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A B S T R A C T 

High velocity oxy-fuel (HVOF) coating is a widely used thermal spray technique for applying 

wear-resistant coatings on metallic surfaces. The primary objective of this review is to 

provide an overview of the tribological properties of HVOF coatings. The review starts with a 

brief introduction to HVOF coatings, followed by a discussion of the various types of HVOF 

coatings and their microstructural characteristics. The tribological properties of HVOF 

coatings, including hardness, wear resistance, friction coefficient, and adhesion, are then 

discussed in detail. The influence of various parameters, such as coating material, substrate 

material, and testing conditions, on the tribological behaviour of HVOF coatings is also 

reviewed. A review of HVOF coatings tribology would cover the latest research on the 

subject, including the types of coatings available, their properties, and the methods used to 

evaluate their performance. It would also examine the challenges and opportunities in the 

field, such as developing new coatings for extreme environments or improving the coating-

substrate adhesion. Finally, the review concludes with a summary of the key findings and 

suggestions for future research directions. Overall, this review highlights the potential of 

HVOF coatings to improve the tribological performance of metallic components in various 

industrial applications. 

                                                      © 2024 Published by Faculty of Engineering 

 

 

 

 

1. INTRODUCTION  
 

Due to its great benefits, such as affordability and 

simplicity of usage, thermal spraying has become a popular 

modern surface engineering technology in a variety of 

industries. As it enables the application of coatings and 

surface modifications to extend the life, improve 

performance, and improve the aesthetics of materials used 

in the manufacture of engineering components, the use of 

thermal spray technology has grown in significance 

(Ramezani et al., 2023; Varis,2023). This technology was 

created to stop parts from deteriorating or breaking down 

as a result of exposure to different conditions, such as 

liquids or gases. It is feasible to enhance component 

performance by selectively applying coatings that perform 

particular activities without reducing the advantages of the 

underlying material (Jonda et al., 2023; Sauceda et al., 

2023). The three main techniques for thermal spraying-

flame sprays, electric arcs, and plasma arcs-all entail 

melting or semi-melting thin film materials that are in 

powdered, wire, or rod form (Turunen et al., 2006). The 

resulting heated particles are then fired by atomization jets 

or process gases towards the direction of the prepared 

surface, where they collide and join the surface to thicken it 

and create a lamellar structure. Extremely rapid cooling of 

the thin "splats" takes place, frequently exceeding 106 K/s 

for metals (Sun et al., 2022).  Improved thermal spray 

coatings for metals, ceramics, metallic amorphous 
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materials, and cermets have been the subject of research in 

recent years. These coatings can shield a variety of 

components (mechanical, electrical, and civil) from surface 

contact situations that involve severe erosion, corrosion, 

and wear. Due to their capacity to increase the wear 

resistance of industrial components, High Velocity Oxy 

Fuel (HVOF) coatings have grown in importance (Mutairi 

et al., 2015; Knight & Smith, 1998). In the HVOF process, 

a powdered feedstock material, such as metals or ceramics, 

is heated and accelerated at high speeds using a mixture of 

oxygen and fuel gases, often propane or hydrogen. A 

dense, tightly-bonded covering with a high adhesion 

strength is created when the high-velocity particles strike 

the substrate surface (Zhou et al., 2022; Lv et al., 2022). 

Studying and improving the performance of these coatings 

heavily relies on tribology, the science and technology of 

friction, wear, and lubrication. In order to comprehend the 

most recent advancements and difficulties in the industry, a 

comprehensive analysis of HVOF coatings tribology is 

required (Qiao et al., 2021). This critical review's objective 

is to give a thorough summary of the state of HVOF 

coatings tribology at the moment. It will go over the many 

coating kinds that are offered, their characteristics, and 

how well they operate in various situations, including 

corrosive ones, high pressures, and high temperatures 

(Wang et al., 2021). In numerous applications, including 

the aerospace, automotive, and marine industries, the 

tribological characteristics of HVOF coatings have been 

thoroughly researched. HVOF coatings have been proven 

to have more wear resistance than other thermal spray 

coatings like plasma and flame spray (Abbas et al., 2021). 

