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Aims: Prior Success in High-Entropy Borides: Computational Modeling of Entropy
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Evaluate the propensity to form a solid solution
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Potential benefits: Reduced sintering temperature, and 2000 °C. The Entropy Forming Ability (EFA) is higher for thermogravimetric analysis. Samples measured include the 100 200 300 E4OO 503 600 700 80 200
increased densification rate, and minimized grain HEBO2, resulting in more complete conversion to the high plasma annealed HEBs made at 2000 °C: HEBO1 (orange), nergy (mev)

: entropy phase at lower annealing temperature. HEBO2 (blue), a mixture consisting of five commercial _ —1
coarsening » HEBO1: HfZr7iTaMoB,, EFA : 207(eV/atom)-1 diborides (green), and TiB2 (brown). EFA (N ) — {O'[SPCCtI' um(H ] (N ) )] T=0 }
» HEBO02: HfZr NbTaMoB,, EFA : 294(eV/atom)-1

» High Entropy Carbides: Progress on High-Entropy Carbides: » Challenges:

Carbothermal Reduction (CTR) Reactions At 1600°C

»  Rock-salt crystal structure »  Resistance to increase in temperature in the
range of 1700-2000° C

»  Known for thermal stability, high strength and Zr0y(s) + 3C5) = ZrCsy + 2C0g) (dG = —0.041 eV/atom)

modulus, good oxidation resistance and can TiOy(s) + 3Cs) = TiCsy + 2C0O(g (dG = —0.177 eV/atom) ” , Large fluctuations in the temperature
withstand extreme conditions 1/2T a3 05(5) + 7/2C sy = TaCs) + 5/2C0 (dG = —0.3 eV /atom)

Gibbs free energy for CTR of HfO,y 1S

1/2Nb205(s) + 7/26(5) — NbC(S) + S/ZCO(g) (dG = —0.323 eV/atom) ‘M‘ pOSitiVC
O
Solid Solution (SS) Formation At 2000°C °

Hf 1s limiting element for SS reaction
1/5(HfC(S) + ZTC(S) + TlC(S) + TaC(S) + NbC(S)) — (Hfo_zzro_zTio_zTaolzNbolz)c
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Predominately single-phase HEC can be made
by MW plasma-annealing

Future Work:

»  Investigate the role of excess graphite reducing
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Start with metal oxides High energy ball mill The pellet is MW 40 50 60 70
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agent 1800°C or 2000°C for X-ray diffraction after MWPP of precursor metal-oxide powders (with
1hr in an argon-rich graphite) to form HEC based on (Hf, ,Nb,,Ta,,T1,,Zr,,)C
feedgas. > Lattice parameter from literature!: 0.4524 nm

» Lattice parameter from the experiment: 0.4517 nm
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