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ABSTRACT 

The tribological performance of automotive piston rings is pivotal for ensuring the longevity and efficiency of internal 

combustion engines. This review delves into the advancements in coating technologies applied to automotive piston rings, 

focusing on their impact on wear resistance, friction reduction, and overall engine performance. Various coating materials, 

including chromium-based, diamond-like carbon (DLC), nitriding, and thermal barrier coatings, are analyzed based on their 

tribological properties. Additionally, the challenges and future directions for the development of coatings that can withstand 

harsh engine conditions while minimizing fuel consumption and environmental impact are discussed. 
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INTRODUCTION 

The automotive industry has long relied on improving the 

performance of internal combustion engines (ICE) to meet 

increasing demands for efficiency, power, and longevity. One 

of the critical components of an engine is the piston ring, 

which provides a crucial seal between the piston and the 

cylinder wall. This seal is essential for controlling oil 

consumption, maintaining compression, and transferring 

heat from the piston to the cylinder wall. 

The tribological performance of piston rings—namely their 

wear resistance, friction characteristics, and durability—is 

significantly influenced by the coatings applied to these 

components. As automotive engines have become more 

sophisticated and fuel-efficient, the coatings used on piston 

rings have also evolved to meet the demands of reduced 

emissions, longer service lives, and better fuel efficiency. 

This review seeks to examine the various tribological 

coatings used on automotive piston rings, their impact on the 

performance of engine systems, and the advancements in 

coating technology. By investigating both traditional and 

modern coating methods, this review provides a detailed 

understanding of the effectiveness of these coatings in 

reducing friction, minimizing wear, and enhancing the 

overall performance of the engine. 

The automotive industry has long sought innovative 

solutions to improve engine performance, fuel efficiency, 

and emissions reduction. Among the various components 

within an engine, piston rings play a crucial role in ensuring 

the smooth operation of internal combustion engines (ICE). 

Piston rings are vital for sealing the combustion chamber, 

controlling oil consumption, and transferring heat from the 

piston to the cylinder wall. Given their critical role, it is 

essential for these components to withstand extreme 

conditions, such as high temperatures, pressure, and friction, 

all of which can lead to wear and failure over time. 

One of the most significant advancements in improving the 

lifespan and efficiency of piston rings has been the 

development of tribological coatings. These coatings are 

designed to enhance the wear resistance, reduce friction, and 

extend the overall life of piston rings, which are often 

subjected to abrasive forces during the operation of the 

engine. The need for reducing friction is especially important 

because it directly correlates with engine efficiency, fuel 

consumption, and environmental impact. 

Tribology, the study of friction, wear, and lubrication, has 

become a focal point for engineers working on automotive 

piston rings. The application of coatings with tribological 

properties provides a promising approach to improving the 

durability and performance of piston rings in modern 

engines. These coatings are not only designed to reduce 

friction but also to resist wear and corrosion, ensuring that 

the piston rings perform optimally under various conditions. 

Over the years, various types of coatings have been 

developed for automotive piston rings, ranging from 

physical vapor deposition (PVD) coatings to thermal spray 
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coatings and more. Each coating type has its unique 

characteristics, advantages, and challenges. For instance, 

some coatings are more resistant to wear and corrosion, 

while others focus on reducing friction or improving heat 

dissipation. Commonly used coating materials include 

chromium, molybdenum, ceramic composites, and diamond-

like carbon (DLC). 

The performance of these coatings is typically evaluated 

using several criteria, such as wear rate, friction coefficient, 

hardness, and corrosion resistance. A comprehensive 

understanding of the tribological behavior of coatings on 

piston rings is essential for selecting the appropriate coating 

materials that meet the specific demands of modern 

automotive engines. Furthermore, environmental and 

economic factors also play a significant role in the selection 

process, as the automotive industry increasingly focuses on 

sustainability and cost-effective solutions. 

Recent advancements in nanotechnology, surface 

engineering, and material science have led to the 

development of more advanced coatings with superior 

tribological properties. These coatings offer promising 

solutions to the challenges posed by high-performance 

engines, including those used in electric vehicles (EVs), 

hybrid vehicles, and high-performance sports cars. However, 

despite the significant progress made in coating 

technologies, challenges remain in optimizing these coatings 

for specific engine designs, ensuring long-term durability 

under varied operating conditions, and meeting stringent 

environmental standards. 

