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Abstract 

Ultra-high temperature ceramics (UHTCs) are leading candidates for hypersonic and other extreme-
environment applications, yet their defining attributes—strong covalent bonding, high melting 
temperatures, and chemical stability—make them exceptionally difficult to manufacture into large, dense, 
defect-free shapes. Carbides and borides in this class require extreme sintering temperatures, exhibit limited 
defect tolerance, and are difficult to machine because of their hardness and brittleness. Pressure-assisted 
consolidation is largely restricted to simple geometries, while pressureless sintering requires temperatures 
exceeding 2000°C and still fails to achieve full density due to grain coarsening and 15–20% linear 
shrinkage. These constraints impose persistent trade-offs among shape complexity, density, and defect 
population. 
Our group is developing processing strategies that decouple geometric shaping from high-temperature 
densification. For example, direct ink writing (DIW) of highly loaded suspensions enables fabrication of 
near-net-shape green architectures with minimal machining. When combined with ultra-fast high-
temperature sintering (UHS), brown bodies densify in seconds while limiting grain growth. In a 
complementary effort, self-propagating high-temperature synthesis (SHS) is being used as a constrained 
shaping strategy to form intermetallic (and ultimately UHTC) components. 
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