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Abstract — Across many sectors, corrosion is a constant 

concern that requires efficient mitigation techniques. The 

application of artificial intelligence (AI) and machine 

learning (ML) is improving the performance of thermal spray 

coatings, which have become a flexible option. This study 

investigates how thermal spray coating might lessen 

corrosion on high-performance equipment like boilers. Next, 

the use of AI and ML to forecast coating performance, 
optimize thermal spray procedures, and enable sophisticated 

corrosion monitoring. AI/ML algorithms can forecast 

corrosion behavior, find crucial factors, and help create new, 

high-performance coatings by evaluating massive datasets. 

This opens the door to increased corrosion resistance and 

longer material lifespan. 
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I. INTRODUCTION 

A widespread problem that impacts many different industrial 

sectors, corrosion can result in equipment deterioration, 

higher maintenance expenses, and even safety risks.  The 

effects of corrosion may be especially detrimental to high-
performance equipment, like boilers, affecting durability, 

dependability, and efficiency.  In these harsh settings, thermal 

spray coatings have become a flexible and efficient way to 

fight corrosion.  Thermal spray coatings increase component 

longevity and performance by putting a layer of specialized 

material on a substrate to act as a barrier against corrosive 

substances [1, 2]. 

The discipline of materials science is undergoing a 

revolution thanks to recent developments in artificial 

intelligence (AI) and machine learning (ML), which present 

previously unheard-of chances to improve the efficiency of 
thermal spray coating procedures.  Algorithms using AI and 

ML may be used to forecast coating performance in a variety 

of scenarios, optimize process parameters, and provide 

sophisticated corrosion monitoring methods.  The creation of 

innovative, high-performance coatings with enhanced 

durability and corrosion resistance is being made possible by 

the combination of AI/ML with thermal spray technology.  

The promise of AI and ML in materials science and corrosion 

management has been emphasized in a number of researches.  

For example, studies have looked into using AI to improve 

corrosion detection through image analysis, forecast 

corrosion rates, and optimize corrosion inhibitor design [3].  
These technologies have the potential to significantly 

improve corrosion protection in crucial industrial 

applications when used in combination with thermal spray 

coatings. 

A. Corrosion in High-Performance Machinery (e.g., 

Boilers) 

Boilers are essential parts of many sectors, such as 

manufacturing, chemical processing, and power generating.  

They are especially prone to corrosion because of the extreme 

circumstances they work in, which include high temperatures, 

high pressures, and exposure to corrosive surroundings.  

Boiler components may be impacted by several types of 

corrosion, which might result in equipment failures, higher 

maintenance expenses, and lower efficiency [4, 5]. 

1) Types of Corrosion in Boilers 

− Pitting Corrosion: This type of localized corrosion, 

which is frequently brought on by oxygen and chloride 
contamination, leaves tiny holes in the metal surface. 

− Oxygen Corrosion: Rust is created when the metal is 

attacked by dissolved oxygen in the boiler feedwater. 

− Caustic Corrosion: Caused by the concentration of 

caustic alkalinity, which breaks down the magnetite 

coating that protects the inside surfaces of the boiler. 

− Acidic corrosion: This is brought on by low pH values in 

boiler water, which are frequently the result of acidic 

pollutants entering the system. 

− Stress Corrosion Cracking (SCC): This phenomenon 

happens when a corrosive environment and tensile stress 
combine to generate metal fractures. [5, 6]. 

2) Impact of Corrosion on Boiler Performance 

Boiler corrosion can have serious repercussions, such as: o 

Decreased heat transfer efficiency as a result of corrosion 

product accumulation. 

1) A rise in energy expenses and gasoline use.  

2) Higher expenses for upkeep and repairs. 

3) Production losses and equipment outages.  

4) A higher chance of catastrophic failures that might 

endanger public safety and harm the environment. 

The intricate interaction of variables causing boiler 

corrosion calls for the creation of sophisticated mitigation 
techniques.  Combining thermal spray coatings with AI and 

ML technologies is a viable way to overcome these obstacles 

and improve boiler systems' dependability and lifespan. [7]. 

B. Thermal Spray Coatings for Corrosion Mitigation 

A variety of metallic or non-metallic materials are applied to 
a substrate using thermal spray coatings, a class of surface 

engineering techniques, to offer defense against corrosion 

and other types of deterioration.  Molten or semi-molten 

materials are sprayed over a prepared surface to create these 

coatings, which quickly solidify and attach to provide a 

protective layer [8, 9]. 

1) Thermal Spray Processes 

Several thermal spray processes are employed, each with its 

own characteristics and advantages: 
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− Flame Spraying: Melts the coating substance using a 
combustion flame. 

− Arc Spraying: Melts the coating substance using an 

electric arc [10].  

− Plasma Spraying: Melts and propels the coating material 

using a high-temperature plasma jet [11].  

