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Bl 1 b//m LSRR S (T = 800 K, MIURTEE h =5 nm) (a) ¢ =0.001; (b) ¢ =0.018; (c) t=0.115;(d) ¢t =
0.170; () ¢ =0.239; (f) t = 0.245; (g) ¢ = 0.246; (h) t = 0.247; &l fo 20 B € {0 (100) fir 5, R0 €10 2 1/ 2(111) fi 4t
RN N E IS v

Fig. 1. Orientational change and decomposition of a b//n dislocation loop at T'=800 K and the initial depth of h =5 nm:
(a) t=0.001; (b) t =0.018;(c) t=0.115;(d) t =0.170; (e) t =0.239; (f) t =0.245; (g) t = 0.246; (h) t = 0.247 . The pink
loop stands for the (100) type dislocation, the green one for 1/2(111) . The blue arrows denote the direction of Burgers vector.
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Fig. 2. Stress variation of a b//n dislocation loop at T'= 800 K and initial depth of A =5 nm in motion: (a)-(e) The stress of
the dislocation loop as it moves toward the surface ((a) ¢ = 0.014, (b) ¢ = 0.018, (c¢) ¢ = 0.066, (d) ¢ = 0.115, (e) t = 0.239); (f) the
stress after the dislocation loop has been completely removed from the surface, t = 0.247.
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Fig. 4. Variation of the dislocation geometry of a b//n dis-

location loop in motion: (a) The geometry of the disloca-

tion loop away from the surface; (b) the geometry change of
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Fig. 3. Surface morphology after the interaction between

the dislocation loop while interacting with the surface. Blue
represents the edge dislocation, red represents a screw dislo-

b//n dislocation loop and surface has ceased to occur. cation.
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Fig. 5. Orientational change and decomposition of a blmn dislocation loop at T'=800 K: (a) ¢t=0.018; (b) t=0.115;
(c) t=0.170; (d) t=0.245; (e) t=0.246; (f) t =0.247. The pink loop stands for the (100) dislocation, the green part for
1/2(111) , the physical quantity at the bottom represents the initial depth of the dislocation loop.
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Fig. 6. Variation of the formation energies of the disloca-

tion loops ( b//m and bln ) with increasing depth.
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Fig. 7. Image forces of the dislocation loops (b//m and
bln ) with increasing depth.
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Fig. 8. Retention time variation of the b//m dislocation
loops with temperature and depth. The numbers 1-10,
11-20, and 21-30 are used to specify the dislocation loops
located at the initial depth of h = 3,5, 7 nm, respectively.
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Fig. 9. Binding energy of the dislocation loop with a pair of helium atoms: (a), (b) The binding energies in direction [ and I of
b//n dislocation loops; (c), (d) the binding energies for the bln dislocation loop. loop; — loops correspond to the dislocation
loops located at h = 1.5, 2, 2.5, 3, 3.5 nm. The abscissa of (a) and (c) represents the distances between the pair of helium atoms
and the dislocation loop, and the ordinate of (b) and (d) is for the depth.
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Fig. 10. Variation of the retention time with temperature
and depth for the b//n dislocation loops existing in the W
lattice cell containing a pair of helium atoms. The numbers
1-10, 11-20, and 21-30 are used to specify the dislocation
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Molecular dynamics simulation of dynamic migration of (100)
interstitial dislocation loops under (010) surfaces of pure W
and W containing helium impurity”

Qin Meng-Fei?  Wang Ying-Min?  Zhang Hong-Yu!'’  Sun Ji-Zhong V*
1) (School of Physics, Dalian University of Technology, Dalian 116023, China)
2) (School of Materials Science and Engineering, Dalian University of Technology, Dalian 116023, China)

( Received 23 April 2023; revised manuscript received 3 September 2023 )

Abstract

In the fusion irradiation environment, dislocation loop defects occurring under plasma-facing tungsten
surface affect its mechanical properties and hydrogen/helium retention. This paper studies the dynamic
behaviors of a (100) loop with a radius of 1 nm under the W (010) surface by using molecular dynamics
simulation at the atomic level. It is found that the dislocation loop direction, bulk temperature, depth, and
helium atoms can greatly affect the motion of dislocation loops, showing that the b//n dislocation loop, where
b is the Burgers vector and n denotes the surface normal direction, tends to move towards the surface and the
bln dislocation loop tends to stay in the material. In the course of its migration, the habit plane of dislocation
loop may change and the internal stress decreases gradually. The probability of a b//n dislocation loops
escaping from the surface is over 90% when the temperature is higher than 800 K and their initial depth is less
than 5 nm. The bln dislocation loop can escape from the surface when the temperature is 800 K and the
initial depth is less than 2 nm. It is found that (100) dislocation loops decompose into 1/2(111) dislocations at
elevated temperatures. Helium atoms impede the migration of dislocation loops and increase their retention
time. The existence of dislocation loops results in the uneven distribution of helium atoms under the W surface,

and will potentially affect the surface morphology of tungsten.
Keywords: molecular dynamics simulation, dislocation loop, image force, helium
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