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Mechanism study of hydrogen embrittlement by martensite transition visualization
system and X-ray tomography
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To understand the mechanism of hydrogen embrittlement of austenitic
stainless steels from the viewpoint of phase transformation, we developed a novel system for
guantitative in-situ observation of martensitic transformation during material testing of
hydrogen-charged materials and evaluated phase transformation in tensile and fatigue specimens of
hydrogen-charged materials. In the tensile test, it was confirmed that hydrogen enhanced the
work-induced martensitic transformation. For discussion, in-situ phase analysis during tensile tests

was performed at the synchrotron radiation facility, and it was confirmed that the hydrogen charge
promoted the formation of the epsilon phase and the martensitic phase. Fatigue tests confirmed that

hydrogen suppressed martensitic transformation around the cracks and that the crack surfaces were
in contact.



A)

B)
EBSD ,
(1)
(PBY)
650 nm
PBS
PD
(Bi:YiG[1])
DCpower | | Lasat Half-mirror  Garnet
supply [ Optical element
sk éi mEEIIL

B [ Measurement instrument

Half-wave plate =—=— .
Coil

PBS T
Photo E
Detector Dj Z| Shunt _. MOREF

Resistance
S [ P &
Lens P ¢‘.ﬂfr l\
Function ’ 7 4 o {
Photo ,i'l generator 2 : l';’?‘ qfﬂ
Detector {

JREF.

Lock-in amp.

N~ PP

4 A

ASTM-E647 CT
SUS304
CT



270°C 100 MPa

300 h

-0.2

o
o

@
2.0mm SUS304 JIS 72241 14B
( 144 mm x 32 mm)
100 MPa 543K 200
AG-X plus
50x10%s? 0, 5, 10, 15%
ECT TR(transmitter-receiver)
30mm 15mm 3.0mm 0.05mm 415
1.0mm 0.7mm 25mm 0.05mm 300
50kHz 05V 0.1 mm ECT
ECT
(Reduced
A method, Ar ) 3
ECT
X
in-situ European Synchrotron
Radiation Facility (ESRF) 0.140883 A CeO;
0.35m 47.2 um
x 47.2 um ECT
ECT SUS304
36 mm x 8.0 mm 1.0x 10%s?
15%
€Y
R =05, A K =30 MPay m
EDM
2( )
2( )
2 i ,
18] - B AkEF—D 354
8 W EFr—Y
14 I 3t
1.2 2
1 | % 257 ba7
>>- ?c_’ ;
0.8 g 2 1.93
06 £ N 1.45 1.46
04" 2 s - ' B
0.2 —H-AK30-R0.5 - 1
0 —N-A K30-R0.5 .
—N EDM | ]
m%%u@%\\%,\u\b\%m .

SRENTRRNRERNG

A K20, RO.1 AK20, RO.5 AK30, RO.1 AK30, RO.5

4

X



@
ECT 3

ECT
(Electron backscatter diffraction: EBSP)
(Vibrating-sample magnetometer: VSM)

ECT
in-situ 4 0 5 10 15%
15%
€
€ 10%
a
Y
1.5
145 0 Non-charged o
5 14
DHydrogen chanrged
Z135 | yeos £
;% 13
1.25
g 12 + o
g 1
g 1.15 | o
= 1.1 f
= ()
& 1.05 + o
1 Il 1
0 5 10 15 20
Nominal strain (%)
4
[2]
€ SUS304
Y o €
(3] ECT o
in-situ £
€
il o:o - o:u
: ¥200 5% 1L ¥200 5%
- 10% — 10%
E 15% E 15%
g‘ Gl ——15% after E‘ 01 ¥ 15% after
= 0.01 = 0.01 §
0.001 0.001
34 3.6 38 4 42 44 4.6 4.8 5 34 3.6 3.8 4 42 44 4.6 4.8 5
26 [deg] 26 [deg]
(a) Non-charged specimen. (b) Hydrogen charged specimen.

5 in-situ

[1] T. Ishibashi, “Magneto-optical I maging Using Bismuth Substituted Iron Garnet Films Prepared by Metal
Organic Decomposition”, J. Magn. Soc. Jpn., 44, (2020), 108-116

[2] K. J. L. lyer, “Comments on the influence of hydrogen on austenite to martensite transformation,”
Scripta Materialia, 6, 8, (1972), 721-725.

