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Fig. 1. Simulation model of the interaction between disloca-
tion and dislocation loop.
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Fig. 2. Time-displacement curves of edge dislocation: (a) Pure V; (b) TiVTa alloy.
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Fig. 3. Dislocation velocity with temperature and stress: (a) Pure V; (b) TiVTa alloy.
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Fig. 4. Edge dislocation lines in pure V and TiVTa alloy.
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Fig. 5. Interaction between dislocation and (100) loop with
60 self interstitial atoms at 150 MPa in pure V: (a) ¢t = 0 ps;
(b) t =20 ps; (c) t =24 ps; (d) t = 28 ps; (e) t = 36 ps.
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Fig. 6. Interaction between dislocation and (100) loop with
144 self interstitial atoms in pure V: (a) ¢ = 0 ps; (b) ¢t =
22 ps; (¢) t = 160 ps.

X 07 RH e K (100) 2R, 45 7E 150 MPa Al
200 MPa | (932 g ¥ FRPHAR, AT 40 )3
| 250 MPa i}, (785 A VIR O B M TIZ 31, B
(100) FRXF TI A7 532 2l 1) BELRS Bl 25 {07 6 2 R 1 34
PG . FRERF SRR R ST (111) SRR 52 3h
7R A BB A, X T RS S/ N (111) B8, (7 5]
ISR M ETE B, R 7 B, T BRECh
144 F1 400 19 (111) 35, RS RS olad R vp g A
R sh— R I RTE s, WK 8 s, S e F11E
FTR SIS (111) PRARE Befh, BEJS (111) PRRFFE
FENIARZR I IRBEN F— R M Tz 3l R T (111)
WAETE R RS sh e, R H BT E A4 T &
3l FeJa YIS BN o B, A S PR

(a) (b)

BT 4V P RS R B 64 1Y (111) BR A B4R
(a) t =16 ps; (b) t =20 ps; (c) t = 24 ps

Fig. 7. Interaction between dislocation and (111) loop with
64 self interstitial atoms in pure V: (a) ¢ = 16 ps; (b) t =
20 ps; (c) ¢ = 24 ps.
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Fig. 8. Interaction between dislocation and (111) loop with
144 self interstitial atoms in pure V: (a) ¢t = 0 ps; (b) ¢ =
20 ps; (c) t =22ps; (d) t = 76 ps; (e) t = 118 ps; (f) t =
124 ps.
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Fig. 9. Edge dislocation and (111) loop in TiVTa alloy.
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Fig. 10. Interaction between dislocation and (100) loop
with 60 self interstitial atoms in TiVTa alloy: (a) ¢t = 0 ps;
(b) t =132 ps; (c) t = 144 ps.
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Fig. 11. Interaction between dislocation and (111) loop
with 64 self interstitial atoms in TiVTa alloy: (a) ¢ = 0 ps;
(b) t =160 ps; (c) t = 212 ps.
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Fig. 12. Interaction between dislocation and (111) loop
with 400 self interstitial atoms in TiVTa alloy at 550 MPa:
(a) t =0ps; (b) t = 32ps; (c) t = 360ps; (d) ¢t = 52 ps;
(e) t = 60 ps.
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Fig. 13. Interaction between dislocation and (100) loop
with 416 self interstitial atoms in TiVTa alloy at 550 MPa:
(a) t=0ps; (b) t =28 ps; (c) t =60 ps; (d) ¢t = 68 ps.
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Fig. 14. Interaction between dislocation and (100) loop
with 144 self interstitial atoms at 700 K in pure V: (a) t =
Ops; (b) t =24 ps; (¢) t = 28 ps; (d) ¢t = 40 ps; (e) ¢ =
48 ps.
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Simulation study on edge dislocation motion and its
interaction with dislocation loop in

pure V and TiVTa alloy”
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Abstract

The motion of edge dislocations and the interaction between edge dislocations and dislocation loops in pure

V and TiVTa alloy are simulated in this work, with the aim to reveal the influences of the existence of (111)

dislocation loops, which are dominant in pure V, and (100) dislocation loops, which are dominant in TiVTa

alloy, on the irradiation properties of materials and the differences between the irradiation properties influenced
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by the two types of dislocation loops. The edge dislocations and (100) loops and (111) loops with different sizes
are introduced into pure V and TiVTa alloy by using molecular dynamics simulation technology. The effects of
loop type, loop size, and temperature on the interaction between edge dislocations and dislocation loops in pure
V and TiVTa alloy are compared with each other and analyzed. The differences in interaction between
dislocations and dislocation loops are summarized, and the reasons are revealed.

The simulation results of edge dislocation motion reveal that the velocity of edge dislocations in the pure V
decreases with temperature increasing, while the velocity of edge dislocations in the TiVTa alloy shows no
significant relation to temperature. This is due to phonon-drag mechanism controlling the motion of edge
dislocations in the pure V. In the TiVTa alloy, due to inevitable local chemical fluctuations, the phonon-drag
mechanism and the nanoscale segment detrapping mechanism simultaneously control the motion of edge
dislocations.

