permeability, solgels 

can replace porous and damaged layers rapidly and easily. A precursor to calcium phosphate (CaP) is 

dissolved in ethanol or distilled water to create sol. The mixture is heated to different temperatures in 

order to give it the physical strength and consistency required for the gel stage to form. The change 

from the arranging to the gel stages is referr                “   -   ”. W          v                 

is ready, it is dropped into the solgel material gradually and gently. To make more or thicker layers of 

the same object, repeat this procedure. To expedite drying or ready the coated surface for the following 

step, the coated structure can also be heated. 

 

THERMO SPRAY COATING 

         “w              ”                                                      y       ,   w  ,    

chemicals to liquefy various electronic materials and spray the resulting liquid fabric over the edges of 

surfaces to provide a barrier covering. These coatings provide dependable protection against wear and 

corrosion. In this process, the warm medium which is often created by chemical combustion or plasma 

release heats the materials to a liquid or semi-finished state. The components are then sprayed with a 

tall, broad exposure on the substrate. The thicknesses obtained by heated sputtering preparation might  

 

 
Figure 4. Depicts a sol-gel coating case in schematic form. 
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Figure 5. Thermal spray coating. 

 

vary from 20 m to a few millimeters in comparison to galvanic coating preparation, CVD preparation, 

or PVD preparation [23]. Additionally, strong metals, metal amalgams, ceramics, polymers, 

composites, and materials that can be utilized as source materials for heated splash coatings are just a 

few examples of the diverse materials that can be utilized, can be effectively covered with weights that 

are exceptionally high. Thermal splash coatings fall into several categories with regard to their 

characteristics and uses. High-speed electric fire (HVAF), high-speed oxygen gas fire (HVOF), blast, 

hot/cold, electric circular segment shower, and fire [24] are the most prevalent types. Figure 5 illustrates 

thermal spray coating. 

 

High-velocity Oxy-fuel Coating, or HVOF 

The high velocity oxy-fuel coating preparation is schematically depicted in Figure 6. An aqueous or 

fluid oxygen mixture and a fuel (such as acetylene, propane, methane, hydrogen, or regular petrol) are 

burned constantly in a combustion chamber that is designed to maintain room temperature and weight. 

Fly form at 1000 m/s in the combustion chamber, which holds the combustion components in the spout. 

The nozzle is then used to create a component that melts instantaneously by injecting a covering of 

burnt powder particles into the hot water jet [25]. When the substance is partially forced to the surface 

by the electric light, a unique layer that is up to a few millimeters thick forms. The advantage of this 

technique is that thick layers of premium materials can be used, such as hydroapatite (Zr, oxide, or 

polymer/primer). The deposition of corrosion and wear-resistant layers is accomplished by using 

nanocomposite nylon 11/silica and another material. Numerous studies conducted up to this date have 

shown that HVOF is used in a wide range of corrosive materials and circumstances. The findings of 

these studies demonstrate the effectiveness of the methods developed with this technology in 

minimizing substrate deterioration. 

 

 
Figure 6. A high-velocity oxyfuel (HVOF) coating framework is 

constructed schematically. 
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Plasma Spray Coatings 

Figure 7 displays the profile of the plasma fly layer. The process can be done in an air or vacuum 

environment. With temperatures as high as 10,000K, the hot coordinate current/induction plasma 

produced by the plasma weapon effectively dissolves tough metals, ceramics, and plastics. Cross-breed 

plasma, oil, or water could be used as materials for plasma stabilisation. The object needs to be in hot 

plasma in order to lessen the charge. Liquid beads are maintained firmly on the substrate relative to the 

coating because of the high plasma speed at the focalized spouts tip. The usage of several fundamental 

material types, such as powders, slurries, suspensions, and fluids, is encouraged by the simplicity of 

this method [26]. Notable advancements in erosion and wear resistance have resulted from numerous 

studies on various materials, including chromium oxide and NiCr amalgams [27, 28]. Look, a type of 

plasma showered polymer coating, has been used as cover layers, work and paper discharge coatings, 

harm-free coatings, dampness obstructions, and erosion protection for plastic moulds. 

