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Introduction

On behalf of the staff of the Institute for Materials Science (IMR), Tohoku University, Iam pleased
to present the “Activity Report on the Collaborative Research of the Research Divisions, 2021”. This
report contains scientific highlights and the corresponding statistical data on the collaborative research
projects for the fiscal year 2021. I hope that this latest issue will lead many scientists to new advanced
areas of materials science.

The Institute for Materials Science, Tohoku University (IMR) was certified as a Joint
Usage/Research Center for Materials Science in April 2010, and has been promoting nationwide
collaborative research as a global core research center in materials science. In the mid-term evaluations
in 2015 and 2018, our own internationalization efforts were highly rated, with the highest score in the
comprehensive evaluation. Furthermore, our institute IMR was certified as an International Joint
Usage/Research Center in November 2018. Following this honorable certification, we developed an
advanced system to accept overseas researchers, and adopted 66 and 109 and 148 and 113 international
projects in 2018 and 2019 and 2020 and 2021, respectively. IMR accelerates activities to form the
world's top-level research center in the field of materials science, based on the philosophy of
contributing to the development of civilization and the well-being of humankind by creating new
materials that are truly useful to society.

For the fiscal year 2021, in the Research Divisions, a total of 144 projects were undertaken in the
category of collaborative research. This activity report is a compilation of those studies conducted in
2021.

In addition to the activity reports listed here, number of joint research projects are also being
promoted at the International Research Center for Nuclear Materials Science, the Cooperative
Research and Development Center for Advanced Materials, the High Field Laboratory for
Superconducting Materials Research, the Center for Computational Materials Science, and the Center
of Neutron Science for Advanced Materials. We would appreciate it if you could read those

corresponding reports as well.

Research Committee for Institute for Materials Research, Chairman, Yoshinori Onose

November 2022
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Investigation of the impurity effect on grain-boundary formation during

unidirectional solidification of multicrystalline Si
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This joint research has been established to elucidate the effects of impurities on the crystal growth mechanisms or
microstructure formations of multi-crystalline silicon for solar-cell applications. This year, unfortunately, it was unable for the
PI (MW) to visit IMR (Institute for Materials Research) for joint research due to the continuous influence of COVID-19.
Therefore, for further continuous joint research next year, we conducted preliminary experiments each in IMR and Lehigh

Univ.. In addition, we conducted online discussions to plan future joint research projects.

1. Introduction

The efficiency of solar cells manufactured with multi-crystalline silicon (mc-Si) substrates is limited because of the various
internal defects existing in the materials. These defects include impurities such as boron, carbon and oxygen, dislocations, and
grain boundaries (GBs). However, the formation mechanisms of such defects at a crystal/melt interface during directional
solidification of mc-Si have not been clarified yet. It is extremely important to understand the effect of impurities on the
formation of small-angle GBs, large-angle GBs, and twin boundaries in order to control the quality of mc-Si materials for solar
cell applications. We tried to monitor the formation and development of GBs by in-sifu observation system in IMR. And, the
characterization technique has been developing at Lehigh to directly observe impurity distribution corresponding to
microstructures and to quantify them at the atomic scale by aberration-corrected scanning transmission electron microscopy

(STEM) in combination with spectrometry techniques.

2. Experimental procedure

In IMR, an in-situ observation system consisting of a crystal growth furnace and optical digital microscope was used for
monitoring the formation and development of GBs at a crystal/melt interface during directional solidification of Si.

In Lehigh, atomic-scale impurity analysis in materials was performed on Cu twist boundaries using aberration-corrected
STEM [1] in combination with spectrometry techniques [2, 3]. This technique will be applied to the analysis of various GBs in
unidirectionally solidified Si, observed in-situ in IMR in future.

3. Results and discussion

Fig. 1 shows a crystal/melt interface of Si including a few X 3 twin boundaries under
unidirectional solidification process. It is shown that the interface morphology has been
changed from planar to rough (called instable) during the crystal growth. This instable
growth was initiated at GB positions, which could be triggered by the impurity
segregation in the vicinity of GBs. This phenomenon of the instable morphological
transformation at the crystal/melt interface has been observed not only at twin

boundaries but also high- and low-angle GBs. We would like to understand the

morphological change occurs at the crystal/melt interface and the influence of impurity

distribution in future. Fig.1 Morphological transformation

Fig. 2 shows single Bi distributions along a twist boundary in Cu taken by atomic of crystal/melt interface of Si.



resolution annular dark-field STEM imaging, in which the heavy Bi
atoms appear brighter. By further detailed analysis, I is confirmed that
those Bi atoms are located preferentially at the cores of edge
dislocations. It is possible to quantify the Bi enrichment on the
boundary by counting Bi atoms [1]. This approach is applicable to the
impurity characterization in mc-Si. We are planning to apply the in-
situ observation of crystal growth in P- or As-doped Si and to

characterize them at the atomic scale.

4. Conclusion

This year, IMR have developed a direct observation technique for
grain boundaries in the solidification processes of Si, and Lehigh have
developed a quantitative analysis method for impurities on atomic-
scale. In the next fiscal year, we plan to combine these two techniques
to clarify the correlation between impurity segregation and grain

boundary development during the directional solidification of Si.
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A synthetic protocol was developed for obtaining a single phase of polycrystalline NaAIB4 with strongly connected
intergrain boundaries. NaAlB 4 has a unique crystal structure with a tunnel-like covalent framework of B that traps monovalent
Na and trivalent Al ions. Owing to the atmospheric instability and volatility of Na, the synthesis of polycrystalline NaAIB;4 and
its physical properties have not been reported yet. This study employed two-step annealing processes to achieve single-phase
polycrystalline NaAlB 4 with strong intergranular bondings. As the first-step annealing, a mixture of Al and B was sintered in
the Na vapor atmosphere, followed by the high-pressure (HP) or the vacuum annealings as the second step annealing. Although
the crystal structures and chemical compositions of the final products were comparable regardless of the synthetic pressure, HP
annealing demonstrated a significantly lower resistivity (0.1 kQ cm) at 300 K than the Vaccum annealing (260 kQ cm) due to

improved intergrain coupling and increased carrier density.

1. #= (Introduction,)
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3. BEBIUELE (Results and discussion)
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4. £ ¥ (Conclusion)
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Sij—xGex (0 < x < 1) is an alloy semiconductor with a completely miscible-type binary phase diagram and
useful for energy related applications. Grain structure-controlled poly crystals of Si;—xGey (0 <x < 1) is highly
useful for thermoelectric applications at elevated temperatures. On the other hand, regarding the fundamentals of
solidification, some phenomena during the solidification process have not been clarified completely. Dendrite
growth is a well-known phenomenon, which appears during the solidification processes of various materials.
However, the details of dendrite growth in Si;—Gex (0 <x < 1) melts have not yet been reported. We attempted to
observe dendritic growth in Si;—xGex (0 <x < 1) melts over a wide range of composition by an in-situ observation
technique. It was found that twin-related dendrites appear in Si;—«Gey (0 < x < 1) melts. It was also found that
faceted dendrites can be grown in directional solidification before instability of the crystal/melt interface occurs,
when a growing crystal contains parallel twin boundaries.

1. Introduction:

Thermoelectrics (TE) is a promising technology to convert waste heat into useful electric energy.
Si;—xGey alloy semiconductor is a widely used TE material at high temperature applications. However, the
segregation process and grain structure variations affect the performance of the material. The TE performance of
a material can be determined by figure of merit (ZT) which is directly proportional to electrical conductivity and
inversely proportional to thermal conductivity. Therefore, ZT of a material can be improved by controlling the
thermal conductivity and enhancing the electrical conductivity. Thermal conductivity of alloys could be reduced
preparing the fine grain structured material which enhance phonon scattering [1]. Hence, the fine grain structured
materials are expected to have low lattice thermal conductivity in a wide temperature range and thereby their TE
performance can be enhanced. However, due to wide separation of the solidus and liqudius lines in phase diagram
of Si;xGey, it is highly challenging to prepare the grain structure controlled Si;—xGex with homogneous
composition. Moreover, some phenomena during the solidification process of Si;—«Gex have not been clarified
completely. Dendrite growth is a well-known phenomenon, which appears during the solidification processes of
various materials. However, the details of dendrite growth in Si;—xGex (0 < x < 1) melts have not yet been reported.

Miller et al. investigated cellular growth of Ge-rich Si;—«Gex single crystals by a phase-field simulation
[2]. We reported on the instability of the crystal/melt interface during directional solidification [3—5] and re-
melting phenomena during rapid solidification processes [6] in Si-rich Si;—«Gex. Herlach et al. reported on the
crystallization process from highly undercooled Si-Ge melts using a container-less levitation method [7]. They
focused on the transition of the growth mode as a function of undercooling and reported that the critical
undercooling, where the interface shape changed from faceted to dendritic and dendritic to planar, occurred in a
highly undercooled region (45K < AT < 315K). However, details on the dendrite growth of Sij—Gey (0 <x < 1)
alloys over a wide range of composition have not yet been reported. In particular, we are interested in the type of
dendrites that are formed in Si;—xGey (0 <x < 1) alloys. Si;—xGey can form a solid solution over a wide range, and
thus there is the possibility to grow metallic alloy-type dendrites (twin-free dendrites), which were observed in
pure Si in highly undercooled melts [8]. On the other hand, Si;«Gex is also a faceted material like pure Si, pure
Ge, and GaSb, and thus faceted dendrites (twin-related dendrites) could be grown.

Based on this fundamental interest, in this study we attempted to observe dendritic growth in Si;—xGex (0

< x < 1) melts over a wide range of composition using an in-situ observation technique. Also, it is crucial to
maintain a planar crystal/melt interface during a directional solidification for the growth of bulk Si;—Gey ingots.



Therefore, we performed directional solidification experiments to investigate when dendrite growth appears at the
crystal/melt interface during directional solidification.

2. Experimental procedure

An in situ observation system composed of a furnace and a digital optical microscope was used for the
experiments [9]. Pure Si (6N) and Ge (5N) were mixed with different compositions. The cleaned Si and Ge were
put into a silica crucible with a size of 22 x 12 x 11 mm, which was placed into a furnace. The furnace has a
window to observe the sample surface by means of the digital optical microscope. The furnace temperature was
controlled by two zone graphite heaters. After melting of the raw materials, the temperature was kept for 30 min
at higher than the melting temperature to allow the mixing of Si and Ge. Then, the inside of the furnace was cooled
to promote solidification. We performed the experiment by simply cooled the whole melt at 20 °C/min just to
observe the growth shape of the dendrites over a wide composition range to investigate the types of dendrites
formed. The solidification processes in each sample were monitored and recorded by PC. After the solidification,
orientation analysis was performed by the SEM-EBSP (Scanning Electron Microscopy-Electron Back Scattering
diffraction Pattern) method.

3. Results and discussion
3.1. Crystal structure and surface morphology

We directly observed the growth shape of dendrites in Sil—xGex (0 < x < 1) melts cooled at 20 °C/min.
Figure 1a shows a dendrite grown from a Si0.7Ge0.3 melt. For comparison, a dendrite grown from a pure Si melt
is also shown in Figure 1b. The growth shapes of the dendrites are similar; the surfaces of the dendrites are
surrounded by well-developed facets, and there are no branches on the side of the dendrites like those seen for
alloy dendrites (Figure 1a). It was also observed that twin boundaries existed at the center part of the dendrite, as
indicated by the arrow in the middle picture in Figure 1a. To confirm this, orientation analysis was performed
using the SEM-EBSP method after solidification. Figure 2 shows an SEM image of the dendrite (left figure) and
the results of SEM-EBSP analysis performed at the center of this dendrite (right figures). The analyzed area is
indicated by a dotted red square in the SEM image. The colored figure shows an orientation map and the gray
image below the orientation map shows the grain boundary types as colored lines. It was found that two X3 twin
boundaries, indicated by red lines, existed in the dendrite. Therefore, it was confirmed that the dendrite observed
in Figure la was similar to Si faceted dendrites. Similar experiments were conducted over a wide range of
composition for Sil—xGex (0 < x < 1) melts. We also confirmed the existence of parallel twin boundaries in the
dendrites by SEM-EBSP analysis after the solidification as in Figure 2. Nagashio et al. observed alloy-type
dendrites in the solidification of pure Si in a highly undercooled melt at AT > 100K. They realized such a highly
undercooled melt using a container-less levitation method [8]. Unfortunately, our experimental system is not
equipped with a measurement system able to measure the melt temperature directly. Therefore, the degree of
undercooling at the initiation of dendrite growth could not be determined. However, one can understand that
because we used a crucible, it was difficult to maintain a melt in a highly undercooled state.
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Figure 1. In situ observations of growing dendrites in (a) Si0.7Ge0.3 melt and (b) pure Si melt.
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Figure 2. Structural analysis of dendrite observed in Sig7Geo 3 melt by SEM-EBSP. The SEM image is shown at
the left. The orientation map is shown at the upper right, and the grain boundary characteristics in the region of
the dotted red box in the SEM image at the lower right.



Figure 3 shows dendrites grown from Sil—xGex (0 <x < 1) melts with different compositions. Dendrites
could be observed in all samples. In all cases, the growth shapes of dendrites were similar to those of Si faceted
dendrites, and not similar to the shape of alloy dendrites.
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Figure 3. Growth shape of dendrites in Sil—xGex (0 < x < 1) melts with various compositions.

As above, it was shown that the dendrites grown in the Sil-xGex (0 < x < 1) melts in a solidification
process (in a crucible) were twin-related faceted dendrites, similar to those in pure Si and Ge. In order to grow a
faceted dendrite, a crystal must contain twin boundaries. It is known that the stacking fault energies of Si (around
30~50 mJm—2 [10,11]) and Ge (around 50~60 mJm—2 [10,11]) are quite low, and that of Sil—xGex (0 <x < 1) is
between these values [12]. Therefore, it appears that twin boundaries are easily generated in the crystal during the
solidification, which leads to the appearance of faceted dendrite growth.

Conclusion:

We investigated dendrite growth in Si;—xGex (0 <x < 1) alloys by in situ observation. Twin-related faceted
dendrites appear in melt growth of Si;—«Gey (0 < x < 1), which is similar to the case with pure Si and pure Ge.
Dendrite growth appears to occur from a planar crystal/melt interface during directional solidification when a
Si;-«Gey crystal contains a parallel twin boundary.
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Development of pulsed magnetic field environment for neutron scattering and its application
Masao Watanabe, J-PARC Center, Japan Atomic Energy Agency (JAEA)
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In recent years, the importance of experiments combining free electron lasers and synchrotron radiation /
pulsed neutrons with high magnetic fields has been recognized in material science. This is due to the
development of a pulsed magnetic field device combined with advanced X-ray / neutron beam technology. In
material science, the use of pulsed neutron beams such as J-PARC has made it possible to measure the time
evolution of magnetic structures under a time-varying pulsed magnetic field, for example, in a magnetic field-
induced phase transition.

We have already developed a pulse magnet system with a pulsed power supply, a coil up to 30T and pulse
magnet using a refrigerator) and have conducted neutron scattering experiments at J-PARC MLF. By using
a general-purpose refrigerator, it was possible to change the temperature of the sample by a heater,
dramatically improving convenience and practicality. However, although automatic continuous operation is
possible with the conventional system, it is necessary to manually supply the liquid nitrogen used for cooling
the coil every few hours. Therefore, in this fiscal year, a new automatic liquid nitrogen supply system is
provided to enable long-term automatic continuous operation. We report the automatic liquid nitrogen supply

system [1] and also report on the development of a coil that can generate up to 35T.

1. #= (Introduction)
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2. BB I U%EE (Experiment and Results)
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4. ¥ L% (Conclusion)
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Development of quantum magnetic states in high magnetic fields of frustrated organic magnets
with ferro- and antiferromagnetic interactions
Yuko Hosokoshi, Kei Taniguchi!, Hiroyuki Nojiri?
Department of Physics, Graduate School of Science, Osaka Prefecture University, Sakai 599-8531
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One of the characteristic features of m-conjugated organic radicals is the isotropic nature of electron spins due to the small
spin-orbit coupling. This feature generates exotic phenomena due to the quantum fluctuation and attracts interests to quantum
spin systems. In this study, we have studied the quantum state of organic biradicals including two spins of S = 1/2, which are
ferromagnetically coupled each other. In crystalline state, molecules stack one another with their n-conjugated planes parallel,
and the intermolecular magnetic interaction is given through the overlap of - molecular orbitals. In the crystals of biphenyl
compounds, molecular overlap between biphenyl groups are always seen. The neighboring biradical molecules forms the four-
spin model of S = 1/2, which consists of the direct interactions between the nearest radical units and the interaction between the
next nearest radical units through the contact of biphenyl groups. This type of molecular stacking sometimes gives frustrated
magnetic state depending on the sign of the nearest and the next nearest interactions. For the ferromagnetic frustrated spin
system, exotic quantum stated in magnetic field is expected. We have developed new frustrated spin systems with ferromagnetic
interactions by using organic biradicals, and examined their magnetic states by the measurements of the temperature

dependence of static magnetic susceptibility and the field dependence of magnetization.

1. #4 (Introduction,)
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2. EB5¥ (Experimental procedure)
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3. BRBLUELE (Results and discussion)
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4. £L ¥ (Conclusion)
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Condenser bank unit for generating high magnetic field around 30 T was developed with an aid of Prof. H. Nojiri, GIMRT.
Specification of condenser bank unit was determined to be C =4.8 mF, Vmax =2 kV and E = 9.6 kJ, respectively. After preparing
the components, a condenser bank unit was assembled in GIMRT over two weeks in total. After the completion of equipment,
the performance test was conducted. I confirmed that the control system was properly worked and the charge and discharge of

the condenser bank was successfully demonstrated.

1. #= (Introduction)
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2. ZB5EE (Experimental procedure)
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3. BRBIUEE (Results and discussion)
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4. 2% (Conclusion)

30 T A TSRS SV A Ty ROTd D a T oS v 7 EIROFERIC ) Uiz, B CEMS (2
BOTIUF UV I TR VR~ T Ry 3, WY T RS TAFRE y b EEMBA DT,
kSIS TPRMLINE 72 £ OB HWWENIE 2175 TETH 5,

#EE (Acknowledgement)
AWFFEIZx LT THREW 2 72O T2 R BRSSP O B L Bd R < G = L £77,

— A16 —



& BRI & AW T B8 3837 v — D F S, 2L DRFZE

FeRFA - RERELT. RETT
WHIEo A - FACRENE S nE, xR FZ

Study on development of sugar sensor with gold nano particlesm
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Physics Division, Sophia University, Kioicho Chiyodaku Tokyo 102-8554
'Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: Gold nano-particles, NMR

The recently reported electrochemical sugar recognition system consisting of a gold nano particle (GNP), a
ruthenium complex (Ru0) and a pheylboronic acids (B0), attracts much interest because of its high sensitivity for
recognition of various sugars such as D-glucose or D-fructose. In order to develop the compact and portable
sugar-recognizing device, for which those composite molecules are attached onto the ITO glass substrate,
electronic transfer

1. ¥

Ao AR LS Falaktt o —1%, ICT P PET 72 &, BERGRIC 1L S BB k- T,
Ko ORI ED 2L EFIH Lf:ﬁ?nﬁ)ﬂif&‘ooto I YA AOEHRI-FRImIC, Ae B L
NT = MR EERM LT, 2R Yy e —

DL, ZOREDOE SR, ATP N7 TV 772 Lig ETti Y S (Ru 8805)

KVSHRICHEATX 5 2 Loz, BRI L5 éé%séff/é % gy
BHEFETH D120, 237 [T /3 ZEHVA] EinmeMfw RM&inM
HETHVEIRFSh TN R o G
TR S M A 5 A BRI LI e ok 553

BB A DIRBREER DRI TIVIET @y e it nro L KOU OB A S
A4x%%(ﬂ2>%a%¢’&ﬁ%éo:®kw FEoH—IihBHARREE . BRI MRE

TIIHEZGREN L DR v LRy T DEIREED, ' v
47L~72i’1‘% T 55—V ORI 2R CEMRE TR L UBESND ZEDBFETH Y | Z DM
M2 B D 2N LT /31 ABSSICERY # e,

ZIVE COMET, BHMERAIE L NMRIZE Y, REIEM LTV T =0 LA BESIRS T DR T
fili, [& - ARw By T OREREOEE SO, P —0 707 VXA BB 5 —RIEA Y
AL ORRGIE, 24T > CHRelo, AEFLI, R e U EEORERIC L D EMBEIBISR A =T 5 & & big,
ABNYT TAR SSRGS AR, BB T T AEM EICER L, ZERE DR
ExEITST,

2. BRI o
RHENG G AR RS R e A kE 1 TOH T il
AR LIRS 2 TREZED -, &) ki1, Hibs ok
fe = /KFmz JEoRbE L, @MUKICIAfiESE, 7 = fE=7 b
U 7 BRI 5B & LT B TEIC L VIR 5, T
JRiADEEIZ LD FERDORLZENERET D260, HTAHE  E2 FRAARIEOBXR (BERILEH A
R LCHIBN S ITO BREIC e/ Hir s, 10 A7ABRESE Y aRERm)
F AT =T MERB LT = = vR iR R BT D
Z LT, BEEWE, £T, MEEKEIR T CEMAIE 21T o 7o, @RISR C ITO Eitik
4T ) R 2 S8, &7 RiFERf ITO Mz (GNPATO) Z1ERLIL7-, Z D%, Rusiksy+

Sy,
'Qar SUga ™
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ey 7%y 2 MEIZELY GNPATO EITERL, &6 ITO #EM (Ru0/BO/GNP/ITO) Z/ER 7=,

3. REBIUOEE

TP, B HERIZ OV TR T in-situ O NMR « BALRITEZTTV, 7V 7 h—ADOPERE
WZPED B b2 MR LT, "B-NMR AXZ FL « T1 OWTIUC S A ERZERN R b, FEEtikic X
ST IBNTT MY Boppm ) L, TI X 1/5 FRE L HL Aoz, AL, Bk E-
T, BYA FOEFBELHIN VISR SRS N0 LEZ BND,

WIZ, AZNT T AR/ ERSERIAR e ABEAE RN DD —%, R EME T 7 2K
IR L7, 2L, & R Fa2ERaE TEIc L 0, B BICESER L, Shicv s eT
FARM) (B FEIVIATZ R TELERA Y ThE) Z2EME (CVIC X DR LK
) S & o ThT ) RIER 2 TR AN LT, T OEMERICY TR8ikRE 2 FioR v VLA
W BRICFICETNLE LTONT =7 LEREZE A LT EMEAEBMIT, 1ERTOHEL Y & B
VERR OB/ Z2EMEI L, BB L D 2R L SBUIRE T2 Z E3bny | MER#A~ OIS
HIZOWTHRF 21T o 72,

L 2B ;N

1) A. Endo, M. Kimura, T. Hashimoto, T. Hayashita, Anal. Methods (2014), 6, 8874.

