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The fundamental understanding of H isotopes behaviour in metallic systems vis-a-vis its adsorption, absorption, diffusion and permeation is of great technological importance. This will help in controlling the hydrogen
induced embrittlement and also very helpful in the selection of structural materials for reactors with minimum
permeability of these gases. Steels with 9–12 wt% Cr are considered as potential structural materials in nuclear
power and fusion reactors having hydrogen diffusion coefficients one order of magnitude lower than those
of pure Fe. Further, Tungsten (W) has shown promise to be the most favored plasma withstanding material
in nuclear fusion with deuterium (D) and tritium (T) as fuel. In order to identify a better material, atomistic
understanding of the behavior of D/T with W is highly desirable. In view of that, plane wave based density
functional theoretical calculations were conducted to investigate the interaction and dynamical behaviours
of hydrogen isotopes in pure bcc Fe and W systems. The adsorption and dissociation pathways for hydrogen
isotopes were predicted on both Fe(100) and W(100) surfaces. Further, the activation barrier energy for H
atom to diffuse from one interstitial void to nearest interstitial void has been computed using nudge elastic
band (NEB) method. Zero point energy was incorporated using phonon calculations to capture the isotope
effects. The most favourable diffusion path of H atom was observed from one tetrahedral site to the nearest
tetrahedral site in both Fe and W systems. The calculated diffusion coefficients, rate constants, permeability
constants and solubility are found to be higher for H compared to its heavier isotopes D and T for W system.
The calculated diffusion coefficients and permeability constants are found to be higher for lighter H compared
to heavier D and T. In addition, the effect of vacancy is also studied. Further, the diffusion and permeability
coefficients of H, D and T are found to be increased with increase in the temperature, which is of first of its
kind prediction from DFT studies. Further, the calculated diffusion coefficients are shown to be two order of
magnitude lower than Fe and thus might be the basis for considering W as plasma facing materials. The findings will be useful in modeling the behavior of tritium in Fe and W metals for which data is either scattered
or least available.
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Future Work Plan (2021-2022)
A. Recombination of H and its isotopes to form diatomic molecules at the surface of the collector side
( Fe and W surface)
• Energy barrier for recombination of H atom using nudge elastic band (NEB) method and DFT
• Kinetics (rate constant) of recombination using TST(transition state theory) and DFT
• Effect of H coverage on the recombination and kinetics using NEB, TST and DFT
• Desorption of molecular hydrogen from the surface using NEB and DFT
B. Dissociation, adsorption, diffusion and permeation of H isotopes through bulk and surface Cr.
• Dissociation pathway of H2 molecule on the Cr surface using DFT
• Absorption H isotopes in surface and bulk Cr using DFT
• Diffusion and permeation of H isotopes through bulk and surface Cr using NEB, TST and DFT
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