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Abstract: Ultra High Temperature Ceramics and other non-oxide ceramics represent the best candidate materials for use 
in extreme applications, including components for hypersonic vehicles, personal armor devices and cathodes for aluminum 
smelting and lithium air batteries. However, most of these applications require either a very complex geometry or very high 
and intricate porosity which cannot be achieved or designed using the current state-of-the-art for these types of 
compounds. The colloidal powder processing approach seems the natural answer to this problem, since it allows the 
preparation of high and uniform green density bodies facilitating densification, to control the porosity and the preparation 
of near-net-shaped dense and porous components, while minimizing defects and flaws through the preparation of ceramic 
powder suspensions.   
 In this presentation, two cases studies related to hypersonic applications are discussed:  The first one comprises 
the preparation of dense ultra-high temperature ceramics for leading edges in hypersonic vehicles by using the 
combination of colloidal processing and pressure less sintering. The second case study focused on the preparation of multi-
scale porous materials for ultra-high temperature insulation. Highly porous UHTC materials have been produced by four 
different processing routes. The exhaustive control of the forces between particles and understanding the interaction 
between additives and powder surfaces have been key in developing highly porous ZrB2 and TiB2. The relationship between 
microstructure and properties of these materials was elucidated by the 3D image reconstruction and predictive modelling 
via a combination of x-ray tomography and simulations, which are validated against experimental values at room 
temperature. These models can be used to simulate and predict the thermal and mechanical properties of the materials 
under relevant extreme environment conditions. 
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