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Abstract 

Surface engineering and coating technologies have proven to be key strategies for improving the 

performance, durability, and reliability of engineering materials in challenging service environments. 

Advanced surface treatments are more important now than ever because material degradation 

typically begins in the surface through wear, corrosion, oxidation, fatigue, and mechanisms associated 

with friction, and these occur in a wide range of industries such as aerospace, automotive, biomedical, 

marine, manufacturing, and energy. This review aims to provide an overview of the basics of surface 

engineering, the classification of surface modification/coatings technologies and their utilization to 

enhance material performance. The different technologies, such as heat treatment, ion implantation, 

plasma treatment, Physical Vapor Deposition (PVD), Chemical Vapor Deposition (CVD), thermal 

spraying, electroplating and hybrid surface engineering methods, are critically discussed. Particular 

attention is given to performance improvements like wear resistance, corrosion protection, oxidation 

resistance, fatigue life improvement, thermal barrier, tribological behavior and biocompatibility. New 

advances in nanocoatings, multifunctional surfaces, and composite treatment techniques are also 

mentioned. It shows that surface engineering is an effective means for prolonging the life of 

components, increasing their operational efficiency and developing next generation high performance 

materials. 

Keywords; Surface Engineering, Coating Technologies, Surface Modification, Material 

Performance Enhancement, Protective Coatings. 

INTRODUCTION 

The need for high performance materials in today's engineering applications has 

further accentuated the demand for advanced surface engineering/coating 

technologies. Materials components are often subjected to severe operating 

environments, such as wear, corrosion, oxidation, erosion, fatigue, and elevated 

temperature in many industries, such as aerospace, automotive, biomedical, marine, 

manufacturing and energy systems [1]. While the bulk properties of materials can 

be sufficient to give the desired structural toughness and strength, the surface of a 

material is the main part where it will come into contact with its environment. Thus, 

surface degradation often starts the material failure process, resulting in decreased 

efficiency, higher maintenance expenses and short service life [2]. Surface 

engineering is now becoming an important interdisciplinary area which deals with 

the modification of materials at the surface to improve the surface behaviour, while 

maintaining the bulk properties of these materials [3], [4]. Surface hardening, wear 

resistance, corrosion protection, thermal stability, frictional properties and 

biocompatibility can be enhanced by the use of special treatments and coatings. 

Such improvements can play a major role in the durability, reliability and function 

of engineering components in demanding environments [5], [6] 

One of the most effective surface engineering technologies is coating 

technologies. Several techniques such as Physical Vapor Deposition (PVD), 

Chemical Vapor Deposition (CVD), thermal spraying, electroplating, plasma 

treatments, laser surface modification and sol-gel coatings have been well 

developed to provide material surfaces with protective and functional coatings [7]. 

https://crossmark.crossref.org/dialog?doi=10.69968/ijisem.2026v5i363-72
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These coatings can be made from various materials, 

including metals, ceramics, polymers, and composites, and 

can be designed to provide different properties and 

advantages depending on the specific application. The 

surface engineering capabilities have been further increased 

in recent years due to the development of nanotechnology, 

additive manufacturing (AM), and smart material systems 

[8]. New coating materials and surface multifunctional 

treatments are being created to enable self-healing, 

tribological improvement, thermal energy management and 

sustainability. These innovations are bringing about the 

development of innovative materials that can fulfill the 

growing industrial demands [9] 

FUNDAMENTALS OF SURFACE ENGINEERING 

Surface engineering is a multidisciplinary science and 

engineering field concerned with changing the surface 

properties of a material to give it certain desired functions, 

while maintaining the properties of the material itself. The 

main goals of surface engineering are to enhance the surface 

properties, including those related to surface contact, such as 

friction, fatigue, thermal stability, corrosion resistance, and 

wear resistance [10]. Most of the failure of materials comes 

from their surface properties, because they interact with the 

environment and mechanical stresses. Therefore, the surface 

properties of materials are becoming important for 

improving their performance and durability [11]. Surface 

Engineering is based on the premise that surface and bulk 

optimization of material can be done separately. The surface 

layer can be designed to resist external forces and 

environmental conditions, whereas the bulk material is 

responsible for the structural integrity and mechanical 

strength [12]. This allows the use of cost-effective substrate 

materials together with high-performance surface treatment, 

thus providing high functionality at low production costs. 

Surface degradation mechanisms are important in the 

determination of the life of engineering components [13]. 