This review aims to provide a comprehensive understanding 

of the tribological performance of coatings on automotive 

piston rings. It will explore the various types of coatings used 

in piston ring applications, assess their tribological 

properties, and discuss their impact on engine efficiency, 

performance, and longevity. Moreover, the review will 

highlight current challenges in coating technology and 

suggest potential future directions for research in this field. 

By analyzing the available literature, this paper will 

contribute to the growing body of knowledge surrounding 

tribological coatings and their role in advancing automotive 

engineering. 

Through this review, we seek to bridge the gap between 

cutting-edge material science and the practical application of 

coatings in automotive engineering, offering valuable 

insights for researchers, engineers, and manufacturers 

aiming to enhance engine performance and sustainability. 

METHODS 

In this review, we have employed a structured and 

comprehensive approach to gather, evaluate, and analyze 

the relevant literature on the tribological performance of 

coatings on automotive piston rings. The methods used to 

gather the data and draw conclusions from various sources 

are outlined below. These methods are divided into two 

primary stages: data collection and data analysis. The aim 

is to provide an in-depth and systematic review of the 

various coatings used on piston rings, as well as to identify 

trends, performance factors, and future research directions.
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1. Data Collection 

To provide a well-rounded analysis, we systematically 

reviewed both academic and industrial sources, including 

peer-reviewed journal articles, conference papers, industry 

reports, patents, and technical standards. The data collection 

phase follows these detailed steps: 

a) Selection of Sources 

• Peer-reviewed Journal Articles: The majority of the 

sources reviewed come from academic journals that 

focus on tribology, material science, automotive 

engineering, and coatings technology. We specifically 

targeted journals such as Tribology International, Wear, 

Surface and Coatings Technology, and Journal of 

Materials Science. 

• Conference Papers and Symposiums: These 

documents provided insights into the latest research 

and innovations in the field of coatings for automotive 

piston rings. 

• Industry Reports and White Papers: Reports from 

automotive manufacturers, material suppliers, and 

coating technology companies were included to 

understand the real-world applications and trends in 

the industry. 

• Patents and Technical Specifications: Patents provide 

valuable information on cutting-edge coating 

technologies and their potential applications in 

automotive systems. 

• Government and Environmental Standards: 

Regulatory documents such as environmental standards 

(e.g., ASTM standards for coatings) were used to 

understand the challenges and requirements for 

coatings in modern engine designs. 

b) Keywords and Search Criteria 

To ensure a comprehensive search, specific keywords were 

employed in database searches. These included: 



FEET, (2025)                                                                                                                                                               
 

  

https://irjernet.com/index.php/feet 11 

 

• "Tribological coatings for piston rings" 

• "Wear and friction resistance in automotive 

components" 

• "Coatings in internal combustion engine applications" 

• "Thermal spray coatings for automotive components" 

• "PVD coatings for piston rings" 

• "Tribology of coatings in automotive systems" 

These terms were used in search engines like Google Scholar, 

IEEE Xplore, ScienceDirect, and SpringerLink. We also 

explored publications from automotive engineering and 

materials science conferences. 

c) Inclusion and Exclusion Criteria 

• Inclusion Criteria: Only articles that focused on 

tribological performance, wear resistance, and friction 

reduction of coatings for automotive piston rings were 

included. We prioritized studies that evaluated various 

coating materials such as DLC (diamond-like carbon), 

chromium, molybdenum, ceramic composites, and 

nanocoatings. 

• Exclusion Criteria: Articles that were not focused on 

automotive applications, or that lacked experimental 

data on the tribological performance of coatings, were 

excluded. Additionally, articles that only provided 

theoretical models without experimental validation 

were not considered. 

d) Timeframe 

The time frame for data collection spanned the last two 

decades (2000-2024) to ensure the inclusion of the latest 

research and trends in the field. However, key foundational 

studies that were published prior to 2000 were also included 

if they contributed to the understanding of early 

advancements in coating technologies for automotive piston 

rings. 

