High-Entropy Carbide Ceramics for Extreme Environments
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“» Use the ‘high-entropy’ concept to develop novel
ceramic materials for the extreme environments

IN next-generation nuclear energy systems

» Potential applications: fuel cladding, structural component

» High melting temperature, high irradiation damage resistance,
nigh-temperature strength, thermal shock resistance and

Results 5. High temperature thermal stablllty of HEC
After annealing at 1700 °C, 2hours :

1. Synthesis of (Hf, ,Zr,,Ta, ,Nb,,Ti,,)C
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EDS of sample after annealing at 1700 °C
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High-entropy ceramics
Exam P le: (Hf,,Zr,,Tag ,Nby , Tig,)C

Traditional alloys High-entropy alloys
Example: Steel Example: CoCrFeMnNi

= Traditional alloys: base element and trace amount of other elements.

= High-entropy alloys: multiple principal elements mixed in an equimolar or
near equimolar composition but form a single BCC, FCC or HCP structure.

= High-entropy ceramics: single-phase structure with disorder of multiple
metal elements at cation positions, ordered C, B or O elements at the anion
positions.
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Microscale EDS of HEC

SEM image of the grains of HEC

Implanted He at depth (10*ppm)

SRIM-calculated helium concentration and the
measured number density of helium bubbles
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Bright-field TEM |mage of hellum bubbles

Conclusions

| 4. Ultra-high nanoindentation hardness of HEC 1. Single-phase (Hf,,Zr,,Ta,,Nb,,Ti,,)C was synthesized by SPS.
H |gh-Entropy Effects Materials Elastic modulus, E(GPa) Vickers Nanoindentation hardness 2. Thermal stability at least up to 1700°C due to the low Gibbs free energy.
1. Thermodynamically more stable hardness, Hv(GPa) (GPa) 3. Ultra-high nanoindentation hardness is due to distorted lattice.
2. Lattice distortion HEC 409 e 469 4. Low thermal conductivity and diffusivity due to scattering of phonons by
3. Sluggish diffusion HIC 450-500 13.3 23.0 lattice distortions.
4. Cocktail effect Zrc 404 17.6 32.5 5. Helium bubble coalesce and growth is suppressed by high-entropy effect.
| | N TaC 458 13.9 18.6 p———
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