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Abstract 

The transition metal carbides and nitrides are candidate materials for ultra-high temperature ap-

plications where they are used as thermal barrier coatings and structural materials. The zeta 

phase is a unique phase in these materials that is often observed as what appears to be a transi-

tion phase when the carbon or nitrogen content is varied forming a nanolamellar microstructure. 

When this phase is present in the tantalum carbide ceramics, it provides exceptional toughness – 

which is attributed to its this unique microstructure. However, the stability, crystal structure and 

composition of the zeta phase has been and outstanding question for over 40 years. In this talk, 

we re-examine the stability of this phase using density functional theory and different search 

methods to locate the zeta phase in the transition metal carbides demonstrating that this phase is 

unequivocally stable at low temperatures and exists at a defined composite of M3X2 (MX0.67). 

The microstructure of this phase is often described as a thin lath-based microstructure and we 

show that the phase precipitates out of other carbide phases as thin plates that resemble carbon/

nitrogen depleted stacking faults that have low interfacial energy, which gives rise the observed 

microstructures. Finally, we examine the high fracture toughness properties of these materials, 

how this gives rise to anisotropic crack growth behavior and how this originates in the changes in 

bonding that occur with carbon depletion.  
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