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.l Mission -

The ICC-IMR was founded in April 2008 as the center for international collaboration
of the Institute for Materials Research (IMR) a center of excellence in material science,
consisting of 27 research groups and six research centers. The ICC-IMR works as a
gateway of diverse collaborations between overseas and IMR researchers. The
ICC-IMR has invited 94 visiting professors and conducted 26 international research
projects since its start-up (please inspect the graph below for more details,). The appli-
cations are open to foreign researchers and the projects are evaluated by a peer-review

process involving international reviewers.

ICC-IMR coordinates five different programs:

1) International Integrated Project Research

2) Visiting Professorships

3) International Workshops

4) Fellowships for Young Researcher and PhD Student
5) Material Transfer Program

We welcome applicants from around the globe to submit proposals!
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Visiting Professors

No. Title in IMR Name Affiliation Host Professor Proposed Research Term
24G1  |Visiting Professor |Jean-Marc Debierre |Aix-Marseille University, France |Prof. Fujiwara | L"coretical Study on Kinetics at |, 5 15 5004 6.14
Crystal/Melt Interface
Visiting Assistant Search for Quantum Criticality in
24G2 | VISMNG ASSISTANT A ing Maurya Mizoram University, India Prof. Aoki Low Dimensional Ferromagnet |2024.11.1-2025.1.28
Professor .
UNi,P,
Huazhong University of Science Investigation on New Quantum
24G3 |Visiting Professor |Zhongwen Ouyang g y Prof. Nojiri States in Triangular-Lattice 2024.10.11-2024.11.19
and Technology, China . .
Dimer Antiferromagnets
24G4 |Visiting Professor |Jaegeun Hah Kwangwoon University, Korea  |Prof. Seki | novel Fabrication of Self- 2025.1.20-2025.2.26
Organized Nano-Thin Films
Fabricating 3D Nanomagnetic
24G5 |Visiting Lecturer |Jack C. Gartside  |University College London, UK |Prof. Seki  |/\rrays for Reconfigurable 2025.2.17-2025.3.28

Magnon Frequency Combs and
Neuromorphic Computing
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Silicon solidification near a well-characterized grain boundary:
comparison between experiment and analytical model

Abstact: A model based on Ben Amar-Pomeau (BAP) equation for faceted solid-liquid interfaces is
proposed, in order to interpret experimental results obtained in silicon solidification experiments. We
focus here on the case of a X27a grain boundary. The dynamics of the grain boundary groove displays
pinning of the groove bottom, steady increase of the facets that bound the groove, and, at regular time
intervals, rapid solidification of the liquid trapped inside the groove. The proposed model produces a
time evolution of the solid-liquid interface that compares very quantitatively with the experiments.

Grain boundaries usually have detrimental
effects on the conduction properties of silicon.
These effects can result from local breaking of
the crystalline translational order and/or breaking
of the chemical purity. Understanding the role of
grain boundaries is thus crucial to help
controlling the quality of silicon produced through
a solidification process for applications such as
solar energy conversion.

During my visit at IMR Sendai, one year ago, |
worked in Pr. Fujiwara’s group, specifically
discussing one of their experiments where the
time evolution of a grain boundary of the X27a
type was observed [1]. Near the grain boundary,
the solid-liquid (S-L) interface forms a wedge
groove limited by two (111) facets. The deepest
point of the groove appears to be pinned at a
fixed location. As time flows, the two facets that
bound the groove increase in size. At regular
time intervals, rapid solidification of the liquid
trapped inside the groove occurs (see Fig.1) and
the groove recovers its initial small size. This
evolution has a period of a few tens of seconds.

500.00um

Fig. 1 S-L front evolution in the experiment

In order to interpret this experiment, | proposed a
simple model based on the following
assumptions [2]:

BAP interface equation holds any time
Groove bottom is fixed

Facet normal velocity is zero

Global front velocity V is constant
Temperature gradient G in the groove
reduces in time, due to thermal effects
A simple code based on this model was
implemented with the experimental values
V=15.7 um/s and G=3.7 K/cm that correspond to
Fig.1. Time evolution of the front over a period of
30 s is represented in Fig.2.
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Fig. 2 S-L front evolution in the model (scales in um)

The proposed model produces a time evolution
of the solid-liquid interface that compares very
quantitatively with the experiments. Possible
improvements of the model would consist in
relaxing some of the assumptions made (1 to 5).
For instance, assumption 4 may be made less
stringent to mimic the experimental observation
that the outer front velocity is not perfectly
constant (see Fig.1).

References
[1] Lu-Chung Chuang and K. Fujiwara, unpublished results.
[2] Jean-Marc Debierre, unpublished results.

Keywords: crystal growth, grain boundaries, facets

Full Name Jean-Marc Debierre, Aix-Marseille University, France

E-mail: jean-marc.debierre@im2np.fr
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Search for quantum criticality in low dimensional ferromagnet UNi,P»

Abstract: Single crystals of UNis(P1.xAsx)2 have been grown successfully and are found to emulate
negative pressure on the parent stoichiometric quasi-one dimensional ferromagnet UNisP,. The
substitution suppresses the ferromagnetic order marginally but overall it remains robust against the
negative chemical pressure. Higher concentration samples (x = 0.4 and x = 0.5) exhibit additional peak
in heat capacity, origin of which is yet to be confirmed.

Existence of a ferromagnetic quantum critical
point in correlated electron materials is not only
elusive but efforts to search for it have brought in
exotic phenomena that have led to a better
understanding of correlated electron matter at low
temperatures.

UNisP, is a quasi-low dimensional ferromagnet
with a Curie temperature of 25 K. It exhibits
anisotropic  cf-hybridization and Ising type
magnetocrystalline anisotropy as reported in our
previous study [1].

Figure 1: Single crystals of UNis(P+.xAsy). with (a) x = 0.05, (b)
x =0.1, (c) x=0.2, (d) x=0.3, (e) x = 0.4, and (f) x = 0.5.

In the present work, our motivation has been to
tune the ferromagnetic (FM) order in UNisP, by
means of negative chemical pressure achieved
by an iso-electronic partial substitution of
phosphorous atoms with arsenic atoms. The
single crystals of the targeted materials could be
successfully grown by high temperature flux
method (Fig. 1). The actual composition of the
crystals determined from electron dispersive
analysis by X-rays (EDAX) turns out to be slightly
lower than the targeted ones but the Vegard’s law
is followed across the series. A unit-cell volume
expansion up to 4.8 % for the As-substituted
samples with respect to the parent compound has
been observed as per the powder X-ray

diffraction.
The heat capacity versus temperature
measurements reveal the characteristic transition
temperatures as shown in Fig. 2(a). An initial
trend of suppression of the Curie temperature can
be clearly seen. However, at higher doping
concentrations, namely at x=0.4 and x=0.5, an
additional peak is observed, which surprisingly
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Figure 2: (a) Evolution of ferrromagnetic order with arsenic
substitution in UNis(P+.x<Asx)2. (b) Anisotropic magnetization
and (c) electrical resistivity in UNiy(Po sASq5)2.

does not appear in magnetization and electrical
resistivity. The origin of the second peak
henceforth is yet to be confirmed.

