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Oxidation and nonequilibrium microstructures:

The role of evolving nanoscale features in the progress and
rate of oxidation

Abstract: Oxidation is a dynamic process that may result in significant so-
lute segregation, pore evolution or other deleterious microstructural
changes in parallel with the formation of oxide scales. What happens
when you start with a microstructure that is far from equilibrium? The
competing dynamics of microstructural evolution and oxidation give rise to
some fascinating phenomenon that can be leveraged to design novel oxi-
dation tolerant materials. Here we will present several vignettes in which
we interrogate the role of elevated point defect populations, the stability of
nanograin boundaries, and phase segregation at the nanoscale concomi-
tant with oxidation. In both scenarios, the material systems of interest will
begin with a high degree of disorder, either through the incorporation of
planar defects or due to a large population of point defects that limit long
range crystallinity in the as deposited state—both of which will eventually
give rise to (re)crystallization events. We will explore methods for stabiliz-
ing the initial defect populations through doping/alloying strategies and
how these strategies impact both the oxidation kinetics and the oxidation
pathways using a suite of thin film deposition techniques and in situ elec-
tron microscopy observations.
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