2) T. Goto, Y. Kitamoto, K. Matsui, H. Kuroe, A. Endo, T. Hashimoto, T. Hayashita, S. Iguchi, and T. Sasaki,
IEEE Trans. Mag. 55 (2019) 2300404.
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First-principles study on various Dirac electron systems in molecular conductors
Takao Tsumuraya
POIE, Kumamoto University, Kumamoto 860-8555, Japan
Yoshikazu Suzumura
Department of Physics, Nagoya University, Nagoya 464-8602, Japan

Keywords: Dirac electron, topological insulator, molecular conductor, metal-insulator transition, first-principles calculations

We studied the spin-orbit coupling effect on the Dirac electrons in a quasi-two-dimensional molecular conductor a-(BETS)2l3
[BETS = bis(ethylenedithio)tetraselenafulvalene]. An effective tight-binding (TB) model with real and imaginary transfer
energies was derived using maximally-localized Wannier functions constructed from the first-principles band structure,
including the spin-orbit coupling (SOC) effect. The effective model provides an exotic behavior of electric conductivity and
spin susceptibility. The conductivity without the SOC depends on both anisotropies of the velocity and tiling of the Dirac cone.
The imaginary part of the transfer energy governed by the SOC suppresses such conductivity. Due to the SOC, the reduction
of electric conductivity at low temperatures becomes large, and SOC also reduces the anisotropy of the conductivity. An
electron-phonon (e—p) scattering obtains a nearly constant conductivity at high temperatures. Further, we study how the Dirac
cone's property affects spin susceptibility, mainly determined by the density of states (DOS). Last, we compare the result with
the case of the organic conductor o-(BEDT-TTF).I3 [BEDT-TTF = bis(ethylenedithio)tetrathiafulvalene], exhibiting Dirac

cones, in which the SOC does not influence.

1. #= (Introduction,)

2RO/ SR DA (T AT 97 ) D37 2 VIMEGINLE T H B r vy 7 KR8 (Zero Gap State: ZGS) i3
AR VRSB 2 7 AN T B DI \NT 4Ty 7 B AR ORI R A R e D FE R - B
AR E 2D RS AN FE N T TND[]. £ D7) THhEE2R TR 5 18K o -(BEDT-TTF).I3 [BEDT-TTF =
bis(ethylenedithio)tetrathiafulvalene]i%, J&/JFIANNZIV2GPaLl FOES] F CEHEDRNNT 47y VB IRENFEELT S
ZEDWIRENTWAR]. —JF, 2O FMEERERER ¢ ABEDT-TTF2 F12 & 4 A (S) F+- D — &L L (Se) B #i
L720~-(BETS)alsl%, LVIRIE(S0KFLED) ToB-#aigih~ DAt — R =& 24 [3]. T4, HE FICBIT D XiE S
AT 3 L OBC-NMR FEER 2N T, Z0 R 1Ta-(BEDT-TTF)l:& 13 8720 O FTE DAL 3 e Al REME A2 R 35
FERDZGFHILTND[4]. SHICEBRIICIE SN2 a-(BETS I 4 5 70 il s 1 (30K) (2% 35/ 30 R 2 5 I
RIS ER(DF T LS — B R FEA WV CGRATRE R, WIE T CT 47y /BT RN FEHT 5. SHIcHk~ 1%
ZDFRITAE WIEM A AEH(Spin-Orbit Coupling: SOC)D 72T 47w M 2me VEEE D/ NS72 /N Ry
DAECTNDHZEE LU, xzMIZD ATy RRENBLILD (59\))) MR e Uik iR ChHZ LA RLTET-[4]. Lol
IR COBRUBG LR LROIRDERNI DWW TIARZ2 ST,

2. EHE 51 (Computational details)

SOCEBE LT3 —FBEHRIZIXV VT Y 7 MR 7> /L 1k (Quantum Espresso, Ver. 6.3)% V-, 55— Bl
FHRIII AR AR BA B FE T D A—/ N — 2 B 2 — % (MASAMUNE) 2RI L 7=, AR A ZEL CH O
#i75 (ZKohn-Sham T2 A M C L2 Lo TIRRO T 7 oy ARBIEE S Lo FHE B IR A AR R T 245 0 I RTEL T B
JRTED = (AR, B RIS LD RS Z BT 28 T VO E R AT

3. BREBIUELZE (Results and discussion)
SOC% % B L 72\ A8 i(Scalar-relativistic) )72 DF T/ N R 1E7250.001e VLA _ED ASHFE )y (R 270 7 = L%
—) &2 W THREEIT U LSSV R A RITT 58, 7oA SWENITEC T 4T 7 a—AIAFET DN, TA4T
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I IRDOZFNF =R TV VIO EL S RIRREL e CLED. —F, H—FHERIRAZ2 IS T DB HSOCE
ERL, TTHEFZOMARITITHSOC DREED, SO ANRT oy VEMHTE T L2k ax vy 7k
REEIGDHT LITREIL TOB[5].

AAEFEIXSOCIZ L o TAU LM 5y D EIREE IO W a2 HNETT NTGA—HIEDHIET, BERASEE DR
FEARAENEZ BRREOICIR T, ZS I HROT20 T 47 7 B IRIBICARERI7Z2SOCO R AR ICE B LEHRE L. @
T OARMPEELIS L7 + /B (electron-phonon scattering) %7 & L 7- A8 DR ERIFEE, 2N ETDa-
(BEDT-TTF).:BIZ DWW TORSE[6] 4 F S A Tt A T o7, MUZERUREE o(e¥h THI L) DO EE(T KA
AT oy BED oxlIfEHICBITL0 OB H MBI OEDOEE S, oxy (X o OIEFAKIZRT.T =0
TlE ox/oy=1.5, ZOMEIXT 17y 7a—r DERPk AT, ZDO/RTA=HD ~0.8 FREE, a— DOEITH7REE
DD ve/vy ~14%EFHNDERLL. T7205, a-BETS)lTldox > oy &720, T 47 v/ a— DS (velocity)D
TFEDFENRKENZEN D ST2[T]. —H, a-(BEDT-TTF)I Tl ox < oy £/ T 4T 77— OEFIO RN R E
V6], BRI IE A Tox > oy &7 4 /U HELICID BERIGEEIIIEITE —EL72D. 77, a-(BETS LD AL R LR IHKIR
TRIMZRIEE I b R ZEB AL 2R o 72, ZHUIDOS DRI HEIE 3 a-(BEDT-TTF D35 A & Feie U CIEH I8k
NWZEERIEL TS,

FIGl a~(BETS):LIZH51T 2 ERUSE DRI COWR KA
4. F2% (Conclusion)

SOC % BB LI — R H N M2 R RIS 1R AS AR Sy O FEE L A IV Ca-(BETS s D 7 = /LI HERT
A R T IR E T L AL, BN AT VAW CERSEEE LR L ROR B2 3B,
o-(BEDT-TTF LD 5 LR L7, a-(BETSlsDT 477 FE 1 DFHEE KLU T- WA 5D LN TE, ZORDT «
T EAIRREE TR T 5 ETSOC MWEEREEIZ R-L Qb ek

HEE (Acknowledgement)
AR ED HITHT-D, WAL KFE BB ST TSR E - EF e E O 2 KRR ZEER, O BHEEER L%
RV TEE, RGN LE T LRI Ch ORIz (44 K1), FREAAERI I (B IRGH R L EF E9

5 [ STk (Reference)

1) N.Tajima, S.Sugawara, R.Kato, Y.Nishio, and K.Kajita, Phys. Rev. Lett. 102, 176403 (2009).

2) S.Katayama, A. Kobayashi, and Y. Suzumura, J. Phys. Soc. Jpn. 75, 054705 (2006).

3) M. Inokuchi et al, Bull. Chem. Soc. Jpn. 68, 547 (1995).

4) S. Kitou, T. Tsumuraya, H. Sawahata, F. Ishii, K. Hiraki, T. Nakamura, N. Katayama, and H. Sawa, Phys. Rev. B 103,
035135 (2021).

5) T Tsumuraya and Y. Suzumura, Eur. Phys. J. B 96, No.17 (2021).

6) Y. Suzumura and M. Ogata, J. Phys. Soc. Jpn 90, 044709 (2021).

7) Y. Suzumura and T. Tsumuraya, J. Phys. Soc. Jpn 90, 124707 (2021).

— A20 —



XA <w—F v MR FEE-BEDT-TTF):X IZBIT AT A F I 7 2ADRFE

WA« AP EITTERERE fAH A
W - AR fox Rk FZ

Study of lattice dynamics in dimer-Mott system k-(BEDTTF),X
Masato Matsuura and Takahiko Sasaki!
Neutron Science and Technology Center, Comprehensive Research Organization for Science and Society, Tokai 319-1106
nstitute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: organic charge transfer salts, phonon, inelastic neutron scattering

From systematic inelastic neutron scattering studies on the dimer Mott molecular organic conductors k-(BEDTTTF),X
(X=Cu[N(CN),]Cl, Cu[N(CN)]Br, and Cuy(CN)3), we have discovered the ET dimer breathing mode plays important roles in
hierarchical phonon-r electron coupling. Detailed analysis on the temperature dependence of the ET dimer breathing mode at
characteristic temperatures such as the critical endpoint of the metal-insulator transition in X= Cu[N(CN)]Br, and the 6K

anomaly in X= Cuy(CN); are now ongoing..

1. #= (Introduction,)

A <—F v FRSFHAREER-BEDTTTE)L,X TlE, /L F 7 =4 7 A (X=Cu[N(CN),]Cl. UA¥k-Cl) ., #
{53 (X=Cu[N(CN)IBr, LAMx-Br), A E AR (X=Cux(CN)s, LlF-CN) 72 EZERMMEN TN D, Folifkx
13x-Cl ¥4 D X2 FHETF-THA, SA B FOREITHES T 2.6meV (FITIZBRIS N HF T+ /) o F—F
DRFICRELSET L L EZHLNI LZ, ZOKBFREIL, FA~—T v bROBRAD A BADOBRRA
EUVEHELRGEE LTV ZLARRL TS, ZRHETHAv—E Y MR THam ST E B FR A E
YT TR L—a YROMBEROBEITNA T, ZHET A N LB T + /o — 3 B S OEEME
ZHAREZT 572, k-Br, k-CN OFT-HE D & % Pk iEL T~ T,

2. B (Experimental procedure)

IHNETICHR TR BN TMF 7T v 7 2RE2HT 577 A0 ILL MIFEFTNCEE STV 5 i+ 3 dil ot
#5 IN8 & W Tk-Br D7 / HIEZ 2019 4F 10 AT o722y, v 7 unngg < HIEHPRICIREE Ay 7e o
Too I T, MEa AFCHER L EAELRE 2B L T h—4% /1 28.7mg £ TilEHATE Z 0L, 2021 4£ 9 A
(CHFEBREIT T,

K-CNIZBILThH, 1 D1 DOFEERIT/N WK 100 fE O FARFCHLAE S 2 L7 b — &L 26mg DA H
T, INS ZHWT 2021 3 AlZ7 4/ VEE TS T2, auaToidh, 77 A ILL IZHERT 5 2 & idH%k
T INDOFEBRITAANS Y E— FEBRTITo 72,

3. BEBXUELZ (Results and discussion)

B 1IN T ) AT BT LaRd, Wkle b b —4/1 30mg LT ORUNeEREHT b 63, B
W27 4 ) =7 2B 5 Z LI LT, IEZMZRET S &, «-CN Tld4.7meV (iEDOE—2 | «-Br
TlE 2meV fHED B — 7 REEE R EE(L AR LT-, «-Brldk -Cl & [F UlisigE 2 o2 &b, « -Clizkwn
THA~—NOEMES T AT 2 Z ENAWVWEENT 2.6meV (HEDONFT + / »F— K &4 [lk-Br T
TRRER(LER L 2meV o B — 27 IR CEFEZ Lo EE X BND, F2, «-CN Tid, & 1 JFHEETY
/) = RRHEINTE V2], 4.7TmeV O E— 7 IXET XA ~—T V=V 7E—RThDHI &b, &
A ~—F v bR FHAEAR-BEDTTTF),X TiX, ET ¥ A ~—D7 )= 7 E— RREEN T + / o —X
A EFREAITRB O TEERERZ R L TND Z EARBE I, « -CN KR £ CRIBFR ST 2R S 7
UV A B UARIARIRRE DS NMR JITE D H S XU TW 2 A3[3], 6K I3\ TR LR, BIERIRE R S 1250
BB SN TBYVME], 5HBID 6K 7T/~ ) —IlBIIDF A ~—T ) —T 7 E— NOIREE(LZ FEIC iR
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LT, 6K 7/~ U =B AERIRRIEICHT D 7 4 ) — S BREEOREZH LN LT, %
72, k-Br CIIMENEEEIC bIRAFT 203, S R-1Efn s O KT 40K FHEI2H 0 | #IERsME (7 v 7 HI)
MBI D FLH 7RI B S TV B (5], ﬁé K -Br D7 % / AZOWT G 40K (T DR EE L2 SR
FENTS 5 Z 21T KD | BRI ORI RICBIT 27+ /) v — A EREEEA LI L TN,

(a) k-CN Q=(0,6,0)

800

700

600

500

400

Counts/7.6e5 monitor (~20min)

E (meV)

(b) k-Br Q=(6,0,3)

250 T

200
150 * {

100 £

50 -{{];

Counts/5e5 monitor (~15min)

E (meV)

¥ 1 ILL 3 #ih5yYe4s INS THIE Si7-(a)k-CN, (b) k -Br D7+ /
AT NT A

4. £ L% (Conclusion)

A A <—F v bRy FHARBER -Cl, « -Br, k -CN DO RAHIZRFTE S, BB + /) o —3 A, BFEAIC
WCHBERET ¥ A ~—D7 V=Y 7E— Re R Lz, 4%, x-Bri io j‘é/ﬁ-f@f%ﬁ:ﬁﬁz@&nﬁf&ﬁ K-
CNIZHBIT D 6K B2 LICH1T 57V — U 7 — ROIRD B E 37 AT LI S M2 LT <,

BEE (Acknowledgement)
AR, FALKZEE B EIRSeET LRI, JSPSEMFEJP19H01833,JP20H05144 DB AL 2521 7=,

5| FSCHER (Reference)
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Study of spin splitting and optical properties in k-type organic compounds
Makoto Naka!
Waseda Research Institute for Science and Engineering, Tokyo 169-8555

Keywords: organic conductor, antiferromagnetism, spin splitting, optical spectra

We numerically investigate the dynamical properties of k-type molecular conductors in their antiferromagnetic Mott
insulating state. By treating the extended Hubbard model on the two-dimensional k-type lattice within the Lanzcos exact
diagonalization method, we calculate the one-particle spectral function Ay(k,®) and the optical absorption spectra taking
advantage of twisted boundary conditions. We find spin splitting in Ay(k,®) predicted by a previous Hartree-Fock study [M.
Naka et al., Nat. Commun. 10, 4305 (2019)]; namely, their up- and down-spin components become different in the general k-
points of the Brillouin zone, even without the spin—orbit coupling. Furthermore, we demonstrate the variation in the optical
properties near the Mott gap caused by the presence or absence of the antiferromagnetic order, tuned by a small staggered
magnetic field.

1. #= (Introduction,)

O3 FAEEMR (BT X 1 XM BE 7RO MR R BAETH Y . Tk TE v MEB-CRhiiE, B, &2
E AR, EAFEMEE WS TeZ R REFIREPRIA - i S TE (1], ZNOOMEIX, ET 0214 A ~—
IR L C EAREIRICES Lo REMEIC k32 (M la), FH OITAFE, 26 OMEITINZ TRORREME
REBIZNIET B A B UK & WD k-(ET)X OFi7= 72 AIREMEZ FUH L72[2], ZAUIMERD A B R —ghifrn &
CIXER D | FEXERAR A B U HGERE A TR < RORBEME &« BLO Sy FEHN O I FATRL N L 7m = R L F N
YROAE U HEZ LS THEL D, ZOAE BRI, XA ~—NOREE - IS G HEIE OIRAICER T 5720,
K-ETRX DFEZET N E LTCEE L TCWDEEE « EEEHED 5 b—FH % B 5584 A ~—WRDOE T /L Tlk
FLRNTERNWI LA TH D, DD FIEERIFEDO R WO TR U 5RP R & SN TE - ER
K TH 5,

2. B (Experimental procedure)

AV Gy R B RANTARZE LT AT T, I bR
Grilt 2 AW T R B 43RO e E B 725l & FEHL St D fig
HatTo7z, —J7C. FGEEIIsRAREE TR OB TIRIEE
FRICEWT LIX LT EHEERBE 2 R BT L SPCETM
BIZhR 2 IEREICHL D AINLD 2 EMTERNVE NI RENRH D,
ZDIZOARMIFETIL, G Z B2 T I s DR A )
WZHRD A% 2 & AN ATREZ A A kL 2 T, k-(ET):X DI
TRIEPEIRBED A V' 3RO L0 EEARFHIAZ1T> 2 L& H
& L7,

k-(ETRX OEIREEEZFR T 2E7 /& LT, ET 4 FHD
FELEBES G ET O oy —ar fh U 225N ET A7 1. @ AR L) ZhEEHE T Licvy 7
DOy —uaFhH V 280 ANZIEEANS— REF LA LE TOLICER LT OB, ab,p, q (3EE
BAl, EFERt L VICOWTIEN la IR LEEER 4 >R BEIAY—7—n 5 V IR fefifioR
> Ra, b, p, % ZME L. t OIEITITAED E—FERE O it 2 5 v RERY, RO TN Z . RENI RN

HICHT 85 A ~v— DA L B ZRENFET, ©F
R TIR LN T VAT = ND A E 4y

spin splitting (eV)

-0.01

HONF—~ 7,
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< x 2.5%
(a) b o s
2 2y
& & 0
3 3
0 2.5%
io-3
(b)
8- 8-
b 1.5x
io-3
r y M@roM™M X Ir Yy Mg remM X r ' Y ME&YT®OM X T

2. @Qb)SRHNERABICIS 1T D Z 2D /RT A —HBRTEKET 2 A UARKTFE—RIFIEE AT MV AKe)DH 77—~ v 7y LED/SHT
up AE DAY MV Aykw), FRORUT down A E L DAY ML A ko), FADO/SRTINGDES Alk,o)- Ako)EEILE
NET, 0=0 N7z IMENERT, JREHHT U=0 OEIFEE T L O RLF—_0 R, RER L FHHNT U=1 eV O/ A= FEF LD
SEEIERL N 15 B AT FORREMFAD up A E > & down A B DT RLF— 10 REEREThET,

