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Abstract— This paper presents study of various researchers 

on application of thermal barrier coating over various engine 

components. In the internal combustion engine, most of the 

heat generated during combustion process is absorbed by the 

piston by the direct heat loss. Thus, this reduces the indicated 

power and in turns the performance of internal combustion 

engine. The application of thermal barrier coatings helps to 

reduce these thermal losses. Researchers have used both 

numerical and experimental methods to determine effect of 

thermal barrier coating on reduction of heat losses and thus 

improving efficiency of engine. 

Keywords: Engine Combustion, Efficiency, Thermal Barrier 

Coating   

I. INTRODUCTION 

Thermal barrier coatings (TBC) are highly advanced 

materials systems usually applied to metallic surfaces, such 

as on gas turbine or aero-engine parts, operating at elevated 

temperatures, as a form of exhaust heat management. These 

coatings serve to insulate components from large and 

prolonged heat loads by utilizing thermally insulating 

materials which can sustain an appreciable temperature 

difference between the loadbearing alloys and the coating 

surface. In doing so, these coatings can allow for higher 

operating temperatures while limiting the thermal exposure 

of structural components, extending part life by reducing 

oxidation and thermal fatigue. In conjunction with active film 

cooling, TBCs permit working fluid temperatures higher than 

the melting point of the metal airfoil in some turbine 

applications. 

 
Fig. 1: Thermal Barrier Coating 

The selection of thermal barrier coating materials is 

restricted by some basic requirements. They are high melting 

point, no phase transformation between room temperature 

and operation temperature, low thermal conductivity, 

chemical inertness, thermal expansion match with the 

metallic substrate, good adherence to the metallic substrate 

and low sintering rate of the porous microstructure. So far, 

only a few materials have been found to basically satisfy 

these requirements. There are some ceramics which are used 

for thermal barrier coating below.  

A. Zirconates  

The main advantages of zirconates 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   

B. Yittria Stabilized Zirconia  

%7-8 yittria stabilized zirconia has high thermal expansion 

coefficient, low thermal conductivity and high thermal shock 

resistance. Disadvantages of yittria stabilized zirconia are 

sintering above 1473 K, phase transformation at 1443 K, 

corrosion and oxygen transparent.  

C. Mullite  

Mullite is an important ceramic material because of its low 

density, high thermal stability, stability in severe chemical 

environments, low thermal conductivity and favorable 

strength and creep behavior. 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. However, the large 

mismatch in thermal expansion coefficient with metallic 

substrate leads to poor adhesion. The other disadvantage of 

mullite is crystallization at 1023-1273 K.  

D. Alumina  

It has very high hardness and chemical inertness. Alumina 

has relatively high thermal conductivity and low thermal 

expansion coefficient compared with yittria stabilized 

zirconia. Even though 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. The disadvantages 

of alumina are phase transformation at 1273K, high thermal 

conductivity and very low thermal expansion coefficient.  

E. 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.  

F. 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. 
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II. LITERATURE REVIEW 

The overall efficiency of the internal combustion engine is 

only about 40% - 42%. This efficiency has to be improved to 

save fuel energy and oils. In recent days, there is a maximum 

demand for fuels and oils leads to higher cost and non-

availability. This demand can be reduced by improving the 

efficiency of the internal combustion engine which is 

challenge for the engineers [1-2]. The heat energy generated 

in the internal combustion engine can be increased by 

reducing the direct heat dissipation to surroundings by 

coating the combustion chamber with low heat dissipating 

ceramic materials. The ceramic materials are having less 

thermal conductivity, low coefficient of thermal expansion 

and good wear resistance. Few ceramic materials can be used 

as thermal barrier coating materials to increase the 

temperature in the combustion chamber. This high 

temperature will helps in burning the un-burnt gases, 

minimizes the pollutants and reduces the utilization of fuels 

[3]. Many researchers were studied the influence of thermal 

barrier coating materials in improving the thermal efficiency 

of the internal combustion engines with declined pollutants 

and some of the literatures were reviewed.  

