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Oxidation Mechanism [BR{EL 4 AH =X L]; Corrosion [ER] DFT (FFEENBASER);
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MELSE: Materials Science and Engineering [#13 T 2]
ook Multiscale Modeling [RJLF R —ILETY 4]
Htfigs

IR TR Developing New Materials [T LU \#$ DBA %]

The interaction of water with metals at high temperatures leads to the
dissolution of metallic atoms and diffusion of dissociated elements,
resulting in surface oxidation, a key step in the early stages of
corrosion. Understanding these fundamental reactions is essential
for improving materials reliability under extreme conditions.
Previous studies show that both oxygen (O) and hydrogen (H)
accelerate the oxidation process [1, 2]. Dissociated hydrogen from
H0 diffuses into the metal, becoming negatively charged and
initiating localized electron transfer, as shown in Fig. 1. The localized
electron transfer process generates strain into the structure. This
strain at the surface facilitates oxygen penetration, accelerating the
oxidation process [3].
Further research focuses on identifying minor elements that form
stable oxide films to improve oxidation resistance. Based on
theoretical findings, ultra-high-purity (UHP) iron-based heat-resistant
alloys have been developed, showing that adding Zr, Sc, and Nb
enhances creep and oxidation resistance under advanced
ultra-supercritical (A-USC) conditions [4].
1. N. K. Das, et al., Corros Sci, 50, pp. 1701-1706 (2008).

N. K. Das, et al., Corros Sci, 51, pp. 908-913 (2009).

2.
3. N.K. Das, et al., Int J Hydrogen Energ, 38, pp. 1644-1656 (2013).
4

F. Hamdani, et al., Metall and Mat Trans A, 49A, pp.2373-2383 (2018)
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Fig. 1. (a) The calculated H atomic charges in
alloys and (b) schematic of H In metals
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