L72[5), fEabAsdE I 1a O8I0 7 R 8a 7% Uiz & L L2 X 1b OffEA2 W, ET 0 1% 16 & T
ARA A X7 T AL — %€ Lic, FRYA XD ROBAEHHT TiZ A FHIRIFREOMN 2 itk 425 Z L IZIREET
HDHI-D, AL LREAT D BN T E NIV =T GBI D 2 & CRORRENE DR BREERR R IRE A 5
BT, ZOFFNA, BEERAER SN 2SS EABIRBIEIC X 0 fiftr4 5 = & T, KohrerRee
BT D (REARGFD) —hi AT hL A(kw) & HFRILART RV a(w) & T2, Adko)DFHHE T
BB OB Z AT LY A A MERGEEZ VD Z LT, BRI A X7 T A5 =12 X DS ORIR A
BB IZHRZ1T572[6,7], F72 o(@)DFFEIZONT G, DY A A MERSMHIK L ORI ZRS Z & THIR
A RhFDFERN % 3P T2,

3. BEBIUEELE (Results and discussion)

BRESHAAEIZ X DR ERTRNC, ISR B 5 DN EIREEIC OV TS 5, X212,
(U=1 eV, V=0) DR EUZ 3T B L 7o FOBRRGHERGRRIAFRIZ 31T 2 8 MiEZ 7~ T, RFERITup A,
HHART down AE DR REZNENEL T D, BZNO/SAEK 1clRT5E D THY |, M-(X")-T-(Z)-M D
RAETOHup & down DR RINGELTND Z ENpND,

Z D LD TIE V=0 O/~ 3— RETIVO#IF CLOBBM MR AR ZEM & L TROND 08, & F
O XOMPAE T ANISEFEOEST T HARFERICIAUT, UL TV RARTH L Z L B3E v Mk
RORECICEETH D Z ENER SN TVD[8], ZOHEBE L, AFTETITRD 2 DDO/RT A —F 3R EE R
MLz (@ #4~—WND t & FH—FEFEMEO 2 fFIZE L, U=5eV, V=0 & T 55%7E, (b)t &5 — G R
WHEE L, U=2eV & LT VIIEITHROE N S3E T N a st/ O TEZRHT 235 E, (D% ETIEV
ZEARETICE v MERAREZ LB T 572012 6 2 A THIZ 2 52 LT D720, ()OS NBLEOWE T
NI A—RBETHD, £z, KRS THORE XX 0.01 eV IZEE Lz, ZIUTERYA X7 FAX—0
AU XY v TN HREL, FEELAT—DAL L ET— A MONEREIZITVMEIZ /2D L9 ITRAT9],
A. —RIFRIEARNRS hv
2a & 2b ICFNEINIRT A —HF%5E () & (b) TRHEL Lz —hi P 222 F L A(ko) &R, ED/SF LT up
A D Ako), TRO/SNFIUT down AE LD Ako)EZNENRL, FO/SFUIINGDES Ako)-
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Ako)Z R LTS, ZHRHDARY MVERIT T = /L 3 UGS () 15

WIZ2 DD /NT A—HFRTEITHT D HFWIN AT SV OFHFEAS
a2 3a & 3b IZENTITRT, Adko)DIEERD CERZIND
BB 2 D=0l 7 ey LTV, Z OREFREITA
VKIELTE LT, 2T Adkw) 2N R RN C Slimc B 0oy (©)
EROTNDZ AL TN D, SR ART B WD (t5e?)
HHMDB x &y OEEOREREWAFHEThH D, £, FER Lk
WOT — Z XL NENIRBENE S T35 D56 & T WIGED
EREATT, . EbLONRT A—ZHREICH L THHRFEX ¥

K v v TN TEY | £y MEREOREZRL TS Z Wb
EWGInD, 12 FEHEEN BRI 2 AR RICHing 5 A2 Cf.\'(f”z i

7 NVBIEROTARIL, FIUL 12 Tl S— REF LD IERIETE Uge) sf

v MEFZRIAD A(ko) & K< BLITWA[10], BRI 2 KD R RAMHE 0 -

BACICHES Ty v 777 M DIRD TR, ESHIT R OS5 6

LHIETHD, M, 7 =L IR I < FEL TR 2 Ao aylo)

Ry RIZOWTIE, R TIIERE L L bIcobbIth A (ta'e?)

ERX Y v TR DD, WERALD Ako)TiTE A EREE 0

SR, ZAUSE R A EYNICE ) AN R TH D

[11], SRt ED 15O FTE M-(Z)-T-(E)-M 7 A > LD up & density

down DAY FIVIBIRDENE L TITo & D LBIEIN S, of states

EIROTARIZD FHNROIEREED S A L KE LS LD S0 (arb. unit)

oo AT VDT Z 7B R THERNAS LI, AE 53 O
DT =V JERLL T O FTLOEETHY | ZUDE () —
BIGATl CE LR E LTV, - hame= 0.01eV 5
B. JEPI AT v ﬂﬁfﬁ - .

Y TMBANTND Z L0035, (B)D afw)Z 75D 0=0 K57 g?;:;; Y

IE, PHED Y A A MEREEOTIZX ¥ v THE - X 0 L (arb. uait)

RN E DR OWFEET H 2 EITEE LTS, ZHudk A O T
EEB T 27 LERT Lo v AR LIE LIER v v 7 OV

MOIND ZENBHDHT-DOTHD EBEZBID, RIBEEND FAE 3. @) —DD/F A —HBEITKT DI
HLOENDFE v v FOKE E1T(a) 0.35eV E(b)025eVIRETH D, LAY IV o) & IRIBHEEE, W25 v 13RI x,
-EDX 2T LD L L2 A ~—F v MERETIE, BT RLX  y 2FT, FRERIT 2 TR 755
—ZBNDHFRIN I —ODFRGIIHRTE DI ENMBIL 2B v Buofs ¥ uogaoikiard,
TWB[12], —DIFEF A ~—NOFEA - KEGHEMOEE TH 5
FA~—HIETHY . &I —2Ed DX A ~—DRFEEGHEN DEEES A ~— DS G HE~DERS Th 5
N—RhETh b, ZNOHORREZRNLF—DRE SFINLY A ~—1BREE 25 Z &L THRIMMICAEL S Z &
PNTE[13,14]. XA ~—WEE DO = F VX —1F 2t). 7 N— REIE D= R L F—1F Ueg=2taH(U+Va)/2-(4t>+U-
V)W) 72D, NTA—R@EFEH L. ZIDDOMEIZZIEI 2/t)=0.83 eV, Us=0.69 eV L7285, > T, Fx
v T2 DEART X — DN L S — REIRIZHET 5 & FREND, M 3a 2 bRARORIE = kL ¥ —
B LZ04eV THY , Ug=0.69eV &L DX UTEFER t (~0.1eV) ICLD Y FHORIZL b0 EEZ BND,
—Ji. 78T A—=FONIH L TIE 2/t=0.41 eV, Us=0.81eV & 720 | ZIITHRALT RLF—DhEAN Z A ~— bt
THY., ©>04eV D7 a— RIRANRT MV N— REEEIZHIET D Z EE2med 5, 20897271 i3,
TEOE R R 2 N— R & LB PSSR & b a s v A7 U R THBH[15], K= pm X —lD X A ~—
WINEEIZBE L ClE, BRI E o To AT RRFIRIEA~ D R E M & Bl L 7-iim2 e ST, Zhucks e
FA<—NRIEEDO =X =2 041 eV LD B REFRLDIE, XA ~—NEhEERNE & 72> TV 7 Me
THOTHDHEBZZLND[14], £, HEFWRIXARY ST 5 S8R 5O FIT, AL TR LN
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TV AFIFH CIIEICHG T v v 72N S5 FRI@ VT s, ZIUTREEEOZENL Hido&x W ERT
B b, MERHMERRFIC L D AT v A NOBENINT A—ZO)DFNRLVIEETHY . ZUIENEF
WEBAORLEME LIRS BR L TV D EPIESND, EBR, w-(ETRX DX A ~—WNEMm HHE & A8 DO ORE
B IFATHE TR S LTV 5[16,17],

4. ¥ L% (Conclusion)

AT TIL k+(ET)oX & SFAICE & | SOBBEMETE » MERIRIRIBICBIT 2 =X — " RORAE VR LS5
m%%ﬁAto&47~%yF@@%%ﬁﬁ?é%%ﬂﬂ—%%Tw%\E?%%%&*?W%ﬂ%%ﬁﬂ T
D AINLD Z L DNATRER I R 0IE & EURBIEIC K VRT3 2 2 & T, R PliiE A7 R L7e O
WL AT DV E Tz, ZOFER, R A7 MUITEIYRERI O REEHERIZa v AT 2 b
AV VR WELD ZEER LN LT, E£o, HFWRINARY VORI G . SORREMERRFITIERMEDE
v MEEIROE Yy N ¥ x v 7 E I LIZRT 2R e/ > EERHE LT,
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IR AP G P OV 2 RFEZHER . H N BIHEEER72 © ONSERFI A v 3— & D% < ORI 7eikam G
Wi LET,
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Optical conductivity measurements of chiral superconductor candidates
Kenichiro Hashimoto, Takahiko Sasaki', Masaki Roppongi
Department of Advanced Materials Science, University of Tokyo, Kashiwa, Chiba 277-8561
'Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: chiral superconductor, optical conductivity, penetration depth, nematic

Symmetry breaking has been proposed as a possible source of novel superconducting pairing states. In particular, chiral
superconductors with time-reversal symmetry breaking and space-inversion symmetry breaking are candidates for topological
superconductors which can host Majorana fermions. In this study, to estimate the absolute value of London penetration depth,
which reflects the number of superconducting electrons, in several superconductors with symmetry breaking, optical reflectivity
measurements have been performed. In measurements on the kagome lattice superconductor CsV3Sbs, which is a candidate for
chiral superconductors, we have observed characteristic optical spectra reflecting the CDW transition and a possible nematic
transition. We have also performed optical reflectivity measurements on the heavy fermion superconductor CeRh2As; with local

inversion symmetry breaking. In this report, we present the results of these measurements in detail.

1. #= (Introduction,)

BOEREEY., SRy, SSRIEEWETe & OSHEBIE 7RIV TRELT 2 FENERAEBSE O R B
DFEINTE OB DRIZRFE0ME T BV TR Y | SRBIFERIIIE > TOWRWEEZRRE TH 5, TOHFTHIT
FECIIBEEIRIEIC BT D RFEDOBAUCTEE BMEE > TRV | KRB FEORI = B A T VB RES?
22 W SRS B DR T2 BMmE 72 BICBWWTUE MR 1 P UR B 7y & O a7 72 B R BB AN FEER 9~ 5 T REMEAS
RSN TWD ZEnD, TOBFREEZMARD Z L ITBROBEEM I B CEERFMED 2 L /> T
%o ZHUVOIENERABIRERO T CTH, FRIRFHESRRIFRED AL 0 A 7 VBIRERIE, bR U VRS
ROBAIE & LT, bl - IEHAOmMED DA SN TN D, T4 T/VBREIRIEClE~ 3 7 RO
BOHE 5T, BEREE—/VHIRESCHRINT v VBN L, FrRBREYHES IR SN TBY IS Eb R
IRAREME A LD TN D, ZD XK D A T VEUREEROBAIE & LT URwSh, UP, UTe: 2 ED Y 7 R
(RER[1-3]0HT &7 1 = A KA R R AVsSbs (A=K, Cs, Rb) 4IZF b5, 26 OWE TlE, FE Rz
SPEDIAUTLE S BRSO v Uit M Lz & 9 ERRFERAHE SN T2 232,3], BEVITHAE W
FERLHE SN TRBY, 14 7 /VEBRERENSAYBIZEZELL TH D ONI OV TR ORHNH 5,

RGBT b AR CThH HDWSHRARITE TOAERE v UV THEOLTRES N, 2D
TRERIFIEIBIREX ¥ v THEEZ XA L7 NI 5720, BIEEORFERICET 21HRE G5 2 &M T
&5, oL, —BRINCESHREAR OMKHEZ IERECRE T D Z L3 L <. BEONEFED 2%
APNERT D ZENEE LV, BURZOFEITRON TS, 2O XD RoH, FalHiEs Hid, Hkt
FEICBI DB EAREORE SN, ETOAIEEEST YV THOLTRESND Z LIZEH L, #4MERD
ARG ENEN D 7T A~z dHili T2 2 & T, MxIFREICBIT DM RAROMHMEAFHMITE 2 2 & & R,
L7z [5]. & 2 TR TCIX, ZOFEE DA 7 VBIREROGAIEIZEA U, FeEE AT EIF7eE CHEM L
TBHRARIEDOR R LMAADED Z L2k, NS OBEEROBEESY v v 7THEE ORI 23
T,

2. 851 (Experimental procedure)
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SEMEHIFTERT A 2 ARFIEEASFTA S 5 RS - JEARIMENK(600-15000em™) DIEFAREELITE & 2 7 A%
T EVERBREATH Y | RFTZEH B FEOBAUC L 53] 7 1 RACRIED S £ T % CeRhoAs:
&9 = ANEA SRR CsVaSbs DIFSIHME 21T - 72, FRANZHEEE OUIERITHNT, Ho0 Lo
< ODOREZ A — DRI NS =128 LI b O & Ui LTc, SOHSROMHE, SBORMNREL &I 7
—OFAREETE D Z LIS L > TR, APEEEIIHRE Y T~ —A « 7 a=y L LT 5 2 & THINAAT
ST, R FEBRFIATLLTOE Y Th 5,

1) #EdE AN 2 T 2 B iR HE DS E SN TV DRI L 2 — 2 It Y B L, 7 T A A RS v b O
RAEG &% D, TOR, KFREPERLRD LT T4 AL b adbbE D,

2) BEAT — =2 AZIN T ZRICHEN TSI B < & stk 2 b ofn 2 L, e 28
W=V 7 ERET B,

3) S ICHIEDBTILFIAR E FI T, ZRIEH MO - DONF EMIT IV TRIE 21T 5, FlhoRE X #FE
HOEPRETIT>THL,

4) T PARIMEIO SFARIEG00 - 8000 e ) 4T D, Z O, JARIMEIR(8000 - 15000 em ) DFIEZEAT 5
5) IMEE= Y hu—T T TAAAL » MNOBIOREZHIE L T, SEHHROREERIFIEE -300K) 2 [ET 5.
6) FIFHE DFURIIIERIC T b o R 2 A A — NRHRA & OISR RS RARNE 2170, 20 b ORIE
At & BORERIED DAF DAV E O TR 2TV B E 2 iR T 5.

3. RBIUEE (Results and discussion)

CsVsSbs O HFRIMEI D S ERHITE(600 - 8000 ey YDA, 300 K OZEIRAD 4 K F TOR R THIE T+
IR —EIR TR e 7T A~ BB S otz BIZV—T OFRERNGIIA 7 )V —=0 7 S 7T A~ E
WeFwsereened 73 ~8300 e’ THUHI S L7 2 L3 S TR Y | ARIOTARIMEE CHIE T & 2N Z -7
LEZOND, Filo, EMMEETCHIEZITo 72ty b7 v 7 L BROATOREEL 2D, 77 A~ EE
BB SN o7z, —F5 T, CsVaSbs IZBWTRILRIFIEZIIE L7c L 25, CDW E3IREZ~90 K BLT T,
FESOREEFME A D 2 BIRMEHFMEDRIFIEN R Sz, BaEOMTE (61225 Z %D CDW FHNIZEWT
(A RIE DA LT nematic B THRIETH D Z LA E SN TEY | AEGLNIZT 7T/ UWT T E KR L T
D RREMED @, Ak, SUBHERAFEMEOIREE A, JIE AR > MEC X DK IEOENZRE L, FHMICH
B TETH D,

%72, CeRheAse (24T b FR8lES L O ARMEIR CRIE 21T > 728, METRLF—FHRTIE7 T X
<R TE R 0Tz, ZHULZORPEVETRTH Y, AHEENIEFITRE V2D, 77 X< 600
em! LD IR RV F—IAE L TWDTeD EEZ DD, ZDD, A%, L VIKRZ XX —fEEgE TOH
I LS T T AE MR T H L E2BEZ TN D,

4. 1% (Conclusion)

71 A A EA-FABRELR CsVaSbs & HVE TR mEA CeRheAse (12330 CTHIZRFMEIS L ONT/RAMER T OO
FIIRPEZAT 120, EBLHIZBNWTH YT Al CE enroTo, ZAUTHE TE 2 =3 /LF—5ElK
DN T T AIINFIEL TNWD T EB X HIVD, FT2, CsVsSbs 123 TS ERIE DIRARFIEIZ I T
FEE 72 Rl FREDBLI S Tz, 5% I BIZOWT L D EEICIIR D2 NER H 5,
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Single-crystal growth of Sr2TiOs and electric transport properties by carrier doping
Masanori Miyazaki, Hiroki Abe
Graduate School of Engineering, Muroran Institute of Technology, Muroran 050-8585
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Strontium titanium oxide Sr2TiO4 is Ruddlesden-Popper (RP) type structure, same family, as SrTiOs which is well known
as a good insulator substrate. On the other hand, it is also known that its exhibits metallic behavior by introducing electron
carriers and shows superconductivity below 0.3 K. If we turn to Sr2TiOs there are few reports on the synthesis of electron-
doped compounds, their magnetic and transport properties, and the electronic phase diagram has not been clarified. We tried
to grow single crystal Sr2TiO4 by FZ method, but Debye ring was observed from Laue method, and it is necessary to
improve the growth conditions. Polycrystalline of AxSrs-xTiO4 (A=Y, La; x=0.05, 0.10) were synthesized by using hot-

press. The resistivity of all samples was several Qcm~10* Qcm, and it exhibits semiconducting like behavior.

1. #5 (Introduction,)

N7 AHA ML B SrTiOs 1%, BT HEICAW O 7e Pl K< mbn-iikiko 1 >Th b, *
7o, BYX ¥ V72 F—795L 03 KU T THBEEZ R LY, MiFEME S BEENIFT 2 LVIELE L
ThabnTn5 12, —5 T, [ALC Ruddlesden-Popper ! Ti ig{t#TH 5 SreTiOs (HJEH) (ZEFFx V7T
Z R—7 LT R0 OMTEDO#EFIT D 720 3, ARILEBFSE TIX, Floating Zone(FZ)VEIZ X 5 RE
SroTiOs DHFER AR L AV A MEHUZL 2% v VT F—7 L72ZRREO G ATV, ZOBEKIES T E O
EREEZ DT D 2 & 2R AT,

2. EBJ5E (Experimental procedure)

AFERTIE, SnTiOs DHFERERE 4 VA b SMOTHETEMR LIZF+v ) 7 F—TREoEEAKETT-
Too FT. WAL B RUCKLERFRMEEERLT 2 72012, SrC0s & TiO: ZFRHC S BEO L i M E AR L7k, ¢
Smm DT T v 7 AAY —TITEEDIAI 40 MPa OFKE T THEIZ LT, 1450°0CTMmD LEEE 217V, JUBHEZ{F
B U7z, BHRSERBRIX, FZ IETITV, BERK L 7= ZAkmatBlo— % seed MINZELE L, 22X £7213EH H 0
X7V T U BEFHROSGME T T 2~5 mmh OFE TEREIT 572, B SNIREHT X #IZ K D Lave BE K UW;
KX B3k (XRD) TGt OMER L OHMME OMERZIT o T2, EIEERTIE, Sr % Y, La(x=0.05, 0.10)|Z &
L O Bi [EH#U(x=0.5, 1.0) DGR A I Tz, ARV E ORERIZIL XRD & O SEM-EDX 4 W TIT 72,

3. MREBIUEE (Results and discussion)
(1) StTiOs D B F 7 L
BE X~ OTJFTEHRIL, 23T IS HEER D o To A Th o783, 1000W 152 T 27 X2 il 2 IV T R
M5 FZ JFCHIDH 87 V FREE CIEIT 468, $I 90V THRAAT - 70, WAL, K3 72 < O0FBEWE U T
LIES 372 L0/ | WA UIN T LE 72720 3~5mm/h & A R VEE CTH R EZ1T -T2, 22K
H BREHDHVNEIT LT UEFERR T T TAN, R OZEMIIH v daESiehoT,
B LTZBBORR 21X 112, BiREEeEE (BRcm &) O Lave BEOFERZX 1ITRT, BRGE
JENIET E /720, Laue ARy RO LEBONRN ONRZIT BN, T VI PRRZTHAHZ L
2 H, BRI E TITEE > T ieh o T, BEOLLSBREENRNWZOTHD LEZLIDNR, ZDI2D
IR DN E T 2 BRI AR T WE D & D,
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1. B LTZ SnTiOs HiGah D Lave BE (a) BRI ML, (b) MWEH»H

