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Diffusion property of helium in tungsten containing defects such as vacancies and grain boundary is 

investigated by use of both DFT calculation and MD simulation. DFT calculations are carried out with the 

“OpenMX” code package and PBE-GGA functional. MD simulations are performed with a potential model 

developed by the downfolding method. Grain boundary is modeled by coincidence site lattice (3, 5). 

 

 

1. Introduction 
Tungsten is one of the most promising 

materials for a plasma facing material of inside 

walls in forthcoming magnetic confinement 

nuclear fusion reactors. In the surface of plasma 

facing materials, high concentrations of hydrogen, 

hydrogen isotopes and helium can build up and 

interact with the materials. These interactions will 

induce changes in the surface morphology and the 

bulk microstructure and thus in the mechanical 

properties. Therefore, the mechanical properties 

and the structural strength of tungsten under 

exposure to plasma irradiation have been 

intensively investigated both experimentally and 

theoretically [1-9]. 

In our previous work [8], the binding energies 

of mixed helium and hydrogen clusters consisted 

of interstitially trapped atoms in bcc tungsten are 

evaluated by first-principles calculations based on 

density functional theories (DFT). It is shown that 

helium-rich interstitially-trapped clusters have the 

positive binding energies and the low 

electron-density region expand as the number of 

helium in the cluster increase as shown in Fig. 1. 

These results indicate that the helium-rich 

interstitially trapped clusters can act as a trapping 

site for hydrogen, and interstitially trapped 

helium interrupts or disturbs the hydrogen 

diffusion in tungsten. 

In the present study, diffusion property of 

helium in tungsten containing defects such as 

vacancies and grain boundary is investigated by 

use of both DFT calculation and molecular 

dynamics (MD) simulation, whose potential 

model is developed by the downfolding method 

[10]. 

Diffusion property of hydrogen in tungsten and 

effect of helium onto hydrogen diffusion are 

important to clarify in order for nuclear fusion 

reactor engineering. As these require construction 

of a reliable potential model which can treat 

mixture of hydrogen, helium, and tungsten, they 

remain future works. 

 

 
 

Fig.1. Optimized atomic configurations and the low 

electron-density isosurfaces for the system containing 

6-He and 1-H atoms obtained by a DFT calculation. The 

yellow, red, and blue spheres represent W, He, H atoms, 

respectively. The isosurfaces indicate 0.036 electrons 

a.u.
-3

, representing low electron density region. Helium 

atoms are relaxed at tetrahedral sites on a plane. 

 

2. Simulation Model 
2.1 DFT calculation 

DFT calculations in this study are carried out 

with the “OpenMX” code package [11]. The 

generalized gradient approximation with Perdew 

-Burke-Ernzerhof functional [12] is used for the 

exchange-correlation potential. Linear combinations 

of pseudo-atomic localized orbitals [13,14], norm 

-conserving pseudo-potentials [15], and projector 

expansions [16] are employed for core Coulomb 

potential. All the calculations are carried out at 

20aC2-2 



 

constant volume with the atomic positions in the 

supercell fully relaxed with use of the Broyden 

-Fletcher-Goldfarb-Shanno method [17-20]. 

 

2.2 MD simulation 

MD simulations in this study are performed with 

a potential model for tungsten and helium system 

developed by the downfolding method, where 

potential function is optimized by comparison with 

various data of structure and energy obtained by 

DFT calculations [10]. The temperature of the 

simulation system is controlled by Nosé-Poincaré 

thermostat. The periodic boundary condition in x-, 

y-, and z-direction is employed. 

 

2.3 Model of Grain Boundary 

Coincidence site lattice (CSL) [21] with lower 

index (such as 3 and 5) is employed as a model 

of grain boundary. Figure 2 depicts the grain 

boundary modeled by 5 CSL. All of the tungsten 

atoms positions are relaxed with DFT calculation 

before MD simulation. 

 

 
 

Fig.2. A model of grain boundary constructed by 

coincidence site lattice (CSL) Blue and orange solid 

circles represent tungsten atoms of two distinguished 

(001) crystal layers aligned on paper. Light blue and light 

orange solid circles show tungsten atoms located on the 

surface next to paper. Green line and open circles show 

the grain boundary and coincidence sites, respectively. 

The crystal layer represented orange circles is rotated 

around [001] axis with an angle of 36.87 degree. 
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