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Mechanism and modeling of one-dimensional motion of interstitial clusters under
ion irradiation

Abe, Yosuke

3,700,000

(1D)

1D

One-dimensional (1D) fast migration of self-interstitial atom (SIA) clusters

formed under neutron irradiation in fission reactors is known to affect the radiation-induced
microstructural evolution in structural materials. In the present study, by in-situ observation
using electron microscopy in self-ion irradiated alpha-iron and its alloys, we examined a role of 1D
migration of SIA clusters under cascade damage condition. The results suggest that the candidate
traps for one-dimensionally migrating SIA clusters are not only impurity/solute atoms, but also
directly formed defect clusters by collision cascade under ion irradiation. Also, the displacement
by high-energy irradiation provides a trigger for causing 1D migration by detrapping the stationary
SIA clusters from the bounded traps, as demonstrated under electron irradiation.



(1D)

1
10
10
825
3mme
1D
1500s
1D 1D
1D
UHP-Fe

1D

1D

1D

0.1mm

TIARA

1D

1D

1D

(oot ETERTESKE

1DESY CESENICHIR

)

o O
7.0 @ Z2TL R O AR

\_ G20,
(ozo—rpe  EFEETEAR
q\g?@iﬂgI%@%
BEOBEESIS
o W [ J
by EAZTH/
\_ EET
1 1D
1D
400KV
1/30s
1D
1D
1D
1D

1D



Total trapping probability by impurity atoms [-]

ol UHP-Fe
'.L; 10'1 L ) 91 L ;/% 5]
W
% /'(/T 0.97
furf |
10‘16 10‘1?
lon beam intensity [ions m? s'i]
2
1D
UHP-Fe: T91:
1D
1D
1D
1D

»" Lines: analytical (1D flow: Pi¥(n,, §)
S Symbols: MC cale. (1D RW)

Dashed line: analytical (1D RW: A.f’,\‘;‘”d(ns, )
1()-3 I Ll AT WA A
10° 10 1072 107 107
(1) [atomic fraction]
4 1D
p(D), p(D)

‘UC_? T T T T T
3 60 UHP-Fe (1.4 x 10%* e m™?s'
S a0 -
2
E 0 ] 1o [ 1
3 0 20 40 60 80 100
1D jump distance [nm]
T T T T T
60 UHP-Fe (2.7 x 10"® jons m s
— 30 8
£ o0 =ttt
g 60 T91 (6.6x10'%ions m?s™") -
5 30 -
8
E 0 1 1 1 L 1
é’ 0 20 40 60 80 100
1D jump distance [nm]
3 1D
UHP-Fe: T91:
1D
T91 1D
1D
2
3
1D
4
1D
1D
5
5102 —————— ]
E [ Symbols: experiment 10”2 dpals, 300 K]
g [ Lines: calculation ]
3 [
- S o Cy=10
< D
% a \‘f\é’o %, Cy=10
> E@; (] M
2 o0
S 102! | N w &
é - \\\CM =10°
é 1 [N
107 107! 10°
Irradiation dose [dpa]
5
G
G/ 5% 10°



1D

1D

1D

1D

defect number density (m'a)

_

o
™
&

1023
22

10

1021

T T
calc.(w/o 1D, 200 C)

exp.(STIP-I: <250 C)
T91 F82H
e @ o"

. *
000.

calc.(with 1D, 200 C)

1
5 10

irradiation dose (dpa)

T91, F82H:

15

1D

20



Abe Y. Satoh Y. Hashimoto N. Ohnuki S. 100

Effects of one-dimensional migration of self-interstitial atom clusters on the decreasing 2019
behaviour of their number density in electron-irradiated o -iron

Philosophical Magazine 110 125

DOl
10.1080/14786435.2019.1673913

5 0 2

Y. Abe and Y. Satoh

Effect of one-dimensional migration of self-interstitial atom clusters on their nucleation and growth behaviour in alpha-
iron under electron irradiation

5th Nuclear Materials Conference

2018

2018

Y. Abe, Y. Satoh, N. Okubo, A. Konno

Effect of one-dimensional migration of self-interstitial atom clusters on their number density in alpha-iron under electron

19th International Conference on Fusion Reactor Materials (ICFRM-19)

2019




Irradiation 3.0

2020

2020

(Okubo Nariaki)

(60391330) (82110)
(Satoh Yuhki)
(20211948) (35403)