The anisotropy in magnetization (Fig. 2(b)) and
electrical resistivity (Fig. 2(c)) of x = 0.5 sample is
qualitatively identical to that of the parent
compound UNi4Po.

In summary, an attempt to apply negative
chemical pressure in UNi4P; is successful and the
FM order overall remains robust against it.
References

[1]A. Maurya, A. Miyake, H. Kotegawa, Y. Shimizu, VY. J. Sato,
A. Nakamura, D. X. Li, Y. Homma, F. Honda, M. Tokunaga,
and D. Aoki Phys. Rev. B 107, 085142 (2023).

Keywords: actinide, crystal growth, magnetic properties
Arvind Maurya, Department of Physics, Mizoram University, India

E-mail: arvindmry @mzu.edu.in
https://mzu.edu.in/department-of-physics/
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Tremendous difference in magnetism between the
triangular-dimer-lattice antiferromagnets Rb2Ni2(SeOs)s and
K2C02(Se03)3

We found the fremendous difference in magnetism between the friangular-dimer-lattice
compounds Rb2Ni2(SeO3)3 and K2Co2(SeO3)3 by structure and magnetic characterization,
high magnetic field magnetization measurements, as well as density-functional theory
calculations.

The newly synthesized Rb2Niz(SeOs)s is 94
magnetically ordered at 5.8 K and
undergoes two-step antiferomagnetic
(AFM) fransitions when magnetic field is
applied along the easy ¢ axis (H//c). The
high-field magnetization at 2 K for H//c
demonstrates a 1/3 magnetization plateau
within 17.6 - 25.1 T, followed by a possible
narrow 1/2 plateau within 27.4 - 28.6 T (see
Fig. 1). No plateau is observed for H//ab. The
density functional theory (DFT) calculations

Magnetization (15/Co)
dM/dH (arb. units)

10 15 20 25 30 35 40 45

reveal that the exchange within the 0 HoH (T)
structural dimer (Jo) is significantly smaller 36
than the exchange in the friangular-lattice Sl e - =
layer (J1), which explains why Rb2Niz(SeOs3)z % 28 e Y z
behaves like an easy-axis triangular lattice = 24f) e
antiferromagnet (TLAF). 2 20f I 8
However, for K2Co2(SeOs)s, which is N 16} 4 z
disordered down to 2 K, the high-field g 12l & 3 =
magnetization at 1.6 K shows a 1/3 g oo
magnetization plateau within 3.6 - 7.7 T and ool T T
a 1/2 plateau within 10.1 - 13.0 T for H//c, and Y0 5 10 15 20 25 30 35 40 45
only a wide 1/3 plateau within 9.1 - 15.5T for . HoH (T)
H//ab (see Fig. 2). The DFT calculations reveal 20l (C) T=2K powder
that Jois much larger than the 1, in contrast g 18} =
with the Ni compound. Thus, K2Co2(SeO3)s is e <
a coupled dimer antiferomagnet that = 4 g
combines the characteristics of AFM dimer g I
and TLAF. Two phenomenological models, 2 osl %
including AFM singlet dimers in K2Co2(SeQa)3 S os} 3
and ferromagnetic structural dimers in S 04}
Rb2Ni2(SeOs)s, are proposed to explain the 02ffsaup e jM
magnetization plateaus along the ¢ axis. 00050 15 20 25 30 35 40 45
HoH (T)
16 Fig.2 High magnetic field magnetization of
S 14 = K2Co02(SeOs)s
é: 1.2} *‘;:'
c 10 > Keywords: high field, magnetism
'% 0.8t '{% Full Name: Zhongwen Ouyang, Wuhan National
Nl T High Magnetic Field Center, Huazhong Univeristy
o - k] of Science and Technology, China
o 04 S E-mail: zwouyang@mail.hust.edu.cn
2 0w © https://whmfc.hust.edu.cn/
0.0
References
HoH(T) [11Z.R. Li, L. Wang, J. J. Cao, Z. M. Tian, Z. X. Wang, Z. C.

Fig.1 High magnetic field magnetization Xia, H. Nojiri, and Z. W. Ouyang, Phys. Rev. B (accepted,
of Rb2Ni2(SeOs)3 2025)
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Title: Dewetting effect of Ag thin film by new seed layer Zr

Abstract: It was confirmed that the dewetting behavior of Ag/Zr thin films varies significantly
depending on the presence of Zr. Ag thin fiims deposited on MgO (001) substrates rearranged
into dot-like structures after heat treatment, and during this process, the Zr layer played an
important role in the nucleation and growth rates.

This study confirmed that the dewetting
behavior of Ag/Zr thin fiims varies
significantly depending on the presence
and thickness of the Zr layer, the amount of

Ag deposition, and the annealing conditfions.

Ag thin fims deposited on MgO (001)
substrates were rearranged into dot-like
structures after heat treatment, during which
the Zr layer played a critical role in
nucleation and growth rates [1-5].

These findings provide valuable
fundamental data for applications involving
thermal stability and patterning of thin films.
They also suggest that similar approaches.

Specifically, in the absence of Zr (i.e., 10 nm
Ag deposited alone), the surface showed

relatfively high RMS roughness, low coverage,

and a high dot density. In confrast, when a 3
nm Zr layer was infroduced, RMS and
coverage tended fto stabilize, which is
intferpreted as the result of the Zr layer
modulafing the surface energy and
promoting more uniform dot formation.
Notably, the combination of 7 nm Ag / 3 nm
Ir yielded the highest coverage and dot
density, suggesting that the Ag thickness
was sufficient and the Zr effectively acted as
a diffusion barrier.

However, as this study was conducted
under limited sample sets and conditions,
follow-up experiments covering a broader
range of variables are needed.

These findings provide valuable
fundamental data for applications involving
thermal stability and patterning of thin films.
They also suggest that similar approaches
may be applicable fo various other
metal/interface combinations. Furthermore,
the results demonstrate how the presence of
a thin layer such as Zr can confrol surface
behavior, indicating potential applications in
nanoscale thin film structure control and
materials engineering.

However, as this study was conducted under
limited sample sets and conditions, follow-up
experiments covering a broader range of
variables are needed. Future work should
include advanced analysis techniques such
as TEM and XPS to elucidate mechanisms at
the atomic structure level.

References

[1] C.V. Thompson, “Solid-state dewetting of thin films,” Annu.
Rev. Mater. Res., 42,(2012) 399—434.

[2] E.M. Hicks, S. Zou, G.C. Schatz, et al., “Controlling plasmon
line shapes through diffractive coupling in linear arrays of
cylindrical nanoparticles fabricated by electron beam lithography,”
Nano Lett., 5, (2005) 1065-1070.

[3] C. Favazza, R. Kalyanaraman, and R. Sureshkumar, “Robust
nanopatterning by laser-induced dewetting of metal nanofilms,”
Nano, 17, (2006) 4229-4234.