(2) ASt.TiOs(4=La, Y, BI) D EA KL

AsSr2.TiO«(A=La,Y) D E k% x=0.05, 0.10 DFARK TIT 272, 1200°CTlbEE 24T - 724, 30-40 MPa D)+
N DNT 2D B 1500°C TEIREH AR v 7 L A TR Z1T 72, XRD HIE CHMAEI AR LT L 2 A,
BERE PO RP LD 214 FAR AR ST, St AV LIRATLE 5 7220y, 2N RP A 327 FIAR
Wi LTt STz, £7-. SEM-EDX CiElEE DOTREMT21T-o72 L 2 A, BB BENOMAK TH
D, SrOH VI La £2XY DEBRIN WD Z EAMER LT, & R—7EHROAME=0.5,1.0) T, &
a— By I T T NERWZEEGREToTo, BRUCITEAN R < HRIOMALLIZ /2 2 K 5 1S 3K 2
ATDBENH DN, MESCLENEEZE 25 E La £721X Y & St O@EYZRRIEMAN oMb leho oA, R
DI 3D Bi TOEHA AT, A UL, BizSrOs & BiBEAIZ Tix03 & AV T, 6 GPa D)) FTfTo72,
BRWE 7 XRD KO EDX THER T 5 &, RP D 113 FHE Bi &R E SN, BF6L<, ZhiZ
BILNPRNTI A BI B L CLESTB LB LD,

(3)  ASrowTiOs(4=La, Y) DHashsi

ARSIz 4=La BN, 225 COREREIC X
LB bR R A3 < &7 A % TH M Q Dtz
PeAR LTz, RO 2 0B R8 b o7 %, BRI
PUHE (X BN 1 2 B 1 S S 7 Bl 715
TITo 72, x=0.05,0.1 WFHIOFES H Qem~ 10*Qem F2
JE L EER 2 ERIRUR AR L, (M 2) $£70, MR
I HEIRTIEF =2 U —U A ZANZ <G 7223, il <l
REEL & HITENTEIL, ¥ —U A 2] 4D

WAV Lk, A=Y BHGRER = 0.)IcBV T, 230- 0L YSTOR=0.05)]
300K I CHEEARIRD BN Z/R L, A —/VRIRIED B FL s M q
BiboleX v U TRETHRASRONEZ Ln, —5 7 | e
TEFPHET 5K 57 CDW RIS O ATREMED R~ L0 ¢ =————— :Y:S”lLO'(x'——O:l(:))
BEND, E7o, Fa U — T A AAUSHED AR BILROHR s M '
BEEN ST x=0.05,0.1 OFEF F—7FTh->THIE p g
JrRETAT I B SRR AR 9 % 3 I TR R4S L — e
TWDZEATHREh, RERDERD 15252 bh %% 100 200 300
%, T/K

Stk BB S D BRI OSE £ 2L, AR SHEE TITM S0 TREZITV, WET—
? ORBEERRT SLEEDHL EHA TS, 2 1 4,5t TIOA=Y, La) OFESUEHE p

IR A
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4. L ¥ (Conclusion)

AlEl RIEA BRI L AIK F—=7 1 K 2WEARAETO, BRIRTUIE 21TV, & OEEFrE 2 67\ L,
LINLZRR 6, BEIOBIZOWTIAREFAZUGE L, FEMLZHRT O ENH D, £, SnTiOs DHFEGEE
e HEA R T == ME LB F ¥ U T F—ACo0 T, B REREEOUENLETH D,

¥, ALFEWIFET, AFRFGEDORERBEE OE AR —H & LTSN b D TH D,
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Establishment of real space imaging for spin dynamics by using soft x-ray microscopy
Yuta Ishii
Department of Physics, Tohoku University, Sendai 980-8578, Japan
Keywords: Spin dynamics, X-ray imaging

Spin dynamics, such as magnon spin current, have attracted significant interest in diverse research fields, including
application in spintronics devices. Here we demonstrated time-resolved XMCD (X-ray magnetic circular dichroism)
measurements for Pt/Py thin film to detect spin precession induced by FMR (Ferromagnetic resonance) effect. Before time-
resolved XMCD experiment, we prepared Pt/Py thin film by sputtering these materials on SiN membrane, and confirmed the
absorption of microwaves for the thin film samples by doing FMR measurement through a collaboration with Onose laboratory.
Then we performed time-resolved XMCD measurement at the synchrotron facility of Photon Factory (KEK), and successfully
observed a spin precession of Ni magnetic moments induced by FMR effect. We also measured magnetic field dependence of
the spin precession, and confirmed the magnetic field dependence can be reasonably explained by the LLG (Landau-Lifshitz-
Gilbert) equation. The present technique can be used as a direct probe for the spin precession, and it is expected to lead to time-

resolved and real space imaging technique for various spin dynamics in magnetic materials.

1. #= (Introduction,)

BEMERPICHER IND AU HAF 7 A0, i Dikx 2B TR Z4EHTW5, FHZ, ITHFE T
FOAE AAEEEN—HIRET 2 AV 5|0, MARRe ‘/ﬂlleocﬁﬂﬂ%L’CE%éﬁﬂﬂxf\'ﬂ/ 7J‘/0)5'4"7‘
27 RER, A & O DA I N TS, T HOBSREFEICEMET 5 72DI101E, B
DRI 2 EHEBIT DR DB A= T FRIENER N TH D, —H T, ZhbD* 1:“/57“4% 7 A, %2
MR —IVF ) A— MFERE, BERIA 7 — ViR ps~ S FRETH Y . DX 9 A — Zxbis LizkEnElA
— VU TEME. RIS RBEZEONE ThH D, AWIETIEL, FenBIKA A —T 0 7V FEDORIERS & LT,
TR X & FIH L 72 H55%] XMCD JIEIZ L ¥ . FMR 12X - THlt SNE S A 7 2 7 AOEREEHF
BEERST LD TInERET D,

2. EBFH: (Experimental procedure) -

FP. AN HZEEIZED, SIN A
7 L v FIZ PPy (Fe-Ni)#E(EE X7 Time-resolved XMCD
Z 10nm, 30nm)ZA/FR L7z, Z OEfE
AEHZKT 5 FMR JIEZ ., S/ NEFHR Photon Factory Pulse X-rays
WHEEICH DG~ A 7 I E2EE /\ /\ /\
ZHWTITRWD  FMRIZ K D~ A 7 v Bunch ove
DRI L L7, s Y2ns
WA, FdHEhiE% Photon Factory (PF)IZ \n33ps _/
T, BEEI XMCD R %1778~ 72, F2hR "®.a® I=nf
D v T v 7% B 1SR, PF G, - RF signal
FIVA X BAY 500MHz TAS SIS, l £, =500 MHz
XFMR EBR Tk, XARAAFHZFERI L7, | Phase modulation | = | Phase delay |—> | Multiplication
SO0MEHz OHUHE RF (5 BAFIRIT 5, =
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Size-dependent strengthening mechanism of nanoscopic precipitations in steels
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Precipitation strengthening in steels has been investigated using nano- and microscopic observation and mechanical tests. In
this year, we performed nano-indentation test for a sample containing Ti-N precipitation on the different thermal process and
characterized the crystallographic orientation dependency of load-depth curve. In the next year, the nano-/micro-indentation
tests are going to be performed for some samples changing the precipitation size and analyze the size-dependency of the material

responses.
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Quantitative analysis of dislocations and low angle grain boundaries in lath martensite
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The microstructure of lath martensite in low-carbon steel was observed to investigate the reason for the microstructural shift
from sub-block to near twin-related block structures with increasing carbon contents. Fe—0.1mass%C—1.5mass%Mn steel was
used for this study. Lath martensite in the specimens has a complex microstructure containing coarse blocks and thin blocks.
The coarse blocks contain a sub-block structure. Furthermore, many fine blocks with micrometre size exist in the coarse blocks.
Orientation relationship between the coarse and fine blocks is a near-twin relationship. It means that near-twin related blocks
form from the coarse blocks, but their growth is sluggish. The fine blocks may inhibit the growth of the coarse blocks so that

the coarse blocks become finer and more complex.

1. %= (Introduction,)

TARNT YA MITES AW SICE ENDAEHEAETH Y | Z OMBASRESC U AMEZ R L T D,
Fio, BLRCHRFE 7R E OUIIEROHIEIC L 0 RES UAM A K& SHlfd 2 2 et TEM» HEES
i E Ch 2 Z2HFEICIR D IAE I TN D, & BITIRETREHZ: & OFRSICI T 2EME LT AN LTS,
DX REHERN BT 2 ERDO—D L LTI AVNT A NOEMERMEBN ST D, T ASALT YA
NI/ NN O~ VT YA N D BERERTO IR T 2 A — AT A MR E COMEHEZ RO Th v |
R 2 < DERRTCRIR NG TN TND Z & TRWIRES UAMEN R SN D,

ZOREITT AT oA M EE ORI 2R o TWA A, & BITIRE A LS5 - OISRk A T 5
FENHBEN TS, ZOMREHIE O DT T A~ AT A SOERIRIEZ A ST D 2 ERNNEL L 7
b, TDIZOEL OMENINTEY, F—ATFA FOKRIFRNT A~/VT oA NOMBIEROER L 72D %E
RZDBRZ~ VT A MEDOEIRAIDN B 5 R EN O N> TN D, £, T OGBS0 B RSE AR
DOBIZEI L VMO AGEBRENRR SN, S 2 2 L—ya VAR LEEMRIERT T VMBS s X 9
2782 o 77,

T AT A N OFRBIERIZ DWW T BN 72 > TE M, BBRFEIC B B JITT 7 1 v 7 O/KIE
FRIZ DWW TR Z2 83\, FRICEIRRFBDIEINT 5 L AW 7 2 v 7 ORI E RS Z 0 7'a v 7 N O/ Mk
AT DB OWNTIT L <302 TR, FEERFRIZRRT 2> b B b9~ 2 O Tldle <. BWITH
saPARIEW T 1y 7 BN 5 2 L BTV D D, ZAUTREITIEW~ /LT A MR EORESEN R
W D72 EEHITO DA, ZOMAEDEIIGE SRR &V D ST TIER W 3, £ 12 b EIRRE B
I L > TEDHRICH T 7 v 7 B3 LRERBERIZIEN 7 8 > 7 I L T O BIER L 3o TUHVeL,
AWGETIE, B IRFEREIC L 2/ MBI OB AT O NN T 57280, BEIRREEOKVMEAEHD T 2~ L
T YA NOBIERZ I TR RS 7 E AT D, ORERD B/ MBI Z D O W EEBR O T E
7 WEEREA~ DB OWTELET 5,




2. EBJ7¥E (Experimental procedure)
#EHE Fe-0.1C-1.5Mn (mass%) &4 4 V2, BVLEET 1200°C, 300s TA— AT A MUABRZLT - 72147

WCHEHBIKGD 2TV~ /LT YA Mk E Uiz, BI20% JEOL ISM-IT800 ZFIH L7z, F7-. REEMED
% ITHELBE AR > AT L TE BN RERTALT — 2 02 6 2 Bk LT-ffk~ ~ 7 26 LT 217

ST,

3. BEBIUEEL (Results and discussion)
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Fig. 1 Optical micrograph in Fe—0.1C—1.5Mn specimen. Fig. 2 Orientation image map in Fe—0.1C—1.5Mn specimen.
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Synergy effects of Harmonic Structure materials
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Harmonic Structure (HS) has a heterogenecous microstructure consisting of bimodal grain size together with a controlled
and specific topological distribution of fine and coarse grains. The most unique feature of HS is its continuously connected
UFG Shell structure. In the present work, the HS design has been applied to pure metals and alloys via SPD powder
metallurgy process. The fraction of the UFG-Shell area is an important parameter controlling the balance of the
mechanical properties of the HS materials. At a macro-scale, the harmonic structure materials exhibited significantly
better combination of strength and ductility, as compared to their homogeneous microstructure counterparts. This
behavior is essentially related to the ability of the HS to promote a large strain hardening and uniform distribution of
strain during plastic deformation, leading to improved mechanical properties by avoiding or delaying localized plastic
instability. Moreover, HS materials showed a new extra hardening Hall-Petch relationship behavior in the grain size range
larger than several tens microns. Such unique and outstanding mechanical properties of HS materials are attributed to the

synergy effects of nano and macro scale structures.
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Hardening] BIRMNAE L TNWDHEEBEXDHZ ENTES.

Z Dt OEF 728, Synergy Extra Hardening BIR DM ZMGETT 5720, SIIRMERFFOREIKATE T
D ECCT #5354 4T o 7=, Fig. 61, Fig. 2 (T8 L= Ni FHFIFERAELD | DD Shell kil H L, 1 : AT
If, I1:120MPa BfifiRf, III : 280MPa Afaflks, DR —HHEF TO ECCIETH L. KDL IR TH > 7=
WOIERBE R LTS, ZOMENCIE 0. 2% /143 293MPa T&H Y, T, 11, ITTIEWF b BT OFRATT
HDH. Wrbbnd Lo, ARBEIML T IO T, 11, 11T OBITRT XL 9 ICEALE R AEEM L T
LZEBRLND. WMAOEHBREDIETIO 1T TH T TR OGRSz, —J, Fig. TIRT LD
(2, [A—7EtD Core BLICHEH T2 &, Shell @ X 5 REALOHAIIFETE S e\, 7005, 5IIERZEE T 0. 2%
it 73 D53 LA F DU TMED BT, Shell TIXT TITHAMZOMFTANBHAG L T Y, —F5, HLKBLO Core Tl
BT OBARERTE TR E REEAHEIENE Z > TWRNZ ENMRB SN, S0 UE, FRRRE:
HOFy MU= REERROHEFEDR (=205 ([2XY Shell ~DISIERBETEH B4 UT-fE
F, Shell TIERADT QMM T CITEIRMEAZ S & 2 L, FHFREHA L CIXs— AR & 13272 5
Hall-Petch 315 Td 5 “Synergy Extra Hardening Bi&” #EZ L7t HERI SN 5.

I o:120 MPa

,,,,,,,,,,,,,,,

I No load

%

& Tum L 14m
<+ Tepsile direction
500
Og.2: 293.0MPa
% ,-"8:0.2%
5 400 | ;
=z
o300 L. 3]
w
g /TII: 280MPa
n 200 | /
E ‘l.
= /4~ T: 120MPa
s 100 | Ji
iae
= e
ji=}
o i€ 1:0MPa
0.00 0.10

Nominal Strain, €

Fig. 6 fili Ni FHFORERAS Bl O J1ATIED Shell RPN OER(T 0D [F]— 1 BF 8 223555 5.
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I No load ]I o: 120 MPa

—
Tensrle direction

500 I o: 280 MPa
Og.2: 293.0MPa
& .r'l E=O.2%
& 400 | :
=
®300 L ¥ ]
@ :
2 /¥NII: 280MPa
0200 | ff
5
£ 4 1: 120MPa
E 100
ise
=z N
r"D-
o &:4 I:0MPa .
0.00 0.10

Nominal Strain, €

Fig. 7 i Ni SHFHESRAS B OIS ST BRI D Core KN DERENT O [F]— 4 BRE 2345 5.

4. £L®

ol Ni FHAFLARA LD Hall-Petch BRI OWTRRETL, LLTF O X 5 et & 157,

(1) FRFHRRRA RN C LT — kA LD Hall-Petch BIERM B K & < BRI 40 7R — it /) BAER 23 e
.

(2)  Shell EIAEDOEME & HIT Core RIBRIIMAMIL L7723, Shell KifRiZbHF W B{bLiedolz. 207
¥, Shell ElGOEM & & b IR O 2RI LT,

(3) B —HAMRAEL T IS L O F5 4, Extra Hardening BIER M fEsE S 417z,

(4)  FAFMRRES R CIX, MR B & 1372 D Hall-Petch BARASHERR S HL, 0. 2%IMM S DI K 235F8. 8
iz, ZHUTIARHERE A O v U= RIC L D Shell ~DIGHEF L s OHEFEREDOFER & 5
Z B AL, Synergy Extra Hardening BiG LIRS KRB G L EZ X HND.

5| F TR
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Micro-mechanical characterisation of intergranular fracture in martensite steel
Yoji Mine!, Riki Oku?, Kwansik Kwak', Tsuyoshi Mayama?®, Goro Miyamoto®, Tadashi Furuhara*
"Department of Materials Science and Engineering, Kumamoto University, Kumamoto 860-8555
2Undergraduate Student, Department of Materials Science and Engineering, Kumamoto University, Kumamoto 860-8555
3 Magnesium Research Centre, Kumamoto University, Kumamoto 860-8555
“Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: micro-mechanical test, martensitic steel, intergranular fracture, prior austenite grain boundary, lath orientation

Micro-cantilever fracture tests were performed on an as-quenched martensitic low-carbon steel with 0.1 mass% P.
Intergranular cracking occurred in the micro-cantilever specimen with a hard orientation to in-habit-plane slip even at room
temperature. The intrinsic fracture toughness for intergranular cracking of the hard-oriented specimen was measured to be 6.6
MPa m!?, which was lower than 11.2 MPa m"? for transgranular cracking of the soft-oriented specimen. The intrinsic fracture
toughness value involves work for plastic deformation at the crack tip. Three-dimensional atom probe tomography (3D-APT)
study of the as-quenched steel reveals that phosphorus was not increased at the grain boundary whereas carbon was segregated.
The micro-cantilever fracture test technology combined with 3D-APT can quantify the effect of phosphorous on the

intergranular cracking using the tempered martensitic steel.

1. #5 (Introduction)

HEMELE LT SN E8BIE. Z0IEE A ENRERERETHWORTWD, LIzi> T, 2O &) 228k
ZRERCT D AR SR I S D OBERDFE L, ZOEROBE, F 70 b SR E DS EIOBIVE 2 SR
LTW5, MEtOERE Z ERT 5 FIEO— DI R H 22, ZOFRALZFH L kI T
SeERSR A O FEARE AR CH D T AT YA RS A NI REIEE A L TR, ol
PEUIIER A C, SEHD OFESATFEL, T O ORERE ZBEHENET 5 Z LI3# LYy, —J, 2o
Lo R m~ORMcHE (2L 21XV 72 8) ORITBAERMEIO~ 7 v B2 KT S5 2 LOMERS
JHE (T ZIXEY 77070 E) ORI L > THEESIIHI S 1D 2 L3 DTV D23, RIEHEEDZEM
EA BT EN TR, ZD728, ZERNOFFHNHEEE) 23 5 BT, FmimE & R o 0Bk
DEFNE DD TEEL D, LIAT, ZIHOHRRE LT SR ERO-HEIT 7 I 7 v bt
270 DOF—=FThHY  MEMS 7 /31 AT D00 MEEROEHFE & TE—H L T\b, ZD72H MEMS
FAMEFOFHID 7o DIZBAFE STz~ A 7 e pPEIBREANI L, SR OTREE RS BLRE OfEIRIC & . U & %8
I DA TEL 0D, FH DI, ~A 7 v giRRRE & @R P HhTFEZ/ME S8, xR B
BEOZETE K OSEALERE ORI 2NZHUD fLA TE T2, Fio, ZOHEITZHWT, w7 U MEREER I3 TR
IREREE CHRUEMHEBI S OB AN OL T\ D, 2T, AT, BRI T3 RILT hATe—7
38T B3D-APT) 72 & D@k P FiEZ W TP ORBMRITEIT 2 85E L7z BT, BEARRF TR LIz~ A 7
2 AR T 2 AT Rl— Sl COMEEZ EBL L, RiRE L RIET D & & HIT, MEIRE &R E O
MR Z AT 2 Z LT, REEE &Rt T & ORI OV TG 5, £ PAEREIT. BEANEEZORETE
IRIZ BV TR BN ORI EIN 2 g2 92 Z 2 HBY & Lz,

2. EBJ7#E (Experimental procedure)
AWFZETIE R FREZ R S8 5720, ) 2 Eb &8 71K R Fe-0.092C-0.022Si-2.95Mn-0.10P-0.0008S -

— B13 —



0.019A1 (mass%) % f\ 7=, 1423 K T 3.6 ks {RFFf%.
KBEAALZHE L7 RRE O L7z, HY L L 7230kHT
DUV TEF#%THGELET (EBSD) JIE ATV, fidh
L RE LTz, MEMTEIOERA A B— A
(FIB) MITAZ X V. Fig LI\ dT LI IChEEBITVR
B A AFR U 72, BIR & IR & SATIZ 722 K 9 IZFIB
ERAWTEA L, 37 T 23S 0.1, Mok UK
J£1Hz T423K CEAL, SHIZ, FIBMTIZLY
YR & TSN LA Uiz, ~A 7 etk
R0 OFERD B RFIT I 850 um OALE I H
ZHINL, 1 um s OBACHE CRIRIZ T T 72,

3. FERBLUEE (Results and discussion)

Fig. 2 1X 2 OB DUIRE L~ VT oA T
A DRGSR E R T, RIS EEET 24537 > b
WZBWT 3 2077 my 7 i LTERRLT
Wb, Xy R T, NV T2 b (UD)ENERD
FNED e~ E EER T B DOA) Eied, T A
~ T YA MERETCIE, S EEISE TR TR0 R
(ENTRD) OFR, FE~ZHEEY LT~ % (H
N R0) X0 HEERE ARSI N D
TN 2, ZOT2b, AWFZETIL, TN RY OIEH)
LT WT ABEOREBR A & Y 7 N HAGRER A, TEE
LIZ WT AREORBR A Z~— FHERBRA &3
%, Fig. 3 (3RO~ A 7 o FEHIZ0RBRIC L v 55
ATomi B — R N AN IR Z R~ T, ~— AL TIE
MHE 108N TRy 7A VU NEZ 0, Al xR A
T LTz, Y7 A TIRAM ARSI S $,
5%A 7y MRE DR (144 N) Z IV CREERIM:
lxEREb ST, A2 MU vy 7 IEEEIENE K 1
sN— RGHLT 6.6 MPam!2, V7 kAL T 11.2 MPam'?
LR BV, Fig 4 13X T Ok &2 v 3, ~—
RGALCTITIE S T & RO T, kN & S5 E L8152
DA, HFRA R IR & R I X0 Rk &
NTW5, —J5, V7 MM TR, ST E 20 RN
TEERAEAETCTCND, LR -oT, A 7 B Ar—
IVRBR T & AW TR R OFRITIE, N0 &
PLET 2 LI T AFNEEERET D Z ENEET
HD, —F. BEANHOD 3D-APT DOFERE., KR~
FZORITITRDOEND b DD, U OFEHTIZIEE A Y
Rinolz, Stk Bib £ LEIC DWW TH, 3D-APT 72 5
Wz~ 7 afbid 0 alBrz 320 L, kiticksid 5
IV RIE TV AT DR A RET D,

4. ¥ L ¥ (Conclusion)
REAPREEENEIR TH->TH, MNT Y ZfHE

Loading

250 pym 7
2
Q‘L\, LD«'ﬁ'
0
)

| CcD
I
100 pm

750 ym

Fig. 1 Shape and dimensions of micro-cantilever
specimen.