HVOF coatings are perfect for applications where wear 

and abrasion are key problems because to their high 

hardness, and they are also suited for hostile environments 

due to their outstanding corrosion resistance qualities. 

HVOF coatings are a viable surface modification 

technology for different engineering components due to 

their high-performance tribological characteristics (Liu et 

al., 2021). The most recent studies on the assessment and 

improvement of HVOF coatings will also be looked at in 

this review, including approaches such microhardness 

testing, wear testing, and scratch testing (Keshvari et al., 

2023). The problems and prospects in the field of HVOF 

coatings tribology will also be covered in this critical 

examination, including the creation of new coatings for 

harsh environments, enhancing coating-substrate adhesion, 

and lowering the cost and environmental effect of the 

HVOF process. There will also be a focus on the 

prospective uses of HVOF coatings in a number of 

industrial areas, including energy production, automotive, 

and aerospace. 

 

2. LITERATURE REVIEW AND 

DISCUSSION 
 

HVOF Coating Microstructure (Su,2021). 

 

Microstructural analysis is used to look at the coating's 

composition and structure as well as how effectively it 

adheres to the substrate (Picas et al., 2023). X-ray 

diffraction (XRD), transmission electron microscopy 

(TEM), and scanning electron microscopy (SEM) 

methods are used to study the microstructure of the 

coating. While TEM offers high-resolution images of 

inside microstructures, SEM provides information on 

surface topography and shape. The crystalline phases 

that are present in the coating are identified by XRD 

analysis (Ebler et al., 2023). The tribological 

characteristics of HVOF coatings are significantly 

influenced by their microstructure. The substance of the 

feedstock, the spray process parameters, and the 

substrate material all have an impact on the 

microstructure of HVOF coatings. Depending on the 

material's melting point and the spray parameters, the 

microstructure of the coating is determined by the 

composition of the feedstock material and can either be 

crystalline or amorphous. 

 

By affecting the degree of particle melting and the 

cooling rate, spray process parameters including the 

oxygen-to-fuel gas ratio, the spray distance, and the 

particle velocity have an impact on the microstructure of 

the coating. For instance, raising the oxygen-to-fuel gas 

ratio raises the temperature and particle velocity, which 

causes a greater amount of melting of the particles and 

results in a denser coating with less porosity. Similar to 

how reducing the spray distance leads to a finer 

microstructure and a faster cooling rate (Palanisamy et 

al., 2022). The thermal conductivity and coefficient of 

thermal expansion of the substrate material have an 

impact on the microstructure of the coating as well. A 

coating may cool quickly on a high thermal conductivity 

substrate, producing a finer microstructure, while cooling 

more slowly on a low thermal conductivity substrate may 

produce a coarser microstructure (Varis et al., 2023). 

 

HVOF Coatings' Mechanical Characteristics: 

 

The tribological performance of HVOF coatings depends 

heavily on their mechanical attributes, such as hardness, 

toughness, and adhesion strength (Naveen et al., 2023) 

HVOF coatings are suited for situations where wear and 

abrasion resistance are crucial since their normal hardness 

ranges from 800-1200 HV. The dense microstructure of 

HVOF coatings, which reduces the formation of 

microcracks and porosity, is thought to be the cause of 

their high hardness (Meghwal,2022). In applications 

where the coating is subjected to high impact loads, the 

HVOF coatings' robustness is especially crucial. The 

microstructure of HVOF coatings affects their toughness, 

which can be increased by optimizing the spray 

parameters to reduce the likelihood of flaws like cracks 

and porosity (Kiilakoski et al., 2018). The substrate 

material, the surface preparation, and the coating 

microstructure are some of the variables that affect the 

adhesion strength of HVOF coatings. For the coating to 

be long-lasting and wear-resistant, there must be a strong 

adhesion between it and the substrate. Because of their 

tight microstructure and solid metallurgical bond with the 
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substrate, HVOF coatings often have a high adhesion 

strength (Varis et al., 2020). 

