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Abstract: High-entropy boride ceramics (HEBs) consisting of four or more principle metallic elements rapidly
develop in recent years due to their outstanding unique physical properties and excellent elevated temperature
properties, showing extraordinary promise as potential thermal protection materials applied in extreme

environments. However, on the basis of unclear role of each element on their oxidation reaction, HEBs are generally
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difficult to densify because of their low self-diffusion coefficients and possible sluggish diffusion effect, resulting
in limited mechanical properties and low oxidation resistance. In this work, a novel type of HEBSs,
(TigasZrg5Hfy 25Tag 25)B2-B4C composites, were prepared by boro/carbothermal reduction method combined with
hot-pressing sintering at 1900 ‘C. The effect of B4C at the volume fractions ranging from 10% to 30% on the
mechanical properties and oxidation resistance of the composites was systematically investigated. Microstructure
analyses indicate that homogenously distributed B4C can suppress grain growth of the HEBs matrix and promote
toughening mechanisms such as crack deflection and crack branching, consequently resulting in strengthening and
toughening composites. When the volume fraction of B,C is 20%, the as-prepared composite shows a high relative
density (96.1%) and good mechanical properties with Vickers hardness of (24.6+1.1) GPa, flexural strength of
(570.0+27.6) MPa and fracture toughness of (5.58+0.36) MPa-m'”. In addition, exploration on the oxidation
resistance of (Tig,sZrg,5Hf25Tag,5)B,-B4C composites at temperatures ranging from 800 ‘C to 1400 C shows
that excellent oxidation resistance occurs at the chosen temperatures due to the formation of a dense and continuous
oxidation scale, which acts as a barrier layer preventing oxygen inward diffusion. The main compositions of the
oxide scale are TiO,, (Zr, Hf)O, oxides and B,O; at 800 °C, while multicomponent oxidation products of (Zr, Hf,
Ta)O,, (Zr, HF)O, and TiTaO, are formed in the oxide scale at 1100 C. As the temperature increased to 1400 C,
thickness of the oxide layer significantly increases due to their volatilization of B,O3, while continuous B,0; glassy
phase plays a crucial role in the oxidation process of HEBs. When the B,C volume fraction not less than 20%,
TiTa,0; and TiO, which were embedded in B,0; glass, could effectively insulate inward oxygen and interfacial
oxide thickness and enhance oxidation resistance of the composites. In summary, the primary work can be used as a
reference to the researches relating to optimizing mechanical properties and oxidation resistance for HEBs.

K ey wor ds: high-entropy boride ceramic; B,C; mechanical property; oxidation resistance
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Fig. 1 XRD patterns of different ceramic samples
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Tablel FWHM and crystallinity of the corresponding diffraction peaks of different ceramic samples

Crystalline HBC-0 HBC-1 HBC-2 HBC-3
(101) 0.187+0.002 0.186+0.002 0.194+0.002 0.199+0.002
FWHM (26)/(°) (100) 0.119+0.001 0.118+0.002 0.131+0.002 0.126+0.002
(001) 0.153+0.002 0.151+0.003 0.163+0.004 0.184+0.003
(101) 68.51+0.55 70.30+0.80 70.75+0.85 68.93+0.81
Crystallinity/% (100) 81.77+0.85 81.85+1.26 82.78+1.31 81.92+1.14
(001) 88.85+1.04 89.39+1.67 89.34+1.86 90.85+1.61

2 A RERE AR O S5 K4 Sz EDS 23 #r
Fig. 2 Surface morphologies and EDS analysis of different ceramic samples
(a) HBC-0; (b) HBC-1; (c) HBC-2; (d) HBC-3
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Fig. 3 Surface morphology and EPMA analysis of HBC-1 sample
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Table2 Relative density and porosity of
different ceramic samples

Sample Theoreticali3 . Bulk . Rela}tive Porosity/
density/(g-cm ) density/(g-cm ) density/% %
HBC-0 8.59 8.07 94.0 6.0
HBC-1 8.03 7.66 95.4 4.6
HBC-2 7.78 7.50 96.4 3.6
HBC-3 7.54 7.40 98.1 1.9
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Table3 Flexural strength, fracturetoughness and
hardness of different ceramic samples

Flexural Fracture Vickers

Sample strength/MPa toughness/(MPa-m'?) hardness/GPa
HBC-0 409.0+£37.4 3.22+0.13 21.5+0.5
HBC-1 273.0+11.2 4.85+0.16 22.2+0.3
HBC-2 570.0+27.6 5.584+0.36 24.6+1.1
HBC-3 418.0+8.3 5.14+0.45 23.3+0.8
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B4 A [ Bl B o A BT 11 TR 3
Fig. 4 Fracture morphologies of different ceramic samples
(a, e) HBC-0; (b, f) HBC-1; (c, g) HBC-2; (d, h) HBC-3
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K5 HBC-2 # i F14Y e f) SEM [y
Fig. 5 SEM images of crack propagation of HBC-2 sample
(a) Indentation morphology; (b) Crack propagation
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Fig. 6 XRD patterns of different ceramic samples after static oxidation for 1 h
(a) 800 °C; (b) 1100 °C; (c) 1400 C
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Fig. 7 Cross-sectional morphologies of different ceramic samples after static oxidation at different temperatures for 1 h
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Fig. 8 Surface morphologies of different ceramic samples after static oxidation at 800 C
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Fig. 9 Surface morphology and EDS mappings of HBC-1 sample after static oxidation at 800 ‘C
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Fig. 10  Surface morphologies of different ceramic samples after static oxidation at 1100 ‘C
(a, d) HBC-1; (b, ) HBC-2; (c, f) HBC-3
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