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Methods will be described for the production and consolidation of metastable ceramic powders to 

yield fully dense nanostructured ceramics, including single- and multi-phase systems. Metastable 

powders produced by vapor condensation or rapid solidification are consolidated to full density by high-

pressure sintering or field-assisted sintering. In each case, the key to successful consolidation is control 

of a metastable-to-stable phase transformation that occurs during sintering, which promotes 

densification, enhances sintering kinetics, and minimizes grain growth. For single-phase or 

nanocrystalline ceramics, high pressures in the 1-8 GPa range are needed to achieve densification, 

without causing significant grain growth. For multi-phase or nanocomposite ceramics, the pressure 

requirements are relaxed to the 0.1-0.5 GPa range. This is because upon co-nucleation of the 

equilibrium phases during sintering, the presence of one nanophase quite naturally inhibits the growth of 

an adjacent nanophase(s), particularly when the volume fractions are comparable. Because of the 

reduced pressure requirements, processing of nanocomposite ceramics is more readily commercialized. 

Nanocomposite ceramics also display high strain rate superplasticity, which opens unprecedented 

opportunities for near-net shape superplastic forming. In this talk, these and related aspects of this new 

far-from-equilibrium processing technology will be discussed, as well as potential applications in 

lightweight personnel armor, IR-transparent domes, high power lasers, machine tools, and rock-drill bits. 
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