Examples of degradation processes are abrasive wear, 

adhesive wear, corrosion, oxidation, erosion, cavitation, and 

thermal fatigue. These phenomena slowly degrade the 

surface and cause loss of efficiency and failure of 

components. Surface engineering techniques are developed 

to address these degradation mechanisms by developing 

protective barriers or changes of the surface microstructures 

[14]. 

The surface engineering methods can broadly be 

classified as surface modification and surface coating 

techniques. Surface modification is a process that alters the 

composition and/or microstructure of the surface of an 

object, e.g., heat treatment, ion implantation, laser 

hardening, plasma treatment [15]. Surface coating methods, 

on the other hand, are those methods which deposit a 

separate layer of material on to the surface, for example, 

PVD, CVD, thermal spraying, electroplating and sol-gel 

processing [16]. The two methods consist of improving the 

surface functionality, but keeping the compatibility with the 

substrate material. Coating adhesion, coating thickness, 

surface roughness, residual stress, microstructural 

characteristics, and environment are all factors that greatly 

influence the effectiveness of surface engineering [17]. 

There are many characterization techniques, such as 

scanning electron microscopy (SEM), atomic force 

microscopy (AFM), X-ray diffraction (XRD), and 

tribological testing methods, that are used to assess surface 

properties and the performance of coatings [18]. In 

summary, surface engineering is a cost-effective approach to 

prolonging component life, decrease maintenance, increase 

energy efficiency and increase operational reliability. 

Surface engineering is still an important enabling 

technology for the creation of advanced materials and high 

performance engineering systems as the demands of 

industry continue to rise [19]. 

CLASSIFICATION OF SURFACE ENGINEERING 

TECHNIQUES  

Surface engineering encompasses a wide range of 

technologies aimed at enhancing the surface properties of 

materials while preserving their bulk characteristics. The 

selection of an appropriate surface engineering technique 

depends on the desired performance requirements, operating 

environment, substrate material, and economic 

considerations. Over the years, numerous methods have 

been developed to improve resistance against wear, 

corrosion, oxidation, fatigue, and thermal degradation [20]. 

These methods can broadly be classified into three 

categories: surface modification techniques, surface coating 

techniques, and hybrid surface engineering approaches. 

Surface modification techniques alter the chemical 

composition, microstructure, or physical characteristics of 

the existing surface without depositing a separate coating 

layer [21]. Surface coating techniques involve the 

application of an additional protective or functional layer 

onto the substrate surface. Hybrid surface engineering 

approaches combine multiple treatment methods to achieve 

synergistic improvements in performance that cannot be 

obtained through a single process alone. Together, these 

classifications provide versatile solutions for enhancing 

material performance across diverse industrial applications 

[22]. 
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Surface Modification Techniques 

Surface modification techniques involve altering the 

properties of the substrate surface by changing its 

microstructure, composition, or residual stress state. Unlike 

coating processes, these methods do not create a distinct 

external layer but rather modify the existing surface region. 

1. Heat Treatment: Heat treatment processes such as 

carburizing, nitriding, carbonitriding, and 

induction hardening are widely used to improve 

surface hardness and wear resistance. These 

techniques facilitate the diffusion of alloying 

elements into the surface layer, producing hardened 

regions with enhanced mechanical properties. 

2. Laser Surface Modification: Laser surface 

treatment utilizes high-energy laser beams to melt 

or rapidly heat localized surface areas. Rapid 

solidification results in refined microstructures, 

increased hardness, and improved wear resistance. 

Laser treatments are particularly useful for 

precision engineering applications. 

3. Ion Implantation: Ion implantation involves 

bombarding the material surface with high-energy 

ions to modify its chemical composition and 

microstructure. This process improves hardness, 

corrosion resistance, and fatigue life while 

maintaining dimensional accuracy. 

4. Plasma Surface Treatment: Plasma-assisted 

processes modify surface chemistry and 

topography through energetic plasma interactions. 

These treatments enhance adhesion characteristics, 

wettability, corrosion resistance, and tribological 

performance. 

5. Shot Peening: Shot peening introduces 

compressive residual stresses into the surface 

through repeated impact of small spherical 

particles. The process significantly improves 

fatigue strength, crack resistance, and component 

durability. 

Surface Coating Techniques 

Surface coating techniques involve depositing a 

protective or functional layer onto the substrate. These 

coatings serve as barriers against environmental degradation 

and provide enhanced surface properties. 