 

Vacuum plasma implantation, on the other hand, is a common technique for replacing the surface of 

substrates with materials that are resistant to environmental influences. The most common application 

of vacuum plasma showering is surface alignment of construction materials, like as metals, filaments, 

and elastic [29]. 

 

Cold Spray Coating 

This procedure is built on a mixture of elements and outcomes. It does not require thermal applications, 

unlike HVOF and plasma. The size of the coated material, the goal temperature, the material, and the 

critical velocity all affect the entire cold spraying process [30]. To obtain the necessary kinetic energy, the 

particle material is submerged in high pressure liquids (helium and nitrogen). This force deforms the 

material and adheres it to the substrate following the interaction between the material and the substrate.  

 

Rapid application of the selected material is achieved by pressing the material into place. Numerous 

metals, alloys, composites, polymers, and ceramics are among the most commonly utilised powder 

materials [31]. In addition, it has been noted in the literature that some hard materials, such as tungsten 

and titanium, are coated, despite the fact that soft metals like aluminium and copper are among the most 

investigated materials [32]. In certain investigations, the environment's temperature was raised to boost 

process effectiveness [33]. The operating range is somewhat limited, however the process is simple and 

affordable when compared to other thermal spraying techniques. The cold spray coating process is 

depicted in Figure 8. 

 

Warm Spray Coating 

The warm splash method is schematically shown in Figure 9. When compared to cold splashing, low 

operating temperature reduces the sufficiency and consistency of the warm splash handle. In any event, 

high temperatures dissolve unrefined materials and produce unused reactions that can overheat substrates 

 

 
Figure 7. Components of the plasma spray coating system diagram. 
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Figure 8. Depicts the cold spray coating procedure  

schematically. 

Figure 9. Warm spray coating. 

 

and objects, which can lead to oxidation or other alterations in the materials. Warm shower paint is a 

contemporary invention that was developed to solve this problem. The temperature of the combustion 

chamber can be lowered by adjusting the HVOF layer by including nitrogen gas into the fluid mixture. 

This technique offers an extraordinarily efficient coating preparation that lies midway between cold 

showering and HVOF coating [34]. However, due to the proximity of oxygen at high temperatures and 

rapid stream, the approaching layer has more debasements than other layers, as described in the literature. 

 

Arc Wire Spray Coatings 

An electric arc can be used to melt wires using an arc spray technique. Other names for it include 

thermal arc spray and twin-w            y.           “    ”     “    /    ”         y  y       v       , 

and they are usually thought to be easy to operate and automate.               “    /    ”    ,   

“    ”  y                                    w   . I      y      y                                      

where hard engineering wires are employed and when the distance between the machine and the gun is 

shorter  5        . “    /    ”  y                 y      y          -corrosion tasks using soft 

wires, such as zinc and aluminium when a greater distance between the gun and the machine is required 

[35–40]. The systems push or pull two wires to the spray gun. When the wires are forced together and 

an electric arc is formed, the wire melts. The molten metal is driven through a nozzle and then atomises 

with compressed air before being sprayed onto the work item. These wires, for instance, are 

interchangeable and can be used as one-wire zinc or one-wire aluminium. The current rating of the 

system causes an increase in the spray rate. Figure 10 show the setup and coating techniques of arc wire 

spray coatings [41–44]. 

 

 
Figure 10. Diagram showing the setup and component of operation for 

a circular segment wire shower coating. 
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Arc spray is a very versatile thermal spray technique that offers a cost-effective solution for applying 

metallic coatings in various applications. Applying corrosion protection coatings to steel fabrication is 

an easy operation. Similarly, engineered coatings can be used to spray objects to modify or rebuild their 

surface qualities [65–67]. It is quite easy to switch between engineering and anti-corrosion wires. It is 

possible to spray coatings made of zinc, aluminium, steel, copper, bronze, and other materials for 

surface modification, engineering reclamation, corrosion protection, and decorating [46–50]. Arc 

spraying usually has more significant initial expenditures than flame spraying, but it usually has lower 

ongoing expenses (Tables 1 and 2). 
 