The simulation results of the interaction between edge dislocations and dislocation loops show that there
are two kinds of interaction mechanisms between dislocations and loops in pure V and TiVTa alloy: for small
dislocation loops, dislocations tend to absorb the loops and continue to move; for large dislocation loops,
dislocations tend to go through the loops and then move forward. With the size of dislocation loop increasing,
the stress required for dislocations to detach from the dislocation loops also increases. With the increase of
temperature, the stress required for dislocations to detach from the dislocation loops decreases. This is because
the larger the size of the loops, the larger the contact area between dislocations and loops, and the greater the
obstacle presented by the loops. With the increase in temperature, atomic vibrations are accelerated, and the
hindrance of the loops is reduced.

When comparing the interaction between (100) loops and (111) loops and dislocations, it is found that the
hindrance of (111) loops to dislocation movement is lower than that of (100) loops, and the difference in the
hindrance to dislocation between (100) loops and (111) loops is more significant in pure V than what is
observed in TiVTa alloy. This is because the mobility of (111) loops is higher than that of (100) loops, the
hindrance to dislocation motion of (111) loops is lower than that of (100) loops. However, in the TiVTa alloy,
significant lattice distortion reduces the mobility of (111) loops. Therefore, the hindrance of (111) loops in the
TiVTa alloy is lower than that of (100) loops, but the difference between them is reduced compared with what
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is observed in pure V.

PACS: 81.05.Bx, 02.70.Ns DOI: 10.7498/aps.74.20241757

CSTR: 32037.14.aps.74.20241757

078101-9


http://doi.org/10.7498/aps.74.20241757
https://cstr.cn/32037.14.aps.74.20241757
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

BEVRITIVTa & TIN5 B 3 R 5o 5 A8 0 2 I ELAE P BB 2

EBSL WG 2

Simulation study on edge dislocation motion and its interaction with dislocation loop in pure V and TiVTa alloy
WANG Shumin  HE Xinfu ~ DOU Yankun

5 Fi{# B Citation: Acta Physica Sinica, 74, 078101 (2025) DOI: 10.7498/aps.74.20241757

CSTR: 32037.14.aps.74.20241757

TELR T2 View online: https://doi.org/10.7498/aps.74.20241757

A ZE View table of contents: http://wulixb.iphy.ac.cn

AT ARG HAh SCEE

Articles you may be interested in

ANFIRE T beo-Fe RO AL L H S (1L 55 PN AR AT

Screw dislocation slip and its interaction with [] dislocation loop in bee—Fe at different temperatures

PPz 2021, 70(6): 068701  https://doi.org/10.7498/aps.70.20201659

Ti-V-TaZ - T0HA 4 58 IR AL B PP L) 900K B B 54D
Cascade overlap simulation of formation of dislocation loops in Ti—-V-Ta multi—principal element alloy

YrH2E 4. 2024, 73(22): 226102  hitps://doi.org/10.7498/aps.73.20241074

() B B B PR PR 24 S B A A B (010) R 1 R I8 3147 19 43180 1220

Molecular dynamics simulation of dynamic migration of interstitial dislocation loops under (010) surfaces of pure W and W containing
helium impurity

WIBEAEAR. 2023, 72(24): 245204 hitps://doi.org/10.7498/aps.72.20230651

e LR AR S AR IR ) 20530 1 2840

Molecular dynamics simulation of mechanism of interaction between dislocation and amorphism in magnesium

Y2, 2022, 71(14): 143101 https://doi.org/10.7498/aps.71.20212318

TS AR B B YA PR — AEIT R IR Y S WL
In—situ study of one—dimensional motion of interstitial-type dislocation loops in hydrogen—ion—implanted aluminum

YIBR2EA. 2022, 71(1): 016102 hitps:/doi.org/10.7498/aps.71.20211229

ZNOKZE i RS ] B L AR S T AL AL LR ST

Investigation into movable dislocation evolution feature and strengthening effect for metal twin Al from atomic perspective

PFEEEAR. 2022, 71(2): 029601  https:/doi.org/10.7498/aps.71.20211305


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.74.20241757
http://wulixb.iphy.ac.cn
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201659
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.70.20201659
https://doi.org/10.7498/aps.70.20201659
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.73.20241074
https://doi.org/10.7498/aps.73.20241074
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.72.20230651
https://doi.org/10.7498/aps.72.20230651
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20212318
https://doi.org/10.7498/aps.71.20212318
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211229
https://doi.org/10.7498/aps.71.20211229
https://wulixb.iphy.ac.cn/article/doi/10.7498/aps.71.20211305
https://doi.org/10.7498/aps.71.20211305

	1 引　言
	2 模拟设置
	2.1 纯刃位错模型
	2.2 刃位错与位错环相互作用模型

	3 模拟结果与讨论
	3.1 纯V和TiVTa合金中的刃位错运动
	3.2 纯V和TiVTa合金中位错与位错环之间的相互作用
	3.2.1 位错环尺寸和类型的影响
	3.2.2 温度的影响


	4 结　论
	参考文献