1. Physical Vapor Deposition (PVD): PVD is a 

vacuum-based process in which coating material is 

vaporized and condensed onto the substrate 

surface. The technique produces thin, hard coatings 

with excellent adhesion and wear resistance. 

Common coatings include titanium nitride (TiN), 

chromium nitride (CrN), and aluminum titanium 

nitride (AlTiN). 

2. Chemical Vapor Deposition (CVD): CVD 

involves chemical reactions between gaseous 

precursors that form a solid coating on the substrate 

surface. It is widely used to produce dense, uniform 

coatings with superior thermal and chemical 

stability. 

3. Thermal Spray Coatings: Thermal spraying 

deposits molten or semi-molten particles onto a 

substrate using high-temperature energy sources. 

The resulting coatings provide excellent wear 

resistance, thermal insulation, and corrosion 

protection. 

4. Electroplating and Electroless Plating: 

Electroplating uses an electrical current to deposit 

metallic coatings, while electroless plating relies on 

chemical reactions. These methods are extensively 

employed for corrosion protection, decorative 

finishes, and electrical conductivity enhancement. 

5. Sol-Gel Coatings: Sol-gel technology enables the 

formation of thin ceramic or hybrid coatings 

through chemical solution processing. These 

coatings offer excellent corrosion resistance, 

optical properties, and environmental compatibility 

Hybrid Surface Engineering Approaches 

Hybrid surface engineering approaches integrate two or 

more surface treatment methods to achieve superior 

performance. These techniques have gained significant 

attention because individual surface engineering processes 

often possess inherent limitations. 

1. Duplex Treatments: Duplex treatments combine 

diffusion-based surface hardening processes such 

as nitriding with advanced coating techniques such 

as PVD. The hardened substrate improves load-

bearing capacity, while the coating provides 

excellent wear and corrosion resistance. 

2. Laser-Assisted Coating Systems: Laser-assisted 

coating methods integrate laser surface treatment 

with coating deposition processes. The laser 

improves coating adhesion, microstructural 

refinement, and metallurgical bonding between the 

coating and substrate. 

3. Plasma-Assisted Coating Processes: Plasma-

assisted systems combine plasma surface activation 

with coating deposition, resulting in improved 

coating density, adhesion strength, and durability. 
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4. Nanocomposite and Multilayer Coatings: 

Hybrid coating architectures consisting of multiple 

layers or nanocomposite structures offer enhanced 

hardness, toughness, thermal stability, and 

corrosion resistance. Such coatings are increasingly 

utilized in aerospace, automotive, and biomedical 

applications. 

The development of hybrid surface engineering 

techniques represents a significant advancement in materials 

engineering, enabling the design of multifunctional surfaces 

tailored to specific operational requirements. These 

approaches continue to drive innovation in next-generation 

coating technologies and high-performance material 

systems 

Table 1 Classification of Surface Engineering Techniques and Their Characteristics 

Classification Technique Working Principle Major Advantages Typical 

Applications 

Surface 

Modification 

Heat Treatment 

(Carburizing, 

Nitriding) 

Diffusion of alloying 

elements into surface 

Increased hardness 

and wear resistance 

Gears, shafts, 

bearings 

Laser Surface 

Modification 

Localized melting and 

rapid solidification 

Refined 

microstructure and 

high hardness 

Turbine blades, 

tools 

Ion Implantation Bombardment with 

high-energy ions 

Improved hardness 

and corrosion 

resistance 

Biomedical 

implants, 

electronics 

Plasma Surface 

Treatment 

Surface activation using 

plasma species 

Enhanced adhesion 

and wettability 

Automotive and 

aerospace 

components 

Shot Peening Induces compressive 

residual stress 

Improved fatigue 

strength 

Springs, aircraft 

parts 

Surface Coating Physical Vapor 

Deposition (PVD) 

Vaporized material 

condenses on substrate 

Hard, wear-resistant 

coatings 

Cutting tools, 

molds 

Chemical Vapor 

Deposition (CVD) 