 

HVOF Coatings Wear Behaviour (Geng et al., 2015) 

 

The wear resistance of HVOF coatings is evaluated 

using wear testing. Coating performance is assessed 

using a number of industry-standard wear tests, 

including the ASTM G65, ASTM G99, ASTM B611, 

and ASTM F1470. These tests replicate many types of 

wear, including abrasion, erosion, and sliding wear. The 

tests gauge the coating's wear resistance by measuring 

different factors such wear rate, coefficient of friction, 

and surface roughness (Wu et al., 2021; Rukhande et al., 

2022). One of the most important aspects that 

determines whether HVOF coatings are suitable for 

different tribological applications is their wear 

behaviour. Excellent wear resistance has been 

demonstrated with HVOF coatings in a number of wear 

types, including sliding wear, abrasion, erosion, and 

fretting wear. In many technical applications, sliding 

wear is a frequent mechanism of wear, and HVOF 

coatings have been demonstrated to have better wear 

resistance than alternative thermal spray coatings. The 

high hardness and low coefficient of friction of HVOF 

coatings, which lessen the likelihood of wear and 

decrease the surface area in contact with the substrate, 

are credited with their wear resistance (Priyana & 

Hariharan, 2014). 

 

Another typical form of wear in many industrial 

settings, including mining and construction, is abrasion. 

The corrosion resistance of HVOF coatings is assessed 

using corrosion testing. To assess the performance of 

coatings, a number of corrosion tests, including ASTM 

G48, ASTM B117, and ASTM G85, are utilised. These 

tests replicate various corrosion settings, including 

immersion corrosion, cyclic corrosion, and salt spray 

corrosion. The tests gauge the coating's corrosion 

resistance by measuring many factors such corrosion 

rate, corrosion morphology, and coating adhesion 

(Ahmed et al., 2018). 

 

Other approaches: 

 

Hardness, adhesion, and fatigue testing are further 

techniques for assessing the efficacy of HVOF coatings. 

In contrast to adhesion testing, which gauges the 

coating's bond strength with the substrate, hardness 

testing gauges the coating's resistance to indentation or 

penetration. The coating's resistance to cyclic loading 

conditions is assessed via fatigue testing. 

 

The existing research on the tribology of HVOF 

coatings offers important insights into the variables that 

can affect the tribological characteristics of these 

coatings. To completely comprehend the underlying 

principles and create new coating materials and 

deposition procedures that can further enhance the 

tribological properties of HVOF coatings, additional 

study is nonetheless required. 

High density, toughness, and resistance to abrasion, 

corrosion, and erosion are among qualities associated 

with HVOF coatings. Additionally, they are utilised to 

repair worn-out or broken parts, enhance the 

functionality of new parts, and act as a barrier against 

environmental influences. 

 

In HVOF testing, the coating's thickness, hardness, 

adherence, and other physical and mechanical 

characteristics are routinely measured. The outcomes of 

these tests can be used to judge the coating's quality, its 

suitability for particular uses, and any modifications that 

must be made to the HVOF procedure (Dobbins et al., 

2003). 

 

Industrial application of High Velocity Oxy Fuel 

(HVOF) coatings is widespread due to their superior 

wear resistance, corrosion prevention, and heat 

properties. Tribology, the study of friction, wear, and 

lubrication, is crucial to the performance and long-

term viability of HVOF coatings. We will address the 

current level of knowledge in HVOF coatings 

tribology and point out areas that need more 

investigation in this critical evaluation. The 

microstructure of the coating is one of the most 

crucial elements impacting the tribological 

characteristics of HVOF coatings. By changing spray 

parameters including particle size, velocity, and 

temperature, the microstructure can be managed. In 

general, coatings with a thick and consistent 

microstructure have superior wear resistance and a 

lower coefficient of friction. More study is required 

in this area because it is currently difficult to 

properly regulate the microstructure of HVOF 

coatings. The kind of material utilised has a 

significant impact on the tribological characteristics 

of HVOF coatings. HVOF coatings have been made 

from a variety of materials, each with unique benefits 

and drawbacks, such as metals, carbides, and 

ceramics. For instance, carbide coatings have great 

wear resistance but may have trouble sticking to the 

substrate. 