2. Data Analysis 

Once the relevant sources were identified and compiled, we 

proceeded with the analysis phase. The primary goal was to 

synthesize the findings from various studies to evaluate the 

different tribological coatings' properties and performance. 

The analysis involved several key steps: 

a) Classification of Coatings 

We categorized the different types of coatings used for 

automotive piston rings based on their material properties, 

deposition methods, and tribological performance. The key 

coating types identified include: 

• Physical Vapor Deposition (PVD) Coatings: These 

coatings are commonly used for their superior hardness, 

low friction, and wear resistance. Specific materials like 

chromium nitride (CrN), titanium nitride (TiN), and DLC 

were reviewed. 

• Thermal Spray Coatings: Materials such as 

molybdenum, tungsten carbide, and ceramic composites 

were analyzed for their resistance to high temperatures 

and wear in automotive applications. 

• Diamond-Like Carbon (DLC) Coatings: DLC coatings 

are widely recognized for their excellent wear resistance 

and friction reduction properties, making them suitable 

for automotive applications, particularly for piston 

rings. 

• Ceramic Coatings: Coatings such as alumina, zirconia, 

and yttria-stabilized zirconia were explored for their 

high thermal resistance and wear properties in piston 

rings. 

For each of these coating categories, a detailed assessment 

of their tribological performance, wear rates, friction 

coefficients, and durability was conducted. 

b) Evaluation of Tribological Properties 

The tribological properties of the coatings were assessed 

based on several key parameters: 

• Wear Resistance: We analyzed data on the wear rates 

of various coatings, focusing on studies that measured 

the volume loss of piston rings after a specified number 

of engine cycles or under specific testing conditions (e.g., 

pin-on-disk, ball-on-disk). 

• Friction Coefficient: The reduction in friction is one of 

the most critical aspects of piston ring coatings, as it 

directly impacts engine efficiency and fuel consumption. 

We examined studies that reported the friction 

coefficient of different coatings under both dry and 

lubricated conditions. 

• Hardness: Hardness is an important characteristic as it 

influences the coating’s ability to withstand abrasive 

wear. Various methods of measuring hardness (e.g., 

Vickers hardness, Rockwell hardness) were considered 

in the analysis. 

• Corrosion Resistance: Given that piston rings are 

exposed to harsh conditions, including exposure to 

combustion gases and oil, corrosion resistance is 

another critical factor. We reviewed studies that 

evaluated the ability of coatings to resist corrosion and 

oxidation in real-world engine conditions. 

c) Engine Simulation and Testing 

Many studies used engine simulation or real-world engine 

testing to evaluate the tribological performance of coatings. 

These tests provide valuable insights into how coatings 

perform under actual engine conditions. We reviewed 

experimental studies where coatings were applied to piston 

rings and subjected to high-temperature, high-pressure 

environments typically found in internal combustion 
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engines. The findings from these tests were compared to 

laboratory-based tribological tests to understand the 

correlation between controlled experiments and real-world 

performance. 

d) Statistical Analysis 

Where applicable, statistical methods were used to compare 

the performance of different coatings. These included 

analysis of variance (ANOVA), regression analysis, and other 

comparative techniques to assess the significance of 

differences in wear rates, friction coefficients, and durability 

across various coating types. 

e) Impact on Engine Efficiency and Longevity 

The last step in our data analysis was to evaluate how the 

performance of the coatings affected the overall engine 

efficiency and longevity. This analysis was based on data 

from engine manufacturers, automotive engineers, and 

experimental studies. We focused on how the application of 

different coatings affected fuel efficiency, power output, and 

the longevity of the piston rings in commercial and 

performance engines. 

3. Synthesis and Conclusion 

In the final phase, we synthesized the results from all the 

reviewed studies and summarized the overall findings in a 

way that highlights the most promising coating technologies 

for automotive piston rings. We also discussed the 

challenges and limitations of current coating technologies, 

including issues such as cost, environmental impact, and the 

need for further research into more advanced coating 

materials. 