G Sivakumar et al., [4] have reviewed many papers 

relating to the coating materials used in internal combustion 

engine to improve the thermal efficiency.  

J.Rajasekaran et al., [5] were studied the influence 

of thermal barrier coating in the SI engine. The result shows 

that the break power increases in coated engine as compared 

to the un-coated engine. The thermal efficiency of the SI 

engine enhances as compared to uncoated SI engine reported 

by many researchers [6-8].  

Chan et al., [9] conducted similar tests using a piston 

with a coated crown with 0.45mm of YSZ with 0.15mm bond 

coat. The results indicating the decrease in fuel consumption 

of up to 6% at lower engine outputs and decreases in exhaust 

gas temperatures.  

Mendera et al. [10] experienced similar decreases in 

fuel consumption between 2% - 6%, as well as decreases in 

heat transfer.  

Kamo et al., [11] analytically studied the use of 

thermal barrier coating in SI engines can also play a 

significant role in reducing the unburned hydrocarbons [12, 

13]. It was seen by Nakic et al. [14] that by increasing piston 

crown temperatures using ceramic insulating layers of 

varying thickness deposit accumulation was greatly reduced 

due to the inability of the fuel to condense to a carbonaceous 

film on the hot piston surface. Similarly, both Cheng and Kim 

[15] and by initiating thermal barrier coating in an SI engine, 

results in rising the temperature in the cylinder leads to 

increase in performance and controlled emission benefits 

[16]. 

Ekrem Buyukkaya et al. [17] have made the 

comparison between standard engine and LHR (low heat 

rejection) engine. MgZrO3 was employed as coating material 

for diesel piston and CaZrO3 for the cylinder head and valves. 

Pistons were coated with a 350 µm thickness of MgZrO3 over 

a 150 µm thickness of NiCrAl bond coat. On the basis of 

results they have concluded that approximately 650C increase 

in combustion gas temperature for LHR engine. The BSFC 

for LHR engine is reduced by about 6% and reductions in 

particulate emissions were up to 40% as compared to standard 

engine. In LHR engine NOx emissions level were found to be 

increased by about 9% because of higher exhaust 

temperatures. Later NOx emissions were improved by 

delaying the injection timings from 20o to 18o and were 

observed to be lower by 11% and by 26% on average for 16o 

BTDC injection timings in comparison to the standard 

engine.  

Ekrem Buyukkaya et al. [18] performed thermal 

analyses on both conventional (Aluminium silicon alloy and 

steel) diesel pistons and pistons coated with MgO-ZrO2 

material by means of using a commercial code, namely 

Ansys. Piston is coated with a 350 μm thickness of MgZrO3 

over a 150 μm thickness of NiCrAl bond coat. The result 

showed that by means ceramic coating, strength and 

deformation of the materials are improved and maximum 

surface temperature of the steel piston is higher approx. 14% 

than the AlSi alloy one.  

Ekrem Buyukkaya and Muhammet Cerit [19] have 

conducted an experimentation on low heat rejection (LHR) 

turbocharged direct injection diesel engine to study the 

effects of injection timing on nitrogen oxide (NOx) 

emissions. The cylinder head and valves were coated with a 

350 μm thickness CaZrO3 over a 150 μm thickness NiCrAl 

bond coat and MgZrO3 were used as piston coating material. 

The results showed that the BSFC and NOx emissions were 

reduced 2% and 11%, respectively by retarding the injection 

timing. Optimum injection timing for the LHR engine was 

obtained through decreasing by 20 BTDC.  

