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Abstract

The atomistic changes within a Ni system, representing the Ni-based superalloys, was studied using the com-
pounded computational methods of (1) the autonomous basin climbing method, (2) the nudged elastic band method,
and (3) the kinetic Monte Carlo method. The atomic activation/relaxation sequences in the autonomous basin climbing
and nudged elastic band calculations allows for the determination of energetic profiles along reactions pathways. The
kinetic Monte Carlo method was then utilized to account for all hopping events and calculate associated escaped time.
The tracer diffusion coefficient was calculated from tracking chemical species locations while accumulating associated
escaped time intervals. The vacancy diffusion pathways were determined in relation to the presence of Re in the
structure. This kinetic mechanism unfolds the origin of the unusual strength of the alloys, with a small amount of Re, in
high-temperature applications. Though our numerical approach could be considered more comprehensive, results are
in line with previous studies believed to be riddled with simplifying assumptions. Ni-Co alloys is another class of Ni-
based superalloys that find applications as turbine blades and steam turbines. In the alloys with high cobalt content,
the spinel structure NiCoy0q is usually found during the oxidation of the alloys at high temperature. The resultant
NiCo,04 phase forms protective coatings of the superalloys. The cationic distribution of Ni?*, Ni**, Co*, and Co®* are key
imperatives to the physical properties of the NiCo,Qa. With the addition of the ion Zn?*, the properties of the overall
oxide scales reduces. Mixed-metal oxides in a series of spinel structures Zn1.NixCo204 with x = 0.0, 0.25, 0.50, 0.75, and
1.0 were synthesized by calcining the hydrothermal-derived precursors at 480 °C in atmospheric pressure. Multiple X-
ray based characterization techniques (XRD, XRF, XPS, and XAS) were applied to determine the crystalline structure, the
elemental compositions, and the valency states of all chemical species (Zn?*, Ni**, Ni**, Co?*, and Co®"). A Monte Carlo
algorithm, based on the experimental XRD intensities, was ensued to study the distribution of the chemical elements
within the tetrahedral (A) site and octahedral (B) site of the spinel structure. In conjunction with the experimental XAS
data, cationic distributions were determined, and magnetic moments were then calculated. Strong correlation between
to the measured magnetic moments of the Zni,NixCo204 cobaltite and cationic distributions were found. This findings
suggest a systematic route of oxides engineering in Ni-Co alloys via systematic controlling of cationic distribution by

introducing ternary spinels into the alloys structure.
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