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DESCRIPTION 

 

As a method of exhaust heat management, Thermal Barrier Coatings (TBCs) 

are sophisticated materials systems that are typically applied to metallic 

surfaces operating at high temperatures, such as gas turbine or aero-engine 

parts. These thermally insulating coatings, which range in thickness from 100 

mm-200 mm, protect components from intense heat loads and can withstand 

a significant temperature difference between the load-bearing alloys and the 

coating surface. 

Structure 

In order to function well in challenging thermo-mechanical settings, a TBC must adhere to a set of standards. 

Appropriate porosity and proper matching of thermal expansion coefficients with the metal surface that the TBC is 

covering are required to handle thermal expansion loads during heating and cooling. To avoid substantial volume 

fluctuations, which happen during phase transitions and could cause the coating to crack or spall, phase stability is 

necessary. Oxidation resistance and respectable mechanical qualities for spinning, moving, or in contact parts are 

required in air-breathing engines.  

Therefore, it may be said that the following are necessary for an effective TBC:  

 A high melting point.  

 There is no phase change between operational temperature and room temperature.  

 Low heat conductivity.  

 Inertness to chemicals.  

 A metallic substrate and a corresponding thermal expansion match.  

 Effective substrate adhesion.  
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 A porous microstructure with a low sintering rate.  

The amount of materials that can be employed is highly constrained by these requirements, with ceramic materials 

typically being able to meet the necessary qualities.  

The metal substrate, metallic bond coat, Thermally Generated Oxide (TGO), and ceramic topcoat are the usual four 

layers of thermal barrier coatings. Yttria-Stabilized Zirconia (YSZ), which has a very low conductivity and is stable at 

the nominal operating temperatures normally encountered in TBC applications, is typically used as the ceramic 

topcoat. The highest thermal gradient of the TBC is produced by this ceramic layer, which also keeps the lower layers 

cooler than the surface. The phase of YSZ, however, undergoes unfavorable phase changes beyond 1200°C, moving 

from t'-tetragonal to tetragonal to cubic to monoclinic. Such phase changes result in the creation of cracks within the 

top covering. In recent efforts to find a replacement for the YSZ ceramic topcoat, various innovative ceramics (such as 

rare earth zirconates) have been discovered that perform better at temperatures exceeding 1200°C but have less 

fracture toughness than YSZ. Additionally, these zirconates might include a lot of oxygen-ion vacancies, which could 

promote oxygen transport and make the TGO production worse. It is possible for the coating to spall with a thick enough 

TGO, which is a catastrophic mode of failure for TBCs. Such coatings would need to be used in conjunction with more 

oxidation-resistant coatings, like alumina or mullite. 

An oxidation-resistant metallic coating known as the bond coat is immediately placed on top of the metal substrate. 

Although other bond coats consisting of Ni and Pt aluminides are also available, they are typically 75 m-150 m thick 

and formed of a NiCrAlY or NiCoCrAlY alloy. The bond coat's main function is to safeguard the metal substrate from 

oxidation and corrosion, especially from oxygen and other corrosive substances that can flow through the porous 

ceramic top coat.  

Applications 

Automotive: Ceramic thermal barrier coatings are being used increasingly frequently in automobile applications. They 

are made specifically to prevent heat loss from the exhaust manifolds, turbocharger casings, exhaust headers, 

downpipes, and tailpipes of engines. The term "exhaust heat management" also applies to this procedure. These work 

well under the hood because they lower engine bay temperatures, which in turn lower intake air temperatures. 

Aviation: Research into higher combustion temperatures has been sparked by a desire to improve the performance of 

gas turbine engines for aviation applications. A direct relationship exists between combustion temperature and turbine 

efficiency. The thermodynamic efficiency of the machine is enhanced by burning at higher temperatures, which results 

in a more favourable work-to-waste heat ratio. In order to prevent melting and heat cycling of nickel-based superalloys 

in aviation turbines, thermal barrier coatings are frequently utilised. TBCs raise the permissible gas temperature over 

the superalloy melting point when combined with cold air flow. 

REFERENCES 

1. Sin JC, et al. Fabrication of erbium-doped spherical-like ZnO hierarchical nanostructures with enhanced visible light-

driven photocatalytic activity. Mater Lett. 2013;91:1-4.  

2. Diaz-Angulo J, et al. Coupling of heterogeneous photocatalysis and photosensitized oxidation for diclofenac 

degradation: role of the oxidant species. J Photo and Photobio A: Chem. 2019;383:112015.  

3. Li M, et al. Direct synthesis of monodispersed ZnO nanoparticles in an aqueous solution. Mater Lett. 2007;61:690-

693. 

4. Cimitan S, et al. Solvothermal synthesis and properties control of doped ZnO nanoparticles. J of Coll and Int Sci. 

2009;329:73-80.  

https://www.sciencedirect.com/science/article/abs/pii/S0167577X12013389
https://www.sciencedirect.com/science/article/abs/pii/S0167577X12013389
https://www.sciencedirect.com/science/article/abs/pii/S1010603019305982
https://www.sciencedirect.com/science/article/abs/pii/S1010603019305982
https://www.sciencedirect.com/science/article/abs/pii/S0167577X06006410
https://www.sciencedirect.com/science/article/abs/pii/S0021979708012265


Research & Reviews: Journal of Material Sciences                                       e-ISSN: 2321-6212 

                                                                                                                                  
 

JOMS| Volume 10 | Special Issue-S3 |October, 2022                                                                                                    3 
 

5. Huang JL, et al. Applications of ZnO in organic and hybrid solar cells. Energy Environ Sci. 2011;10:3861-3877.  

6. Darzi SJ, et al. Investigation of phase transformations and photocatalytic properties of sol-gel prepared 

nanostructured ZnO/TiO2 composites. J Alloys Compd. 2009;486:805-808.  

7. Marcı G, et al. Preparation characterization and photocatalytic activity of polycrystalline ZnO/TiO2 systems. 2. 

surface, bulk characterization, and 4-Nitrophenol photodegradation in liquid−solid regime. J Phys Chem B. 

2001;105:1033-1040.  

8. Chen XQ, et al. Preparation and photocatalytic properties of Fe-doped TiO2 nanoparticles. J Cent South Univ Technol. 

2004;11:161-165.  

9. Volfova L. Tailoring photocatalytic activity of TiO2 nanosheets by 57Fe. J Phys Chem C. 2020;12:6669-6682.  

10. Mei Q, et al. TiO2/Fe2O3 heterostructures with enhanced photocatalytic reduction of Cr(VI) under visible light 

irradiation. RSC Adv. 2019;9:22764-22771.  

 

https://pubs.rsc.org/en/content/articlelanding/2011/ee/c1ee01873f/unauth
https://www.sciencedirect.com/science/article/abs/pii/S0925838809014285
https://www.sciencedirect.com/science/article/abs/pii/S0925838809014285
https://pubs.acs.org/doi/10.1021/jp003173j
https://pubs.acs.org/doi/10.1021/jp003173j
https://link.springer.com/article/10.1007/s11771-004-0033-2#citeas
https://pubs.acs.org/doi/abs/10.1021/acs.jpcc.9b11781
https://pubs.rsc.org/en/content/articlehtml/2019/ra/c9ra03531a
https://pubs.rsc.org/en/content/articlehtml/2019/ra/c9ra03531a