[3] M. Hatano, Y. Kubota, T. Shobu, S. Mori, “Presence of e-martensite as an intermediate phase during the

strain-induced transformation of SUS304 stainless steel,” Philosophical Magazine Letters, 96, 6, (2016),
220-227.



3 3 2 0

Sho Takeda, Yoshikazu Ohara, Tetsuya Uchimoto, Hirotoshi Enoki, Takashi lijima, Eri Tokuda, a7
Takumi Yamada, Yuzo Nagatomo

Characterization of fatigue crack of hydrogen-charged austenitic stainless steel by 2022
electromagnetic and ultrasonic techniques

International Journal of Hydrogen Energy 32223 32234

DOl

10.1016/j - ijhydene.2022.07.105

Shurui Zhang, Benjamin Ducharne, Gael Sebald, Sho Takeda, Tetsuya Uchimoto 134

Magnetic indicators for evaluating plastic strains in electrical steel: Toward non-destructive 2023
assessment of the magnetic losses

NDT and E International 102780 1 12

DOl
10.1016/j .ndteint.2022.102780

G. Diguet, B. Ducharne, S. El Hog, F. Kato, H. Koibuchi, T. Uchimoto, H.T. Diep 579

Monte Carlo studies of skyrmion stabilization under geometric confinement and uniaxial strain 2023

Journal of Magnetism and Magnetic Materials 170819 1 13
DOI

10.1016/j . jmmm.2023.170819

13 1 6

Sho TAKEDA, Tetsuya UCHIMOTO, Damien FABREGUE, Justine PAPILLON, Joel LACHAMBRE

Evaluation of the Hydrogen Effect on Stress Field during Fatigue Testing of Austenitic Stainless Steel by Digital Image
Correlation

20th International Symposium on Applied Electromagnetics and Mechanics (ISEM 2022)

2022




Benjamin DUCHARNE, Gael SEBALD, Shurui ZHANG, Sho TAKEDA, Tetsuya UCHIMOTO

Inductance spectroscopy for electrical steel characterization

20th International Symposium on Applied Electromagnetics and Mechanics (ISEM 2022)

2022
M&M 2022
2022
2022
2022

Kazuki Kanai, Sho Takeda, Tetsuya Uchimoto, Takayuki Ishibashi

Performance Evaluation of High Resolution Eddy Current Probe Using Magneto-Optical Effect

The 19th International Conference on Flow Dynamics (1CFD2022)

2022




53

2023

, , , Nicolas Mary, , , ,

68

2021

Hina Miyauchi, Tetsuya Uchimoto, Sho Takeda, Nicolas Mary, Hirotoshi Enoki, Takashi lijima

Investigation of Hydrogen Embrittlement of Austenitic Stainless Steels by Electromagnetic Nondestructive Testing Method

Eighteenth International Conference on Flow Dynamics

2021

2020

2020




Sho TAKEDA, Tetsuya UCHIMOTO, Toshiyuki TAKAGI, Hiroki YAMAMOTO, Hirotoshi ENOKI, and Takashi 11JIMA

EDDY CURRENT TESTING AS AN EVALUATION METHOD OF THE PHASE TRANSITION OF AUSTENITIC STAINLESS STEELS BY HYDROGEN CHARGING

The 24th International Workshop on Electromagnetic Nondestructive Evaluation (ENDE2019)

2019

M&M2019

2019

Eri Tokuda, Sho Takeda, Tetsuya Uchimoto, Toshiyuki Takagi, Hirotoshi Enoki, Takashi lijima

Hydrogen Embrittlement Evaluation Using Eddy Current Testing on Fatigued Specimens of Hydrogen Charged Austenitic Stainless
Steel

Sixteenth International Conference on Flow Dynamics (ICFD2019)

2019

55

2020




(Takeda Sho)

(10826225) (11301)
(Enoki Hirotoshi)

(90160374) (82626)
(lijima Takashi)

(90356402) (82626)
(Koibuchi Hiroshi)

(00178196) (52101)
(Kim Hyunjeong)

(00614645) (82626)