[4] L. Zilberberg, S. Mitlin, H. Shankar, and M. Asscher,
“Substrate-induced tuning of the dewetting mechanism of ultrathin
Ag films,” J. Phys. Chem. C, 119, (2015) 28979-28991.

[5] M. Kamiko, W.S. Kim, and J.G. Ha, “Dewetting of Ag/Zr
bilayer films on MgO substrates,” Jpn. J. Appl. Phys., 58, (2019)
SDDFOI.

Keywords: nanostructure

Full Name: Jaegeun Hah (Professor of Kwangwoon University)

E-mail: jgha@kw.ac.kr
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Fabricating 3D Nanomagnetic Arrays for Reconfigurable Magnon
Frequency Combs and Neuromorphic Computing

With the kind support of the IMR & Tohoku University, a breakthrough result was obtained where for
the first time it was demonstrated that fabrication of a quasi 3D magnetic nanodevice comprising a
reconfigurable nanomagnetic array strongly dipolar-coupled to a continuous thin magnetic film can
lead to the generation of a huge number of reconfigurable magnon modes and magnon frequency

comb-like phenomena

NiFe array
Al
Co

Control - Only NiFe film:
One simple mode
ST-FMR Heatmap (Background Subtracted & Log Scale)

5 ST-FMR Heatmop (Background Subtrocted & Log Scale) 13

Magnetic Feld tmT) Magnetic Feld (T}

Figures 1 & 2: Top Schematic of the device
architecture comprising NiFe nanoarray, coupled
via dipolar magnetic field through a nonmagnetic
spacer (here Al) to a continuous ferromagnetic film
(here Co, also NiFe). Bottom Left Control
broadband ferromagnetic resonance spectra —
bare thin film with no nanoarray. A simple, single
resonant magnon mode is observed. Bottom
middle Equivalent spectra for device comprising a
nanoarray coupled to the film, as shown in the
schematic at the top. Here, a broad variety of
complex ferromagnetic resonant modes are
observed — dynamically imprinted by the
reconfigurable nanorray. Bottom right Data
showing an evenly spaced set of comb-like
resonant modes — magnon frequency comb

behaviour.

The study and visit confirmed that coupling a
magnetic nanoarray with programmable state

allows for the imprinting of a broad range of

NiFe film + Reconfigurable Nanoarray:
Many rich & complex nonlinear modes

Magnon Frequency Comb-like Dynamics:

Imegn spacing = 337.1 MHz —— 6.7GHz

® core=337.1 MHz
-2 e
o 2

o 3

H
Frequency (GHz)

complex, reconfigurable magnon modes with
frequency comb-like dynamics into a simple
ferromagnetic continuous thin film. This was
hypothesized in our initial proposal, but until the
visit to the IMR at Tohoku this had not been
observed. This is a significant finding and
represents strong progress and scientific value &
international collaboration enabled by the IMR
visiting professor scheme. These results would not
have been possible at Imperial College London or
Tohoku alone, requiring careful combination of
nanoarray design and magnetic state control
developed at Imperial College London, UK with
advanced thin film technologies and GHz magnetic
spectroscopy facilities and expertise provided by
the IMR in Tohoku, Japan and the expertise, skills
and facilities provided by host Prof. Seki and group,
notably PDRA Varun Kushwara.

The expanded range of frequency dynamics will
enable for far stronger parallelization of GHz

neuromorphic computing processing, a key step
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towards delivering low carbon Al-specific hardware
for future computing technologies, alongside
enabling study of intriguing emergent physical
phenomena — namely the imprinting of complex
magnon dynamics with non-trivial spatial and
dynamic character into magnetic thin films.

This study represents the first step towards a larger

continued research programme between the UK

and Japan, and Imperial College London and
Tohoku University — ideally supported by future
international visits and exchange of personnel,
skills and ideas.

Keywords: nanostructure, feromagnetic, lithography

Full Name: Jack C. Gartside, Imperial College London, Physics

E-mail: j.carter-gartside 13@imperial.ac.uk
https://profiles.imperial.ac.uk/j.carter-gartside 13



Activity Report

Workshops




Workshops

Chairperson or

No. Committee Member Title of Workshop Place Term
Assoc. Prof GIMRT Workshop: The 19th International
24WS1 ) ' Workshop on Biomaterials in Interface Sendai |2024.8.6
Yamanaka .
Science
24WS2  |Prof. Fujita GIMRT Workshop: Workshop on Polarized | o\ 5024 10.21-22
Neutron Sciences and Technology
GIMRT Workshop: The 8th Symposium for
the Core Research Clusters for Materials
24WS3  |Prof. Orimo Science and Spintronics and . Sendai  [2024.11.18-21
the 7th Symposium on International Joint
Graduate Programs in Materials Science
and Spintronics (CRCGP-MSSP2024)
SMS2024 |Prof. Sasaki Summit of Materials Science 2024 and Sendai  [2024.11.27-28

GIMRT User Meeting 2024




The 19th International Workshop on Biomaterials in Interface Science

WA« BCRENT Lk
e HE « UCREY: SRR BRER AR FUCRIETS Wy MEMZ

Kenta YAMANAKA!, Hiroyasu KANETAKA?Z, Nobuhiro TAKAHASHI?, Osamu SUZUKI?, Yoshifumi
SAIJO?, Takayuki NARUSHIMAS?

! Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan
Graduate School of Dentistry, Tohoku University, 4-1 Seiryo-machi, Aoba-ku, Sendai 980-8575, Japan
3Graduate School of Biomedical Engineering and Medical Science, Tohoku University, 2-1 Seiryo-machi,

Aoba-ku, Sendai 980-8575, Japan

1. Bi®

EERECHBNRA v TV V2 v b A v 2 =7 2 =2 BAIHT 2 20113, MR 2
DFHlis g, FPER:, HAEDRERY:, ETY R 0N eia s s I e P0ETH L, R
AARFTIE, BEMEWIITERT, KEBek FIFeRt, R¥BER TR 50 L. Aok
JRE TR L BRI OE OB v AT L2k T 2 2 HINE L TEY-JEEMA v 7
VY= v PR LB LR R T 2720 A AT YT AT ey e s b
Y AT S, =75, BMERBIRZHRL | Ea L EEMDOA v 2 —7 2 — 22 FHEL
T3 7o, FEE O ERE RSB T ETEEL Ao TEH Y, THIT X DRk
D AR EERR AR DT REL 72 B,

The 19th International Workshop on Biomaterials in Interface Science (%, 2024 4 8 H 6
Hichifi T dv, EAMEHCBIES 2 & S S ERDBHOE RO HE L AENEE 72, 4
HOHEMFRIC L 5 A & 22 fFo MBREES TO N, EAMEHCET 24 v T ) V= v
N RARA ORI T 7o DB R A 2R, EERN R T A T T oG Hilvwa TR
—vavOBELERE ko,