− High-Velocity Oxy-Fuel (HVOF) Spraying: This 

method creates extremely dense, superior coatings by 

using a high-velocity gas stream to drive molten 

particles. Ni-20Cr, Ni-20Cr+TiC, and Ni-20Cr+TiN 

coatings have been studied for deposition on T22 boiler 

steels using High-Velocity Oxygen Fuel (HVOF) and 
plasma spraying methods to improve their high-

temperature oxidation performance [12] and erosion-

corrosion resistance in real boiler settings [13]. 

− Cold Spraying: By propelling solid particles at high 

speeds, oxidation and thermal stresses are reduced and 

deposition is accomplished without melting.  The impact 

of processing parameters on cold spray coatings' fatigue, 

tribological, and mechanical performance as well as their 

applications has been thoroughly examined [9, 14]. 

2) Coating Materials 

A variety of materials can be used for thermal spray coatings, 

depending on the specific application and the type of 
corrosion to be mitigated: 

− Metals and Alloys: Excellent corrosion resistance is 

provided in a variety of situations by stainless steels, 

nickel-based alloys, and aluminum alloys.  Studies on the 

high-temperature oxidation behavior of Ni-Cr and Ni-Al 

coatings applied by wire arc spraying on boiler steels 

have shown promise in preventing erosion-corrosion and 

high-temperature oxidation [15, 16].  It has also been 

investigated how wire arc sprayed Ni-based coatings 

corrode in harsh conditions. [10]. 

− Ceramics: Carbides and oxides (such as zirconia and 
alumina) offer resistance to wear and corrosion at high 

temperatures.  It has been examined how carbide-based 

thermal-sprayed coatings can save boiler steels from 

failing. [17]. 

− Composites: Composites made of metal and ceramic can 

provide both corrosion resistance and hardness.  The 

adaptability of composite coatings has been 

demonstrated by research on the corrosion performance 

of hydroxyapatite and hydroxyapatite/titania bond 

coatings for biomedical applications [18] 

3) Advantages of Thermal Spray Coatings for Corrosion 
Mitigation 

− Versatility: Adaptable to a variety of component 

geometries and substrate materials. 

− Customization: The thickness and composition of the 

coating may be adjusted to suit particular corrosion 

circumstances. 

− Cost-effectiveness: May prolong costly parts' lifespan, 

lowering the need for replacement. 

− Localized Application: The parts of a component that are 

most vulnerable to corrosion can have coatings applied 

to them. 

− Performance Improvement: Thermal spray coatings can 

greatly increase boiler steels' resistance to oxidation, 

corrosion, and erosion, reducing component failures that 
are exposed to boiler firesides. [12, 13, 19]. 

The use of thermal spray coatings to improve boiler 

steels' and other components' resistance to corrosion has been 

the subject of several studies. The application of HVOF and 

plasma-sprayed coatings with different compositions (Ni-

20Cr, Ni-20Cr+TiC, and Ni-20Cr+TiN) to enhance high-

temperature oxidation and erosion-corrosion performance 

was investigated by Kumar et al. [12] and Kumar et al. [13]. 

Other studies have looked at the particular uses of cold spray 

coatings and high entropy alloy coatings [21, 22], as well as 

the wider significance of surface modification methods, such 

as thermal spray, in avoiding failures in boiler steels and IC 
engine components [20]. Research has been focused on how 

processing circumstances affect the performance and 

characteristics of thermal spray coatings in hot corrosion 

settings [23, 24]. 

Additionally, research has examined ways to 

prevent hot corrosion in boiler tubes, compared the high-

temperature oxidation behavior of wire arc sprayed Ni-Cr and 

Ni-Al coatings, and assessed the high-temperature oxidation 

performance of Ni-Cr-Ti and Ni-5Al coatings [21, 22, 25, 

26].  

4) Advantages of Thermal Spray Coatings for Corrosion 
Mitigation 

− Versatility: Adaptable to a variety of component 

geometries and substrate materials. 

− Customization: The thickness and composition of the 

coating can be adjusted to suit particular corrosion 

circumstances. 

− Cost-effectiveness: Can prolong costly parts' lifespan, 

lowering the need for replacement. 

− Localized Application: The parts of a component that are 

most vulnerable to corrosion can have coatings applied 

to them. 
 The findings of several studies that applied different 

coatings to boiler steel to prevent corrosion were compiled by 

Kumar et al. (2018) [26]. 

C. Role of AI and ML in Enhancing Thermal Spray Coatings 

Although thermal spray coatings have shown promise in 

preventing corrosion in boiler equipment, their effectiveness 
is heavily influenced by a number of variables. These 

coatings may be improved and optimized with the help of AI 

and ML by: 

− Process Optimization: Large datasets of process 

parameters (such as temperature, spray angle, and 

powder feed rate) and their effects on coating qualities 

may be analyzed by AI/ML algorithms to provide 

deposition processes that are optimized.  