Chemical reactions 

form coating layer 

High thermal and 

chemical stability 

Semiconductor and 

tooling industries 

Thermal Spray 

Coating 

Spraying molten/semi-

molten particles 

Thick protective 

coatings 

Turbines, marine 

structures 

Electroplating Electrochemical metal 

deposition 

Corrosion 

protection and 

aesthetics 

Automotive and 

consumer products 

Sol-Gel Coating Chemical solution-

based coating formation 

Uniform thin 

coatings and eco-

friendliness 

Optical and 

biomedical devices 

Hybrid Surface 

Engineering 

Duplex Treatment Nitriding + PVD/CVD 

coating 

Enhanced load-

bearing and wear 

resistance 

Cutting tools and 

dies 

Laser-Assisted 

Coatings 

Laser treatment 

combined with coating 

deposition 

Strong metallurgical 

bonding 

Aerospace 

components 

Plasma-Assisted 

Coatings 

Plasma activation with 

coating deposition 

Improved coating 

adhesion 

Automotive and 

energy sectors 

Nanocomposite/Multi

layer Coatings 

Multiple functional 

layers or nanostructures 

Superior 

multifunctional 

performance 

Aerospace, 

biomedical, and 

electronics 

industries 

PERFORMANCE ENHANCEMENT THROUGH 

SURFACE ENGINEERING 

Surface engineering plays a crucial role in enhancing the 

functional performance and service life of engineering 

materials and components. Since most failures originate at 

the material surface due to environmental exposure, 

mechanical loading, friction, and chemical interactions, 

improving surface characteristics has become a primary 

strategy for increasing reliability and durability. Through 

various surface modification and coating technologies, 

engineers can tailor surface properties to meet specific 

operational requirements while maintaining the desirable 

bulk properties of the substrate. Modern surface engineering 
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techniques contribute significantly to reducing wear, 

minimizing corrosion, improving oxidation resistance, 

enhancing fatigue life, lowering friction, providing thermal 

protection, and improving biological compatibility [23], 

[24]. 

The performance improvements achieved through 

surface engineering are particularly important in industries 

such as aerospace, automotive, manufacturing, energy, 

marine, and biomedical engineering, where components are 

frequently subjected to severe operating conditions. 

Advanced coatings and surface treatments provide 

protective barriers, modify surface microstructures, and 

introduce beneficial residual stresses that enhance overall 

material behavior. As a result, surface engineering has 

become an indispensable tool for improving efficiency, 

reducing maintenance costs, and extending component 

lifespan. The following sections discuss the major 

performance enhancements achieved through surface 

engineering technologies [25], [26]. 

Wear Resistance Improvement 

Wear is one of the most common causes of material 

degradation in mechanical systems. It occurs due to repeated 

contact, friction, abrasion, erosion, or adhesion between 

interacting surfaces. Surface engineering significantly 

improves wear resistance by increasing surface hardness and 

reducing material removal during service. 

Techniques such as nitriding, carburizing, laser surface 

hardening, thermal spraying, and Physical Vapor Deposition 

(PVD) coatings are widely employed to enhance wear 

performance. Hard coatings such as titanium nitride (TiN), 

chromium nitride (CrN), and diamond-like carbon (DLC) 

provide excellent protection against abrasive and adhesive 

wear. Nanostructured coatings further improve wear 

resistance by offering high hardness and refined 

microstructures. Enhanced wear resistance results in longer 

component life, reduced maintenance requirements, and 

improved operational efficiency in cutting tools, gears, 

bearings, and industrial machinery. 

Corrosion Protection 

Corrosion is the gradual deterioration of materials due to 

chemical or electrochemical reactions with the surrounding 

environment. It causes substantial economic losses and 

safety concerns across numerous industries. Surface 

engineering provides effective corrosion protection by 

creating barriers that isolate the substrate from corrosive 

media. 

Protective coatings such as zinc, nickel, chromium, 

ceramic coatings, and polymer-based coatings are 

extensively used to prevent corrosion. Surface treatments 

including anodizing, passivation, plasma nitriding, and sol-

gel coatings further enhance corrosion resistance by 

modifying surface chemistry and forming stable protective 

layers. Advanced nanocomposite coatings have 

demonstrated superior resistance to moisture, salts, acids, 

and aggressive industrial environments. Effective corrosion 

protection extends service life, improves structural 

reliability, and reduces maintenance costs in marine, 

automotive, and energy applications. 

Oxidation Resistance 

Oxidation occurs when materials react with oxygen at 

elevated temperatures, leading to scale formation, material 

degradation, and loss of mechanical properties. High-

temperature oxidation is particularly critical in gas turbines, 

boilers, aerospace engines, and power generation systems. 

