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A B S T R A C T
Boron carbide (B4C) possesses a unique combination of properties including high hardness, low density, 
wear and corrosion resistance, thermal stability, high neutron absorption, and semi-conductivity, making it 
a potential candidate for aerospace, nuclear and other applications that involves extreme environment. Its 
current application however, is limited by its brittleness originated from strong covalent bonding. In this 
study, B4C composites with hierarchical microstructure features are fabricated using field assisted sintering 
(FAST) to combine multiple toughening mechanisms for further fracture toughness enhancement. ‘Soft’ 
carbon phases in the form of graphite platelets are introduced to promote crack deflection and introduce 
energy dissipation mechanism by delamination. And sub-micron titanium diboride (TiB2) particles are 
added to promote crack deflection, bridging, and micro-crack toughening. The fabricated B4C composites 
exhibit hierarchical microstructure features and fracture toughness enhancements up to 4.16, 4.67, and 4.65 
MPa∙m1/2 (from 2.96 MPa∙m1/2) for B4C composites with graphite platelets addition, with TiB2 formation, 
and with both graphite and TiB2 addition respectively. The results demonstrated the ability to obtain high 
fracture toughness without degradation of other physical properties through the hierarchical 
microstructure design. When extended to other material systems including silicon carbide and aluminum 
oxide, this toughening strategy can be applied for matrix toughening and work alongside fiber-
reinforcements to achieve further toughness enhancement.

B I O
Jingyao Dai is a PhD candidate in aerospace engineering at Penn State University. He obtained his B.S. 
degree in 2014 from Beihang University (BUAA) in China before joining Penn State as a graduate student. 
He joined Dr. Namiko Yamamoto’s group in 2015 and worked on deformation mechanisms of nanoporous 
ceramic materials for his Master thesis. For his PhD study, he has been working with Dr. Namiko Yamamoto 
and Dr. Jogender Singh on toughening of boron carbide composites through hierarchical microstructuring. 
The goal of his research is to toughen ceramic materials without sacrificing their hardness, stiffness, and 
strength.

Please join us for refreshments before the seminar, at 3:00pm in the Aero Cafe (225 Hammond).
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