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Defects responsible for hydrogen embrittlement in metals from in-situ and
two-dimensional distribution measurements of vacancy-type defects
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The primary scope of this research is to determine the lattice defects
responsible for hydrogen embrittlement in metallic materials by in-situ measurements in a hydrogen
environment and under tensile stress. A new experimental system was developed to enable positron
lifetime measurements under tensile stress and while charging hydrogen. In pure iron strained under
conditions of high hydrogen susceptibility, the formation of vacancy-hydrogen complexes during
hydrogen addition and their growth into vacancy clusters by aging in air was observed for the first
time.

In addition, the formation and time dynamics of hydrogen-induced defects in pure nickel was measured
by high-speed positron lifetime measurements. Vacancy-hydrogen complexes were found to form just by
hydrogen addition without tensile stress. By room temperature aging, they gradually disappeared and
the remaining monovacancies became mobile and agglomerated into vacancy clusters, which
progressively increased in size.



HEDE HIPT HELP AIDE HESIV

EBSD-ECCI

99.99%

400

300

BEFFMa (ps)

100

Y
-2 (H)
in situ
PN & O
EHISRH—
@ @ @
[ 7R 2
n u n
VA 2}
KR 0 B

AREsRESE (b

In situ



H,SO,  NH4SCN 400

2
15 mm/min 300 F . EATIAS-
0.015 mm/min =
NS oy
— %
99% =
4{4; 200 F
NS
Helmholtz Zentrum Dresden/ & @ @ ®
Rossendorf ELBE =] A
MePs 100 ' 'm
u [ ] N
VA s
U .‘ 1 1 1
25 KF|FM 3 12 16
AREEFLIEFR (h)
In situ
150 ps 370 ps
185 ps
100
8 & e
2 50
U 1 1 1 L 1
2 350 400 ps 500
15
450
BH SR
1 - 400 =
@ LN
a, st
1 360 f- SO ot S
' e
2 o 300 |
ol
= 950 |

EsRhEsE (h)



13 13 2 5

Michishio Koji Chiari Luca Tanaka Fumi Nagashima Yasuyuki 132

Anisotropic Photodetachment of Positronium Negative lons with Linearly Polarized Light 2024

Physical Review Letters 203001
DOl

10.1103/PhysRevLett.132.203001

Frighetto Francisco F. Chiari Luca Sullivan James P. Buckman Stephen J. Bettega M?rcio H. 78

F. Sanchez Sergio d" A. Barbosa Alessandra Souza Brunger Michael J.

Joint theoretical and experimental study on positron scattering by isopentane 2024

The European Physical Journal D 77
DOl

10.1140/epjd/s10053-024-00799-6

Chiari Luca Noguchi Haruka Michishio Koji 216

Identification of ortho-positronium annihilation sites in Y zeolites by positron lifetime 2024

measurements in different environments

Radiation Physics and Chemistry

111470 111470

DOl
10.1016/j - radphyschem.2023.111470

Noguchi Haruka Chiari Luca 78
Ortho-positronium annihilation processes in Y zeolites under different environments by 2024
measurements of the energy spectra of the positron annihilation radiation

The European Physical Journal D 30 30

DOl
10.1140/epjd/s10053-024-00823-9




Chiari Luca Fujinami Masanori 62

Recent Studies of Hydrogen-related Defects in lron-based Materials 2022

IS1J International 832 839
DOl

10.2355/isijinternational . ISIJINT-2021-422

Chiari Luca Nippa Madoka Ikeda Yuko Sato Tomoyuki Tsujimoto Yuji Kato Atsushi Chiba 139

Naomichi Fujinami Masanori

Free volume in carbon- black- filled isoprene rubber investigated by positron annihilation 2022

lifetime spectroscopy

Journal of Applied Polymer Science 52857
DOl

10.1002/app.52857

Chiari Luca Nippa Madoka Ikeda Yuko Sato Tomoyuki Tsujimoto Yuji Kato Atsushi Chiba 198

Naomichi Fujinami Masanori

In-situ positron annihilation lifetime measurements of strained isoprene rubber filled with 2022

carbon black

Radiation Physics and Chemistry

110267 110267

DOl
10.1016/j - radphyschem.2022.110267

Chiari Luca Komatsu Akari Fujinami Masanori 61

Defects Responsible for Hydrogen Embrittlement in Austenitic Stainless Steel 304 by Positron 2021
Annihilation Lifetime Spectroscopy

IS1J International 1927 1934

DOl

10.2355/isijinternational . ISIJINT-2020-670




Chiari Luca Kojima Kenji Endo Yusuke Teshigahara Hiroki Butterling Maik Liedke Maciej 219
Oskar Hirschmann Eric Attallah Ahmed G. Wagner Andeas Fujinami Masanori
Formation and time dynamics of hydrogen-induced vacancies in nickel 2021

Acta Materialia

117264 117264

DOl
10.1016/j .actamat.2021.117264

Chiari Luca 17
Positron and positronium scattering research 2021
3 13
DOI
Nagashima Yasuyuki Michishio Koji Chiari Luca Nagata Yugo 54
An energy-tunable positronium beam produced via photodetachment of positronium negative ions 2021

and its applications

Journal of Physics B: Atomic, Molecular and Optical Physics

212001 212001

DOl
10.1088/1361-6455/ac3b40

Chiari Luca Ohnuki Chihiro Fujinami Masanori 37
Analysis of the Chemical State in Y-zeolite Pores by Positron Annihilation Lifetime 2021
Spectroscopy