− Material Selection: By forecasting the corrosion 

resistance of coating materials, AI can help choose the 

best ones for certain boiler conditions.  

− Quality Control: To ensure high-quality application, 

ML-driven picture analysis may identify coating flaws 

like cracks or porosity. 

− Performance Prediction: By using AI/ML models, 

coating performance may be predicted in a variety of 

operating situations, including corrosive ones, allowing 

for proactive maintenance and failure avoidance. 
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− Automation and Robotics: Even on intricate boiler 
components, coatings may be applied more consistently 

and precisely by AI-powered robotic devices. [27-30]. 

D. Scope of the Paper 

The purpose of this work is to present a thorough analysis of 

the present and potential applications of AI and ML in 

improving the corrosion resistance of thermal spray coatings 
for boiler gear.  • A summary of thermal spray coating 

methods and how they are used in boiler systems is included 

in the scope. 

− A thorough explanation of how AI/ML may enhance 

coating qualities by optimizing thermal spray 

procedures. 

− An examination of how AI/ML might be used to forecast 

the performance of thermal spray coatings, especially in 

corrosive boiler settings. 

− An investigation into cutting-edge AI/ML corrosion 

monitoring methods for coated boiler components. 

− An overview of the difficulties, possibilities, and 

potential lines of inquiry in this area. 

The study will not go into great depth about 

alternative uses of thermal spray coatings in boiler 

machinery, such as wear resistance or thermal insulation, 

instead concentrating on AI/ML applications for enhancing 

corrosion resistance. 

II. AI/ML FOR THERMAL SPRAY PROCESS OPTIMIZATION 

− To achieve the necessary coating qualities, the thermal 

spray method must be optimized. The following are some 

applications for AI/ML:  

− Real-time Control: AI systems are able to track and 

manage process parameters in real-time, making 

dynamic adjustments to preserve ideal conditions and 

account for fluctuations.  

− Parameter Optimization: To find the ideal parameter 

settings, machine learning algorithms may detect the 

connections between process parameters and coating 

characteristics (such as adhesion strength and corrosion 
resistance).  

− Process Modeling: By creating precise models of the 

thermal spray process, AI may facilitate virtual 

experimentation and lessen the need for expensive in-

person testing. 

− Defect Minimization: Machine learning (ML) can detect 

the factors that contribute to faults and recommend 

changes to reduce their incidence by evaluating process 

data. [31-35]. 

III. AI/ML FOR PREDICTING THERMAL SPRAY COATING 

PERFORMANCE 

Predicting coating performance is essential for ensuring the 

long-term reliability of coated boiler components. AI/ML can 

contribute by: 

− Corrosion Rate Prediction: By using experimental data 

to train machine learning models, corrosion rates under 

various boiler operating parameters (such as temperature 

and gas composition) may be predicted. 

− Lifespan Estimation: Using the coating's present state 
and anticipated corrosion behavior, AI can calculate how 

long a coating will last. 

− Performance Mapping: By mapping coating 

performance under different circumstances, machine 

learning (ML) can assist in determining the best 

operating parameters. 

− Material Selection: AI can help choose the best coating 

material for a certain boiler application by forecasting 

how well it would operate [27–34]. 

IV. AI/ML FOR ADVANCED CORROSION MONITORING OF 

COATED MACHINERY 

Advanced corrosion monitoring techniques can help detect 

and prevent corrosion-related failures in boiler machinery. 

AI/ML can enable: 

− Sensor Data Analysis: To find early indications of 

corrosion, AI may examine data from a variety of 

sensors, including electrochemical and ultrasonic 

sensors.  

− Corrosion Hotspot Identification: Using historical data 
and operating circumstances, machine learning 

algorithms can pinpoint boiler component locations that 

are most vulnerable to corrosion.  

− Image-Based Corrosion Assessment: By using AI-

powered image analysis, visual inspections can 

determine the degree of corrosion damage, enabling 

more impartial and quantitative assessments.  

− Predictive Maintenance: AI/ML can support preventive 

maintenance and save expensive downtime by 

forecasting corrosion rates and detecting high-risk 

regions [31-35]. 

V. CONCLUSION 

The application of AI and ML to thermal spray coating 

technology has enormous potential to improve boiler 

machinery's resistance to corrosion.  Improved material 

longevity, lower maintenance costs, and increased boiler 

dependability can result from the use of AI/ML to anticipate 

coating performance, optimize coating processes, and allow 

advanced corrosion monitoring.  Data collection, model 
building, and the incorporation of AI/ML systems into 

industrial environments still present difficulties, nevertheless.  

Future research should focus on solving these problems and 

investigating new prospects for AI/ML to enable further 

breakthroughs in corrosion prevention for critical energy 

infrastructure.  
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