2. &

Sz HEILRFe BRI EEE 2z 25 E L, A v 74 v e &0/ ~4 7Y v F
Bif X 4172, Biomaterials, Oral Health Care, Young Innovators, Biomedical Engineering
EA4oDky v avicihF, FEEIEKRY Xiaoli Zhao HEHIZIC X % “Low-cost surface
modification of the Zr-containing biomedical alloys”, & &EZ[GHZE K Her-Hsiung
Huang ##1C & % “Surface Modifications for Dental Implants”, &K #reoficx=
IZ & % “Linking cellular behaviors to transcriptomics at single-cell resolution”, &8I K-
Chih-Chung Huang ##% iC X % “Ultrafast High Frequency Ultrasound Imaging and Its
Biomedical Applications” D&t 4 fFOAFFFHEHS Z N Z WTbNh , £, 2 Z DX v &
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Workshop on Polarized Neutron Science and Technology

FEREE « HACKRY: @JIBAEIIERT HRH Ak
Jeo i AUERT: SRAMEIERT tE B S B IR 5
AR IRZEPREAE R ORAIIERT & B R Bz, £ BRIk 227
TRV — IREAIT R WS R A ERT SR PR
FA—27 U PENAGERT P RELEPY AAHE FES . Huibo Cao
Masaki Fujita, Yoichi Ikeda, Shusuke Takada, Manabu Ohkawara
Institute for Materials Research, Tohoku University, Sendai 980-8577
Koji Kaneko, Takayuki Oku, Michiyasu Mori, Seiko Kawamura
Japan Atomic Energy Agency, Nuclear Science Research Institute, Kokai 319-1112
High Energy Accelerator Research Organization Institute of Materials Structure Science, Oho 300-3256
Oak Ridge National Laboratory, Neutron Scattering Division, Oak Ridge, TN 37830

Keywords: Polarized Neutron Scattering/Diffraction

Workshop on Polarized Neutron Scattering was held at the Institute for Materials Research, Tohoku University,
on October 21-22, 2024. We had over 60 participants each day, including researchers from major international
neutron facilities such as ANSTO (Australia), CSNS (China), ILL (France), ISIS (UK), and ORNL (USA). The
program featured 18 oral presentations across four themed sessions, along with 14 poster presentations.
Discussions covered advanced polarized neutron techniques, developments in *He spin filters, and their
applications in materials science and fundamental physics. The workshop provided a valuable opportunity to
strengthen international collaboration and promote the complementary use of J-PARC and JRR-3. The active

participation of young researchers also highlighted the event’s role in fostering the next generation of scientists.

1. #5 (Introduction,)

HPET-EELIE, BECRCBE T A Y V2 G0 ONMECESNC T 2R A REN TE b2 =—
7 IMFETE T, WERFAIZ L o TRAIRZRGHY — Vv Th b, I HIT, AU RimHYET B — A
ERHWDZ LT, BTOEAS BHENKERS > ZEAHBIN DRV 2 IR & 2 b
EERMTEIMT A D =XV TF v 7 R FWEICB T MRS S DIRER, & 7 VMR
WE DX 7 NVIEICEET DI RORMHIFEER STV DO Th %,

RA RS, RO R R A B 0 B SHRIE 7 A 7 A L LT, A o ki
FXCHHREDED BV TV DRPUTIBN T, FALRFE B EIIZEET (B8F) Tk, AU ZZHER
> BV (SEOPYEIZFS Rt s A T LABARE & Z Doy Seaa~DE N ARG TV, M= Rl F—
HE PRI R L EBR O 72 D OBREEAR A D T\ D, Fio, AR IFeBseE, &=
IV —NRERF TR, IR 78 & L 1@ C, SEOP v A7 A% J-PARC W'H - EfFl 528
R OHVEFHGELZEE 3R E L, R R A R HE I LTV b, 22T 20K
FRHYEF-IFFE A IR L, J-PARC & BFFEHER 47 JRR-3 OFEMHAOFIHIZ K 28 LUWE RO ks
ONTC, HROHMEEZ BT T OER Y — 2 v a vy 748l T o2 L & L,

2. BAfENZ (Experimental procedure)

U—7vay7E, 2024410 A 21 A (), 22 H (K) OZHH, BAEKRF@BAEIERT O

HICTHME LT, 7 r 7T 43K 1, 20EY ThD, sk & RFEOIFRE RO, w7
X Mmf“b\ﬂ%ﬂ 2=T AICERSIEDH T EEAEBEIC, OEBREY > a TIELLTD 4 50
My 7 2D BT G I8 FOREMERIT T,

1. fligh & B =T A BT DR TF




Workshops

2. *"He AV 7 4 V& — « {fia7T /S A A DFFE L& H

3. {2 IO T2 R (28R - PRA)

4. K7 RYET —~ BT B SeimF

— )7, RAX—RFKIL, HLEEVNHFETHERE L, At B EoRERD -7, IR
THEM L, HHBMOIE LA, WH & HIT 60 4L EOSMNRH 0 | TRk msZbInE L
Too FElz. WA BIE. ANSTO (A—A FZ U 7)), CSNS (FE), ILL (7T A), ISIS (1 ¥V
A). ORNL (7 AU H) 72 EOFHEHICERESSMAH 0 . EEREBZTOSG L o7,

Oral presentation

1st day 210ct  Name Ttle 2nd day Name Ttle
Hard matter | H. Cao Unveil hidden spin order and magnetic symmetry through polarized
Y. lkeda (ORNL) neutron diffraction
N. Terada Polarized and Unpolarized neutron diffraction experiments under high
(NIMS) pressure in multiferroic compounds
opening 10:00-10:15 M. Fujita K. Kodama Magnetic pair distribution function (mPDF) analysis on short-range
Facility | 10:15-10:30 [G. Nilsen UAEA) lordering state in frustrated metallic magnets
Wide-angle Polarization Analysis for Energy and Quantum Materials
K. Kakurai 10:30-10:45 [(1S1S) break
10:45-11:00 [A Manning Recent progress with polarised neutron scattering experiments and Hard matter I 10:45- T. Kikkawa Spintronic functionalities based on magnon and nuclear spin
11:00-11:15 |(ANSTO) technical capabilities at ACNS M. Mori 11:00- UAEA) ldynamics and their development into the polarized neutron scattering
break 11:15-11:30 11:15- T. Ziman [Crystal field excitations, Double Umbrellas and Theory of the Spin
2y +e spin filt 11:30-11:45 [T, 11:30- [(T8) |Seebeck effect in Terbium lron Gamet.
ot o fier no 3He Neutron Spin Filter Development at J-PARC
M. linuma 11:45-12:00 |(KEK) 11:45-
12:00-12:15 [S. Takada (Operational applications of 3He neutron spin filters at JRR-3 and J- 12:00-
12:15-12:30 |(Tohoku Univ)  |PARC 12:15-
12:30-12:45 lunch 12:30-
12:45-13:00 12:45-
13:00-13:15 13:00-
lunch
13:15-13:30 13:15-
13:30-1345 Facility + device  |13:30- T. Bigault . i
Polarized neutrons and supermirrors at the ILL
13:45-14:00 S. Yano 13:45- (L
Facility Il 14:00-14:15 [X. Tony 14:00- R. Maruyama [Wide bandwidth neutron polarizing supermirror due to ferromagnetic
g & Update of polarized neutron R&D from CSNS v polertzing sup ©
K. Ohishi 14:15-14:30 [(CSNS) 14:15- UAEA) interlayer exchange coupling
14:30-14:45 M. Matsuda Polarized 3-axis spectrometer PTAX (HB-1) at HFIR: instrumentation 14:30- K. Hiroi Polarization analysis instruments for separation of incoherent
14:45-15:00 |(ORNL) land science 14:45- (AEA) |scattering at BL15 TAIKAN and SANS-J
15:00-15:15 [K. Kaneko Polarized neutron scattering capability under extreme conditions at break 15:00-
15:15-15:30 |UAEA) JRR-3 Bl cvanced Application |15:15- T. Kumada
Recent progress in our spin-contrast-variation neutron scattering
15:30-15:45 M.Fujita 15:30- (UAEA)
15:45-16:00 15:45-16:00 [T. Okudaira Development and applications of the 3He spin filter for the
16:00-16:15 16:00-16:15 |(Nagoya Univ.) [fundamental physics at J-PARC
poster poster
16:15-16:30 16:15-16:30 [T, Higuchi Development of ultracold-neutron spin analyzers for the neutron EDM
16:30-16:45 16:30- (Kyoto Univ.) lexperiment at TRIUMF
16:45-17:00 closing 16:45-17:00_|H. Cao/K. Kaneko
K1 U—Tvavrorars s
o
Psoster presentation
M. linuma  [Development of a polarized La target with a perovskite crystal for exploration of the T-violation with a

