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ABSTRACT 

Abstract: This paper presents a review on the various aspects and usage of thermal insulating materials 

(commonly known as thermal barrier coatings). The desire to reach higher efficiencies, lower specific fuel 

consumption and reduced emissions in modern engines has become the primary focus of engine researches 

and manufacturers over the past three decades. Ceramic coating is a solution to such problems as they 

provide good thermal barrier properties for designers. In the design of adiabatic engines, reducing in-cylinder 

heat rejection requires very special thermal barrier coatings on the engine combustion chamber. Partial 

Thermal barrier coating (TBC) on the top surface of the piston is considered asa solution for reduction of 

unburned Hydrocarbon (HC) emission produced by incomplete combustion with respect to crevice volume 

when engines start. The thermal barrier coating on the top piston surface decreases the thermal conductivity 

and increases the unburned charge oxidation, so that the metallic substrates will be exposed to lower peak 

temperature thereby reducing the thermal stress in engine components. Also thermal barrier coatings on 

other elements of combustion chamber of internal combustion engine offer advantages including fuel 

efficiency,multi-fuel capacity and high power density. Therefore, thermal barrier coating (TBC) technology is 

successfully applied to the internal combustion engines, in particular to the combustion chamber. 
 

Key words: Thermal barrier coating, TBC coating methods, Material used for TBC, TBC coating in diesel 

engine.  

 

----------------------------------------------------------------------------------------------------------------------------- 

1. INTRODUCTION:  

Nowadays several research programs, in automotive industries, are carrying out in order to decrease engine 

fuel consumption and pollution. Design of diesel engines with lower heat rejection, by applying thermal barrier 

coating (TBC) is increasing according to fast increase in fuel costs, decrease in fuel production with high quality and 

environmental problems. Normally, in diesel engines about 19-22 percent of fuel energy is rejected to coolant fluid. 

Using TBC can reduce this heat loss and lead to better thermal efficiency. Also engine components durability can be 

improved. Therefore, better combustion, lower pollution, higher thermal efficiency and good fatigue lifetime are the 

results of using proper TBC in engine combustion chamber and exhaust system. 

The diesel engine with its combustion chamber walls insulated by ceramics is referred to as LHR engine. Thermal 

barrier coatings (TBC) are used to improve reliability and durability of hot section metal components and enhance 

engine performance and thermal efficiency and elimination of the cooling system in diesel engines. Because the 

combustion chamber temperatures of ceramic-coated engines are higher than those of uncoated (base engine) 

engines, it may be possible to use a fuel with a large distillation range and lower quality fuels. Thermal barrier 

coatings are duplex systems, consisting of a ceramic topcoat and a metallic intermediate bond coat. The topcoat 

consists of ceramic material whose function is to reduce the temperature of the underlying, less heat resistant metal 

part. The bond coat is designed to protect the metallic substrate from oxidation and corrosion and promote the 

ceramic topcoat adherence. 
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2. BACKGROUND STUDY OF THERMAL BARRIER COATING IN IC ENGINE:  

2.1 What is thermal barrier coating?  
 
Thermal barrier coatings are highly advanced material systems applied to metallic surfaces, such as gas turbine, 

aero-engine and diesel engine parts, operating at elevated temperatures. These 100µm to 2mm coatings serve to 

insulate metallic components from large and prolonged heat loads by utilizing thermally insulating materials which 

can sustain an appreciable temperature difference between the load bearing alloys and the coating surface.[3] 

 

2.2 MATERIALS USED FOR THERMAL BARIER COATING IN IC ENGINE. 

Thermal barrier coating consist of three layers. They are the metal substrate, metallic bond coat and 

ceramic top coat. The metal substrate and metallic bond coat are the metal layers and topcoat is ceramic layer. The 

metal substrate is typically a high temperature aluminium alloys that is either in single crystal or polycrystalline 

form. The metallic bond coat is an alloy typically with the composition of Nickel, Cobalt, Chromium, Aluminium. 

