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High-Entropy Borides

A new class of ultra-high-temperature ceramics
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igh-entropy borides (HEBs) are a class of multi-
principal-element ultra-high-temperature
ceramics (UHTCs) in which multiple transition
metals occupy the metal sublattice of a diboride
structure, typically forming a hexagonal AIB -type solid
solution. Their distorted lattice can promote high
configurational entropy, leading to distinctive combinations
of mechanical properties like high hardness, thermal
stability, oxidation resistance. These characteristics have
attracted considerable interest in HEBs for demanding
applications such as high-temperature structural
components, hypersonic systems, and energy systems.

In the present study, Equiatomic (Ti.Nb.Ta.Hf.Zr.)B
and non-equiatomic (Ti. Nb. Ta. Hf. Zr. )B high
entropy borides were synthesized via boro/carbothermal
reduction and consolidated by hot pressing and spark
plasma sintering at 1900 °C. Both compositions formed
single phase hexagonal AB solid solutions, as confirmed by
diffraction and microscopy. Densification followed Coble
creep behaviour, with higher activation energies observed

for hot pressing than spark plasma sintering. Microstructural
analysis revealed a largely homogeneous matrix with localized
Nb-rich and minor Ta-rich segregations, contributing to limited
grain coarsening. The non-equiatomic composition showed
slightly reduced hardness but improved fracture toughness
(~4.1 MPam/2). Hardness ranged from 16 to 23 GPa (Vickers)
and up to ~28 GPa by nanoindentation, with elastic modulus
reaching ~455 GPa. Flexural strengths of 500-525 MPa were
obtained, with fracture dominated by transgranular brittle
mechanisms.
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Schematic representation of Synthesis, densification and characterization of High entropy Borides [1].
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