Flow Diagram of surface coating methods 

 
 

Table 1. Rundown of coating forms and their particular highlight 

Precipitation  

process 

Origin Material for feed stocks Substrate material Coating 

thickness 

(µm) 

Refs. 

PVD Physical PVDF, TiN, TiCxOy, ZrCxOy, 

PE, 

Glass, SI, potassium, AISI 

M2 STEEL, SS 

1.2–6.3, 5, 

0.2, 0.2, 

0.1, 0.1 

36 

CVD Chemical Niobium oxide (Nb2O5), W-

TiN-WSi2-Ta2O5-CuSiO2, 

polycrystalline Si- Si3N4-SiO2, 

PTFE, Ni3Ti 

Glass, Si, Si, Kleenex, Ni-

Co-Fe 

0.05–0.2 

and 0.2–

0.6 

37 

MAO Electrochemical PCL duplex, hydroxyapatite 

(HA)/TiO2, and HA-HA/ZrO2 

Ti-6Al-4V, Mg and NiT 10–20, 2-

4, 7 

37, 38 

ELD Electrochemical Zn-Ni-AlO3, Ni-Co-Al2O3, 

Ni-Co-Si, PPY 

Cu, mild steel, carbon steel 

and steel 

10–70, 

50–200 

39 

Sol-gel Physical Methyltriethylortho silicate, or 

TEOS-Polycarbonate, PDMS, 

HA, and MTEOS 

Stainless steel, Si, NiTi 0.01–1, 1-

4 

40 

HVOF Thermal HA, CoNiCrAlY, WC, Al2O3, 

zirconia (YSZ), Metco 447 

Inconel 738 metal, Ti-6Al-

4V and AISI 4340 SS 

70-100 41 

Plasma spray  Thermal TiC-NiCrBSi, 

Alumina/Titania 87/13, 

Nicrome 80/20, Hastalloy G30 

AISI 4140 steel, stainless 

steel 

0.5-1 42 

Cold spray Physical  HA, AA7075, combined Ni/Al/ 

MoO3, Ni-clad Al, and Ni/Al 

Al 6061-T6, Ti-6Al-4V, Al 

6061 

100-1000, 

40-300, 

43, 44 

Warm spray Physical  WC-Co, Ti, Zr-Cu12.3Ni7.6-

Al3.5, Ti 

Carbon steel, steel, steel, 

and 316L SS 

400-1000 45, 46 

Arc wire spray Thermal  TiC-Fe, MoS2-Ti/Al Steel carbon, SUS 304 1000 47 
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Table 2. Preferences and drawbacks of dependable coating forms. 

Deposition  

process 

Advantages Disadvantages Refs. 

PVD Lean film evidence that is functional and 

customizable, with mechanical, erosion, and 

aesthetically pleasing highlights as well as erosion 

resistance 

In polymer deposition applications, high 

speed is necessary, wear impacts 

corrosion protection, and control 

deterioration is challenging. 

48 

CVD Operation at low and ambient pressure, deposition of 

diverse materials with varying microstates, and 

protection against corrosion and wear 

Heat-resistant equipment, lots of 

electricity, and little coating waste are all 

desirable 

48 

MAO Porous structure for biological applications, high 

hardness and resilience to corrosion, and a range of 

porosity scales across the thickness. 

mostly applicable to valve metals 49 

ELD Applications for wear, decoration, high-temperature 

use, and low corrosion 

It can be used on conductive surfaces. 50,51 

Sol-gel Cost-effectiveness, biomedical uses, resistance to 

ions and corrosion, thick, multilayered coatings, 

strong adhesion, and This content offers each of 

these advantages. due to the lack of conductive 

substrate restrictions, composition freedom, and 

complex geometries 

Controlling coating thickness, having a 

long cycle time, and the potential for 

coating failure during heat treatment on 

objects with several layers of coatings 

52 

HVOF High substrate adhesion, corrosion and wear 

resistance, compatibility with non-conductive 

surfaces, and high coating layer density 

needs a tight size distribution, a heat 

source, a large number of process 

variables, and a small range of particle 

sizes (5 to 60 m). 