Surface engineering enhances oxidation resistance 

through the application of protective coatings that act as 

barriers against oxygen diffusion. Thermal barrier coatings 

(TBCs), aluminide coatings, chromide coatings, and ceramic 

coatings are commonly used for this purpose. These coatings 

form stable oxide layers such as alumina (Al₂O₃) and 

chromia (Cr₂O₃), which inhibit further oxidation. Improved 

oxidation resistance allows components to operate safely at 

elevated temperatures while maintaining structural integrity 

and performance. 

Fatigue Life Enhancement 

Fatigue failure occurs when materials are subjected to 

repeated cyclic loading over an extended period. Surface 

defects, microcracks, and residual tensile stresses often 

serve as initiation sites for fatigue cracks. Since fatigue 

cracks typically originate at the surface, surface engineering 

is highly effective in improving fatigue performance. 

Processes such as shot peening, laser shock peening, 

nitriding, and surface rolling introduce beneficial 

compressive residual stresses that suppress crack initiation 

and propagation. Surface coatings can also reduce 

environmental effects that accelerate fatigue damage. 

Enhanced fatigue resistance is particularly important for 

aerospace structures, automotive components, railway 

systems, and rotating machinery where cyclic loading 

conditions are prevalent. 
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Thermal Barrier Performance 

Many engineering systems operate under extreme 

thermal conditions that can cause thermal degradation, 

dimensional instability, and premature failure. Surface 

engineering provides thermal protection through the 

application of specialized thermal barrier coatings. 

Thermal barrier coatings typically consist of ceramic 

materials such as yttria-stabilized zirconia (YSZ), which 

possess low thermal conductivity and excellent thermal 

stability. These coatings reduce heat transfer to the substrate, 

enabling components to operate at higher temperatures 

without compromising structural integrity. Thermal barrier 

systems are extensively utilized in gas turbines, aircraft 

engines, combustion chambers, and power generation 

equipment. Their implementation improves energy 

efficiency, increases operating temperatures, and enhances 

overall system performance [27]. 

Friction Reduction and Tribological Performance 

Tribology involves the study of friction, wear, and 

lubrication between interacting surfaces. Excessive friction 

results in energy losses, increased wear, and reduced 

component efficiency. Surface engineering technologies are 

widely employed to optimize tribological performance. 

Low-friction coatings such as diamond-like carbon 

(DLC), molybdenum disulfide (MoS₂), tungsten carbide, 

and graphene-based coatings reduce the coefficient of 

friction while maintaining high wear resistance. Surface 

texturing and nanostructured coatings further improve 

lubrication retention and contact behavior. Improved 

tribological performance leads to lower energy 

consumption, enhanced reliability, and increased service life 

in engines, bearings, gears, and manufacturing equipment. 

Biocompatibility Enhancement 

Biocompatibility is a critical requirement for materials 

used in medical implants and biomedical devices. Implant 

materials must interact safely with biological tissues while 

maintaining mechanical integrity and corrosion resistance 

within the human body. 

Surface engineering enhances biocompatibility by 

modifying surface chemistry, roughness, wettability, and 

biological interactions. Techniques such as plasma 

treatment, ion implantation, anodization, and bioactive 

coatings are commonly employed. Hydroxyapatite coatings, 

titanium oxide layers, and antimicrobial coatings promote 

osseointegration, reduce bacterial adhesion, and improve 

tissue compatibility. These surface modifications enhance 

implant stability, accelerate healing, and reduce the risk of 

infection and implant failure. 

Overall, surface engineering technologies provide a 

versatile and effective approach for enhancing material 

performance across a wide range of engineering and 

biomedical applications. By improving wear resistance, 

corrosion protection, oxidation resistance, fatigue life, 

thermal barrier capability, tribological behavior, and 

biocompatibility, these technologies contribute significantly 

to the development of durable, reliable, and high-

performance material systems. 

LITERATURE REVIEW 

(Dsouza et al., 2026) [28] examines how each treatment 

path affects microstructural development, precipitation 

behaviour, and mechanical performance, focusing on 

surface hardening, fatigue resistance, grain refinement, and 

precipitation kinetics. Advanced surface modification 

methods, extreme plastic deformation, and ageing behaviour 

under various situations are all given special consideration. 

