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Fig. 1. 1-STA configuration in W. The purple sphere repres-
ents the STA; the blue one represents the lattice atom.
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K2 2-SIAs IIARIAEELE  (a), (b), (c), (d) M MRAREGE AR WL AR . =48 LA R AR AT 454 B 2540 R B 8L A7 07 B 181 3
BRI URP S5 4 (111) J5 1) AU s 28 (3R STAs, i (B BR O R T
Fig. 2. Schematic illustrations of the 2-SIAs with different configurations: (a), (b), (c), (d) Represent the configuration of the 2-SI-

As-1st, 2-SIAs-2nd, 2-SIAs-3rd and the non-parallel SIAs, respectively. Insets represent the views corresponding to their (111) ori-

entations; the purple sphere stands for the SIA and the blue one stands for the lattice atom.
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Table 1. Formation energies of self-interstitials with dif-

ferent configurations.

Rl figt /eV
1SIA 10.406
2-STAs-1st 18.574
2-SIAs-2nd 20.510
2-SIAs-3rd 20.808
sessile cluster 19.330

2 IR BRKELE I AR RE
Table 2. Binding energies of self-interstitials with differ-

ent configurations.

e it /eV
2-SIAs-1st 2.245
2-SIAs-2nd 0.309
2-SIAs-3rd 0.012

sessile cluster 1.489
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Fig. 3. Diffusive trajectories of 1-SIA for temperatures of (a) 100 K, (b) 700 K and (c) 1000 K.
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Fig. 4. Diffusive trajectories of 2-SIAs-1st for temperatures of (a) 100 K, (b) 1400 K and (c) 2000 K.
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Fig. 5. Views of the sessile cluster obtained by molecular dynamics simulation at different time when T = 500 K: (a) ¢ = 0.5 ns;

(b) t=2nmns; (¢) t =5 ns.
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Fig. 6. Arrhenius plots of diffusion coefficients of single SIA
and di-interstitial atoms in tungsten, which is determined
using MD simulations and plotted as a function of the abso-
lute temperature T (a) 1-SIA; (b) 2-SIAs-1st; (c) 2-SIAs-
2nd.
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# 3 Arrhenius LG PS4 MABRESHI Y BT R RE S HTA 5
Table 3.  Migration energy E,, (in eV) and prefactor D, (in cm?/s) for W clusters diffusion obtained by Arrhenius fitting.

Bk ERHE Em/eV (Arrhenius) T A F Dy /m2-s ! THEE Em/eV (NEB)
1-SIA 0.0274 2.52 x 107 0.0180

2-STAs-1st 0.0386 2.08 x 107 0.0476

2-STAs-2nd 0.0248 1.02 x 107 0.0174
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Fig. 7. Migration barriers for SIAs with different structures
studied by NEB method: (a) 1-SIA; (b) 2-SIAs-1st; (c) 2-SI-
As-2nd.
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Fig. 8. Diffusion coefficient for self-interstitials of different
configuration in tungsten determined by molecular dynam-
ics simulations and plotted as a function of the absolute

temperature 7T (the solid lines are linear fits).
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Abstract

Tungsten, due to its desirable properties (high melting point, low sputtering coefficient, good irradiation
resistance etc.), is considered as a promising candidate for the plasma facing materials in future nuclear fusion
reactors. Therefore, it will work in extremely harsh environments because it is subjected to the bombadement of
high-flux plasma particles and the irradiation of high energy neutrons, resulting in vacancies and interstitials.
The migration behavior of self-interstitial atoms is one of the most important factors determining the
microstructure evolution in irradiated metals because it will greatly affect the mechanical properties of
materials. The study of the diffusion behavior of di-interstitials with different configurations contributes to a
better understanding of the self-interstitial atom behavior in tungsten. Despite the inherent difficulty in
experimental approaches, atomistic simulation provides an effective means of investigating the defect evolution
in materials. In this paper, based on the newly developed interatomic potential for W-W interaction, the
diffusion behavior of self-interstitial atoms in tungsten is studied by molecular dynamics simulation. This work
focuses on the investigation of the diffusion behavior of di-interstitials with different configurations at different
temperatures. The obtained results show that the di-interstitials with the first nearest neighbor configuration
presents the one-dimensional migration in the (111) direction at temperatures below 1400 K. As the
temperature increases, it makes rotations from one (111)- to other (111)-directions. Thus migration of di-
interstitial atoms with the first nearest neighbor configuration exhibits a change in mechanism from one-
dimensional to three-dimensional migration, keeping the stable (111) configuration in the whole investigated
temperature range. The migration of di-interstitial atoms with the second nearest neighbor configuration is one-
dimensional along the (111) direction within a certain temperature range. When the temperature is above 600 K,
the di-interstitial atoms will dissociate into two individual self-interstitial atoms and move independently.
However, the migration of di-interstitial atoms with the third nearest neighbor configuration dissociates at a
temperature just above 300 K. The non-parallel self-interstitial atoms form a sessile configuration within a
certain temperature range. Once the sessile cluster is formed it can hardly move. Interestingly, it will transform
into mobile defect when the temperature is higher than 1000 K. By comparing the migration energy values of
these configurations obtained by nudged elastic band method with those of the Arrhenius fits, we find that the
diffusivity for each of single- and di-interstitial atoms in tungsten is a linear function of temperature rather than

Arrhenius as usually assumed.
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