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Abstract: To address the performance degradation of heat-resistant steel caused by hydrogen
embrittlement in high-temperature and high-pressure hydrogen environments, this study proposes
an atomically stabilized doped Cr,O; composite anti-hydrogen embrittlement coating and elucidates the
mechanism underlying its enhanced hydrogen embrittlement resistance and hydrogen barrier effect
using first-principles calculations. First, a Cr, O, bulk structure is constructed and a Cr atom is
then substituted with Al, Mn, Ni, Ti, Y, or Si atoms. Subsequently, the effects of different
atomic dopants on the adsorption energy of H atoms at the surface and subsurface, the electronic

properties of H atom adsorption on the surface, and the diffusion behavior of H atoms on the
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hydrogen barrier performance of Cr; O; films are investigated. Simulation results demonstrate that

doping with Al, Ti, and Si atoms increases the adsorption energy of H atoms. making surface

adsorption more difficult. The electronegativity of Al, Mn, Ti, and Y dopants is lower than that

of Cr, weakening the adsorption energy of H atoms at the surface A-site. Additionally, doping

with Al, Mn, Ti, and Si atoms increases the diffusion energy barrier for H atoms migrating from

the surface to the subsurface, thereby hindering hydrogen penetration. This study reveals the

mechanism by which dopant atoms enhance the hydrogen embrittlement resistance of Cr,O;

coatings and proposes an atomic doping strategy to improve hydrogen barrier performance.
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Fig. 1 Surface and subsurface hydrogen atom adsorption sites

on atomically doped Cr; O; films
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for atomic doping in Cr, O, thin films
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Table 1 The adsorption energy values for a single hydrogen atom adsorbed at surface and subsurface adsorption sites
E../eV
Ji AL
Cr, Oy Al B 7 Mn 2% Ni &7 Ti B4 Y B2 Si B
Oop —1.85393 —1.527 32 —1.343 55 —1.282 60 —2.976 9 —1.284 29 —4.045 06
A, —1.89113 —1.507 36 —3.096 93 —3.496 54 —0.7314 —2.07129 —1.83193
A, —1.89113 —1.507 36 —3.096 93 —3.496 54 —0.7314 —2.071 29 —1.83193
A, —1.89113 —1.507 36 —3.096 93 —3.496 54 —0.7314 —2.07129 —1.83193
B, —1.596 63 —0.775 85 —2.67113 —2.812 90 —0.342 05 —2.06309 —1.12512
B, —1.596 63 —0.775 85 —2.67113 —2.812 90 —0.342 05 —2.063 09 —1.12512
B; —1.596 63 —0.775 85 —2.67113 —2.812 90 —0.342 05 —2.063 09 —1.12512
B, —0.83162 —0.341 77 —2.104 74 —1.832 94 —0.615 83 —1.490 03 —0.509 35
B; —0.83162 —0.341 77 —2.104 74 —1.832 94 —0.615 83 —1.490 03 —0.509 35
B —0.83162 —0.34177 —2.104 74 —1.832 94 —0.615 83 —1.490 03 —0.509 35
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and atomically doped Cr;O; thin films
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