The review also emphasises the deficiencies of the current 

literature, such as the minimal industrial-scale validation, a 

lack of high-temperature performance data, an inadequate 

comprehension of coupled diffusion-precipitation 

mechanisms, and limited integration of hybrid treatment 

cycles. Future research directions are suggested to facilitate 

the development of predictive computational models, 

scalable treatment cycles, and optimised hybrid processing 

strategies. With the goal of achieving customised surface-to-

core property gradients appropriate for upcoming aerospace 

and automotive applications, this integrated research offers 

a thorough basis for improving aluminium alloy design. 

(Dallaev, 2026) [29] outlines innovative strategies for 

altering polymer surfaces, with a focus on plasma-induced 

polymerisation and plasma-based surface modification as 

adaptable, solvent-free techniques for adjusting "wettability, 

chemical functionality, and adhesion". Additionally, it 

investigates the development of novel classes of self-

cleaning and self-sterilizing coatings that employ 

photocatalytic, hydrophobic, or antimicrobial mechanisms 

to reduce contamination, biofouling, and pathogen 

transmission. Furthermore, the article emphasises 

advancements in high-performance barrier coatings that are 

intended to safeguard electronic devices and culinary 

products by enhancing their resistance to chemical agents, 

moisture, and gases. This review offers a thorough summary 

of recent developments and potential future paths in 

functional polymer films and coatings targeted at anti-
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pollution, antibacterial, and anti-corrosion performance by 

combining knowledge from "materials chemistry, surface 

physics, and nanostructured coating design". 

 
Figure 1 Schematic illustration of corrosion processes and the role of polymer coatings, presented as subdivided 

panels for clarity. 

(Chen et al., 2026) [30] Regression models and response 

surface contour plots were used to compare the link between 

coating characteristics and processing parameters. Through 

modelling, the impact of these parameters, both separately 

and in combination, on the wear volume and the hardness of 

the coatings was visually examined. According to 

experimental findings, the forecast error for wear volume 

was 3.27%, but the prediction error for hardness was just 

1.84%. The remarkable resemblance between the validation 

findings shows a high level of consistency, which amply 

demonstrates the accuracy of the model's prediction. 

Furthermore, the microstructure of the optimal coating 

demonstrates complete fusion and a fine particle size, with 

minimal pores or fractures. In contrast, the worn regions 

retained the majority of the original sprayed structure, and 

only minor pitting and tiny spalling were observed. The 

multi-response characteristics of the plasma-sprayed 

coatings were obviously much enhanced by using a 

desirability-overlapped based on RSM by Taguchi's design, 

and these outcomes satisfied the anticipated values for 

maximum hardness and minimal wear volume in the 

coatings. 

(Sheikh et al., 2025) [31] Biomaterials are frequently 

used to replace "biological tissues and internal joints" due to 

the growing need for them in medical applications. Implant 

failures are still a major problem, though, and they are 

frequently brought on by ion release and inadequate wear 

resistance, which can eventually lead to implant loosening. 

Furthermore, the strength and long-term dependability of 

implants are compromised by "the encapsulation of fibrous 

tissues and aseptic loosening", which further shortens their 

life. In order to circumvent these constraints and prolong the 

lifespan of biomaterial implants, surface modification has 

become essential. The current review paper investigates the 

most recent developments in "functionally graded coatings 

(FGCs) for biomaterial implants", examining the unique 

characteristics of the various coating deposition methods. 

The current progress and prospective obstacles in the 

adoption of FGCs are examined, with a particular emphasis 

on "the surface modification of Ti–6Al–4V alloys". By 

offering a thorough study, the review article hopes to direct 

biomaterial science researchers toward creating more potent 

methods for enhancing implant function and guaranteeing 

better patient results. 

(Yao et al., 2024) [32] Many exceptional properties are 

possessed by "magnesium (Mg) and its alloys", which 

demonstrate significant potential for widespread application 

in a variety of fields. Unfortunately, they are extremely 
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vulnerable to corrosion, particularly from corrosive chloride 

ions. This has limited their usage in industry and results in 

significant financial loss. Protective coatings and surface 

modifications receive a lot of attention among various tactics 

because they can limit or even stop corrosion by keeping the 

surface from coming into touch with the outside world. The 

objective of this review is to provide researchers and 

engineers in the pertinent research area with a 

comprehensive understanding of the most recent 

developments in a variety of "protective coating/surface 

modification technologies" that are relevant to Mg alloys. 

