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Introduction

Evaluation of the SIA–V interaction by MS

Nanoporous (NP) metals with a large volume fraction of free
surfaces exhibit enhance radiation tolerance, attracting more attention
in nuclear fields[1-4]. The atomic mechanism, however, is poorly
understood.

Fig. 3. (a) Locations of the
adatoms (magenta spheres) and
the SIAs (green and black
spheres) near the surface. (b)
The energy variation (left axis)
in processes 1’, 1 and 2, and the
formation energies (right axis)
of the SIAs near the surface. (c)
and (d) The structural relaxation
after introducing an adatom at
site I and a SIA at site D,
respectively.

Considering engineered application of tungsten (W) as a promising
candidate for plasma facing materials and divertor armour in future
fusion reactors, NP W is selected as a model system in the present
study. Molecular dynamics (MD) and molecular statics (MS)
simulations were performed to reveal the effect of the free surface on
the defect production and evolution. The energetic and kinetic
properties of the interstitial (SIA) and vacancy (V) segregation and
annihilation near the surface were investigated.

Method
Fig. 4. Interaction of the
SIA–V in the bulk at 0 K.
(a) shows the SIA effect on
the stability of the nearby
vacancies. (b) shows the
energy landscapes for the
vacancy migration along
the three typical paths in (a).

The bond-order potential was used to
describe interatomic interactions in W.
The defect formation energy is defined
as:
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The nudged elastic band (NEB)
method was employed to calculate
migration energy barriers of interstitials
and vacancies.

Fig. 5. The energy profile and
landscape for the migration of
Vs towards a SIA-loaded (0 0 1)
surface. (a) shows the migration
paths for the Vs (spheres) near
the surface. Letter A indicates
the SIA after migration from the
bulk. In (b) and (c), symbols a, b,
c, d0, d1, d2, e0, e1 have
identical meaning to that in (a).
Evf denotes the vacancy formation
energy. The inset shows the
annihilation process of the SIA on
the surface with a V near the surface.

Fig. 1. Structures of the simulation models. (a) shows a cylindrical
geometry with diameter 14.24 nm and height 14.24 nm as the ligament in
the NP W containing 142,785 atoms. Red dots with an interval Δ (~ 7.35 Å)
indicate PKAs in the (0 0 1) plane at one-half height. (b) shows the relaxed
structure of a perfect (0 0 1) surface containing 6,750 atoms as a
simplification of the surface of the ligament.

Results
Primary radiation damage at 300 K
Fig. 2. (a) The
dependence of the
number of surviving
point defects after 10
ps MD runs on the
initial PKA distance
from
the
mode
surface. (b) and (c)
show representative
snapshots of the
evolution of collision
cascades created by
PKAs at A and B in
(a), respectively.

Fig. 6. The energy landscapes for
the SIA and V diffusion in the bulk,
near the surface and along the
surface.

Fig. 7. (a) Schematic illustration
of the self-healing processes, (b)
final state of defect evolution on
the nanosecond time scale of MD.

Conclusions
1. Ejection of the surface atom
1’. Adsorption of the atom
2. SIA migration towards the surface
3. Annihilation of the SIA–V pair in the bulk
4. Possible migration of the vacancy towards a pure surface

1. The free surface acts as an effective sink for the SIA and V
with preferential absorption of the SIA in NP tungsten.
2. SIAs and Vs will be pined at the surface due to high energy
barrier on the surface.
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