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The degradation of technical alloys including Ni-based superalloys and steels remains a technological chal-
lenge, and depends on the protective oxide layer. Our work focusses on the oxidation of Ni-based superalloys
where the a protective oxide layer with chromia provides the corrosion and degradation resistance. [1] The
majority of mechanistic studies are centered on transport through the oxide leaving significant gaps in the
mechanistic understanding of the initial reaction steps of alloy oxidation. Our presentation will give compre-
hensive view of the oxidation processes on Ni-Cr-(W,Mo) surfaces. [2]
We use operando and in-situ experiments to capture the initial oxidation steps at the pristine alloy surface
combining NAP-XPS, XPEEM, XPS, and STM experiments and DFT calculation. This work straddles the com-
plexity gap by using single crystal thin films [3] as well as polycrystalline cast alloys with a wide composition
range Ni-5Cr to Ni-30Cr, and the ternaries Ni-15Cr-6W, and Ni-15Cr-6Mo (all (at%)). The use of thin films is
achieves a variation in alloy composition with relative ease, and offers NiCr(100) and NiCr(111) surfaces. [4]
Our work identified using NAP-XPS the surface chemical reactions central to understand the role of minor
alloying elements (MAE) such as W, and M where a relatively small addition of a specific element has an
outsized impact on oxidation. [5] With NAP-XPS experiments [2] in combination with DFT it was shown
that MAE is tied to the formation of preferential adsorption sites at the W-Cr bridge site thus favoring the
nucleation of the coveted chromia over NiO. Variation in oxidation parameters p(O2) (10-9 to 10-2 mbar) and
T (200 ℃ to 600 ℃) isolate kinetic limiters, which include an enhanced bulk diffusion through alloying with
W, and an unexpectedly short diffusion length for O-atoms for T<300℃. [6] Polycrystalline, large grain (up
to 1 mm) cast alloys gives access to a wide range of surface orientation, [7] far beyond the low index surfaces
of model systems. The relevance of crystallographic orientation on oxide nucleation and chemistry will be
discussed based on XPEEM, and STM experiments.
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