(a) 111

Notch 111

LD’

Habit plane

CcD CcD

50 pum

Fig. 2 EBSD colour-coded maps and corresponding pole
figures at the crack-tip region for (a) hard- and (b)

soft-orientated specimens.

2.5 i i Disp!aceme?t rate: I1 ums’
[ - -l - Hard
i --0-- Soft

2k — Soft 5% offset ||

15[

Load, P/ N

0.5

Crack opening displacement, COD / ym
Fig. 3 Load — crack opening displacement curves

obtained for micro-cantilever specimens.

Notch Notch
Pre-

crack Pre-

|| crack

TG

Fig. 4 Fracture surfaces of hard- and soft-oriented micro-

cantilever specimens.
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THRIICTAFAEELRET DI LT, SRERBELIHT 22 LN TE, vM 7 rx s — il B & H
WCRIIEE 2 B S5 2 LN TE 72, BEATUBROR FAREE OREEEIVEIEIX 6.6 MPa m'? & AR E Dz, 7=
L. 2L, —ED X BN E DB A G LTS, £7-. 3D-APT Z W TRIR O ITTHE N 2 i LT
FEFL, BEORATN 72N 2 & 2 MR LT, Atk BED & LIC K VA RIT S 72 8ic W CE AT 5,
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Formation of nanoclusters of interstitial and substitutional solute atoms in a-iron
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To establish the scientific basis for deigning high-strength steels based on interstitial-substitutional solute atom clusters,
we have been studying the stability of such clusters in bec iron and their formation mechanism. We report here the
experimental results of the formation of i-s nanoclusters in dilute Fe-Ti-N and Fe-Ti-C alloys, and theoretical evaluation
of i-s interaction energy by ab initio total energy calculations based on the density-functional theory. In the former we
find characteristic decrease in electrical resistivity and increase in hardness in isochronal ageing experiments, which
suggest clustering of the two species of atoms in the dilute Fe-Ti alloy matrix. Corresponding changes have been found
in the spectra of the anelastic relaxation due to stress-induced reorientation of the interstitial solute atoms. In theoretical
computations we determined the interaction energy between the i-s solute atoms at infinite dilution by extrapolating the
values calculated for supercells of finite sizes. The interaction energies thus obtained for various i-s pair configurations
demonstrate that the second neighbour pairs of C-Ti, C-Nb, N-Ti, and N-Nb atoms are distinctively stable.

1. S

2 4 r7uruAdlicEll 3 V, Nb, Mo %% &DEIMDRELD 7= DICHEMSI N EHTLEDIRDEL  1F
MEDERRFED 5 VIFEFZ L OMHAFEHZEL CTHRET S, L L Z2oMEi L 4 2 BN oM A
TEFZ o SRICO W TIRIFEND R OREE CEETEZEBRT -2 Lok, Bl k) kb ii#Es
25N HOTIHER E %D 203 X D BN MR GBI T 27201213 2 DT 2 BEAICHRIA L,
ERNPOREEICIHMLIT 2 2 RN ETH S, blbUIINZHWE LT, HEEPZ - S A WS &1
LC o #khoEiARE/EH L 3d BEIGEZ D L T 2 FEAERASICHEDOMAIER %2 Bl & EE oM
M2 6% L, ZOEENZHiiZED TS 1Y, Ak, WEEICHE L7z Fe-Cr-N oI BT
% N-Cr B 17 7 A ZWIROWFEIZHi L THED T 2 N-Ti B LN C-Ti 7 7 A ¥ ERZEE O EERITZE, &
O —JFHIEHRIC X B C-s, N-s J& 7 A AEH O BEER I I DWW GRR B

2. Fe-Ti-N B &I 81} % N-Ti 7 5 ZA ¥R

o SR OERA N JET- & Ti 71350 < 5I0MICHEER L, ZOMEFH T 2L ¥ —13-0.2 eV FRE & Bk
HHNTWS D, XoT, FeTi-N fFiddiaE TIE N-Ti -3 Zim e LTI 7RV UV IDBEBI5EEZH
B9, B 73RN SRR 2 i L CEAEII M I 2T T2 2 Ik ) ZoBRE R,

2.1. ik

Mgk & Ti ALY 0.031, 0.069, 0.090 mol %D Fe-Ti Fidiar® %2 7NV 7 — 7 HMIC X - TERL, B
0.7 mm £ X 60 mm IZHJE L 728 % NH; & Ho DIRAS A (£ 1 atm) 2T 630 K TE{LL 7. &k
BHZWRIN S 17 NIREE I Z 290 138+2, 321+2, 717+32, 729+28molppm TH > 7. 630K T 30 min B
ZEICERFF L TIAMME L 720 6 208 L CGHEAIAIEARE L Lz, 2NZ2BIRE & LT 40 min DFIRFREZ) % 20
K £713 40K $OMEE LI Chi L, SBRBECEREIEE Y1 v h— RS Z2HE L 72, —HOKRZhEE
DK D DORFRIZE W THHIEEIC X > TEIYHERZ HIE L 7. 9 50 Pa D He FFHXF T, ilEOE
FHEIC 1.6 x 10*Am™ DEES % D, IREIEH 1 Hz 0L D IREI IO ¢ AiRIEZ 1x10°5 & L, HREEH
FH 183 K 2> 5 503 K "C 2 K min™! "Cifife -t L 722 & RIREN B & 2212 e L 7z,

22 FEREEE

X 1 ICEERFRRC X 2 AP E T 4 v A=A DZELERT, 0Ti (Fe-0.014%N) Tlix N DA
S 425K TH D, ZX DIRORERTIZERENY) (FeieN2) 2HTHI T 2 0[REMED H 523, 2Nz
LB S e o7z, 2 ORETER T N T OILENE <, HTHAEUH S 12 1T IZRFRIR R (R BeRE
40 min) Do EEZ 5N D,

Ti 2 &t 3 3B TlE, BREPIERIZ 700K FTIRIZEAEZLL B\, 750K 282 2 L BEEFH ISR T L,
1173 K TlZ Fe-N [EAAEDE & IZIFF CMEEET L2, TiEF & NEFRZIERBEERL T 925 %2F
R 3E, WINOREITH Ti & N DEENZEEL VO THMOBAR 7282 EA E R %5, ZOER
BYIROZEFEH I Z DR E L CTHECTE S, & 750 K Z2A7H7000 ERL, TiREEVLEHNZ
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FEl ko,

2 1TR L 72 127 R ClE, 300 KIZHENA N F OIS IS it e v v 7R T2 A X — 7Y —
IS NI, Ti Z2E0REITCIE, AX—ZBHIE—2ZI2MATElR (480K A5E) [CHED A GEERIE — 2
PN, SO =27 BER TR IS 7y 7ENLENFRTOC Yy Ik 2bnEEZ6N05, Ly
L, TiZzgUHABTHOAX—7BAE—7 /N3 0Ean5 0T ERCEEICENATHS, T4bb, EAN
JHTDTRTHTIRTFICE 7y 7ENT0EbITTlEARL, BHHICEIT S NBEFHLHFEHEL TS, ZDHE
HEARTZ Fvid, WAHREDI 750K 22 % & L) L@l =272V NS K2 hind 7. %HHD NIJH
TE T RTFPEAL T A ZIBKT %2 L N BT HHELEHIENY vy 73R 6% %5 THAHH
o, BRIEVMRLHIOLBLEAOETEZLLLE, ZOH-H)DWEED»S Ti FT-bIAH L T N-Ti IFE)5
T 7 7RI DIRBMET L2 b D LIS NS,

14 T { T { T { T { T 140 T { T { T { T { T 20 & { { {
0.090 Ti, 0.073 N (@) o 15 ¢
B v Sy 7 P92 10 2
- Z10
121 - o
¥ 120 . 05
0.069 Ti, 0.072 N o
1 | 7 ZE 1 5 h . 20
Eiadly 110 -
£ 10 2T | o 15
€ 5 £ 100 210
SN L3 = T o5
Y. S 90 . ot
3 n 2.0
T2 80 - _
7 0Ti,0014N ’ﬁ%g - 0Ti, 0.014N o
[~ OO G o T e T n e e e e Q%’ 70l M‘Q mm_@ﬁ’@mmg@mm@mm | =
2 7 ©
5 P IR I IR S 60 P IR I IR S 0 2 4
200 400 600 800 1000 1200 200 400 600 800 1000 1200 250 300 350 400 4

T/K T/K T/K
1. 40 min DEWEREENIC X B Fe-Ti-N A& O BRIES K p (a) & 74 2. Wi (F), 773K £ °Rgshg (h
v A —AMRE Hy (b) DEAL, (2) FOKFOWHIIEREZFINT 2H10% L), 853K F THRZIE (1) @ Fe-Ti-N %
Bl BRI O, HWASDOHEEE 0L T ORI R
T A DI A 7 — IV TERR L T 5,

3. Fe-Ti-C &8} 3 C-Ti 7 5 A ¥R

o BRPOEAREZE L w4 7uT7uA uEOHAEMER I, ZERAGERIYZNT 2illatbe b ER
D& EIFRZDGIINE RS 2w D, L LRI SO L4u ¢ & Ti OMHAERIZIN BRI &
HEEINTED, 512 C DENAEAD Ti DL PR TR TH LB TH 5 2 & 2R TR 5
LINTWE D T DFIFRIZ X NUL, Fe-Ti-C FfEAEICB VT is IWHIET 7 7 A7 2B I 115 A]hHE
YED3d 5. &l 2 Nz RIS _ 72 Fe-Ti-N &4 12 BT 2 9285 & [mRE 7 SN 2R 10 Xk - TR 7.

3.1. Ak

fligk & TiFRFEAY0.082, 0.168, 0.241 mol %D Fe-Ti &&x% 7LV 7 — 7 IRACIABELL, 0.3 x 3 x 60mm
DOMURREI 2 EBLL 72, TS X 2 EAMBZH T -0y B E 22 1253 K C1hBESEL, e LT
HENDC, NZRETE70DI2973 K T24 hf/KFUIL 72, X8 v LRFEDIRAG N AHT 860 K T 66
min KAHER U TRFZEZIRML 72, KalBloREWRE D HTEIZ 84, 79, 93, 98molppm TH o7z, 860K T
AR U 72 B AR AR 2 IR AE & LT, 40 min DRI 2 I %2 40K T ORI %o/
BTz, BRSO BICEAERIRE TOBRBXIEIIRLE V4 v A—RAWIZWEL, WO DIRFRTH
PR ZIREEGRT 1 Hz 04 U ) IRECIHR B I L O HE L 7.

3.2, fHREHE

4IZIRFEINC X 2 BEAIEHIE () 0«4 v A=A (b) DELZRT. 0Ti TIE, 500 K25 600 K IZ
DU TELABEYEREIE TERT LI 2 LA ULITHESRE D 202 X9 IR A %28, I oIciiiE% P T 700
K IZhBETLDMEICR ST, XU Z A4 b B—IFRIHTH L2 THARLZEEZ 5N SD, ZoHEBD
RFZIEEE (84 ppm) ICWT 2k X v ¥ A + DFENARIGEIZX 800K TH D 9, EEINZEAMIX X &,

Ti Z&TEICIE T RENEWIZ SR VB S BRIEPIREME T LS B ER L2, 25k C-Ti 7
FAZTRICER T 2dDEEZ 6N, ELOTNORETH CIREDZ TIIRE LD 02 DK C K
T3 7 AF Y v 7 L THENE Ti 7035 %% DT, 1 @ Fe-Ti-N D4 & 1372 ) LAY OfE
ZOTi DIEDIEL FTIHET LR, LWolFHIIZIZ 800K 225 900K fMHEFTERLZDE 950K #ik 2
2 & BB L7z, Z OJF % A 2 1 BRI 2 8122 L 2 17 U7 & 72023, bee i 7F L OIAE RT3
LT/ 77 A%k 2@E RO BERNRBIERBEOKTFOTATHELETEE, 7I7RAIDKELTE
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MHEFEEE LRI Z b OAERAM E > TZDORENRIFZEAEHAT LHEHIE NS,

X 4 12 L2 J12HEAR T, B OEIRIREIC X 2 AX—7FNE—2 (320 K) IZH1ZT 380 - 390 K I
E—70BNs, BEREETHEAICr 7y 73N CHEFICERT S EEZ o3, Ti zatrilklcl,
R 2 B CEAKIEIIROET LM IO EAPHRE-THINGDE—TV7DREIBFHEINELDLS R
(I 4 hye, 83K Kishts). T74bb, HHICEITIS CHTE Iy 773 NT w3 C T3 0241 Ti AT
B Do Twas, L LEIEES2 083 K FThITA L 0168 Ti & 0082 Ti THHEICJETFIZIZEA L
%5, FBRn X5 ic, ZORERHTF 2 79 27 DBHEL TAERI FIcEbo-tEL o5,

150 —+——+—————— 20 T I | 05
b - Aged uptp 983K —| 0.4
140 - (b) | q,o1.5 :oﬁﬁ% ged up tp ] o
120 0.241Ti, 0.010 C ;‘7 <10 o i
- s 7 ‘Gos S
¥ Fagey” F Ty e ]
120 ¥ A - [ I
g 20 7
10— s 5 5 , 15 i
£ % %S
€ 10l - £100F 0.168 Ti, 0.009 C ] Z1.0
S be - i
Q i} & - [
Fooooommm ] Mmoo = 90 8 &% | Gos —
0.082Ti, 0.008 C . 0.082 Ti, 0.008 C 0¥
L _ L == | 2.0~ 24T, 0. “)— 05
8 80 E-@mm%mm@gﬁmw@ O Before & .o 047Ti 00090 (—»
150 coare &% 5. 0.08Ti,0008C (~)"] 04
. 70 ? ageing ® 2 . =) )
™ 0Ti0008C 7] 0 Ti, 0.008 C 7] 2.0 P G OTOEC(H) 4032
= gegsesemm&mm ~ T g ~
=3 SOseeeteg®, - » — 0.2
[ C s 00882 | 60 — s0eSnge 005 i 1010
sl 1 P I B T R 0 st i Dl 0
200 400 600 800 1000 1200 200 400 600 800 1000 1200 250 300 350 400 450
T/K T/K T/K

%1 3. 40 min DHFFFFEIC & 5 Fe-TiC HMAGOBGIEHHK p 1) &7« B4 Wbty (), 893K ¥ THizhth

v A —ABEE Hy (b) DEA. (2) HOKTFOMBIIHEZFNT 2000 (), 983K X THEhE (T) O Fe-

Akl B AR DM, Ti-C A IFIRE 0L 0Ti 13D
e, 2 LA OB TR T

4. C-s, N-s J& T A A 1B O B ST

2019 £ O FHFFEHRE 1B \WT, bee B C, N & Ti, Nb DfHAGHEITDOWT i-s IWEJE RO
EH = 2L X — 2 ZENEEIE (DFT) 12d &0 BB Tl L 2R 2 8E Lz, SFEEIXH
C /7T C,N & Ni, Mo DMHAMFHZ 2 VX —%2G51HE L 7.

4.1. Jiik
bec I3 x3x3 (T Eim=54) BXWN4x4x4 (m=128) DA—sS—X )Lth®D Fe i1 1 % s & T
ICELL (s 1E Ti,Nb,Ni,Mo), CJRTZZIINJET% s HTDHE 1265 5w/ \mARBICHEL TZD
BRI IV X —ZEE L7, YA RICBI BRIV —% m=co (BERFEEEISHIE) 1ISHHFE L 724l
&, S ADBMAREL 2L X — DM ZRIMEE & DD s A= 2 V¥ —0h 5. FHEICIIHILRYES
JEM RIS R R e v Y —D A= —a v Ea—% % H
V), DFT 897 —Y VASP IC k> TRaI X NVF—%2EE L. #E

LG 16 TS24 bee BEORLE 283.4 nm ICEE L TOFH  oF o 18
Yot lkor-, el —_:.i
42, fER EEE - 8'; - J12 o
SICCs BEUNs ARV X—DlEELOTRT. 2 (8 7 B e 110 2
B EBRLETIE Cs, Nes EDICEDTRICH L THRERIED 8,0 - 208 2
i, THbBMEkT X D BRI F X — 3% 0 E <, HERA  § SN 5
BEERTH B, 52 EHRETIX T L Nb OB&IE Cs, Nsv Sos[ 8 [\l N 1 06 2
THUCE W COMEMTEBIAMZDS, Ni & Mo TIRIEE B o7, So4[ - 17°3
Ti & Nb 13 C & DML F X =3 3 il cb bTh» E 0 71
ICEERD, C-NbXHIER 2T & D b5 3 LD T ) BPPPLAE o e
Tdh%. C-Ni, C-Mo, N-Ni DHAIEMIZE 2 THEACIE T & A RIS BN i ®1o
RF 7 D3 3 R CIIEIEM AR I 2, NMo i3 258 *P0 . ¢ 1 v 1 o2

BRI CHITLAR 3L % — IR IE R DINNG & 1357 D LA e Lateen | < st 1
FIES0, SOXIAMOO s BT M0 AERIZon  Doeneebemeen andssome /A
DNDITHOD B HAL L P L A2, RoZSpE 25 B 1208 SRR S5 Cs
HHAEL CERNICHRT 268D 5, RO N UL =5
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5. ¥

FVA CNJET- &~ A 7 a7 uA uRE0OMAER I & EBROMIE & E'mIIIZIZHS 222k b, B
AL DORICE T2 s IBERTFD7 A5 v TERLME»OOOH 5, AILFEFHETIZ, 7T A
TR B 5 \IZEERY) - EWTER 2 WHNER T TR EXRITT F A 78— 70k e E - s
B 77 & DOIHIRERAENTIC X D iED 9 2 EERZ FHE L T\ 7228, 2o 2 F[BIZ COVID-19 DFEC X b Eiiti
TELDP o7, 2019 I Fe-Cr-N LD 7 b A 70— 702 5 2k > 7253, 2022 A I ARG IS IER -
Fe-Ti-N & X O\ Fe-Ti-C &< DGR % fi#dT L CTHBLIE 2> & OHEM 2 MGk L 72\,

BIEE
SRR AR B AE BB L R BRSO W 1, B X OGHEMEEE Y Y — 28 v 7 DR
VT R

SCHR
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Development of nitriding treatment to improve wear resistance
Tsunehisa Suzuki', Tatsuya Fujii!, Tadashi Furuhara?, Mitsutaka Sato?

'Faculty of Systems Science and Technology, Akita Prefectural University, Yurihonjo 015-0055
2Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: nitriding, powdered high-speed steel, precision machining, wear resistance

Nitriding treatment and precision machining of powdered high-speed steel containing high concentration vanadium is
proposed in this study by applying a new nitriding method. Chemical components of the nitrided workpiece surfaces and cross-
section are analyzed by an electron prove micro-analyzer (EPMA) and an X-ray diffraction (XRD), and hardness were
measured by Vickers hardness tester. Powdered high-speed steels were nitrided at 500°C for 60H. Vicker hardness are over
400 HV in inside and over 1000 HV near the surface. The nitriding depth of the steel are 200 - 300 pm. Good machining
surface could be obtained by high speed cutting and MQL for nitrided steels.

