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New strengthening mechanism of alpha-iron based materials by introduction of
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It has been recognized that plastic deformation of alpha-iron based
materials is governed by dislocations with the Burgers vector of 1/2<111>. In contrast,
high-energy” <100> dislocations have been ignored because of their instability. However, it is
expected that alpha-iron based materials can be strengthened by replacement of major dislocations
with <100> dislocations.

In the present study, we have aimed at opening up a new strengthening mechanism by <100>
dislocations. For this purpose, we explored conditions for introduction of <100> dislocations as
major dislocations.



1/2<111>
<100>
<100> 1/2<111>
<100>
<100>
<100>
(TEM)
<100>
(D] <100>
<100>
<100>
99.998 wt.%
0.1
mm 800
3x 10 m/s
600
7x 10° m/s
(H-3000) TEM
2000 kV 1x
102 em? s 400

TEM

@ <100>

<100>

(RRR: 8000) TEM

<100>
(H-3000)
2000 keV
200 kV TEM
(D] <100>
1/2 <111>
1/2 <111>
600
<100>
400
<100>
<100>
<100>
<100>
<100>
2 <100>
780 K [100]



@

@)

(€)

()

@)

(€)

4)

3
K. Arakawa, T. Amino, H. Yasuda and H.
Mori:  “<110>  Dislocation  Junction

Formation via the Coalescence between
Nanoscale 1/2<111> Prismatic Dislocation
Loops in Iron”, 1S99J International, 57,
2065-2069 (5 pages) (2017). .
https://doi.org/10.2355/isijinternational.ISIJ
INT-2017-173

T.D. Swinburne, K. Arakawa, H. Mori, H.
Yasuda, M. Isshiki, K. Mimura, M.
Uchikoshi, and S.L. Dudarev: “Fast,
Vacancy-free Climb of  Prismatic
Dislocation Loops in Bcc Metals”,
Scientific Reports, 6, 30596 (8 pages)
(2016). . doi:10.1038/srep30596

R. Alexander, M.-C. Marinica, L. Proville, F.

Willaime, K. Arakawa, M.R. Gilbert, and
S.L. Dudarev: “Ab initio Scaling Laws for
the Formation Energy of Nanosized
Interstitial Defect Clusters in Iron, Tungsten
and Vanadium”, Physical Review B, 94,
024103 (15 pages) (2016).
doi.org/10.1103/PhysRevB.94.024103

24
. “TEM

2
B

(2017/11/20,
; )

Kazuto Arakawa: “Dynamic Properties of
Radiation-Produced Defects in Metals:
In-situ Transmission Electron Microscopy
Studies”, The 18th International Conference
on Fusion Reactor Materials (ICFRM-18)
(2017/11/5-2017/5/10, Link Station Hall
Aomori, Aomori, Japan)

.G

129
(2017/10/20,

TEM
( B )
(2017/05/30-2017/06/01,
) )-

©)

(6)

()

®)

)

(10)

(11)

Kazuto Arakawa: “In-situ TEM of
Dynamics of Radiation-Produced Defects in
Metals”, Third International Workshop on
Models and Data for Plasma-Material
Interaction in Fusion Devices (MoD-PMI
2017) (2017/5/22-2017/5/24,
Forschungszentrum Jiilich, Jiilich,
Germany)

.G

(climb) 7
173
(2017/3/15-2017/3/17, ,

).

.G

(2017/3/9-2017/3/9, ,
)

.G

28
2

(2016/12/21-2016/12/21,
, )

.G

TEM
59

(2016/11/18-2016/11/19, ,
)

Kazuto Arakawa, Shigeo Arai, Cosmin
Marinica, Estelle Meslin, Frangois Willaime,
Takafumi Amino, Péar Olsson, Sergei
Dudarev, Yonfeng Zhang, Hidehiro Yasuda,
Hirotaro Mori, Yoshifumi Oshima, Yuta
Yamamoto, Nobuo Tanaka: “Direct HRTEM
Observation of the Clustering Process of
Self-Interstitial Atoms in Iron”, S8th
International Conference on Multiscale
Materials  Modeling (MMM  2016),
Modeling Transport and Phase
Transformations Driven by Irradiation,
Electrochemical and Mechanical Forces
(2016/10/9-2016/10/14, Palais des Congres,
Dijion, France)




(2016/9/21-2016/9/23, , ).

(12) K. Arakawa: “In-situ TEM Studies of
Dynamics of Lattice Defects in Metals”, 9th
Pacific Rim International Conference of
Advanced Materials and  Processing
(PRICM 9), Materials Characterization and

Evaluation  (2016/8/1-2016/8/5,  Kyoto
International Conference Center, Kyoto,
Japan)
(13) D
TEM ”,
4
(2016/7/29-2016/7/29, , )

(14) K. Arakawa: “TEM of Dynamics of
Radiation-Produced Defects in Metals:
Comparison with Simulations”, The 13th
Computer Simulation of Radiation Effects
in Solids (COSIRES 13)
(2016/6/19-2016/6/24, Loughborough
University, Loughborough, Leicestershire,

UK)
(15) K. Arakawa: “Studies on Dynamic
Behaviors of Lattice Defects using

Transmission Electron Microscopy”, 14th
International Workshop on Slow Positron
beam Techniques & Applications (SLOPOS
14) (2016/5/22-2016/5/27, Matsue, Japan)

(16) L«

TEM ”, 28  CCSE

(2016/3/29-2016/3/29,

(17) L
TEM

(2016/2/3-2016/2/3,
)

(18) K. Arakawa: In-Situ TEM of Dynamics of
Lattice Defects, International Symposium
on Advanced In Situ Electron Microscopy
(2015/12/8-12/9, AIMR, Tohoku
University)

(19) K. Arakawa: “TEM of Irradiation Damage:
Electron Irradiation (&lon Irradiation)”,
Workshop on Irradiation Effects in Nuclear
Materials (2015/9/23-25, Oxford University,
UK)

@0__ =

TEM  ”,
(2015/9/17, ).
(21)
55
(2015/8/19-20,
).
22
122
(2015/6/27, )
23
TEM
(2015/5/25, )

(24) K. Arakawa: “TEM Studies on Dynamics of
Small Defects in Metals: Comparison with
Simulations”, MRS Spring Meeting 2015
(2015/4/6-10, San Francisco, USA)

2016-022693
2006 2 9

W ARAKAWA, Kazuto
30294367

2

3)

TANAKA, Nobuo

40126876



KOMATSU, Masao
80309616
SANO, Tomokazu

30314371



