
Abstract: Oxide grain boundaries remain somewhat enigmatic microstructural      
features.  Although much is known about the structure, properties, and distributions 
of these interfaces, large knowledge gaps remain in our understanding of their 
transport mechanisms and thermodynamics. In most oxides, considerable             
disagreement remains regarding the fundamental transport mechanisms that give rise 
to kinetic processes such as diffusion, sintering, creep, or grain growth. These     
processes govern the high temperature performance of oxidation barriers, structural 
materials for extreme environments, high temperature fuel cells, etc. Additionally, 
the nature of the defects that mediate transport in grain boundaries are largely      
unknown.  For example, are they single point defects, clustered defects, line defects, 
localized or delocalized defects? Related information has been obtained from      
atomistic calculations in metallic systems, but analogous calculations are still too 
complex to apply to oxides. We posit that determining these properties will provide 
new insights into grain boundary transport mechanisms and form the basis for new 
strategies aimed at controlling them. 

 This work develops and demonstrates a combination of in situ transmission 
electron microscopy-based microscale single grain boundary Coble creep and zero 
creep experiments to measure grain boundary thermodynamic and kinetic properties 
in cubic ZrO2 between ≈1200 oC and 2100 oC. The methodology is based on a    
combination of in situ microscale mechanical testing and localized laser heating. The 
approaches enable accurate determination of grain boundary and surface diffusivities 
and energies.  The activation volume, migration volume, and formation volume for 
grain boundary cation diffusion is determined from stress dependent measurements.  
These data provide insights into the nature of the grain boundary diffusion mediating 
defect.  Finally, the discrete nature of the sintering and creep process observed in the 
microscale experiments supports the hypothesis that sintering and Coble creep are 
governed by the motion of grain boundary disconnections.  The rotation of grains 
coupled to grain boundary migration also suggests that grain boundary motion in 
ZrO2 is, at least in part, controlled by the migration of grain boundary                   
disconnections. 
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