1. #5 (Introduction,)

AZErESo B B SERDSHEESE TRV DAL D N SIE, TRIRDEHET, ORI DINEERENE, Ml
O LOBEMDBHNOID, ZIDOFMIT, BVLEE, ke R DG S 40, PEERE, i 4 il
L7z ETHOWOR A, ABFEO BHIX, ST U7 AEMENRZ R NA AROFMITR LT, i) 7eBiS:
T, REAHESMEEZRET 28, S0, TN, EENMTHEZBRTHZETHS,

2. EBFHE (Experimental procedure)
2-1. RELEARR

NPT BIINED 72 5 ATHO A A A8 A, B, C, DIk LT, Z{LEEITV, N U7 AEOEN
DEE S (LEERE S, EUERS 2 ERIFTHELR -, 22T RN A ARRBNNT VT LAENR
L7, B, C, DDIEIZ, NFUTABNRLVEREITH D, SRR, BVAE (AN, BERL) ZiT-o7
L, T AR E L, 495C, 60 FFf#1 & U7, ZbWite, Wikl et 2R L, Wi s, (bEEE
S, BERSZHE LT
2-2. ANTFBR

RENFE L TR ANA A CIZONWT, A== FIMIEDMTERBREZIT o 72, M TSRO MIEKT 5

1 INTERER DR
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D3, INTERME A T AKEEEOITTHEZ iV, TREOREEEARERIRTIT 7, MTEMEB T, A /LI A
ME XD @R TOMTE Lic, K1, INTRABROER T2/~

3. EBXUEE (Results and discussion)
3-1. 2

2 (a), (b), (), (AT, THZIEIR A 25 A, B, C, D DIEHIAREEC L 28I R4 ~1, X 3(a), (b), (c), (d)
2. ENEIVAR A A4 A, B, C, D DML S 274, X2 (), (b), (€), ()& V. WTHOREHZIBNTH, *
L 15 umFEEDLAWER R BTz, K3 (@), (0), (), ()L V., KL v —A L, WIhoREHIs W T
H. 1000HV ZB2 AfEE R L, U0 LAERNDIROHEREAA A ABIZBWT, HRAEVMEZ R L, N
(X, 400~500HV FRETHY | N F U0 LAENRZVENA A DIZBWT, HlREWEZ R LT, F7z,
ZEEESIL, 200~300 umFRETH Y, b NNT VU LAEDRZVRNA A DIZEW T, IHEVEEZ R
L7z, R1UIZ, INHLOEREE LD D,

) m . s0ym . 3 VIR b 4]

() ByR A A5 A (b) B3R ~A A B

(© ByRNA 28 C
2 ECUHEBROFEAR NA AFOWTIH T H

(d) Bk A 25 B

#1  =ZALPER

HHifeE A B C D

i S HV 1057 1061 1028 1039

WNERiE S HV 446 415 441 482

Z(EEZ um (513HV) 235 236 250 324
ZRE pm (NEWE S +100HV) 199 235 240 219
fb&wiE (BkE) ES um 18 15 14 15
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X3 ZEERIZ X AWy I — A S
3-2. INTHER

42, RENFZ O ENA A ClTxt U TINTERER 21T - 7o O RSS2 3, M4 (a), DI TE44:
AT, AREMIN T & AW TAREE#ERSAETH 0 | B4 O0), DI T B IE, A A V2 A b &Rz EiEER e
Th D, MTEM A ZHASTMTEM B I, REM SIS, BT THD Z ER3bhbd, IHIZ,
INTEMCIE, (LEMBE S &2 WIEEBRE T 20V IALSLME b L, ZEER% O,
TIHEPEIN T OFREIERS T HEEREI O B 2 A LT,
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4. £ L% (Conclusion)

AL TIE, MLZEpESC B B e CHnEPE S TRV DAV D MHEERENE, MHEWEICEN D8 LVEM & LT
U DIRINERZ IR NA ZZOFM T I, 7BV, REIRSGE T2 &, b2, £
NWHDOIPRINT., A EMTHEEZBRT S Z &2 HNE LT, TAELEESM, IO RFE21TV. 21k
ALERR S 200~300 pm FREE DM H AL D BRSAEA I BN Lz, EORMmITIEL, § 15 umBRE LA WE D3 6k
SND, ZOEWEEZRE L, BERKREREC S OO IIAME, IIGER RS,
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Properties of Friction and Thermoelectric Materials Studied by Multi-Scale Simulation
Yasuhiro Senda, and Koji Akai!
Graduate School of Sciences and Technology for Innovation, Yamaguchi University, Ube 755-8611
Faculty of Global Science Studies, Yamaguchi University, Yamaguchi 753-8541

Keywords: friction, lubrication, thermoelectric material, clathrate

Abstract

We performed simulation studies for friction mechanism and high-efficiency thermoelectric materials. For research of
friction, we proposed a computational model enabling us to study the friction from a wide range of view points from the
atomic scale at the interface to the macroscopic scale. The model is applied to friction on NaCl surface in ethanol
environment observed using the scanning probe technique called friction force microscope (FFM). The layered structure
of ethanol molecules is found on the NaCl ionic surface, which gives so-called ‘boundary lubrication’ and results in low
friction force. For the research of the thermoelectric materials, we investigated atomic characterization of a flat band
lying near the bottom in conduction bands on type-I clathrate semiconductor Na-Ga-Ge from the point of view of the
electronic structure. The calculated result shows that the flat band is strongly characterized by atomic orbit of host
atoms with one of guest atoms. Because the flat-like band appears into the conduction bands on virtual crystal Ga-Ge
without Na, Na-filling causes the flat band shift form “into” to “near bottom” by the electro-static field effect of Na

ions.

1. IFUBHIT

BN —HR % FEBT H720121E, WEREMT 5 & 2 ICA U DBEEAZKR L, #shd#ioxL
X =2 GNIERATH2HMNLETH D, AFETIEI D ORI 2 BN ef7e s LT, (1) KE
BORBIAENT T 5o A — L COEEER - B OMFA O/, WD, (2) @V R —ZE e % Ff
SEVEMBIOWER, O 2Ho0T —< T AT,

JEBRHE T D031 LoV OR 2 BT L I I K& B L KIFTH, AT — VORI BN E ~ 7
7 A — VIR EEER LI O BRSO W T AR ZR AN Z W, —J7, e 7 v — 7 Hiffi & B 7o B ) A
# (FFM) TIEI 27 n A7 — VRO SR L 28T 5 Z LA T& 5, RIS TIE, #illCol7 &
FEM O 7' 11— 7 O8I & Ol 72 9 ~/VF 27— /LR BEEED FEM SHEE T V28R L, #fili ToOFTF 0
WO BN S 2 BEE ) & OBEAHT 5,

I VERE R BVEE S HAMT R CIE, MWV v U TR & B B K OMRWBYRE & 3 DD 7R 5 ek A To T
VEPRSH DL, —MKIZ, THUOORMFITAENVICHES L IFBGERICH Y, FRFIME T 5 X 9 ICHERERE
TLHZENELY, ZDD, EWENEEBSNEEZFFOMEIBR AR E R L 2o T D, ARIFFETIT,
EVERE A BVEE AR A L O BRI R RS E L C, BIREDO AN LA = V=T ) T OR%, FRIw LTI A1k
LT 5,
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2. 3B - Ial—TarDEFE

BL AY()=Y(1)-Y,
T Yo

JER - B OMFIE T, WAV FEN ) E (MD) &
FAWTFFIM O 7' a—7 & R\ 25 I 7 a 2288 T
DFEA - T OEE#iBoT, Tu—7 LKl & OBk
WCEN 7a—TICOTHABELED, 207 —T70H)
X EBIGRARICEBEH L, —OTa—T DA% EF  Figl BEOREETLOBAE HFETLO

. _ . R . NaClM 74V RE (FEHF) DRICT2/— LB F (R EHRE
v L EMEITCOMD £T VAR S v 7Y 7 LT FFM O
BWET VR Lz (Figl) [1]. ZOFEET L TIE, MDETF/LTE U I 7 b BB ) & SR 85Z 1T L

0, [FRHZ, NROENEE MD 7 /WVIZZTIET, 2O~ F A7 —/V7e FEM §H5E T V%, FHE7e 2
TA vy e AV THECLDEBEENNBII S 2 —) L O NaCl & il OFEEIZ# A L72[2].

BVEMEIOMIZE T, B TREEE RO 7 A L — FEERICER LTS, ZoMETIE, B Iichg
ST A NEFOEFFIRENC LY, HT7RAWRIMBRNEMRERN L 725 Sivd LIS, RRA MNETOSE
Ay NT=7I2X 0 Emndy V7 EERHREND, AR TIHERT vV F AL AT, FEERDO AR
Xv v TEETNY REEICEEONL A ZALSEDL 22 BET., Z07, fEmofEE & Rl
HETOBEIREOBREZTIAND LT, JTLREBRP NS FEEICRITTRENRE L D, SFEEIIN VR
W7 T v M eoNy R & F5O Na-Ga-Ge [Z[E W T, YA MR THDH NaJ & 77 v b3 R E OB
PEIZHOWTEHE LT,

MDHLFET L NARETIL

3. BRBIUER

— (I) No ethanol molecule
%l — (I)1600 molecules
— (IIT) 4800 molecules

(nN)

0006000000600000!
o0 (

w
S

Force FAY

(m) (1m) 9% 3 4 5
Fig2 IFEFILDIFAT TH/—ILHTF (&) DA Slide distance Yo (nm)

(1) of, (1) 16001, (II) 4800{& Fig.3 WNADASAREY 0T DERAAYDE L

FBEEEDRFZE ClX, Mtk &2 Ff o 7= % /) — V03128 NaCl A 4 > R OB L - COREIRO 2 koo %
L, Fim b2 2~3 @055 EIREEZAED Z & BNbhro 7= (Fig2(Il)), MmO AT A RiZxf LT
&)= NVOREEIZTRVENEL, NRETWICAT v 7 « Ay THEEITL D 2 2 VIROEERT) 138
iz (Fig3(l)), Zo%a, =% 7 —/VEMOHEMERRTW 29, NaCl R kg L T 584 (Fig2( 1),
Fig3(1)) &HRDLIERWEE Lo, ZROLOEEARENTOERVICLD TEERMEE) oL, =X
)= OEBRLNGEX, Vo F ) —VHNTIEY AL D REMEE] 720, A7 197 -
AV FIEENE KR L7 (Fig.2(1),Fig.3(1ID)),
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7 7 A L— MK Na-Ga-Ge 134 1 7 1 #E & FFo, —fRIC
XA T IS T, (R OB IREEIE Y TN ash s
FAMNRTFO#IEZ TR KBS 5, & 2TV RimEfFc8in
% Na-Ga-Ge O N FOTERLIC Na i DIAENMENE D
MEFT-, Na 2 BTG L B ERVIBE T Y FiHEZ1T-
7o ZAh, NaZWNE LRWES THEHAY R8I Z &7
bhrotz, L, WAV RISy RiTiaza<, N2 R
Mo leVIEESTRLX—MIZBEEI L7z, DV, NaZz T
A5 2 LT, SEHAY ROTZ R X =Ry RIS
TMolebEFZ25, ZONRY FOBEINEDRIZEZ > TWnd
DINEFHRDTZOIZ, NaZFEL TWDHHEEE L TWRWES
IZOWTEFICHTIEHERT v v LT R X —DIE & fif
LT, ZORRE (Fig. 4), NaJf FaFETDHE, HANORT
YU VIV X = eV IREL ETFNRS Z ERbirols, L
L, A MERTO IR, FRZA A MR OBEKIE Na BHICE DR T vy V=g b —2idiE L A
ERONhoT-, ZOZ LD, AAMNRFHLUEIZ XD FEEEEN B TNE T IZIAA > TE Y, NaA
T DEBEBRLSZITDHI LT, THRAX =N FR->TNDHI EIREBEIND, BT, FHAY REERT
LELEILEOBAINEEE TH LD b L7,

Fig.4 Iso-energy surfaces of electro-static
potential energy on NalGalGe45,
0.5Ry(G), 0.1Ry(Y).

4. £¢0

P CORT « T E FEM O a—7 O8& &2 v 7Y v 7 Uiz~ VT A7 — VIR RO FFM HEE
T IVE T A ) — )L NaCl £l COBEBEOBNIEM Uiz, =&/ — o3 B B RS 2 k45 2
T RN A8, —FT, = /=D VIO XD TRREE) BAE U, BEflE coE
T T ORD T L EEEE - EIBORRE FEM SHRET VS I VAL N T D Z ENTE 2,

B AT IHEYE 7 T A L— K Na-Ga-Ge (2B T, N2 REBEEIZEN D EH AL RORFIZHOWTE
TIREZFHET D 2 L TR EIT o7, ZORBE, 7 IONEFANCIEN O BER 2 % %2 BB IRiEZ
FFORA NETHLEN Na A4 A OFBEICLY, ETHLGELBEORT VXY VRV XF—NFNRDH T &T, N
Y ROBEBNELTND Z EARBINDFHERESEZ, ZHICkY, 77 AL — MREERIZBWNT, JRTE
PUZ K DHBERT v VOREIZ LY, Ny REFETE 2 a[G8ME0N 1 5o 72,

. Fid
ABFFET ALK LRI BT FERT O R R BHAFIEM O SR O T bz, 2 ZICEREH T 5,

51 P SCHR

1) Y. Senda, Journal of the Physical Society of Japan Vol.91, 014602 (2022)
2) Agmon et al. Scientific Reports Vol. 8, 4681 (2018)
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Robust microstructural design of heterogeneous structural metal material using inverse micro-scale analysis

Takashi Matsuno, Tomohiko Hojo', Taiki Fujita, Kosuke Ochi?
Engineering Faculty, Tottori University, Tottori 680-8552
'Institute for Materials Research, Tohoku University, Sendai 980-8577
2Graduate School of Sustainability Science, Tottori University, Tottori 680-8550

Keywords: TRIP steel, ductile fracture, micro void, 3-D analysis

The research aims are to develop microstructural work-hardening, transformation, and damage models for transformation-
induced plasticity (TRIP) steels over a three-year period from 2021 to 2023. In 2021, finite element (FE) modeling from the
3D electron back-scattering diffraction (EBSD) maps was conducted for two types of TRIP steels: TRIP-aided steel with bainitic
ferrite matrix (TBF) and TRIP-aided steel with martensite matrix (TM). The phase maps on sequentially sliced surfaces were
obtained by the EBSD, and were combined with the 3D voxel models. The voxel models were then transformed into tetrahedral
FE meshes. The microstructural FE simulations for TBF and TM steels have yielded some interesting results, but further
investigation is still needed.

1. ¥ (Introduction)

UTAECIT 1200MPa k2 2 5 T8, 73 30% LA LM O Z "5 3 HAERIHOBEIC TS EN Lo X%
HloTna. &3 HRERIMOGAE LTE, BMHERE 72T 4 MRS T A b, vAT o H A+ (aff)
FICH 2 M ERDA—AT T A b (yHH) &L TRIP BOE MNP ELATH L. v HITETEETITIBNT
WE e~ VT A MCAERET S TRIP #4773, TRIP S0 K2 I TR i O 2 & Tkt L,
oD —HFTNCEFHEFRT 5D 2 & D3P S5 72 12 TRIP PUERE AR TEN 7R OV R Z 7R T

—757C, TRIP D ITZ D53 Y TN T CHIEAERICT I L TLE 9. ZHUIirT 280
MO (LA, BTOTR) WS SITER L, ABHEOEEM R L2 Ml 2 L ToORET
5. MOBEFMBIZ~T TRIP BESHEBM OB OT IHME TIIBEE TH 503, TOHAITL 97> T
WRUN. [y FEVERES 25 2 L TR L, £ OEFEAEN S5 7290128 L A TRIP RO G IMtHA o855 E
U3B0. FERE L TRWEBIOT A2 5] & OBME X B WEBLWOMR & 725> T 5.

Z T, AWFRIZEO T 3 ROThIRkg 2 2 LIDdffitT 2 iV T ERED A W =X L& T 5 L L big,
DA FEZ LTz TRIP RGO O Aot 2 528195, 3WRoT EBSD (2 K V) BBMEZE % DRHAY 72
BEED 3 TTBREZTIF L, TNEWIRIZRET /TS THIHMREE~E T 2T 217 5 . 8 O%fE >
2 L= a T OMRG 2 Z5E SE 505, AWETIIEIR D 3T a AT 5 2 &L TR —72 &8l
ISR 2R —IE), OFHZEHT L2 L2 iEd. Jhucky, HIEAD =X NIET DA —A
TIA FOREEH LI L, BIETRFU 2 i R R DI~ 5.

AFHENL 3 # IS TEBIND. 2021 FEEIZIBVTIEL TM 8 (TRIP-aided steel with Martensite matrix) & TBF
#H(TRIP-aided with Bainitic Ferrite)® 3 ¥kor EBSD 4G L, ZO 3L v ARERE I 21— a v
DA v =2 BB LT

2. ZB% 51 (Experimental procedure)
2.1 {tE8#F Material)

Ry %43 % TBF #il & TM Sz itk & LCHWW=. £ D% Table1 (2757, TBF i\ Tl %
915°CE THEA L T 1200 FHRFF L7214, 400°CHOA— AT 173200 F4ICTHBEE ANEFT/2 72, TM 8fll&[H L <
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915°C £ THEN L T 1200 BFEF L7148, 250°COA— AT >3 1000 B2 ICilEEE AN &2 T~ 7-.

& JEAARREBSD #)I1X Fig. 1 ©Z &L < &72 0, TBF $fli3AR Y I AR A—AT A b, TM Sl 7 «
IR DIEREA— AT FA MPBIE S, B XHREPT(SPring-8, BL28B2)IZ & - THIE SN2k A — A7)
A N OEFEZRIL TBF $HI2BV T 7.8 %, TMHHIZEWTS5.0 % TH-72. TM HliZF\ TId Fig. 1b-2 @ phase map
ETEEEN D DN, FBEA—AT A MM TH D Z LITMZ TREL TWD Z 0D 1 KD EBSD B TZ D

IERAZENRI-TbD E B D.

Table 1 Chemical composition of the TBF and TM steels (mass %).

C Si Mn P S Al Nb Mo N
0.197 151 .52 0.005 0002 0023 0.048 02  0.0065

Iron (Alpha)

Total

Phase Fraction
I ron (Alpha)  0.916
[ iron (Gamma) 0.084

(a-1) IPF+IQ map of TBF steel (a-2) Phase map of TBF steel

Total

Phase Fraction
I iron (Alpha)  0.980
2] Iron (Gamma) 0.020

L—
- & &

(b-1) IPF+IQ map of TM steel (b-2) Phase map of TM steel

Fig. 1 EBSD analysis of the materials.

/RIS [3RABR R 2 o CHIE S =B HERPUE Fig. 2 (R T80 Th 5. 2 2T, BFEHUILLF O
(1) MHG)VETO 2B Swit il LTRIELIZbDTHD. ZDs3T7 A—% % Table 2 (-T2, BED

72¥1Z Table 2 (ZHEETOT A bR L THL .
Y(5,) = (1 - o)Y(5,) + a{vi(5,) + b}
Y,(,) = K, (5, + )"
Y,(5,) = Kx(5, + ;)™

_ tanh(R(Ep - ESWl'tCh) ) + 1
‘= 2

b =Y, (Eswitcn) — Ys Eswitcn)

2 CR@ICBW TR =10 L7-.
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Fig. 2 Flow stress vs. equivalent plastic strain evaluated by shape-measurement tensile tests.

Table 2 Parameters of two-step Swift hardening laws for TBF and TM steels

K n, Cq K, n, Cy Ewitch Fracture strain
TBF 15142 0.16 1.00 x 1072 1428.8 0.13 5.40 x 1073 0.18 1.04
™ 17323 0.07 7.58 x 10~* 1637.4 0.05 1.32x107* 0.20 0.97

2.2 3 Woe EBSD HIRESAA4: (3-D EBSD analysis)

INETICER L2 b DL FREOFETEHHILZ. 10pmXSumBBED~ A /7 u T —%2 v aphL—9—iiT
EFIBIZKVRIEL, ZO~A 277 —% 0.05um HETFIB A7 A A L. AT A ADOHREE EBSD HIE % %
B L7, ZOBOE— AT 15KV, 0.34 nA ([ZE%E L=, EBSD OHIEAT v 7150.03 um & L7z, FEAIEZE
FH 5O 2020 FEOIRE GRERFS 20K0008) ZZRIfL7-u.