53 

Cold spray This is a cheap and easy process in comparison to 

other thermal spray methods. 

Low working temperature range; mostly 

used for soft and hard metal surfaces; 

poor durability and efficiency because of 

low temperatures; inefficient under 

extremely demanding circumstances 

54 

Warm spray Ideal for heat-sensitive materials or those susceptible 

to oxidation at elevated temperatures. 

Extremely harsh environments with 

impurity problems 

55, 56 

Spraying 

arc wire 

Surface coatings inside engines that withstand 

corrosion and wear 

The coating layer can only be made of 

wires and conductive materials. 

57, 58 

 

COATINGS VARIOUS APPLICATION AREAS IN VARIOUS INDUSTRIES 

Automobile 

In the modern world, automobiles are the primary means of transportation. Automobile safety 

advocates believe that designing a corrosion-resistant car body (which increases durability) and a clean 

windscreen (which ensures the driver can see properly) are becoming more and more important [59, 

60]. For maximum safety, reduced maintenance costs, and increased vehicle longevity, the surfaces of 

the two aforementioned sections should have multifunctional super hydrophobic coatings[51-58]. 

 

Wind Breakers 

Super hydrophilic coatings have a spreading effect that produces a continuous, scatter-free water 

film, which eliminates fogging entirely. These high surface energy molecules quickly become 

contaminated, though. The use of super hydrophobic coatings on automotive wind shields that are self-

cleaning and anti-fogging has grown in popularity [60]. The anti-fogging capabilities of super 

hydrophobic coatings are believed to be caused by the rapid evaporation of small fog droplets that form 

on super hydrophobic surfaces. Additionally, fog droplets that are leaving super hydrophobic surfaces 

at an angle move more quickly when rolling, according to researchers. The most important 

consideration for any coating applied over wind shields is transparency. There is often conflict between 

surface roughness, optical transmittance, and super hydrophobicity [61]. As surface roughness 

increases, transparency decreases and hydrophobicity grows. This is because the refractive index of the 

material surfaces, which is frequently influenced by the huge diameters of the roughness features, and 
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feature size both affect light scattering, which in turn impacts light transmittance. Super hydrophobicity 

requires a combination of micro and nanostructure, which would increase the surface's capacity for self-

cleaning but result in an opaque finish. It has been suggested that super hydrophobic coatings can be 

made without affecting coating transparency by utilizing techniques that combine nanoparticles and low 

surface energy components. Surface roughening materials like nanosilica (SiO2), nanotitanium dioxide 

(TiO2), and nanocalcium carbonate (CaCO3) are frequently used.  

 

It is said that super hydrophobic coatings are not just vapor-repellent but also water resistant. 

Temperature variations cause the phenomenon of water vapour condensation on surfaces; below the 

dew point, super hydrophobic coatings stop repelling water. In order to prevent windscreens from 

fogging, further study needs to be done on the use of super hydrophobic materials. 

 

Car Body 

Most steel and other lightweight materials, such as alloys made of aluminium, magnesium, and other 

metals, are used in practical applications for car bodies to reduce the water contact area of super 

hydrophobic coatings, minimise corrosion of metal alloy surfaces, and lower contaminant adhesion 

strengths to super hydrophobic surfaces. This results in a slower rate of corrosion and an enhanced 

ability of the car's body to clean itself. Super hydrophobic material coatings, therefore, are excellent 

choices for enhancing the anti-corrosion and self-cleaning properties of substrates on metal surfaces. 