 

Ceramic coatings, on the other hand, might be more 

brittle and prone to breaking but may have higher 

adherence. Another crucial element is the testing 

procedure used to assess the tribological characteristics 

of HVOF coatings. There have been many testing 

techniques employed, including pin-on-disk, ball-on-

disk, and scratch testing. Each technique has pros and 

cons of its own, and no single technique can give a 

thorough analysis of the tribological characteristics of 

HVOF coatings. In conclusion, the study of HVOF 

coatings tribology is a challenging and significant field 

that calls for interdisciplinary cooperation among 

material scientists, mechanical engineers, and 

tribologists. To better understand the underlying causes 

of wear and friction in HVOF coatings and to provide 
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better testing procedures and coating materials, more 

study is required. The coating-substrate interface is a 

significant aspect that can have an impact on the 

tribological characteristics of HVOF coatings. 

According to reports, a weak contact between the 

coating and substrate can cause the coating to break 

before its time. In order to achieve superior tribological 

properties, the coating substrate contact must be 

optimized. 

 

3. BACKGROUND FOR HVOF COATINGS 

TRIBOLOGY 

 
A significant development in the field of tribology, a 

multidisciplinary discipline concerned with the study of 

friction, wear, and lubrication, is represented by High-

Velocity Oxygen Fuel (HVOF) coatings. The 

development of coating technologies and the desire for 

improved surface qualities and longer component 

lifespans in a variety of sectors are intertwined in the 

history of HVOF coatings in tribology. The initial 

obstacle on the path is minimizing wear and friction, 

two problems that have plagued engineering systems 

and machinery throughout history. The need for reliable 

solutions to lower friction-related losses, avoid wear-

induced failures, and maximize efficiency became 

critical as industries became more and more dependent 

on machines and mechanical parts. Traditional tribology 

methods employed lubricants and materials with built-in 

wear resistance. These systems, while partially 

effective, have drawbacks, particularly in applications 

exposed to harsh conditions like high temperatures, 

corrosive environments, or strong mechanical loads. A 

more adaptable and dependable technique to safeguard 

surfaces and improve tribological performance became 

necessary. The development of thermal spray 

technology was a key step forward in this endeavor. In 

thermal spraying, protective coatings are applied to 

surfaces using a variety of methods, including as flame 

spraying, arc spraying, and plasma spraying. These 

techniques significantly increased surface protection 

and wear resistance, but they were still hindered by the 

porosity, adhesion, and microstructure of the coatings. 

Here we have the High-Velocity Oxygen Fuel (HVOF) 

coating, a revolutionary advancement in thermal spray 

technology. HVOF, which was created and improved 

over many years, significantly changed the possibilities 

of tribology and surface engineering. A converging-

diverging nozzle is used to ignite and accelerate a fuel-

oxygen mixture to supersonic velocities in HVOF, 

which is the secret to its success. Coating materials, 

often in the form of fine powders, are propelled onto the 

substrate surface with immense kinetic energy by this 

supersonic jet of hot, high-pressure gas. These particles 

strike the substrate, leaving behind a coating layer that 

is extremely dense, tenacious, and well-bonded. HVOF 

is superior to preceding thermal spray techniques 

because of the high coating quality, which makes it 

especially suitable for demanding tribological 

applications. There are several important elements that 

contributed to the creation and widespread use of HVOF 

coatings in tribology, including: Outstanding Hardness 

and Wear Resistance: HVOF coatings provide 

outstanding hardness, frequently outperforming the 

parent material. These coatings are perfect for parts that 

come into touch with sliding, rolling, or abrasive 

materials due to their inherent hardness, which offers 

superior wear resistance. Low Porosity and High 

Adhesion: Excellent Coating Adhesion and Minimal 

Porosity are ensured by the high kinetic energy of 

HVOF-sprayed particle. As a result, a nearly 

impermeable barrier protects the substrate from 

abrasion, corrosion, and the effects of the environment. 