3. MRBIUEE (Results and discussion)

3 ¥kt EBSD f4(Phase maps)% P& = — K Simple ware |2 TR 7 B/ E LT3 RIeAEE L, XHIZFig. 3D
EL T FTHEBIZTET /ML L. TBF 8l (Fig.3a-1,a-2) (FFEA—AT T4 FOEKERLEL, ZORKHA
DA TND Z &0 HEBLEEME CTld(Fig. 3a-2)200 HEEREOET ML Lo TLE-TWD., AREHR I 2L
—a VEFERTDHITIZE HIT 100 TERBE E CEFELTOILERN DD, Ay TOT NI ALEFEL
TET/MEERD EIRTIUTR B0,

TM S Fig. 3b-1, b-2 O Z & <A — AT F A F3)8 TBF Sl X 0 HIK< Z DIk TBF #i L 0 13572 7-
¥(Fig. 3b-2 ZR), 100 HEHERE TET /LT 5 Z LN TE 2. WA —AT A FRIBEFHEHED D LY
bR, JARXPEENTND Z EDNRESND IO EE DR A — AT A MRIIIUT—ETH L1
) A REBRN T ETETAZY) 774 0T 5.

2022 FEFEIZB W TIET MEESNIZ B DI LTI R 2 L—3 g U Z2ITV, ZOREEN 1) PR MIE
Y IBMEOT 28 Fig. 2 IC—8L, EH1T2) BRITIE D SAHDOFRAKIC ) OHEB S G ERIE D 6 DIZ—EL, 3)
A — AT A N OEREENFIEHEIC—ET D L O ICEHOEARIL L BT T VDT A —X Z[RIET
%. Mz TEOLBIEFERIC X 0 IR BEGREZ B L, S HICER OO0 % DIC O/ %> 7= Fik 4
WTCRIET S, Zhuc—#+25 b0 & LT TBF, T™™ SO BETT VERR T FETHS.

4, £+ ¥ (Conclusion)

2021 FEEEDAMNIET —<ICBWTIE, AIREHFEY I 2L — g ML b~ A 7 1 A r— VST 2 S BEIC &
WEABREFY R 2 L— 3 O TBF & TM $i0D 3 ot BT V& Bk L7-. 3 kot EBSD /& 32
i U CRAE (o) &4 —ATFA MH (y#H) @ phase map ZHUG L, Thzh7BBE LT3 RIHEEL
TeBIZT DT ERICTET M LTz, BEREREOHIER ) A AOWERE, T NAD Y 7 7 A L ISEETIXSH 2 A3
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EMDYIal—ya BT NAEERT 5 HEOE(EZ BRI LKA D LN TE.
202 FFEITAET N ST /F I 2 b—a U EFET D 2 L THMIRAIRAETY, £, BEFHEEZI 50
(295,

FEE (Acknowledgement)
~A 7 a7 —{EROBILEIZEBIT 5 L — — I TIZB W IS MRk TAEFT O/ MAK, KIBKIZE
KR hze 2w, ZZICHEE#ET 5.

(a-1) TBEF steel (all meshes) (a-2) TBF steel (meshes picked for austenite phase)

(b-1) TM steel (all meshes) (b-2) TM steel(the meshes picked for austenite phase )

Fig. 3 Representative volume elements of TBF and TM steels.
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The effects of matrix and retained austenite on mechanical properties
of hot-rolled and isothermal-processed TRIP-aided steel sheet
Junya Kobayashi, Taichi Kimura!, Shun Kudo'!, Genta Kojima', Tomohiko Hojo?
Department of Mechanical Engineering Systems, Ibaraki University, Hitachi 316-8511
!Graduate Student, Department of Mechanical Engineering Systems, Ibaraki University, Hitachi 316-8511
2Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: TRIP-aided steel, Thermomechanical heat treatment, hot rolling, microstructure, tensile property

For weight reduction and safety improvement of vehicles, various advanced high strength steel sheets (AHSS) have been
developed. In the various AHSSs, TRIP-aided steel with transformation-induced plasticity of the retained austenite has high
strength and ductility. Conventional TRIP-aided steels are subjected to austempering after austenitizing for increasing the
carbon concentration of retained austenite and the occurrence of bainite transformation. Generally, the elongation and
formability of TRIP-aided steel are improved by finely dispersed retained austenite within BCC phase matrix. The finely
dispersed retained austenite and grain refinement of TRIP-aided steel can be achieved by hot/warm rolling with heat treatment.
Therefore, the improvement of mechanical properties of TRIP-aided steel is expected to obtain by the hot/warm rolling and
then isothermal transformation process. In this study, as the aim of the improvement of mechanical properties of TRIP-aided
steel, thermomechanical heat treatment is performed by combining hot rolling and isothermal holding. Although the tensile
strength of the hot rolled TRIP-aided steel is same as that of the conventional TRIP-aided steel, the elongation of the hot rolled
TRIP-aided steel is higher than that of the conventional TRIP-aided steel, because the volume fraction of retained austenite is

increased by isothermal holding after hot rolling.

1. #= (Introduction)

2050 DI —ARy = a— FTOVEBITWHT, EEias O RS T OA FEE I WV B AL 5 Je itk = iR

(Advanced High Strength Steel; AHSS) (2B AHFE0 AN T T\ 5, SR Bt O mssE(biZiZ~ T o
A ME(ERS TN LA 2 &2 K DAL ERZ S FIH STV D, Zivh AHSS O TH | REA—RAT
FA b (y) OLEREFEBIEIC LV &R - SIEMEA A T 2864 TRIP SR A E BhE A S ik & LCiE
HENTWD, TRETIEARLIZ, SHOBMEEEE XA =T 1 v 277274 h& LIz TRIP BIRA =F ¢ v 7
7 =74 Ml (TBF 8l) 0, ffRZE~/L7T 44 & L7 TRIP B~ L7 94 N (TM ) ZBR%E L, Fx o
WFRREZIT->TE 12, ZNETINSDIKAE4E TRIP SRITBVATIELE £ £4 % v BB A — 2T L r8—
AER(TEIR AR 2 LAERL S T X723, RIS e 0 205 v &2 0 TEVAERC/m HERFEHIEIC X - T &
B, EERE y 2B SE 5 2 sl S Y, Zhud, RE4 TRIP SLE RIS\ T TEIRIRERA
WZHNZIBMENN T2 M9 2 & 23, {KA4 TRIP SHOMIRER LA ChH Z L AR LTS,

AFZETIE, {KA4 TRIP SR OBBRAORER L2 B9 E LT, 7R v $INCHoM 0 8k o 72 9 O N TELER
FE BRI AE 2 3R U N TRVILER % i U 7= I A4 TRIP S0 5 [ 3R & SRR 2 F54 U 7=, AAHE <,
TEIRORFF LR CEMH AL 2 5 L 7= B HEAE TBF Sl Of &« OFER 2 AT 5 49,

2. EB 5 (Experimental procedure)
AMFFETIL, Fe-0.4C-1.5Si-1.5Mn-0.2Mo-0.05Nb (mass%) DI LFHAL (Table 1) ZA4 D44 (=7 %A b
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ZEREIRE Ms: 346°C, BAMEAE & 44, BE 2.5mm) & M\, Z ORI Fig. 1 1IR30 TEVLER A Jiti L 7=,
F PR ) SRR T U7 2E R A HA N T y 18 950°C T 1200 s RMEL L 7-1%. HEiE/HH0 H L
ToEAZIZEAERE (2 — VIR 400°C) THEF3E 50% DFIEA i L7z, WIZ, FHIEE OFEE B HIZ 400°C DR
JAIZAGL, 1000s [OMEIRRFFZE L7z, ZOMTEIR TRAZSIMA & Lz, E2, Wi & U TRt E
ITOTICFENRE CEIRMRFFO A2 M L 720k TBF b AER L, Zha5B & Lz, ZhbOREHZ DWW T,
BREEIRFE 25°C, O HIEE 8.3x10% s CHIIERBR AT 72, 7o, XAREWEHEEIC X 55%% v &4 & EBSD
FRHTIZ X 2 TR, Bl bAT o7,

Hot rolling
R(Reduction)=50%

T T .

Table 1 Chemical composition of steel used. (mass%o)

C Si [ Mn | Nb | Mo Al Fe

040 | 1.5 | 15 | 0.05 | 0.20 | <0.005 | Ballfmperaturel S o M\l

0il Q.

Room Temp.

Time
Fig. 1 Heat treatment diagrams with hot rolling
(condition A), without hot rolling (condition B).

3. BEBIUEELE (Results and discussion)

Fig. 2 (ZBAMEAE 2 it U 7255 A ORBR T & IR R O D4t B ORI I-AFFOT 2K &~ T, &
7=, Fig. 3 IZ5[ERBR L VSO NT-50F A BE OB OFERE L 20T v A% RT, Fig. 2 L0, FfFA
DFEIRIET11E 830MPa, 55 B TiX 980MPa & 72V | EAEEIEZ i d 2 & 1T L - THRARIS /11T 150 MPa FREE(K T
Lz, — 5T, BIEMSIISM A E&EB & HIT 1150MPa R L e o 72, FOREE. & A TIERIREE A S
B LVIES 20, FUAMBICHERRME L o7, —ARIMONISME A 23 28%., RIF BT 12%& 700, BAHE
JEIZ K> T—ARHMODNE LI LT, Fig.3 £V, &fF A ORE - IEMEANT 23R EB L0 b 15 GPa%lh 1
m <720 BMEEIER A4 TRIP SISV « IEMANT U 22 F LT,

__ 1200 ,
: = Y i

1000 —_
z Yl A S
2 800 B g 30
5 S 211
E 600 E‘ 20
S 400 X
E 10
£ 200 =
g
S 0

0 005 01 015 02 025 03 035 A B
Conventional strain|[-] Heat treatment condition

Fig. 2 Conventional stress-strain curves of the TRIP-aided Fig. 3 Combination of tensile strength and

steels with hot rolling (condition A), without hot rolling total elongation of the TRIP-aided steels

(condition B). with hot rolling (condition A), without hot
rolling (condition B).

Fig. 4 |25 A & 251 B @ EBSD i 4774, Fig. 4(a)3 L OV Fig. 4(c)? Image Quality (IQ) ~ > 7LV,
FMEADA =T 47 T7=2T74 MIFMEB L0 b7 0 v 7/T AP A XH/NEL A0 | BRI AT B
JESE % Jifid™ 2 & CRAFEAARI IR 72 o 7=, F 7=, Fig. 4(b)3 L U Fig. 4(d)? Phase ~ v 7B 5 A OFECIT
PRy DY A XN 72D | EDORE Y I INA =T 4 v 7 7 = T A MHEHEFRICE— 2B L THFEELTWD
Z LMo Tz, G B TIHERIIY A RO KR E WBRROFRE v OTFFEN BIL - T208, 56ih A TIZBLIRFER v 12
Diginotz, XARBIYTHEEEIC X 0 R y ISR EZHE LTRER, &F A O v (RFEHRIL 24.7 vol.%, &M BIX
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16.6 vol.% & 720 | TEIRARFFLBRATIC AR AL A 9~ 2 & CFel y MBI L7, RIFA LGB & HITE- y O
IRFEVEFEIL 1.2 mass%fEE TH Y | EE v ITEWEEMZBE L TWDH EEX LD,

PR 70 REARAEAR & Tl 725888 v & 7R o 7o DIX, TEIRPRFF BRI BRI EAE 2 9~ = & CEMH]ELERTOIH y NI
BT EOR R & LT SERDBEL, XM =T 4 v 7 7 = T4 MEERT A N OBIMCHHZREOIEME,
KRIEHE y ~DRBIMEDINRANEL Z o Te7ed LB X DD, A TIIFRE y OFRBERERMEINLZIC b 2030
B, Ry ORFRENE DT 7o, BRI L ELERRECHRAETELLEZEZIOND, 0O &9 7246k
EHTHEMAOREHL, WLERYE v O X > THIIEAEHIZ TRIP 23RANCHAE L, @ViEEEZ R L
tEEZLND,

20 pm

Phase
I iron (Gamma)
[ iron (Alpha)

Fig. 4 The results of EBSD analysis of the TRIP-aided steels (a, b) with hot rolling (condition A), (¢, d) without
hot rolling (condition B). (a, ¢): Image quality maps. (b, d): Phase maps.

4. L% (Conclusion)

A4 TRIP SR OEIEARFEFERRTIC B EE 2 S 2 212X > Ty B2, =T 4 v 7 7= F A FRMA
i LB I ST R y 2T 5 TRIP A =F ¢ v 7 7 =T 4 MERNMEONZ, ZOEME
%E TBF #ikiZ. 1150MPa F2E D5 [IEIRE & 30%FRE DM ONE AT 2 @M « @St/ TSR Th 5

G,

#EE (Acknowledgement)

AMFFEIE, FALK P BAOEIZERT  [ERRIEERIH - EERFFERLS (GIMRT) OB & 0 TSVE LT,
T ITRLSEHH L BT ET, Fo, AEOFERZIT O IZH T2V THRBEWZIZE £ L ALK S BRI
AT /INLDCE SR & AR ZEEE O BRI E <AL L B E T,
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Keywords: V-bending, TRIP steel sheet, springback free, warm forming, polygonal ferrite matrix

Effect of carbon content on warm V-bending in high strength TRIP-aided dual-phase (TDP) steel sheets
with polygonal ferrite matrix was investigated for automobile applications. Warm V-bending test was
performed on a hydraulic testing machine using a rectangular specimen (50 mm in length, 5 mm in width,
1.2 mm in thickness) in a processing speed of | mm/min at a warm forming temperature of 7=100 °C.
The main results are as follows.

(1) The (0.1-0.4)C-1.5Si-1.5Mn (mass%) TDP steel sheets were able to perform warm V-bending by the
moderate strain-induced martensitic transformation of retained austenite owing to the TRIP effect. On

the other hand, ferrite-martensite dual-phase steel sheet with a tensile strength of 900 MPa grade was

not able to perform 90-degree warm V-bending because of crack initiation in the tension area.

(2) The 0.4C-1.5Si-1.5Mn (mass%) TDP steel sheet of 1 170 MPa grade was able to enable the 90-degree
warm V-bending considering an amount of springback (A= 6, —6), in which the 6, and the 6, are
bending angles on loading and after unloading, respectively, of more than 2-degrees by controlling the
forming temperature of 7=100 °C.

(3) The 0.2C-1.5Si-1.5Mn (mass%) TDP steel of 780 MPa grade was enabled the 90-degree warm bending
without springback at the warm forming of 7=100 °C.

1. #= (Introduction,)

I, BB OEHEL LR ECICIARE N EA BRIEL T, BT —0 03— — AT 1470 MPa #&D
Ry "AR T E DA NSV TS Y, F72, VT INIZEE 2058, A7V 7 R0 7)—, BIOW—RT
VAR ETCOMGEHRE 23050, E2e e, BLOT VAR ZB B LI-54, TRIP 8O 2 ifFcx
% &7, TRIP #itk > V #hiF I CIZBE T 2813501 T4 TR Y,

LT, AWETIFIREA—AT T A b pp®D TRIP ZEREZFIHTE DR Y AFNT =T A FERHEICHT D
SR TRIP AU AFHAEIN (TDP &) K ODIEM V P I TS RITIALFHAR O FBE A LT 5 Z L2 AL
LT, (0.1-04) C-1.5Si-1.5Mn, mass% DAt F#LA % A9 % TDP S OIRM V il PN TCIZ RIFEd C &L
HLT,

2. EB ¥ (Experimental procedure)

Table 1 \ZHEASHO L AR 2 v 4, BVLELE LT, 780 °C X 1200 s O FHIBESLIL, 400 C <1000 s D A— A
TSR A fi L 72 VIR, O U S Ol 2 TDP1~TDP4 #il & FESS, £ 72, bt : LT, 0.15C-0.25Si-1.70Mn,
mass% & AT HIREA—ATTA M pEEERNT =T A b - v T WA NEGHRER (MDPO 8, 760 CX
1200 s O “fHIBHEAIL) & HWZ,

V HHTRBRICIZ Y A PRI T L7 50 mmX 5 mm ORMMARER A (FIESF IR TMICESA) 2/,
JEY—RRGABRIEIC LD, 88 ° VU F (et 2 mm, FEHEE | mm/min), BEON88 ° VHA A (FA

1
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Table 1. Chemical composition of steel sheets used (mass%).

Steel C Si Mn P S Al

TDP1 0.10 1.49 1.50 0.015 0.0012 0.038
TDP2 0.20 1.51 1.51 0.015 0.0011 0.040
TDP3 0.29 1.49 1.50 0.014 0.0012 0.043
TDP4 0.40 1.49 1.50 0.015 0.0012 0.045
MDPO 0.15 0.25 1.70 0.010 0.0080 0.030

Table 2. Retained austenite characteristics and mechanical properties.

Steel o Co foXCp Ys 78 UEl | TEl YR TSXTEl n
(mass%) | (mass%) | (MPa) | (MPa) | (%) | (%) (GPa%)
TDP1 | 0.049 1.31 0.06 429 651 278 | 372 | 0.66 242 0.25
TDP2 | 0.079 1.38 0.11 527 831 314 | 358 | 0.63 29.7 0.22
TDP3 | 0.132 1.41 0.19 562 895 286 | 322 | 0.63 28.8 0.22
TDP4 | 0.170 1.45 0.25 728 1103 | 292 | 32.8 | 0.66 36.2 0.21
MDPO - - - 434 923 9.3 11.3 | 047 10.4 0.14

J0: volume fraction of retained austenite, C,: carbon concentration in retained austenite, f,0 X Co: total carbon content in
retained austenite, ¥S: yield stress or 0.2% offset proof'stress, 7'S: tensile strength, UE!: uniform elongation, 7E/: total elongation,
YR: yield ratio (= YS/TS), TS X TEI: strength-ductility balance and n: work hardening exponent (¢=5 - 15%).

Fig. 1. Scanning electron micrographs of' (a) TDP2 and (b) MDPO steels, in which “o’, “a”, “yr” and

“an” represent ferrite matrix, bainite island, retained austenite particle and martensite, respectively.

ATEOME 12mm, A AJFEL0.8mm) THIE L7z 2d, 7pds, FAEHD TDP2 #fiisuvC, ARG 0=
92° | BRI OITFA 6,=90 ° IZ/2B AT Y TNy T BN (=0,—60,) D2 ° HBEELTRUFFE
JLDTENT Spax=11.03 mm 3 JOMREFIFR] 2 s 2R E L7292,

3. FERBIUELE (Results and discussion)

3.1 fHRk & BEARAYRRE

Fig. 1 {Z(a)TDP2 8, 35 X ONb)MDPO 8> X 7 afiifikz ~d, F£7-, Table 2 |[ZHEEHDFRE A4 — A
T A b R, B L OMRAIRRE 2R T, 3%HIR = & — VIR CIE &% TDP2 Sl < 7 m ik
L, RFEORY TNV T 254 N aplZREA—AT T A & XA T A o O DFHE ARy b
U — 7 RICHFET D (Fig 1(a), —J, MDPO SiliZRHHOARY T F N7 2T 4 b aplZ8 B~ LVT
Y%A b, TH5 (Fig. 1(b)),
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Table 2 XV, Si, BLOUMnimINEEFILZH 1.5 mass%lZIFIET—E S L, CHRINEZ 0.1~0.4 mass% OFuJH
TE{L &H7= TDPI~TDP4 flcB\\C, CIRMEDOENMItE, A —AT A b p OOHIREE £9, %%
F—ATFA by POFPIRIRIREE Co®, 3 K OERNRFIREL fo X CNTENENIENT 5, TDP 005|550
TS 1% 651~1103 MPa OFiFHICH Y, m CHlIZE R 725, RO TENE 32.2~372 %OHiHIZH Y, MDP #i &
HRZOEIIRE Y, £, HREE < BT R TSXTELE 24.2~36.2 GPa%D#iHIZ&H ¥V, MDP $iic ki L <
25GPa%Lh & 7 U ARTENEITEN T D Z &35, 7238, MDPO SIOREIREL YR 13 0.5 DL T OIRER A 7R
¥,

32 IREENFRHEIC RAE T IO RE X 430 0 8

Fig. 2 [ZBRf OiliiT 4 6, & 53R & TS OBIfR A 7~"3 (TDP1~TDP4 #lil, Smx=11.03 mm, (a)7=25°C, (b)T
=100 °C), TDP $DREFZDO T 6, & 5IRIMR S TS OBIFRIL, T=25 °Co TDP3 #l, 35 LT TDP4 §il D Frfuit%
OITA 61X 90°LL T, T7bh, ATV IRy 7EA N2V EEREL, ZRENEEOMER E 725 (Fig.
2(a)), 723, MDPO #fiiZ V HIF oAl Ty 7 v 7 BRRAL, BMIFIMTIIREECH -7z, A7V TRy 7§ A0

(2°Lh k) DOKREV 1170 MPa #% TDP4 £iiliZ, T=100 °COIRREIELIE T 90°V BT I TN AIREIC 72 D, F72, 780
MPa #%® TDP2 8l %, MRERETA Y 7Ry 7 7 ) —R3wEglZ7e 5 (Fig. 2(b)),

Fig. 312V #hiF5B 7, Fig. 4 (2 V #F TSR B 230 FHeims b= 27 i O BEEkE y o &y A — A fifl
E HV 55Ai 2 ENRT (Smx=11.03mm), Fig.4 K9, TDP4 $fo shiF Wi O RIEIE, AL, B X 0%k
NFAMEZE I C 19, TRIP 252 L Y 900 MPa % MDPO $flD> X 5 725 3RV AITCD 7 T v 7 OI3EEHHIL,
ATV 7Ny 7 ZBfE LT 90°V M LA AIGRIC T2 Z LN TE 72, 7035, TDP4 8l (REAE S HVp=343)
ORI LD 90°V HIITF R AREIC /e 572 2 L1, BIRMIOBE S OIK T2 b O T AgF~ LT v A N ERE

(SIMT) MRS/ EBEZ DD, —J, TDP2 8l (RS HVp=296) DIRMMIBIZE Y ZA7 Y 78y 7
7V —NAEIC e o T2 2 &, WIE 2RO SO TFIZ L Y OFTHFHR~ /LT oA NERE (SIMT) 23%EF1 S
mEEZBND,

o @ oo y 2 [y
! TDPI1

91 J A8 o r AO
PRI I N . ?b9o - 3
§89 - TDP1 2N oo ° 289 4
=88 I 3 " 288 F
C87 t 87

86 T=25°C 86 T=100 °C

85 - - - - - 85 ' ' : : :

600 700 800 900 1000 1100 1200 600 700 800 900 1000 1100 1200
TS (MPa) TS (MPa)

Fig. 2. Relation between tensile strength (7.S) and bending angle after unloading (6>) , in which “A&” and “6,”
represent amount of springback and bending angle on loading, respectively. ((a) 7=25 °C, (b) T=100 C,
TDP1, TDP2, TDP3 and TDP4 steels, Symax= 11.03 mm).

