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• Higher proportion of Zirconia in the TBC yields better results at higher temperatures

but toughness of the coating decreases as

• Future work can be done, utilizing other systems such as the Gadolinia-Zirconia system

to compare performance to the YSZ system1,4

• Attempts were done to analyze more complex melts although oxygen activity and Iron

multi-valency affected the model more than anticipated 5.

TBC’s are designed to insulate structural elements below it from the

additional thermal stressed being placed upon modern gas turbine

engines. Ensuring they are operating within their design parameters is

essential in lengthening service lifespan of hot section components 1, 2.

Author would like to thank Undergraduate Research Opportunity Program (UROP), ThermoCalc and

QuesTek Innovations, LLC

Introduction Results

Acknowledgements

References

1. D. Poerschke, R. Jackson, C. Levi, Annual Review of Materials Research, in press, doi:10.1146/annurev-
matsci-010917-105000.

2. R. Naraparaju et al., Surface and Coatings Technology, in press, doi:10.1016/j.surfcoat.2018.01.030.
3. X. Ren, W. Pan, Acta Materialia, in press, doi:10.1016/j.actamat.2014.01.017.
4. J. Krogstad et al., Journal of the American Ceramic Society, in press, doi:10.1111/j.1551-2916.2011.04531.x.
5. E. Haccuria, T. Crivits, P. Hayes, E. Jak, Journal of the American Ceramic Society, in press, 

doi:10.1111/jace.13991.

• Coating toughness is also of great consideration as the coating is also subject to physical stresses. As the quantity of

t’-ZrO2 decreases, the fracture toughness of the material will decrease, leading to premature failure of the coating 3.

• Delamination toughness cannot be directly obtained although an indicator on how vulnerable a coating will be to

delamination can be qualitatively determined by the quantity of t-ZrO2 present 3.

Figure 2| Schematic of TBC 
and TBC Coatings1

Figure 1| Phase names and compositions present in YSZ, CMAS Systems1

Figure 5| Phase Compositions of C24A17S59 at 
Different Temperatures

Figure 3| TBC Prior to CMAS Reaction1

Methodology

Figure 7| Solid Composition at 1.0% ZrO2 Figure 8| Solid Composition at 2.5% ZrO2 Figure 9| Solid Composition at 5.0% ZrO2 Figure 10| Solid Composition at 8.0% ZrO2
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Figure 11| Solid Composition at 10.0% ZrO2
Figure 12| Solid Composition of Equilibrium Solution (a)1.0% ZrO2 (b) 2.5% ZrO2 (c) 5.0% ZrO2 (d) 8.0% ZrO2 (e) 10.0% ZrO2
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Figure 6| Melt Products with C32M12A20F4S32 at 1300̊C
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• Equilibrium data for the systems shown here were generated 
using the Calculation of Phase Diagrams (CALPHAD) 
methodology through ThermoCalc. 

• Database used was TCOX 7, a metal oxide solution simulator. 
CALPHAD utilizes multiple different chemical and physical 
properties such as crystallography and available free energy.

• Figure 5 shows melt composition if 100% pure. Changes to 
phases developed was observed upon addition of TBC. 
Desired phases include reactive crystallization products 
which have a geometry favourable to impede melt progress. 

• Figure 6 demonstrates ThermoCalc’s oxygen activity limits 
with a more complex system. A CAS system was selected with 
10-14 oxygen activity to ensure solution convergence.


