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Abinitio atomistic modeling nowadays is used to simulate hydrogen diffusion, permeation, and interactions
with Fe-Cr alloys, providing critical insights into material behavior and embrittlement mechanisms. Thus, the
interaction and dynamical behaviours of hydrogen isotopes in bcc Fe-Cr lattice have been studied employing
plane wave based density functional theory. The lattice volume and cohesive energy are calculated with
variation in the Cr content of bulk Fe. A positive and negative deviations are obtained with variation in the
Cr content in the case of lattice volume compared to the values of Vegard’s law of mixing of solid solutions.

Nudge elastic band methods have been used to determine the activation energy barrier and phonon calcula-
tions are performed to investigate the isotope effects. The absorption energy is calculated for H in tetrahedral
void with variation in the Cr content of bulk Fe. An increase in the endothermicity is obtained with increase
in the Cr content. Further, the effect of Cr content on the diffusion, permeation and solubility of H in Fe-Cr
system was studied. From the calculated values it is observed that the diffusion and permeation values found
to be decreased with increase in the Cr content as per the experimental observation. The effect of isotopes
on the diffusion, permeation and solubility of H isotopes in Fe-Cr system was studied. From the calculated
values it is observed that the diffusion and permeation are higher for lighter isotope H compared to D and T.
This observation is in line with the experimental observation.

Acknowledgement: Computer Division BARC is acknowledged for providing ANUPAM Supercomputing fa-
cility. Work carried out under IAEA Research Agreement No: 24055/R0 dated 26th June, 2020.

References
1. Boda, A.; Bajania, S;, Ali, Sk. M.; Shenoy, K. T.; Mohan, S., Journal of Nuclear Materials, 2021, 543, 152538.
2. Boda, A.; Ali, Sk. M., International Journal of Hydrogen Energy, 2022, 47, 31481-31498.
3. Boda, A.; Chandorkar, N.; Ali, Sk. M., Theoretical Chemistry Accounts, 2023, 142, 46.

Presenter: ALI, Musharaf

Session Classification: Atomistic Modelling II