(Hiroshima Univ.) |polarized slow neutron

54-2 C. Tabata (JAEA) [The Superconducting Magnet Suite for Polarized Neutrons at JRR-3: Horizontal-Field Magnet

Y. lkeda
54-3 _ |current Status of the Tohoku University Polarization Analysis Neutron 6G-TOPAN in 2024
(Tohoku Univ.)
. Takada
S4-4 Recent and Operational Applications of 3He Spin Filters at MLF Beamlines
(Tohoku Univ.)
S. Takahashi ) o ) o -
sa-5 " |Half-polarized neutron diffraction experiment using an in-situ 3He neutron spin filter at SENJU
(Ibaraki Univ.)
T. Okudaira _ ation usi ; i
s4-6 Search for time-reversal symmetry violation using a polarized neutron beam and a polarized target

(Nagoya Univ.)

S4-7 T. Ino (KEK) In-situ polarized 3He neutron spin filter on POLANO

M. Okuizumi  |Development of an In-situ SEOP System for the Measurement of Spin Correlation Terms in (n, )

4.8
(Nagoya Univ.) [Reactions
o K Asai _|Development of an epithermal neutron polarization device for the T-violation search experiment using
OAEA)  |compound nucle
R Kobayashi
$4-10 Fabrication and Evaluation of 3He Neutron Spin Filter in J-PARC MLF
(Nagoya Univ.)
T.0da )
s4-11 Introduction of the neutron spin echo spectrometers at JRR-3 and J-PARC MLF
(Univ. of Tokyo)
s4-12 M-Fuiita | oring neutron spin polarization science

(Tohoku Univ.)

K2 RAZ—FELDY A

3. AR (Results)
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L0 BRI AFFENZR & LT, CuFeO:X° CuO 72 E D~ VT 7 =t A 7 AZET DL RO
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~ 7 ) DR DN P EELC Ko TRREE LR R E Sz, £72, ThiFesOn 72 &
DAY =y 7 2 7 VDR E IR EE  BEGHRAANE A R TRENE T — R > MKk 2 BERRAIRGT &
R I, BINE & O THROGERE Z 572,

I bz, =Y —v LT A OB (T-F9RRTE) BRI D He AL 7 4 )L H —
RONWHAERIDBR%E, F17 4 TRIUMF |28 @8R OBELKMmR -E— A > MIED- DAL
UPRATERBRFS 72 & FEREER A OIS I S AA A TENE R B DIz, AT, R BRI R
W% %5 NOPTREX FEBRIZMNT AAZHCRM B — A DB LR L TRV . EiWH~DH#
HEATND Z LN SN2, DO ZE U T, Wb Hfii bRl & Sk 7-E &
T, BAVWVGEIZRIT 377 a—7 L L TOFERE L TRV, 5% b EEEEO S L TX
DRRDRBOIIIFESND Z LR ENT, RAX —HERHEO T, WM TR EOS 5 OF I
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4. £ 1 ¥ (Conclusion)
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The 8th Symposium for the Core Research Clusters for Materials Science and
Spintronics, and the 7th Symposium on International Joint Graduate

Program in Materials Science

ZEREH - ALKt PrsE—!
e - AL KR ER 2 7 U —F 27 7 2% — /AIMR  HiF4L T2
Shin-ichi Orimo!, Reiko Sadamoto®
1Institute for Materials Research, Tohoku University, Sendai 980-8577

2The Core Research Cluster for Materials Science / Advanced Institute for Materials Research, Tohoku University, Sendai
980-8577

Keywords: materials science, core research cluster, international joint graduate program

Tohoku University was named one of the first three Designated National Universities in Japan on June 30, 2017 by the
Japanese Government. As a Designated National University, we initiated the “Core Research Clusters” to strengthen four
research fields: materials science, spintronics, next-generation medical care and disaster science. Also, International Joint
Graduate Program in Materials Science aims to cultivate internationally capable and highly creative professionals in the
materials science field. In order to present research activities and discuss future prospects, we hold, continuing from past years,

the international symposium on the Materials Science and Spintronics on November 18 — December 1, 2023.

1. ®S
FALRFIE, 2017 4E 6 H 30 A, AARTHRIIDO 3 2D
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& LT BUERS DA T SRS, A e b International Symposium  7\'z @t ¥ %
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2. BRENE
F8EIH 7R DARFERR Y AR Y T A TiL, CRC-MS O 4§l A BT —~ I TN E S ANt 725 T
A DAY v a L DIEMN, CSISICE Dy ar, 8 7EHEERD GP-MS [CHE§ 5 REF AT K
HAEET v ay, GP-Spin Ik BBy ain, AIMR2 EE I —/—A SEaEx—Talb—A F
AT 7 L AN— D 3 EGEEH L UThie, i (LY S GP-MS By a7
E) 1IN A 7y TR LTz, 4 BFOSHITIZ 4 o7 LY —iEH (55 2 A089MNEN) DiEds, [ENS
BLOERND L OHFFEEHIZE Y, CRC-MS TiZdtyra 164, GP-MS Tld4 v iar 234, CSIST
X3y ar 84, GP-Spin T2y ar 64DEaH 19y ar 5340 REEENMTbONT, £i-.
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- BAE - AEE3324 (HA 1290 44, VESh « 42 44)
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* Plenary 5 : 4 & v a s 2 4
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- CSIS (CRC-Spin) : 3w arv 84 —FN3 4, ¥454 (5Bt 24)
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- 102 7
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AR PR S BRI O b &, BN IR FREOHSET A A v — 25 & E ., #f HME—R
R R FHERIZ K B 7 L U —i#i#” Theory of chiral phonons and their conversions to spin polarizations”737~ / A &’
RIS T Tz, 0%, 3 BB TCSISD 3y g CRC-MS D> s, GP-MS?D3 &y
Ta ryMTbh, TR 6 nlELt T Y a LoN—T ¢ BT, FRER ORI A RED T,

