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Simulation details
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We use LAMMPS [1] and OVITO [2].

Fe BCC crystal of 105 x 100 x 100 A. We use
PBC along the three axis.

Langevin heat bath with T = 300K or
T =1000 K is applied at the borders of the

simulation box with 5 A thickness.

Fe-Cr-He potential described in Terentyev et al

3].

[1] Comp. Phys. Comm. 271 (2022) 10817.

[2] Model. Simul. Mater. Sci. Eng. 18 (2010) 015012.
[3]J. Appl. Phys. 105 (2009) 103509.
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Simulation details

* We carve a spherical void of radius r
and fill it with He atoms according to the
He/Vac ratio.

* The system is initially minimized and
then we let it evolve until reaching
equilibrium.

* Initial radius of the bubbles ranges from
2.5 Ato 30 A.

N &)

 He/Vac ratio ranges from 1 to 4.
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Calculation of the pressure in the bubble

Oap = (Z M VigVig + 5 zz Tija fuﬁ) mmmm—) | Stress tensor
ER

e | =Voronoivolume of the bubble

« alf)=xy,z

P= —%(axx + 0, + 0,,)| ==y | Pressure of the bubble
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Evolution of the bubble radius

33.0F

32.8f
326}
0 32.4F — , -
= | * Initial radius =30.0 A
& 322r * Initial He/Vac ratio = 2
© 32.0f T ——
3 [ The initial bubble expands
@ 318} until reaching equilibrium

31.6f | | [

31.4f

0 100 200 300 400 500
Time (ps)

~ _ Universitat d’Alacant

/=X Universidad de Alicante 5/19




Evolution of the He/Vac ratio
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Evolution of the bubble pressure

Bubble Pressure (GPa)
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Radial profile of atomic density in the bubble

n(r) [atoms/vac]
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Gap between the He atoms and the Fe matrix
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Gap size as a function of bubble radius
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Radial profile of atomic density in the bubble

n(r) [atoms/vac]
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Oscillation of He density
inside the bubble.
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Radial distribution function (RDF) of He atoms in the bubble
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Flat surfaces in the bubbles

Initial He/Vac ratio = 2 --- Initial radius = 20.0 A --- Finalradius =21.2 A
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Dark coloured areas reveals nearly flat areas in the surface of the bubble.
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Atomic stress in the bubble

1 1
Oapi =7, (mivicxviﬁ + EZ Tijafijﬁ)
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Radial stress profile in the bubble
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Stress in the Fe matrix is
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Radial stress profiles for bubbles of different radius

Mean Pressure (GPa)
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* (---) Dashed vertical lines
show the Voronoi radius
of the bubbles.

 CM: Center of mass

The pressure inside the bubbles
decrease with their radius.
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Dependence of bubble pressure with its radius
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Conclusions and future work

* We have study with MD the evolution towards equilibrium of He bubbles of
different radii and He/Vac ratio in Fe.

* The pressure inside the bubble as a function of its radius satisfy the Young-
Laplace equation.

* The value of the surface tension for the He-Fe interface is larger than the
surface tension of Fe for this potential (~1.75 N /m)

* We plan to study the influence of the Cr concentration in the equilibrium
parameters of He bubbles in Fe-Cr.

* We are also studying the possible coalescence of close He bubbles
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