Can Hasimoglu et al. [20] has experimented on LHR 

turbocharged DI engine for improving engine performance 

when biodiesel (produced from sunflower oil) is used as an 

alternative fuel. The cylinder head and valves were coated 

with plasma sprayed yttria stabilized zirconia (Y2O3ZrO2) 

with a thickness of 0.35mm over a 0.15mm thickness of 

NiCrAl bond coat. The results showed that specific fuel 

consumption and the brake thermal efficiency were improved 

and exhaust gas temperature before the turbine inlet was 

increased for both fuels in the LHR engine.  

NG Ka Jun et al. [21] have quantified the friction 

and wear characteristics of TiC coatings on piston and rings. 

Photography, Scanning Electron Microscopy (SEM) 

imagery, and x-ray diffraction of the piston and rings were 

considered to compare the coating durability. For TiC coated 

rings the Ra is reduced by approximately 44% in 5 hours of 

operation as compared to standard zinc phosphate coating by 

75%.  

Palaniswamy E. and Manoharan N. [22] have 

evaluated the performance of IC engine by applying thermal 

barrier coating i.e. Partially Stabilized Zirconium on piston 

crown and combustion chamber with a thin film of 250 

micron. AVL5 Gas analyzer is used to measure the particulate 

matter, oxides of nitrogen, smoke density, hydrocarbon and 

carbon monoxide in the exhaust gases. The result stated 

thermal barrier coating promotes better energy recovery and 

reduction in HC, CO and PM emissions.  

Hanbey Hazar [23] have performed experiment 

using diesel engine in which cylinder head, exhaust and inlet 

valves were coated with MgO–ZrO2, to a thickness of 0.35 

mm over a 0.15 mm thickness of NiCrAl bond coat, by the 

plasma spray method. The piston surface was coated with 
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0.35 mm of ZrO2 over a 0.15 mm layer of NiCrAl bond. Tests 

were performed on the uncoated engine, and then repeated on 

the coated engine using diesel and biodiesel (canola methyl 

ester).They have found significant improvement in engine 

power and decrease in specific fuel consumption, as well as 

significant improvements in exhaust gas emissions and 

smoke density for all test of fuels used in coated engine when 

compared with standard engine.  

Hanbey Hazar and Ugur Ozturk [24] have done the 

experimentation in which cylinder head, piston, exhaust and 

inlet valves of the diesel engine used were coated with 

Al2O3/TiO2, which is a ceramic material, to a thickness of 

250 mm over 50 mm thickness of NiAl bond coat, by using 

the plasma spray method. The effects of corn oil methyl ester 

that produced by the transesterification method, and No. D2 

fuel’s performance and exhaust emission’s rate were studied 

by using equal in every respect coated and uncoated engines. 

A decrease in engine power and specific fuel consumption, as 

well as significant improvements in exhaust gas emissions 

(except NOx), were observed for all test fuels used in the 

coated engine compared with that of the uncoated engine.  

A.P. Sathiyagnanam et al. [25] evaluated 

performance, combustion and emission characteristics of 

thermal barrier coated DI diesel engine plus fuel additives. 

The plasma spray coating technique has been used to coat the 

cylinder head, valves and piston crown with ZrO2 /Al2O3 

about 150/150 microns. The additives are added to neat diesel 

fuel, by volume and they are in the ratio between 0.5% to 

2.0% with the intervals of 0.5%. The experimental results 

indicate that due to thermal barrier coating the thermal 

efficiency has been slightly improved and fuel additive with 

1.0% shows better performance than other concentration. 

NOx emission was found less about 500ppm as compared to 

standard engine. By combination of fuel additives and TBC, 

NOx emission was further reduced by 100 ppm. 

III. CONCLUSION 

Incorporation of thermal barrier coatings has helped to reduce 

thermal losses from IC engine and thus improve engine 

efficiency. Different types of coating materials like 

Zirconates, Yittria, Mullite, Alumina, Spinel has good 

acceptability as thermal barrier coatings. The coating material 

and its thickness needs to optimized. There is a need to study 

the long-term durability of thermal barrier coating under high 

pressure and temperature of the IC engine. 
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