® 2HH (2024411 H 19 A)

AIMR2 (i X F—L— AT, 7 U U —3fiH 2 £F (72— K7 Peter Liaw 4% An Introduction and Superior
High-Temperature Strength in a Refractory High-Entropy Alloy”, JUNIZ/HALKS: 1IN SERIZEZ Nanocatalysts for a
low carbon society: upgrading chemicals through hydrogenation”) 73 V) | IRIZHRA X —1& v ¥ a VBT & FHEICD
2T AIMRI PR B —B L UREEICTRfES Rz, KIS, CRCMS Oty v a 1L GP-MS By a i
EDIEA>, CRC-Spin 52 EGEH M T,

® 3HH (2024411 520 H)

T LU =i & LT ARV KT Frank Caruso 0212 K 2 5#{#H “Nanoparticle Platforms for Therapeutic
Applications” 3 & > 72, D%, CRC-MSAward ZEG##H, CRC-MS Oty = 1, GP-MSDEvi a2
. GP-Spin Dt v a1 thRdH-7-, FHiHIZ CRC-MS Dt v a1 & GP-MS v a1 GP-
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ICC-IMR FY2024 Activity Report

3. ¥LD

FRMILMRORL ARV T LATIE, ZIEH. ZIMEPHE R, RAZ—HRAIFOHINF L0806 DZN
F1LADBRA MRAZ—BIGRIIN G 72 L, HRAFNOENR S E W, Fiiicidmms T o5 et s2 L
INTET, SBIT, BFRUIRERLKFFAIICL DY v a A EEFZEE N ERA e E & Xy hU—
I EEIEE LR RFPOBNERRZEWNIMNI L VIR T E— 352 N TE 1, KRIEILFEDERE S
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5L, Wiz ED T FETH S,

3% (Acknowledgement)

R WU T BE MEEEEHES N 7 L oOUFSE LR (CRC-MS), AE S =2 2R N > 7 L ~OLAgElL
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1) PR T T AR LY
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2) WA RRAY —HZEHGEA~—
https://www.crc-ms.tohoku.ac.jp/en/initiatives/case02/CRCGP-MSSP2024 BestPosterAward.html#
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https://www.crc-ms.tohoku.ac.jp/en/news/2024/11/Timetable Program%20excerpt for%?20reference.pdf
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Summit of Materials Science (SMS) 2024 and Global Institute for Materials Research
Tohoku (GIMRT) User Meeting 2024, November 27-28, 2024

SMS2024 was successfully held at IMR auditorium with almost 300

participants (including online participants) in 2 days from SM 820 24 &
November 27 to 28. GI MRT User
The conference started with welcome greetings by Prof. Rie Meeti ng 2024

Umetsu, Deputy Director of IMR, and Prof. Takahiko Sasaki, colEE

53 November
Director of IMR. 27:-28¢ 2024
IMR Auditorium
The conference was divided into 7 fields, “Strong Correlation and ek ulniveraitReatin Comgly

https://www.sms2024.imr.tohoku.ac.jp/ %

Topology”, “Energy Materials”, “Computational Materials Science

and Informatics”, “Structural Materials”, ‘“Nuclear Materials”,

Andross Ziittel

Righi

“Frontier in Metal and New Materials”, and “Functional Magnetic,

feani

Electronic, and Semiconducting Materials”.
The total number of speakers this time was 27, of which 10 were s e )
invited, including 8 from overseas. The venue was full, a hot

discussion was exchanged at every

field.

The poster session was held on the
evening of the 1st day, and researchers
and students presented their recent
research topics.

The discussion was overflowing until
the next program Mixer, a lively

discussion ensued.



Summit of Materials Science 2024 and GIMRT User Meeting 2024

Date: November 27-28, 2024
Venue: IMR Auditorium, Tohoku University (Onsite)

Day 1: Nov. 27
Opening

10:00 | 10:05 | Rie Umetsu IMR Opening

10:05| 10:20 | Takahiko Sasaki IMR Welcome Address
Number Time Name Affiliation Title

Session A Strong Correlation and Topology (Chair: Yusuke Nomura, IMR)

Goethe University

Strategies to Design Quantum Materials with

A-1 110:20|10:50 | Roser Maria Valenti Erankfurt Exotic Properties
A2 |10:50 | 11:20 | Yoshinori Onose IMR Chlrallty Control and Detection in Metallic
Helimagnets
- The University of . .
A-3 | 11:20 | 11:35 | Yoshihiro Okamura Tokyo Magneto-Optical Study on Topological Magnets
] ) Hiroshima Piezomagnetism in Antiferromagnets with
A4 111:35] 11:50 | Takuya Aoyama University Broken Time-Reversal Symmetry
. i N Neutron Scattering Study on Spin Excitations
A5 1 11:50112:20 Masaki Fujita IMR Coupled with Charge and Lattice Dynamics
12:20 | 13:50 | Lunch Break (Photo Session @1st Building Lobby)

Session B Energy Materials (Chair: Hidemi Kato, IMR)

Lithium-lon Battery Recycling through

B-1 | 13:5014:20  Tetsuya Uda Kyoto University Comminution in Water in Inert Atmosphere

B-2 | 14:20|14:50 | Andreas Ziittel EPFL Power. Plant Units for CO, Neutral Energy
Security

] ) . Development of Metal-Anode Battery and Dual

B-3 |14:5015:20  Tetsu Ichitsubo IMR lon Battery Systems with Multivalent Cation

B-4 | 15:20 | 15:50 | Kozo Fujiwara IMR Fundamental and Applied Research on Crystal
Growth

15:50 | 16:00 | Break

Session C Computational Materials Science and Informatics (Chair: Momoji Kubo, IMR)

University of

Advancing Solid Interface and Lubricants by First

C-1 ]16:00|16:30 | Maria Clelia Righi .
Bologna Principles
C2 |16:30|17:00 EmiMinamitani | Osaka University | = ucidating Structure-Property Correlation in
Amorphous Materials by Persistent Homology
C3 [17:00|17:30 | Yu Kumagai IMR Defec?s |n. Semiconductors: A First-Principles
Investigation
C4 | 17:30|17:45| Kazushi Fujimoto | Kansai University | ecnanical Response Mechanisms during
Compression Fracture of Polymer Particles
17:45|19:00 | Poster Session @2nd Building Lobby
19:00 | 20:30 | Mixer @Lounge




Day 2: Nov. 28

Number

Time

Affiliation

Session D Structural Materials (Chair: Kenta Yamanaka, IMR)

