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Fig.8 Cross-sectional and magnified morphologies of oxidized ( Zr,,Hf,,Nb,,Sc,,Yb,, ) B, after 20 min at 1400 °C,
and corresponding EDS elemental mappings
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Fig.9 Cross-sectional morphology of oxidized ( Zr,,Hf,,Nb,,Sc,,Yb,, ) B, after 20 min at 1500 °C , magnified morphologies under
different oxide layers and corresponding EDS elemental mappings
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Study on High Temperature Oxidation Performance of Rare Earth-
Containing High-Entropy Diboride Ceramic

LI Jingwen'”, LU Xirui', ZHANG Jie'
(1. Institute of Metal Research, Chinese Academy of Sciences, Shenyang 110016, China;
2. School of Materials Science and Engineering, University of Science and Technology of China, Shenyang 110016, China)

[ABSTRACT] Hypersonic vehicles operating under extreme thermal environments impose more demands on thermal
protection materials. Transition metal diboride ceramics are the materials of choice due to their excellent high-temperature
stability. Much effort has been aimed at improving the oxidation resistance. High-entropy design enables the joint solubility
of ions with a large ionic radius difference; thus it has been proposed to incorporate rare earth elements in diborides
aiming at enhance oxidation resistance. In this work, high-entropy diboride ( Zr,,Hf;,Nb,,Sc,,Yb,, ) B, was synthesized
in the combination of the boron/carbothermal reduction reaction with spark plasma sintering. The oxidation behavior was
systematically investigated over the temperature range of 1400-1600 °C focusing on the variation of oxidation products and
the microstructure of oxide scale. It has been revealed that with the formation of Sc,0O; * Yb,O; + HfO, « B,O; glass and rare
earth borate ( ScYb ) BO,, the volatilization of B,O; was effectively retarded. The synergistic oxidation effect associated
with rare earth and transition metal elements facilitated the formation of co-stabilized c- ( Zr,Hf ) O, and, fluorite
( ZrtHfNbScYDb ) O,_,. The well-established the multicomponent skeletal MO, and glassy B,O; exhibited significantly high
temperature capability and hindered oxidation behavior. It is expected to provide the compositional design strategy for
oxidation-resistant high-entropy diborides.

Keywords: Ultra-high temperature ceramic (UHTC); High-entropy diboride; Rare earth element; High temperature oxidation;

Oxidation mechanism
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