The bond coat creates a bond between the ceramic coat and the substrate. The third coat is the ceramic top coat 

Zirconia(ZrO3),Mullite(3Al2O3-2SiO2), Alumina(Al2O3) which is desirable for having a very low conductivity 

while remaining stables at nominal operating conditions. This layer creates the largest thermal gradient of the 

thermal barrier coating. Following are the materials used in ceramic top coat.[3] 

 Zirconates: The main advantage of zircontes are their low sintering activity, low thermal conductivity, high 

thermal expansion coefficient and good thermal cycling resistance. The main problem is the high thermal 

expansion coefficient which results in residual stress in the coating, and this can cause coating 

delamination. 

 
 

Figure 1. Materials for TBC[3] 

 

 Yittria Stabilized Zirconia:7-8% yittria stabilized zirconia has high thermal expansion coefficient, low 

thermal conductivity and high thermal shock resistance. 

 

 Mullite: Mullite is an important ceramic material because of its low density, high thermal stability, stability 

in severe chemical environments, low thermal conductivity and favourable strength and creep behaviour. 

Compared with yittria stabilized zirconia, mullite has a much lower thermal expansion coefficient and 

higher thermal conductivity, and is much more oxygen resistant than yittria stabilized zirconia. The low 

thermal expansion coefficient of mullite is an advantage relative to yittria stabilized zirconia in high 

thermal gradients and under thermal shock conditions. 

 

 Alumina: It has very high hardness and chemical inertness. Alumina has relatively high thermal 

conductivity and low thermal expansion coefficient compared with yittriastabilized zirconia. Even though 
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alumina alone is not a good thermal barrier coating candidate, its addition to yittria stabilized zirconia can 

increase the hardness of the coating and improve the oxidation resistance of the substrate. 

 

 Spinel:  Although spinel has very good high temperature and chemical properties, its thermal expansion 

coefficient prevents its usage as a reliable choice for thermal barrier coatings. 

 

 Forsterite: The high thermal expansion coefficient of forsterite permits a good match with the substrate. At 

thicknesses of some hundred microns, it shows a very good thermal shock resistance. 

 

2.3COATING IN IC ENGINES AND COATING METHODS 

 

With various methods, combustion chamber elements are coated with coating materials in internal combustion 

engines. Leading method among these is thermal barrier coating. Thermal barrier coatings are used in order to 

increase reliability and strength of hot parts of metal components, increase yield and performance of engines. Engine 

parts which are coated with thermal barrier are; piston, cylinder head cylinder sleeve and exhaust valves. Engines 

with thermal barrier coating are called low heat loss engines. [3] 

Different methods are used in order to coat the surface of metals. In industry, thermal barrier coatings are produced 

in a number of ways.  

1. Electron Beam Physical Vapor Deposition (EBPVD)  

2. Air Plasma Spray (APS)  

3. Electrostatic Spray Assisted Vapors Deposition (ESAVD)  

4. Direct Vapor Deposition  

5. ELECTRON BEAM  PHYSICAL VAPOR DEPOSITION 

 

EB-PVD is an evaporation process for applying ceramic thermal barrier coatings to gas turbine engine parts .It has 

been the favored deposition process technique for TBCs because of the increased durability of coating that is 

produced when compared to other deposition processes. EB-PVD TBC exhibits a columnar microstructure that 

provides outstanding resistance against thermal shocks and mechanical strains. Figure presents a diagram of the 

coating chamber where the EB-PVD process takes place.The EB-PVD process takes place in a vacuum chamber 

consisting of a vacuum-pumping system, horizontal manipulator, a water-cooled crucible containing a ceramic ingot 

to be evaporated, an electron-beam gun, and the work piece being coated. The electron beam gun produces 

electrons, which directly impinge on the top surface on the ceramic coating, located in the crucible, and bring the 

surface to a temperature high enough that vapor steam is produced. The vapor steam produces a vapor cloud, which 

condenses on the substrate and thus forms a coating. The substrate is held in the middle of vapor cloud by a 

horizontal manipulator that allows for height variation in the chamber. During the coating process, oxygen or other 

gases may be bled into the vapor cloud in order to promote a stoichiometric reaction of ceramic material. An over 

source heater or an electron beam gun may be used for substrate heating, which keeps the substrate at a desired 

temperature.[3] 
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Figure.2. EB-PVD Coating Chamber [3] 

 

3THE PLASMA SPRAYING PROCESS 

 

The Plasma Jet:The plasma spraying gun consists principally of two electrodes. 