Hydrogen Embrittlement of High-Strength

D-1 | 9:30 | 10:00 | Young-Kook Lee Yonsei University Martensitic Steel
) ) . Alloying Effects on Microstructure Development
D2 110:00110:30  Tadashi Furuhara | IMR in High Strength Steels — from Bulk to Surface
D-3 | 10:30 | 11:00 | Martin Luckabauer University of Tgnlorjlng Omega Trapsformatlon Klpetlgs in Beta
Twente Titanium Alloys for Biomedical Applications
11:00 | 11:10 | Break

Session E Nuclear Materials (Chair: Dai Aoki, IMR)

Field and Pressure Tuning of the

E-1 [11:10| 11:40 | Jean-Pascal Brison | CEA-Grenoble Superconducting Pairing Mechanisms in UTe,
Redesigning, Restructuring and Reviving
E-2 | 11:40|12:10 | Ryuta Kasada IMR Nuclear Materials Research in Japan towards a
New Concept of Irradiation 3.0
Gas-Phase Oxidation of Actinide lons in Triple
E-3 [12:10]12:25 | Hiroyuki Kazama Osaka University Quadrupole Inductively Coupled Plasma Mass
Spectrometry
) ) . . Okayama Spectroscopy of Thorium-229 Nuclear Clock
E4 112:25/12:40 Sayuri Takatori University Transition in 22°Th:CaF, Crystal
12:40 | 13:40 | Lunch Break
Session F Frontier in Metal and New Materials (Chair: Eiji Akiyama, IMR)
) ) Seoul National High Entropy Alloy Foam: Open a New Era of
-1 113:4014:10 | Eun Soo Park University Thermal Protection Utilizing Metals
) i . . Dissimilar Joining of Immiscible Metals by
-2 |14:10114:40] Hidemi Kato IMR Eutectic Melting Induced Liquid Metal Dealloying
E-3 | 14:40|15:10 | Hitoshi Miyasaka IMR Chemo-Switchable MOF Magnets
15:10 | 15:20 | Break

Session G Functional Magnetic, Electronic and Semiconducting Materials (Chair: Yoshinori Onose, IMR)

Ultra-Low Core Loss of Nanocrystalline Soft

G-1 |15:20|15:50 | Kiyonori Suzuki Monash University |Magnetic Alloys Brought about by Near-Zero
Magnetostriction

G2 |15:50 | 16:20 | Takeshi Seki IMR C.ontrol of Magneto-Elasticity in Magnetic Thin
Films

G-3 |16:20|16:35| Takamasa Hirai NIMS Elastocaloric Kirigami Temperature Modulator

G-4 |16:35|16:50 | Yoshitaro Nose Kyoto University | - 0cessing for Group IV Chalcogenides with 2D
Structure Based on Thermodynamics

16:50 | 17:00 | Closing




Poster Session

Mayu!'kuma}r . . . Synthesis and Characterization of Metallic Nanoparticles via Laser
PS01 | Ashwinbhai Nirma University . o - L
Ablation Synthesis in Solution and Aerosol Jet Printing
Makhesana
Institute of Magnetism | Magnetic Properties, Phase Diagram and Low-Temperature Specific
PS02 | Anna Kosogor |\ A5y and MESU Heat of NiggMns,.,Sb, Alloys
PS03 | Yoichi lkeda IMR Current Status of a Triple-Axis Neutron Spectrometer 6G-TOPAN
PS04 |Shigeru Okada |Kanagawa University I\Sﬂ);r::zses and Properties of Single-Phase RuB, Material by Arc Melt
PS5 | Yulin Xie IMR ngh—Throughput Investigation of Cr—N. ngster Formation in Fe-35Ni-
B Cr System during Low-Temperature Nitriding
PS06 | Taiki Miura IMR Effect of ngalmer)t C.rys.tal Ordering on Eorous Structure Formation
E— and Coarsening in Liquid Metal Dealloying
PS07 | Toyoto Sato IMR Hydrogen Absorption Reactions and Crystal Structure of (Y, Mg)Cos
PS08 |Keniji Yoshino University of Miyazaki Developmeqt of Low-Temperature Non-Vacuum Growth of ZnO
I Protective Film for Mg-lon Battery
. . . Syntheses and lts Properties of R(Al,Mo)B, (R=Rare Earth)
PS03 | Kaoru Kouzu Kokushikan University Compounds by High-Temperature Al Melt Method
Takeshi . . Synthesis of AIMgB,, Crystal Using Magnesium Fluoride by Al-Self
PS10 Hagiwara Kanagawa University Flux and Its Physicochemical Properties
e Search for Short-Range Ordering in Medium-Entropy Alloys (Mn-Co-
PS11 | Hong-Fei Zhao | IMR Ni and Cr-Co-Ni) via Neutron Scattering
e . . Nanoparticle Synthesis of BiVO,/Ag for Enhanced Dye
PS12 | Zaskia Alifia University of Toyama | o, jegradation llluminated by Visible Light
Effects of Composition and Processing on the Microstructures,
PS13 | Hiroya Ishii IMR Mechanical Properties and Corrosion Behavior of Biodegradable
Fe-Mn Alloys
PS14 Takumi IMR Figure of Merit of Transverse Thermoelectric Conversion for Magnetic
— | Yamazaki Thin Film Measured by All-in-One Evaluation Method
PS15 Hidetoshi IMR Nonreciprocal Electronic Transport Induced by Current-Induced
—  |Masuda Deformation of Helimagnetic Structure in YMngSng
PS16 | Hsigao-Yi Chen IMR Development of an Ab Initio Method for Non-Coplanar Chiral
— Magnets and Response Properties
. Spin Nematics Meet Spin Liquids: Exotic Phases in the Spin-1
ES17 | Rico Pohle IMR Bilinear-Biquadratic Model with Kitaev Interactions
PS18 | Yoichi Nii IMR Gigahertz Topologlcgl Surface Acoustic Wave on a Nano-Scaled
— Honeycomb Phononic Crystal
Hiroshi Microscopic Imaging of Hydrogen Diffusion in Metals Using
PS19 . IMR o
Kakinuma Polyaniline
. Anisotropy of Critical Current Density Properties of the High-
PS20 | JunyiLuo IMR Performance SS/Ag-Sheathed Ba,_K,Fe,As, Tapes
Emergent V3 x V3 Type Gapless Quantum Spin Liquid in Spin — 1/2
PS21 | Chanhyeon Lee | IMR Random Kagome Antiferromagnet YCu3(OD)g sBrs 5
PS22 | Yuji Seki Keio University Theoretlcal Calculation of Transport Coefficients in Infinite-Layer
- Nickelates
PS23 |Koji Inoue IMR Effects of P on Formation and Growth of Mn-Ni-Si Clusters in Low-Cu
. Reactor Pressure Vessel Steel
PS24 | Haruka Yoshino | IMR Ultrafast Luminescence Sensing with Selective Adsorption of Carbon

