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ABSTRACT

Due to tritium-to-helium decay, helium bubbles develop in palladium tritide. Understanding the helium bubble nucleation mechanisms is critical to predicting material properties with age. To enable molecular-
dynamics simulations of helium bubble formation with quantified uncertainty, we have developed numerous versions of Pd-H-He embedded-atom-method potentials based on extensive density-functional-theory
(DFT) calculations. Our potentials are accurate because they capture the DFT values of energy and lattice constant of the rock-salt PdHe phase, the bond length and interaction energy of two nearest helium
interstitials in the lattice, the swelling volume and energy change when inserting a helium atom into the lattice, the swelling volume of two nearest helium interstitials, and the diffusion energy barrier of a single
helium atom. Our molecular-dynamics models enable studies of helium bubble formation because we find that the nucleation of helium bubbles from helium interstitials occurs within time scale of < 5 ns..

Embedded-Atom Method (EAM) Formalism
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• Add He to an existing Pd-H EAM (X. W. Zhou, J. A.
Zimmerman, B. M. Wong, and J. J. Hoyt, J. Mater. Res. 23,
704, 2008)

• Fit both Daw-Baskes (DB) and Finnis-Sinclair (SF) models
• DB model is the same as SF model except that the parameters
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Parameters of Potentials

Daw-Baskes EAM model
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Finnis-Sinclair EAM model
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Stringent Molecular Dynamics Simulation Tests

(a) t = 0 (b) t - 5000 ps, DB potential 0 t - 5000 ps, FS potential

MD annealing of a PdHo.iHe0.05 structure at 600 K for 5000 ps using the two potentials: (a) initial configuration; (b) final configuration from
the DB potential; and (c) final configuration from the FS potential.

MD simulations reveal formation of He bubbles from He atoms without assumptions!

Static Properties

Potentials capture well DFT values of diffusion barrier QHe (eV), swelling
volumes Q0,Hel C2He,He, and QH,He (A3), insertion energy EHe(eV), bond length

rHe-He (A), bond energy EHe_He (eV) of He neighbors, lattice constant apdHe \A/ ( l
and cohesive energy Ecycnie (eV/atom) of rock-salt PdHe crystal.
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The FS model captures an experimental equation of state (R. L. Mills,
D. H. Liebenberg, and J. C. Bronson, Phys. Rev. B, 21, 5137, 1980)
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Conclusions

We have developed two Pd-H-He embedded-atom
method potentials based respectively on Daw-
Baskes and Finnis-Sinclair formalisms. Both
potentials accurately capture He diffusion energy
barrier, He swelling volume, He insertion energy,
He-He bond length and bond energy, and lattice
constant and cohesive energy rock-salt PdHe
crystal. The Finnis-Sinclair formalism further
captures the He equation of state. Direct molecular
dynamics simulations using both potentials
indicate nucleation of helium bubbles from helium
atoms, opening opportunities to study helium
bubble nucleation without any prior assumptions
on the bubbles.
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