Nearly 90% of the materials used in the construction of automobiles are made of steel due to its 

exceptional physical and mechanical qualities, which include its high hardness, outstanding castability, 

high stiffness/weight ratios, and great damping capabilities. Conversely, steel corrodes quickly because 

of its high electrochemical and chemical activity [61]. Steel substrates now have significantly better 

corrosion resistance, particularly when it comes to ultra hydrophobic coatings. 

 

Marine 

Economic growth, high energy consumption, and corrosion issues undoubtedly brought on by a 

variety of maritime activities, particularly in the harsh marine environment, have had a considerable 

impact on maritime transportation and operations. To achieve the highest standards in real-world marine 

applications, a number of academics have focused on improving the performance of boats and marine 

infrastructure. Here, super hydrophobic coatings are a crucial technological advancement that can 

improve the corrosion resistance of boats and marine infrastructure as well as the drag reduction of 

seafaring goods [62]. 

 

Marine Vessels 

Reduced drag on surface and submerged ships can boost sailing speeds and save fuel use greatly at 

sea [62]. Maritime vessels such as cargo ships, service ships, navy warships, submarines, and more can 

use extremely hydrophobic coatings. With their exceptional water-repellency and low water adhesion 

force, these coatings offer significant advantages in terms of easy manufacture and low energy usage. 

This technology can also lower drag and improve operational performance. 

 

It is important to note that super hydrophobic coatings are not very effective at reducing vessel drag 

due to their low mechanical endurance, particularly with regard to abrasion resistance. Consequently, a 

number of efforts have been undertaken to enhance super hydrophobic coatings' mechanical toughness 

and drag-reduction effectiveness. 

 

Aircraft 

Ice at the airfoil and empennage is responsible for most aero plane mishaps. The main reasons why 

freezing occurs during a flight include often super cooled liquid water in the clouds, which stays liquid 

below zero and then abruptly turns into ice, as well as the presence of small ice particles. An 

aerodynamic stall or even a serious safety issue may occur from ice accumulation and aggregation on 

an aircraft. Moreover, it ruins the aircraft's equipment and makes flying more challenging [63].  
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Figure 11. Schematic of the manufacture and application of super hydrophobic anti-icing surface. 

 

The energy-intensive techniques used in current aircraft de-icing and anti-icing technologies such as 

thermal, mechanical, or chemical treatment are neither economically viable nor environmentally 

sustainable. The aircraft systems' increased weight and complexity particularly the labour and time-

intensive de-icing process will result in increased fuel consumption. They also discharge pollutants into 

the sky. It is possible to lessen the amount of ice adhesion and minimise ice development on aircraft 

surfaces by using anti-icing and ice-phobic coatings. Condensed water may roll off substrates prior to 

freezing as a result of outside factors like gravity, wind, centrifugal forces, etc. This prevents the 

development of ice by extending the freezing period and decreasing the freezing temperature of super-

cooled liquid water. Super hydrophobic coatings were made using several production techniques to 

increase their ice-phobicity and anti-icing properties. The feasibility of developing anti-icing and ice-

phobic coatings using both conventional techniques like spin-coating and sol-gel processes and cutting-

edge techniques like atom transfer radical polymerization (ATRP) was covered in this paper. The 

application and surface preparation of super hydrophobic anti-icing was demonstrated in Figure 11. 

 

Sunlight Power 

Every year, 10,000 times more solar energy (5 x 1024 J) than the world's actual yearly energy 

consumption reaches the earth's surface. Because of this year-round abundance of sunlight and 

technological advancements in light energy capture, solar energy has come to be acknowledged as the 

most important renewable energy source [63]. Photoelectric and photo thermal conversion are two more 

ways to use solar energy. In these two procedures, solar flat-plate collectors and solar photovoltaic (PV) 

panels are frequently utilised. In practical applications, the accumulation of dust and pollutants on the 

surfaces of these devices adversely impacts both electric and thermal consumption, severely reducing 

both the performance of the solar thermal system and the PV output efficiency. Thus, it would be perfect 

to emphasise solar energy transfer and offer extremely hydrophobic coatings that are also self-cleaning. 