 
 

Figure.3. Plasma spray gun [1] 

 

Figure shows a schematic of the plasma spray gun, with the thoriated tungsten cathode inside the water-cooled 

copper anode. A gas, commonly a mixture of argon and hydrogen, is injected into the annular space between the 

two. To start the process a DC electric arc is stuck between the two electrodes. The electric arc produces gas 

ionization, i.e. gas atoms lose electrons and become positive ions. Electrons move with high velocity to the anode, 

while ions move to the cathode. On their way, electrons and atoms collide with neutral gas atoms and molecules. 

Hence,the electric arc continuously converts the gas into a plasma (a mixture of ions and electron of high energy). 

The plasma is on average, electrically neutral and characterized by a very high temperature. The kinetic energy of 

the plasma (mostly carried by free electrons) is converted into thermal energy during collisions between ions, 

electrons and atoms. In this way, the plasma is capable of producing temperatures up to approximately 104K. The 

hot gas exits the nozzle of the gun with high velocity. Powder material is fed into the plasma plume.[1] The powder 

particles are melted and propelled by the hot gas onto the surface of the substrate. When individual molten particles 

hit the substrate surface, they form splats by spreading, cooling and solidifying. These splats then incrementally 

build the coating. Plasma plumes exhibit radial temperature gradients. Whereas particles that pass through the 

central core of the plasma tend to be melted, superheated or even vaporized, particles that flow near the periphery 

may not melt at all. This will affect the final structure of the coating, which may contain partially molten or un- 
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melted particles. Voids, oxidized particles and un- melted particles can appear in the coating. These effects may be 

desirable, or they may be unwanted, depending on the requirements of the coating.[1] 

 

3.1SPECIAL FEATURES OF PLASMA SPRAYING TECHNIQUE: 

 

The following are some of the unique features of the plasma spraying process. 

 

1. The technique can be used to deposit a wide range of ceramics and metals and their combinations as well.  

2. It is possible to deposit alloys and mixed ceramics with components of widely differing vapor pressures 

without significant changes in composition. 

3. Homogenous coatings can be formed for any composition while maintaining uniformity in their thickness. 

4. Fine microstructures with equal axis grains and without any type of columnar defects are the characteristics 

of this process. 

5. High deposition rates are possible without huge investments on capital equipment. 

6. The process can be carried out virtually in any environment such as air, encoded inert low and high 

pressure environments, or underwater.[2] 

 

 

3. CONCLUSION 

The applications of thermal barrier coatings to various components of combustion zone of an engine such as piston 

and cylinder liner has produced significant improvements in thermal and mechanical efficiency and other 

performance parameters of the engine like specific fuel consumption and reduces exhaust emission. As the zirconia 

is a low thermal conductivity material, it reduces the heat loss from the cylinder to the surroundings. Therefore the 

efficiencies are increased and the emissions are reduced because of various chemical reactions takes place inside the 

cylinder at high temperature. 

 

Thermal barrier coating is actually a ceramic coating, which is having a layer structure. It not only reduces thermal 

fatigue but also protects the underlying metal from oxidation and corrosion. It helps to increase the operating 

temperature and also improves the engine performance. The life of the coated part is increased to a great 

extent.Various methods like plasma spray technology, electron beam physical vapordeposition etc. have 

significantly improved the reliability of TBC turbines, diesel engines and other heat engines. 

 

Thermal barrier coating allows engineering to improve product and performance, reduce maintenance time, cost, 

save energy and reduce production cost.TBC is a very useful technique and has a wide application in industries as 

well as in automobile manufacturing. 
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