Analytical Sciences 1117 1122

Dol
10.2116/analsci .20P416




Chiari Luca Ohnuki Chihiro Fujinami Masanori

184

A positronium-based systematic study of the physico-chemical properties of zeolite pores

2021

Radiation Physics and Chemistry

109441 109441

DOl
10.1016/j - radphyschem.2021.109441

23 5 15

M. Butterling, M. O. Liedke, E. Hirschmann, M. Wenskat, C. Bate, J. Cizek, L. Chiari, M. Fujinami, A. Wagner

Dynamic study of Vacancy-Hydrogen dynamics using a high-intense slow-positron beam

16th International Workshop on Slow Positron Beam Techniques & Applications

2023

L. Chiari, K. Yamamoto, R. Shirai, K. Michishio

Hydrogen susceptibility of polished pure iron

16th International Workshop on Slow Positron Beam Techniques & Applications

2023

Y. Nagata, K. Michishio, L. Chiari, S. Kuma, T. Azuma, R. Mikami, Y. Nagashima

Fundamental studies of positronium using a high-quality energy-tunable positronium beam

33rd International Conference on Photonic, Electronic and Atomic Collisions

2023




Y. Shiga, N. Sakurai, L. Chiari

Stability evaluation of complex lyophilized formulations by free volume measurements using positron annihilation lifetime
spectroscopy

2023

2023

Y. Nagata, R. Mikami, K. Michishio, L. Chiari, Y. Nagashima

An energy-tunable positronium beam and its application to atomic physics

International Conference on Atomic, Molecular, Material, Nano and Optical Physics with Applications

2023

R. Awaji, L. Chiari, M. Hatano, M. Sugeoi, M. Fujinami

Hydrogen-induced defect behavior in austenitic stainless steels with different hydrogen embrittlement sensitivities

19th International Conference on Diffusion in Solids and Liquids, Heraklion

2023

R. Awaji, L. Chiari, M. Sugeoi, M. Hatano, M. Fujinami

Causal relationship between hydrogen-induced defect formation behaviour and mechanical properties in austenitic stainless
steels

16th International Workshop on Slow Positron Beam Techniques & Applications

2023




Chiari Luca, Yamamoto Kansei, Michishio Koji

Effect of surface processing on hydrogen-induced defects in pure iron

19th International Conference on Positron Annihilation

2022

Shiga Yuta, Sakurai Naoto, Chiari Luca

Stability evaluation of complex lyophilized formulations by positron annihilation lifetime spectroscopy and solid state 1H-
NMR

19th International Conference on Positron Annihilation

2022

Fujinami Masanori, Chiari Luca

Positron annihilation lifetime spectroscopy of unstable hydrogen-induced defects in pure iron and nickel

19th International Conference on Positron Annihilation

2022

Awaji Ryo, Chiari Luca, Sugeoi Mitsuki, Hatano Masaharu, Fujinami Masanori

Hydrogen-induced defect behaviour in austenitic stainless steels with different hydrogen embrittlement sensitivities

19th International Conference on Positron Annihilation

2022




Matsuno Akemi, Chiari Luca, Yamawaki M., Oshima Nagayasu, Sato L., Takai K., Fujinami Masanori

Hydrogen-induced defects in bcc-iron by in situ positron annihilation lifetime spectroscopy

19th International Conference on Positron Annihilation

2022

Chiari Luca, Yamamoto Kansei

Surface treatment effects on hydrogen-induced defect formation in pure iron

184

2022

Chiari Luca

Evaluation of hydrogen-induced defects in iron and austenitic stainless steels by positron annihilation spectroscopy

2022

Chiari Luca

2022

2022




Chiari Luca

Hydrogen induced defects in surface processed pure iron

2022

2022

Chiari Luca

Applications of Ps to material science

14

2022

Chiari Luca

Formation dynamics of hydrogen-induced vacancies in stainless steels and nickel by positron annihilation spectroscopy

184

2023

Nagata Yugo, Michishio Koji, lizuka T., Kikutani H., Chiari Luca, Tanaka F., Nagashima Yasuyuki

Observation of hyperfine resonance of positronium using a static periodic magnetic field

19th International Conference on Positron Annihilation

2022




Chiari Luca Sakurai Naoto Fujinami Masanori

58

2021

Chiari Luca Noguchi Haruka Michishio Koji Fujinami Masanori

Adsorption effects on positronium behavior in Y zeolites

12.5th International Workshop on Positron and Positronium Chemistry

2021

Michishio K. Kuma S. Nagata Y. Chiari L. lizuka T. Mikami R. Azuma T. Nagashima Y.

Photodetachment threshold spectroscopy of the positronium negative ion -first determination of the electron affinity of
positronium-

12.5th International Workshop on Positron and Positronium Chemistry

2021

Nagata Y. Michishio K. lizuka T. Kikutani H. Chiari L. Tanaka F. Nagashima Y.

Hyperfine resonance of positronium using a static periodic magnetic field

12.5th International Workshop on Positron and Positronium Chemistry

2021




Helmholtz Zentrum
Dresden/Rossendorf