A wide variety of materials, including metals, ceramics, 

and carbides, can be applied as coatings using HVOF. 

Due to their adaptability, coatings can be customized by 

engineers for particular purposes, improving both 

performance and longevity. Consistency and Accuracy: 

Surface finish, homogeneity, and coating thickness can 

all be precisely controlled with HVOF methods. To 

maintain tight tolerances and obtain the appropriate 

tribological qualities, consistency is essential. Benefits 

for the Environment: HVOF coatings frequently have a 

lower environmental effect than some alternative 

coating processes since they generate little waste and 

emissions. Broad Applications: HVOF coatings are used 

in a wide range of fields, including manufacturing, 

aerospace, automotive, oil & gas, and power generation. 

The improved tribological qualities that these coatings 

bestow assist components like engine parts, seals, 

bearings, and cutting tools. Research and development: 

Ongoing projects in this area are broadening the 

potential applications for HVOF coatings in tribology. 

Further advancements in performance and applicability 

are being driven by innovative techniques, advanced 

materials, and computational modeling. In conclusion, 

the history of HVOF coatings in tribology is evidence of 

human inventiveness and the pursuit of engineering 

excellence. HVOF coatings have evolved as a game-

changing answer to a range of problems, from the early 

problems with friction and wear to the current demands 

of high-performance sectors. The dynamic interplay 

between technology and tribology in our contemporary 

environment is highlighted by their exceptional 

hardness, endurance, and versatility, which make them 

vital in the search for more effective, dependable, and 

long-lasting mechanical systems. 

 

4. CONCLUSION  
 

Because of their high hardness, thermal stability, and 

corrosion resistance, HVOF coatings have outstanding 

tribological qualities that make them commercially 

feasible for usage in a variety of industries. The 

selection of the best spray parameters and the feedstock 

powder are just two examples of the variables that have 

an impact on the microstructure and performance of 

these coatings. The crystalline/amorphous structure of 

the starting powder and the spraying circumstances, 

which might impact the coating's amorphous/crystalline 
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phases, must both be taken into account while 

producing crystalline alloy coatings. Even though 

HVOF coatings have improved wear resistance in a 

promising way, more research is still required to assess 

whether or not they are appropriate for various wear 

scenarios and situations. HVOF coatings have been 

proven to outperform other thermal spray coatings such 

detonation gun spray, plasma spray, arc spray, and 

flame spray, which are some of the most significant 

means of surface modification. As seen in SEM and 

microstructure analysis, the coating created by the 

HVOF process has a uniform thickness and a 

continuous layer of coating, which is advantageous for 

engineering surface applications needing excellent wear 

resistance. One of the most crucial methods of surface 

modification is thermal spray painting, notably HVOF. 

HVOF coatings have been found to perform better than 

other thermal spray coatings such as plasma, arc, 

detonation gun, and flame spray. For engineering 

surface applications needing great wear resistance, the 

HVOF method's homogeneous thickness and continuous 

coating layer are advantageous. The tribological 

characteristics of High Velocity Oxy Fuel (HVOF) 

coatings, such as wear resistance, hardness, and 

corrosion resistance, have been thoroughly researched. 

HVOF coatings have been utilised to increase the 

performance and longevity of engineering components 

and are economically feasible. The feedstock powder 

and spray parameters are just two examples of the many 

variables that can affect the microstructure and 

performance of HVOF coatings. Crystalline alloy 

coatings have showed potential in increasing component 

wear resistance. To assess the applicability of these 

coatings for various wear situations and environments, 

additional testing is necessary. 

 

Overall, the review's findings indicate that HVOF 

coatings have a substantial potential for improving the 

tribological characteristics of engineering components. 

Additional study is needed to enhance their 

functionality and broaden their range of applications. 
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