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Thermal Barrier Coatings (TBCs)

Enhance the efficiency reduction of emissions
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Requirements for new TBCs 
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High melting point

Sluggish diffusion

Low thermal conductivity

No phase transformations (rt ⇌ ht)

Matching coefficients of thermal expansion with 

substrate and bond coat 

Sufficient mechanical properties

Chemical resistance
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High-entropy oxides (HEOs)

Multi-component rare-earth zirconates RE2Zr2O7 with 5 or 

more cations (pyrochlore or defect-fluorite structure)

Fluorite

(Zr+4,RE+3)1(O
−2,Va)2
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High-entropy oxides (HEOs)
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Multi-component rare-earth zirconates RE2Zr2O7 with 5 or 

more cations (pyrochlore or defect-fluorite structure)

Pyrochlore
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Promising composition:  (Dy0.2Gd0.2Nd0.2Sm0.2Y0.2)2Zr2O7

RE2Zr2O7 (RE= Dy, Gd, Nd, Sm, Y)
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The CALPHAD method
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Multicomponent system: ZrO2-Dy2O3-Gd2O3-Nd2O3-Sm2O3-Y2O3

Development of a thermodynamic database using the CALPHAD method

Microstructural changes

Definition of suitable compositions

Processing conditions

Two-sublattice partially ionic liquid model

Liquid

Compound Energy Formalism (CEF)

ZrO2-based phases

RE2O3-based phases

Stoichiometric model

-Zr3Y4O12

Thermodynamic models



Thermodynamic database
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ZrO2 Y2O3

Sm2O3

Gd2O3

Nd2O3

Dy2O3

ZrO2 Dy2O3 Nd2O3

Gd2O3

Sm2O3

Ideal mixing in solid and liquid phases

ZrO2 RE2O3 RE2O3

RE = Gd, Nd, Sm

RE2O3 RE2O3 RE2O3

RE = Dy, Gd, Nd, Sm

3 subsystems
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Experimental procedures
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Thermal analysisMicrostructural analysis

Netzsch DSC Caliris 300

Netzsch STA 449 Jupiter

Polishing + Carbon coating

Zeiss Gemini 3 SEM 560 

BSE, SE, EDX

Panalytical Empyrean

AntonPaar XRDynamic 500 

Synthesis



ZrO2-Y2O3 and Y2O3-Dy2O3 systems
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The ZrO2-Dy2O3 system
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The ZrO2-Dy2O3 system
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Isothermal section at 1773 K
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Isothermal section at 1573 K
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Isothermal section at 1573 K
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Low and high-temperature equilibria
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Heat capacity - Fluorite
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Outlook
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1773 K1573 K

Next systems to be investigated

ZrO2-Dy2O3-Gd2O3

ZrO2-Dy2O3-Nd2O3

ZrO2-Dy2O3-Sm2O3
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