Disulfide in an Au(l) Metal-Organic Framework




Number

PS25

Name

Satoshi Iguchi

Affiliation
IMR

Title

Magneto-Optical Detection of Altermagnetism in Organic
Antiferromagnet

PS26 Oleksandr Helmholtz-Zentrum Magnetic Order and Spin Dynamics in Natural Mineral Brochantite
— | Prokhnenko Berlin Cu,SO,(OH)g
PS27 | Qingxin Liu IMR D_ynamlcall Spin Rgorderlng in a Hybrid Layered Ferrimagnet with
— Biferrocenium Radicals
Intra-Lattice Hydrogen Bonds-Related Charge Manipulations
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Formation Mechanism of “Nodular’ Ferrite in Interphase Precipitation

Strengthened Steel

Abstract: -- In this study, nodular ferrite is observed to form in vanadium microalloyed steels after
isothermal transformation at different temperatures, showing no significant difference in hardness
compared to the normal grain boundary allotriomorphic ferrite. In addition, during growth, nodular ferrite
always maintains an orientation relationship with austenite that deviates from the ideal K-S relationship
within 15-30°, with a specific rotation axis. This suggests that austenite and three VC variants, which
hold B-N orientation relationship with ferrite, may have a specific orientation relationship.

Ferrite transformation behavior in steel has
been widely investigated in the past decades for
its industrial importance. Morphology of ferrite is
known to be allotriomorphic or idiomorphic at
high transformation temperature and
Widmanstatten or acicular at low transformation
temperature. However, we revealed that the
isothermal transformation product of a low
carbon V-containing steel (Fe-0.1C-0.4V-1.5Mn,
wt. %) exhibits abnormal ferrite morphology, with
some ferrite turning into "nodular" one that grows
radially into austenite. In this study, a series of
vanadium-containing low carbon steels were
systematically investigated with the aim to clarify
the temperature and composition dependence of
the hardness of nodular ferrite, as well as its
crystallographic characteristics.

To compare the micromechanical properties of
two different types of ferrite, nanoindentation
tests were performed on fully transformed
specimens using a load of 5000 uN. As shown in
Fig. 1, the hardness of both the 0.1C-0.4V and
0.3-1.3V alloys increases with decreasing
temperature or increasing vanadium content.
However, the hardness difference between the
two types of ferrite remains within the error
range.

a b
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T 45

0.1C-1.5Mn-0.4V 0.3C-1.5Mn-1.3V
0.2C-1.5Mn-0.9V

Fig. 1 Hardness of nodular ferrite and normal ferrite: (a)
0.1C-0.4V; (b) 0.3C-1.3V alloys transformed at different
temperatures; (c) different alloys transformed at 650°C.

To clarify the crystallographic characteristics of
nodular ferrite with an orientation relationship
(OR) deviating from the exact K-S OR for around
15-30° as reported by Wang et al. [1], the
experimental results were analyzed in detail, and
the austenite to ferrite rotation axes was
calculated, as shown in Fig. 2. The rotation axes
tend to be concentrated around <111>,.
Furthermore, based on the experimentally
observed OR between ferrite and austenite, and
the fact that multiple VC variants holding B-N OR
with ferrite are present in nodular ferrite
observed in the previous work [1], the OR
between VC and austenite is determined to be
(012)vc//(012)y, [0-21]vc//[100]y, for all three VC
variants.

111

112
113 122

012 011
Yy2>ao

Fig. 2 (a) Grain boundary map of 0.3-1.3V alloy
fransformed at 600°C; (b) distribution of rotation axes
from austenite to nodular ferrite.

This short visit focused on whether there is
any difference in mechanical performance
between the two types of ferrite and the
interpretation of the OR between nodular ferrite
and austenite. Whether the maintenance of a
specific OR between austenite and the three VC
variants is responsible for the austenite-ferrite
OR needs further detailed investigation in the
future.

References
[11 Z.-Q. Wang, et al., Scr. Mater., 198 (2021) 113823.
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Postdoctoral
Researcher

Rama Srinivas
Varanasi

Zagreb, Croatia

Prof. Akiyama

Microstructural Origins of Enhanced
Resistance to H-Assisted Fatigue
Crack Growth in Ausformed

and Tempered Martensitic Steels
Conference: The 24th European
Conference on Fracture (ECF24)
Symposium: TC 21: Hydrogen
Embrittlement in Metallic Materials:
Pipeline Transport, Hydrogen
Storage, and other Applications

2024.8.24-2024.8.31
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Microstructural origins of enhanced resistance to H-assisted fatigue crack
growth in ausformed and tempered martensitic steels

R.S. Varanasi I, M. Koyama ', T. Redarce %, K. Kobayashi >, H. Kakinuma?, A. Shibata*,
H. Matsunaga >, E. Akiyama '

' Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai, 980-8577 Japan
2 Department of Mechanical Engineering, Kyushu University, Motooka 744, Fukuoka, 819-0395, Japan

3 Department of Materials Science, Tohoku University, Aramaki, Aoba-ku, Sendai 299-8570, Japan

4 National Institute for Materials Science, Tsukuba 305-0047, Japan
% Research Center for Hydrogen Industrial Use and Storage (HYDROGENIUS), Kyushu University, Motooka 744,
Fukuoka, 819-0395, Japan

Orol presentation at the 24" European Conference on Fracture (ECF24), held in Zagreb,
Croatia, from 26 - 30 August 2024. The talk was part of the symposium titled “Hydrogen

embrittlement in metallic materials: pipeline transport, hydrogen storage, and other

applications.”

Lean-alloyed martensitic steels are promising,
cost-effective materials for the storage and
transportation of hydrogen gas. Previous studies
[1] showed that martensitic steels with tensile
strength (TS) below 900 MPa exhibited
cycle-dependent H-assisted fatigue crack growth
(HAFCG), while those above 900 MPa showed
time-dependent  (or  frequency-dependent)
HAFCG-undesirable for fatigue life design [1]
(Fig. 1). Recently, Redarce et al. [2] developed
an ausformed and tempered martensitic (AFT)
steel with a TS of 1050 MPa that displayed
cycle-dependent HAFCG (Fig. 1). In the
presented study, we quantify the microstructural
crack paths of HAFCG in AFT steel and compare
them with their tempered counterparts. Detailed
characterization was performed using electron
backscatter diffraction, transmission Kikuchi
diffraction, and transmission electron microscopy
to understand the microstructural origins of
enhanced resistance to HAFCG in ausformed
and tempered martensitic steels. H-permeation
studies were performed to study the H diffusion
behavior of the tempered and AFT steels.

The hydrogen embrittlement (HE) symposium
spanned all five days of the conference. It
provided a great opportunity to interact with
researchers from both academia and industry,
from across the globe, working on HE. | gained
valuable insights into HAFCG in a hydrogen
atmosphere & the micro-mechanisms of HE.
Conversations with experts in martensitic steels
were helpful in deepening my understanding of
HAFCG in ausformed steels.

Fig. 1: The relationship between the relative FCG
rate and tensile strength (from Redarce et al. [2]
(CC BY 4.0))
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