RESULTS 

The review identified several coatings with distinct 

tribological properties, each offering benefits in specific 

aspects of performance: 

1. Chromium-Based Coatings: Chromium plating is one 

of the most commonly used coatings for piston rings due 

to its excellent wear resistance, corrosion protection, 

and ability to withstand high temperatures. These 

coatings significantly reduce the wear rate of piston 

rings and improve the sealing capability by providing a 

hard, smooth surface. However, chromium coatings can 

suffer from limited lubricating properties under 

extreme operating conditions. 

2. Diamond-Like Carbon (DLC) Coatings: DLC coatings 

have been identified as a promising solution for 

enhancing the tribological performance of piston rings. 

These coatings offer a high hardness, low friction 

coefficient, and excellent wear resistance. DLC also 

exhibits good lubrication properties, especially under 

boundary lubrication conditions, making it suitable for 

high-performance and heavy-duty engines. However, 

their application is often limited by their cost and 

challenges related to adhesion to the base material. 

3. Nitriding: Nitriding, a heat treatment process that 

diffuses nitrogen into the surface of the steel, has been 

shown to improve both the hardness and wear 

resistance of piston rings. The process enhances the 

fatigue life and reduces the friction coefficient, 

contributing to overall engine efficiency. Nitrided rings 

also show better performance under dry conditions 

compared to traditional non-coated piston rings. 

4. Thermal Barrier Coatings: Thermal barrier coatings 

(TBC) are typically used to insulate the piston rings from 

extreme temperatures in high-performance engines. 

These coatings, usually composed of ceramic materials 

such as yttria-stabilized zirconia (YSZ), help maintain 

the temperature of the piston ring and reduce thermal 

expansion, which improves the sealing properties and 

overall engine efficiency. 

DISCUSSION 

The tribological performance of coatings on automotive 

piston rings is a complex interaction between the material 

properties of the coatings and the operational environment 

of the engine. A critical challenge is to balance the need for 

enhanced wear resistance with the requirement for low 

friction to minimize energy loss.
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1. Wear Resistance and Longevity: Coatings like 

chromium and DLC provide excellent wear resistance, 

which is essential for prolonging the life of piston rings 

and reducing the need for maintenance. However, in 

aggressive engine environments, such as those in high-

performance or heavy-duty vehicles, even these 

coatings can face limitations in terms of endurance and 

performance under extreme pressures. 

2. Friction Reduction: DLC coatings stand out in their 

ability to reduce friction, which can directly contribute 

to improved fuel efficiency and lower engine 

temperatures. However, the challenges associated with 

the adhesion of DLC coatings to the base material, 

especially under high thermal cycling conditions, remain 

a limitation that needs to be addressed. 

3. Cost and Applicability: High-performance coatings 

such as DLC are often costly, which limits their 

widespread use in everyday vehicles. On the other hand, 

coatings like nitriding provide a cost-effective solution 

with substantial improvements in wear resistance and 

friction reduction. The choice of coating material often 

depends on the specific requirements of the engine, 

including performance goals and cost constraints. 

4. Environmental Considerations: The environmental 

impact of automotive engine systems is another critical 

consideration. Coatings that reduce friction contribute 

to lower fuel consumption, thereby reducing CO2 

emissions. Moreover, coatings that extend the service 

life of components reduce the frequency of replacement 

parts, which can also have positive environmental 

effects. 

CONCLUSION 

This review highlights the critical role that coatings play in 

enhancing the tribological performance of automotive piston 

rings. While several coating techniques have been 

developed, each offers distinct advantages and challenges. 

Chromium-based coatings remain popular due to their 

durability, while DLC coatings offer exceptional friction 

reduction but face adhesion challenges. Nitriding and 
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thermal barrier coatings are essential in enhancing wear 

resistance and performance under extreme conditions. 

Future research should focus on developing advanced 

coating materials that combine the benefits of multiple 

techniques while addressing the limitations in terms of cost, 

adhesion, and environmental impact. Furthermore, the 

integration of new materials and surface treatments, such as 

nanostructured coatings, could open up avenues for even 

better performance in the ever-evolving automotive 

industry. 
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