"Anodic oxidation, plasma electrolytic oxidation, chemical 

conversion coating, sol-gel coating, laser cladding, cold 

spray, electrophoretic deposited coating, layered double 

hydroxide coating, and superhydrophobic coating" are 

among the subjects discussed. The industrial uses of 

chemical conversion coatings and electrochemical processes 

(such as "anodic oxidation and plasma electrolytic 

oxidation") are also briefly discussed. In an effort to expedite 

the widespread application of magnesium alloys, the current 

challenges and futuristic prospects are examined. 

(El-Awadi, 2023) [33] This study reviews the state of the 

art in surface modification for material protection. Current 

research on laser treatment, PVD, EB-PVD, thermal 

spraying, and ion implantation is also included in the paper. 

Moreover, the current investigation employs magnetron 

sputtering (MS) as a highly effective and extensively used 

method for thin film coating. It is important to keep in mind 

that each approach has a unique set of limitations, and the 

parameters of the method may vary depending on which 

approach is chosen. These parameters include "deposition 

targets, overall vacuum substrate temperature, reactive or 

mixed gas type, pressure percentage, and bias voltage", all 

of which affect the layer qualities of the PVD technique. 

Variations in the properties are also caused by "phase 

formation, phase transition, hardness, and film structure of 

monolayer and multilayer films" grown on the substrate 

under different conditions. Additionally, by implanting ions 

like N+, B+, C+, etc., ion implantation improves the surface 

properties of layers. According to the study, more multilayer 

layers increase hardness and reduce friction coefficients. A 

thermal spraying barrier coating was applied to substrate 

nickel-base alloys to improve heat resistance protection, and 

a laser beam was used to change the surface materials' 

texture, hardness, and wear rate. Additionally, adding a thin 

layer of gold increased the performance of a heat pipe by a 

factor of 300. 

(Aljibori et al., 2023) [34] gives a summary of current 

developments in metallic, inorganic, and organic corrosion 

prevention coatings. The review emphasises recent 

developments in organic coatings, including "the utilisation 

of nanotechnology, the development of novel formulations, 

and self-healing coatings". Additionally, the development of 

inorganic and ceramic coatings is examined, including 

methods for surface modification and the incorporation of 

organic-inorganic hybrid coatings. The study also discusses 

new developments in metallic coatings, including surface 

engineering methods, eco-friendly choices, and alloy design. 

A summary of coating performance and testing evaluation 

techniques is provided, including accelerated corrosion 

testing. Along with case stories, the paper highlights the 

numerous uses of corrosion protection coatings across a 

range of sectors. There is also discussion of the prospects 

and difficulties in developing industries like aircraft and 

renewable energy. The report concludes by outlining future 

challenges and directions, stressing the significance of 

further research and the incorporation of cutting-edge 

materials for multifunctional corrosion protection. For 

academics, engineers, and practitioners working in 

corrosion prevention, this review article is an invaluable 

resource that offers a thorough grasp of current 

developments and directs future research initiatives. 

CONCLUSION 

The surface engineering and coating technologies are 

now indispensable tools for the improvement of functional 

performance and service life of engineering materials. The 

review points out that material failure has the tendency to 

occur at the surface as a result of wear, corrosion, oxidation, 

fatigue and tribological interaction, and surface modification 

is one of the most effective methods to enhance the 

durability and reliability of components. Heat treatment, 

laser processing, implantation, plasma treatment and shot 

peening are among the surface modification methods that 

have yielded considerable enhancements to the surface 

integrity and mechanical properties. Likewise, the various 

coating technologies like PVD, CVD, thermal spray, 

electroplating, and sol-gel coatings offer good protection 

against environmental and mechanical wear. 

It is also seen from the review that synergistic benefits 

can be gained from hybrid surface engineering techniques 

by combining more than one technique to produce better 

performance characteristics. Considerable improvements in 

wear, corrosion, oxidation resistance, fatigue life, thermal 

insulation, friction reduction and biocompatibility have been 

reported in a variety of industrial applications. The 

capabilities of surface engineering are growing due to recent 

advancements in nanostructured coatings, multifunctional 

surfaces, and environmentally friendly coating technologies. 
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Further studies are required to address the new industrial 

needs with smart coatings, self-healing surfaces, advanced 

characterization techniques and scalable manufacturing 

processes. In general, surface engineering will remain as an 

important field of engineering in the next generation of 

engineering applications, providing durable, efficient, and 

high performance material systems. 
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