 

Medical Application 

Numerous techniques have been developed to generate medical-grade zirconium dioxide, considering 

the properties required for different biological applications. Improved results that might be used in 

biomedical domains were found by analyzing the sol gel synthesis method used to produce medical-

grade zirconium dioxide. Figure 12 shown developing zirconium dioxide modification approaches for 

medical applications [64–67]. 
 

They discovered that whirling a solution of propanol, ammonia, and water for five minutes produced 

zirconium dioxide nanoparticles. After that, add the zirconium propoxide and stir for one hour. After 

that, the resulting sol is dried in an oven and heated to 70°C. Following that, the zirconium dioxide 
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Figure 12. shows a schematic for developing zirconium dioxide modification approaches for 

medical applications. 

 

powder is dried and heated to a maximum temperature of 500°C during the course of two hours of 

calcination. The synthesis procedure fixes the molar ratio of propanol, water, and zirconium propoxide 

at 20:8:1 to provide the best processing results. Equations (1), (2), and (3) show the chemistry needed 

to produce zirconium dioxide by the sol gel method. Partially hydrated alkoxide 

M(OR)n + xH2  →       -x(OH)x + xROH (1) 

Alkoxyl or hydroxyl group polymer condensation 

  −        -  →  -O-M + H2O (2) 

M-OR + HO-  →  -O-M + ROH (3) 

 

CONCLUSION 

There are numerous methodological angles presented in this review. This article aims to promote 

understanding of the usage of various wear-reduction procedures. If the process is increased, the 

membrane's sealing will also be improved, and it will have less porosity and better corrosion resistance. 

Aerospace, ground turbines, car production, ceramics and glass, printing, pulp and paper, metallurgy, 

medical, nuclear power, cement plant spray, and waste treatment are just a few of the industries that 

frequently use anticorrosion coatings. Physical and chemical vapour deposition (PVD/CVD), micro arc 

oxidation (MAO), electrodeposition (e.g., galvanic coating), electrophoretic deposition (EPD), solgel, 

and various thermal sputtering processes (e.g., HVOF, plasma, cold, thermal, and arc sputtering) are 

among the most efficient thermal sputtering techniques. Since the teaching process employs a range of 

strategies to position certain items on the website, selecting the appropriate materials is crucial to 

achieving a good process. Heat can be used in some procedures to transform food into liquids and semi-

solids in the form of clumps, droplets, and particles. 

 

In conclusion, the use of high temperature and high speed plasma jets improves the efficiency of 

thermal operations, such as different forms of thermal spraying. This method enables the processing of 

the raw material at low temperatures and fast speeds while removing the detrimental impacts of the high 

melting points of ceramics and super alloys. These conditions give rise to layers that could be hundreds 

of microns thick. However, depending on the process, the layer microstructure may also include 

porosity and oxide and carbide inclusions. The only applications for deposition coatings based on 

evaporation technology are the coating of equipment and the protection of sliding mechanical parts. 

These thin films have good corrosion/wear resistance. Micro arc oxidation, a high conversion of 

iodization, is frequently employed in biomaterials for applications like bone implants and biomedical 

equipment. Al, Ti, Zr, Hf, V, and Nb are common substrate use metals for valves. The coating produced 
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by MAO during bone formation provides strong substrate/layer adhesion and porosity, which is 

essential for biomaterial coatings. The porous microstructure also improves corrosion resistance and 

facilitates the use of engineering models to estimate plant lifespan, depending on the rate and duration 

of plant degradation. Since an aqueous solution acts as the process' carrier, the complexity of the 

geometry has no bearing on the process' quality. Another tested substance, solgel, offers many 

nutritional benefits. A sealant called solgel deposits is used to increase the corrosion resistance of porous 

substrates and coatings. The solgel method is slow and labor-intensive to fabricate, even with its diversity 

and layering powers. The employment of electrochemical processes, which depend on the charge 

difference between the anode and cathode of a chemical cell, is another method of purifying water. 
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