Specimen

10 mm

Fig. 3. Specimen of cross-section after bending (TDP4 steel, Syax=11.03 mm, 7=100 C).
3
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4. L ¥ (Conclusion)

SR TRIP USRS (TDP 8f) AROIRM V I TICRIET C BORRZ A L, T RIELLTO

WY ThD,

(1)(0.1-0.4)C-1.5Si-1.5Mn, mass%® TDP #ill%, 100°CTIRMIET 25 Z &Ik, BEA—ATF 1 FOUOTHHE
L~ /LT YA MERED TRIP R LV 90°V fiF I LA AIREIC Lz, 24U, O T HFER~/LT A A
REZSTHE (i S, dIPEWIE 4 A A a2 7 MUAOB S ME T Lz Z ER—REBx bz,

QRRUULEDATY TRy 7 8 A (=01—0,, AMFOIITA 6, FRAEOITA 6) ORKX\ 1170MPa #&D
0.4C-1.5Si-1.5Mn, mass%® TDP4 §ili%, 100°C CiRMMIET 5 Z & T, 90°V #iiF i T4 wIREIC L7z,

(3)780 MPa % 0.2C-1.5Si-1.5Mn, mass%? TDP2 %, 100°COIRRIIE T, 88° VHIFOATY 7Ry 7 -
7 U —%wREIZ LT,
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Fig. 4. Variation in Vickers hardness (HV)) with cross-sectional distance (y) after bending ((a)TDP2, (b)TDP4

steels, Smax=11.03 mm).
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Effect of hydrogen on surface hardness in ion-irradiated metals
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In fusion reactor materials, a large amount of gas atoms are introduced by the nuclear transmutation reaction and the exposure
to a fusion plasma. The hydrogen isotopes interact with the irradiation-induced defects, and remain in the materials. Retention
of hydrogen isotopes leads to a degradation in mechanical properties of materials, e.g. hydrogen embrittlement etc. In this study,
the change in the hardness of ion-irradiated single crystal tungsten after hydrogen charging was investigated using the
nanoindentation test. Defects were introduced by irradiation with Fe-ions at 6.4 MeV. Irradiation dose at damage peak area was
5 dpa. High pressure hydrogen charging (H.C.) were performed. The pressure was 0.1, and 5.8 MPa. The temperature, and time
for H.C. were 573 K, and 100h, respectively. Hardness increased after irradiation, and increased further after H.C. This result
agrees with the previous study using poly crystal tungsten.

1. ¥4 (Introduction,)

EEREIF D7 T X<t ifan T 2 X A 3— 2 L@ EVERT & eI 2520 5[1,2], 2 OfEEM B T
B L > CTH A DERT D LRIFIZ, I TE NNy V7T X0 b H A8 A S D[2],
HAFAIRMEEAREAER L, Wb e A=) o 7 2Bk T 23], & v 7 AT XEREEERLS F28)F ITER (23
WCH A N—Z OREEREEE L THO B, KRFEBEAREIIIEF TR, KB A & REpORE G =1L F—73
< Kbaz BT B CIIKR R ORFFENEIMNT 5[4], £1o, KEDPMEIOMMRME 22 LS E5 2 L
T RIKRFERAE & LTESHBILTWDN, XA 3—HF DKFEIZ L DHEAVRED LT DN T H RS M
N5, WIZIE, ITER DX A /3—H OB AEIFE T CIIARFEBR THW -ETEAKET v — Y OIRETH D 573K I
TR NG D2, & T, AW TIEY v T AT L OBHIRFEOF CHESIZER L, A AV L4 7
AT O SITRIETRBOMRETANDL Z L2 AN E T2,

2. EB 51 (Experimental procedure)

KR 7 I 4 R~=F U T4 X o THIEE 99.95%0D % o 7" 25 o W TUERLES U= B A B B U A v —
N T &> CER 3mm, JES 0.5mm 7 4 A7 KOFELZ Y0 H Lz, FBIOMifH 4 9um, 3um, lpm O A
YEL FRTHEL, 0.05um Oz mA XU & HOTRE EIF 21T o7, % OREIE XX 0.4mm
L ETH o7z, sEHI R 2 KaOE TR 3L X — B TR E AT O A B — SRR G2 E (DUET)
%mv%5a@kV@F&%ﬁ/éawxw%ﬁiT%%Lk(E{*i@ﬁt~7u (%ﬁ#%ﬁlhm)f
S5dpa), F7z, BEHEEILST3K Tholz, KFEF ¥ —1F0.1MPa & 5.8MPa D/KFEH AIZ 543K T 100h k2
WiE9 52 LI ;ofﬁotoV—&wvw_%o<lmm$%§i%M%mAzwqwi&%xmﬂﬁ%éoﬁ

BRI AL KRR BB SR I R% T STV D Nanolndenter G200 % V=, AW EF I —aE v F
ETTHoT-, HGERPHRIEEEZAWT, M 1lum FTOMI LIREIDT 07 7 A VA mgl N BdE Lz, RBRIE
FEIX 298K (ZBIR) T, OF AR 0.05/s ThoTe,
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3. ERIVELEE (Results and discussion)

B IZT AT T —va dBRTTRE D ICRBRE 2 b DR SIS 2 LIAZME & DAL E7R~ T, A A
VHRMIE E O LIARIRSIZHB W T, RIS THELS 220 | KEF v — V%179 2 & THRICH ST L
F Lz, BHLIETROKUCL > T, M UARESITBIT 57UV 7 S S 2R LTV 5[5, FroXz A
W2 IV 7 FAIE S 2 X 2 1R

)= )2%“;"[—?{

h

KFEF v —Tt%, MLIASIEE D 150nm 7> 5 400nm OFFH T/ L7 FIMBE I3 B Lz, L, KEF ¥ —
JESNTHT 5700 7 FRSHE S OFEOITIHFEICIT A SN o Tz, 2 S OISR S v 7 AT v & AW TT
STFER E—ELT2[6], RS OMEICLHELT 2 & ZHEEY VT AT DR | RN L%
26D, LinL, BEM CIEAfM/SEV RGO Neho 272, RIR LD & RS RIGORE LS THEL 725
TmeEZ2 NS, BT, BIFARMREOA/KELZTEL T, LB OBIELE L0, A 4R okE
F o — UM< Ip o7, RIS & A A2 B ORFEZERIHRX D 5 pop-in (IZOWT Hi# L7z, KRGS T
&, 13 [EIOFER T 4 [BIFEEE pop-in DIEENFA DIV, S CTldAbivie o7, BERFHIFBEIC KRB - < &
AEAZITWNDTED, pop-in DFENIHI SN/ LB D, REZEMEL TEOT, KTt
WS TVl R TH T X TOM LIABFER T pop-in BHE L0 oTc B X HiLDH, £72, pop-in
DI T T KB OFEL HMEICITA LR > T, ZIUTEEKFERENMEN O THL B X HLD,

T T T T T T T T T T T [a
—@— Unirradiated 91 O———71— “@ Uniradiated” T 7
—O— Unirradiated L —O— Unirradiated

—&— Unirradiated+H-charge(0.1MPa) —&— Unirradiated+H-charge(0.1MPa)
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—A— lon-irradiated —A— lon-irradiated
L —/\— lor-irradiated r —— lon-irradiated
10 —- lon-irradiated+H-charge(0.1MPa) 6 —#- lon-irradiated+H-charge(0.1MPa)
B —{} lon-irradiated+H-charge(5.8MPa) —{J— lon-irradiated+H-charge(5.8MPa)
r SO =R
i VS ZYOVy G ZON AN
8 4L ::!.::u.v}'. o ..».‘\AQA,'A&A!A §igj¢ o}

Nanoindentation hardness, H(GPa)

Bulk-equivalent hardness, Hq(h)

L 21
T S o|||
0 500 1000 1500 0 500 1000 1500
Indentation depth, h(nm) Indentation depth, h(nm)
X 1. B o 7 AT DA A BRE R OVK X 2. HESZ T AT DA o BRE R OVK
T —VORBIIL LT /AT T = e FT v —VOFM LD L7 YIS OBRES
R S DR SARAFED AL, AT EDZA L

4. £+ ¥ (Conclusion)

AMFFETIIA A B LIZ R 2 v 7 AT OB SIZRITTKRFEOR AT AT, A A RS 21T 9 & B
KRIGOIRIZ LY | BEN EH Le, ZAUTKETF vy — %2179 &, BINEIZ ER Lz, ZofRRIREIT
STEREE S T AT o DORERE—BILT, E72. pop-in DIEAEITHONTHIATZD, RIH TORIEASE
PR DRETHY  KEOHEIR LN >T, SRITMIHEEZZEZ T, A 4 VBRI O SI2RIFTK
ROFELTRIDTETH D,

5FSCER (Reference)
1] M. Merola et al., Fusion Eng. Des. 89 (2014) 890.
2] H. Bolt et al., J. Nucl. Mater. 307-311 (2002) 43.
3] S. Kajita et al., Nucl. Fusion 47 (2007) 1358.
4] K. Ohsawa et al., Phys. Rev. B 82 (2010) 184117.
]
]

5] R. Kasada et al., Fusion Eng. Des 89 (2014) 1637.
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Correlation between microstructural evolution and mechanical property change in neutron irradiated materials in JMTR
and JOYO
Ken-ichi Fukumoto!, Kenji Shirasaki?
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The irradiation behavior of vanadium alloys was examined to evaluate the effect of temperature history
during reactor operation. Irradiation experiments were performed in a fast reactor, Joyo, with an
irradiation-temperature-controlled irradiation rig, MARICO-II. In-core irradiation rigs that control the irradiation
temperature and are not influenced by reactor power were used. Irradiation conditions with or without the MARICO-II
rig were performed. Significant differences in irradiation hardening and swelling behavior in undersized vanadium
binary alloys were visible between temperature-controlled and conventional rigs. The temperature history affects the
microstructural evolution, especially the nucleation and growth of voids during startup and shutdown procedures. No
difference was observed in the vanadium alloys with oversized solute atom because the vacancy migration was

suppressed by tight binding between oversized solute atoms and vacancies during irradiation.

1.Introduction

Materials of core component in a neutron reactor are subject to temperature variation during irradiation under
its operation. Especially, minor unexpected temperature excursions occur during the reactor shutdown and start-up
periods. Usual irradiation experiments had been conducted in a conventional irradiation vehicle including the transient
temperature effect during the reactor start-up and shutdown procedure. The sensitivity of materials behavior to
temperature transients during irradiation influenced an accurate estimation of material properties under neutron
irradiation. Therefore, it is necessary to evaluate the effect of temperature transition on microstructural evolution under
irradiation to compensate the property changes of neutron-irradiated materials in a pile. Here a temperature-controlled
irradiation experiment with monitoring temperature in a fast reactor, Joyo was conducted. In the framework of this
experiment, vanadium binary alloys were selected as representative target materials in order to evaluate the temperature
transient effect during reactor operation for swelling behavior from a point of view for nucleation and growth rate of

void formation.

2. Experimental Procedures

Specimens were unalloyed vanadium, and six vanadium binary alloys, namely, V-5Fe, V-1Si, V-5Cr,
V—5Mo, V-5Ti and V-5Nb. The impurity levels were 500-600 wppm for O and < 20 wppm for N and C. Disks of 3
mm diameter were annealed at 1100°C for 2 h in a vacuum of < 2 x 10-4 Pa. Specimens were added with high-purity
liquid sodium in the capsule and sealed by electron beam welding to protect the inclusions from interstitial impurities in
the gaseous environment. MARICO-II irradiation capsules were used for the irradiation rig at Joyo. Three irradiation
conditions were tested: 410°C irradiation at 7.5 dpa in a conventional capsule, 477°C irradiation at 7.5 dpa in the TC
capsule and 482°C at 20.4 dpa in the conventional capsule. The 410°C irradiation was carried out using a conventional
irradiation rig, but the transient temperature region was small because the inlet temperature of the liquid sodium was
~390°C and it is expected that the difference between the startup and operating times was smaller than 20°C. Therefore,
it is considered that the 410°C irradiation can be treated as temperature—constant irradiation. After disassembling the
capsule, specimens were cleaned by rinsing with ethanol solution in an inert-atmosphere glove box to remove the

remnants of liquid sodium. Micro-Vickers hardness tests were performed at the Oarai branch, IMR/Tohoku University.

— B40 —



Microstructural transmission-electron microscopy (TEM) observations were performed with an acceleration voltage of
200 kV at the Laboratory of Alpha-Ray Emitters, IMR/Tohoku University.

3. Results

The swelling behavior of undersized vanadium binary alloys that were irradiated in the TC capsule was higher
than that in the conventional capsule in this work. To understand the effect of temperature history on the microstructural
evolution and swelling behavior during neutron irradiation, the void formation process must be accounted for using a
ratio of sink strength in irradiated materials. By considering the dislocation/void sink strength ratio on the

microstructural evolution based on the nucleation and growth rate of void formation, the swelling rate is expressed as

dalAv/v) z!-—zv) Q
ac K“( z, /1402 1
where
zfva

Q= @)

is the ratio of dislocation sink strength to void sink strength. Ko is the production rate, zi,v is a bias factor of point defect,

AMRZi Py

zNi,v is a bias factor for interstitial and vacancy dislocation, pN is the dislocation density, R is the void radius and pv is
the void density. Equation (2) provides a rough approximation of zi,v = zNi,v:

Q= 3

AWR Py

Figure 1 shows the relationship between the swelling and Q parameter of neutron-irradiated undersized
vanadium binary alloys. The values of Q for the undersized alloys that were irradiated at 410°C varied from 0.1 to 100
and were distributed at high Q values. Q for the undersized alloys that were irradiated at 477°C ranged from 0.01 to 1
and were distributed at Q~1. Therefore, the dislocation sink was dominant for point defect fluxes at a 410°C irradiation.
The sink strength between the dislocation and void was comparable in terms of absorption for point defects at 477°C. Q
for the undersized alloys that were irradiated at 482°C in the conventional capsule ranged from 0.1 to 10 and were
distributed at a relatively high Q value. In general, the swelling rate of irradiated materials was a maximum at Q~1. It
has been reported that the peak void swelling rate was distributed near Q~1 in neutron-irradiated stainless steels. This
phenomenon has been explained by the sink balance of dislocations/voids to absorb interstitial and vacancy point defects
during irradiation. This tendency was observed in V—xFe (x = 0 to 5) alloys that were irradiated in the Joyo, and this
work shows good agreement with previous work. At a low temperature where dislocation formation is dominant, void
nucleation is active but void growth is suppressed because dislocation sinks absorb interstitial and vacancy points that
are produced by neutron irradiation. This regime resulted in Q > 1 and void swelling was suppressed with a lack of void
growth by the imbalance in point defect fluxes. At a high temperature, where the interstitial and vacancy clusters were
produced at a certain rate, the ratio of vacancy flow to interstitial flow to sink became steady and reached Q~1 for sink
balance, in which the sink bias is most effective in promoting void growth.

Thus, the temperature history effect for microstructural evolution in vanadium binary alloys during neutron
irradiation in the fast reactor was caused mostly by cyclic irradiation between the nucleation stage and growth stage of
void formation at the irradiation temperature. For void swelling evaluation in vanadium alloys that were irradiated in the
fast reactors, such as the Joyo and the Fast Flux Test Facility (FFTF), and using a conventional capsule without

irradiation temperature monitoring, the amount of void swelling

. . . 0410°C Conventional
has been underestimated in previous work. The use of

30% @ 477°C T-Control
temperature-controlled capsules in the Joyo reactor will enable us 3 A 482°C Conventional
to obtain knowledge about the correct irradiation damage behavior %’n 20% L]

. =
not only for vanadium alloys but also for other metals and alloys. %
3 10%
Fig.1 : Void swelling as a function of Q for vanadium binary
. . . 0%
alloys irradiated in the Joyo. (())_001 0.01 0.1 1 10 100
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Tungsten (W) is considered as the armor material for the first wall and divertor in fusion reactor. A helium-cooled divertor
has been proposed for future fusion power plants to resist a high heat flux. In this concept, helium at 10 MPa and inlet/outlet
temperatures of 600/700 °C is used as a coolant, which allows for a relatively high outlet temperature and thus enhance the
thermal efficiency. The oxide dispersion strengthened (ODS) steel have the beneficial to sustain this severe condition. It is of
critical importance to develop the joining between W and ODS steel to obtain robust weldments. In this study, solid diffusion
bonding via hot pressing was employed to fabricate the joint, and the microstructure of the joint between K-doped W and ODS

steel was characterized.

1.Introduction

Tungsten (W) is considered as the armor material for the first wall and divertor in fusion reactor due to high melting point,
low sputtering yield, good thermal conductivity, and low tritium retention. A helium-cooled divertor concept for DEMO has
been developed to resist a heat flux of at least 10 MW/m? [1]. In this design, W and W alloys are chose for divertor structures.
The reduced activation ferritic/martensitic steels (RAFMS), such as F82H, EUROFER, are not adapted to such elevated
temperature because of the unstable phases. In contrast, oxide dispersion strengthened (ODS) steel is selected to sustain the
helium coolant (10 MPa, inlet/outlet temperatures of 600/700 °C). Hence, it is essential to develop the joining between W and
ODS steel, which has difficulties due to the big mismatch of coefficient of thermal expansion. To produce reliable joints, several
methods have been studied [2-5]. However, the interlayer was not clearly characterized. In the present study, it aims to clarify
the microstructure of the dissimilar-metal joint between W and ODS steel.
2.Experimental procedure

W containing 40 wppm K (K-doped W) was provide by A.L.M.T. Corp. Two types of ODS steel, 9Cr ODS steel (Fe-9Cr-
2W-0.25Ti-0.14C-0.35Y,03) and 12Cr ODS steel (Fe-12Cr-2W-0.3Ti-0.25Y,03), were used, and the detail information of
manufacturing process can be found in Ref. [6]. The sizes of the plate-shape W and ODS steel were 25 (length) x 12 (width) x
0.2 (thickness) mm and 25 (length) x 12 (width) x 0.3 (thickness) mm. The W/ODS joints were fabricated by hot pressing at

1250 °C under 20 MPa for 1 h in a vacuum of about 10~ Pa. Microstructure was characterized by field emission scanning

electron microscope equipped with energy dispersive X-ray spectroscopy (EDS), and transmission electron microscope (TEM)
with energy dispersive X-ray spectroscopy. Focused ion beam (FIB) device was utilized to prepare the TEM specimens of the
interface regions. Nanoindentation hardness was performed with a load of 30 mN for a dwell time of 5 s.

3.Results and discussion

Fig.1 shows the SEM images and EDS mapping of the cross-section of W/9Cr ODS steel joint after hot pressing. It can be
obviously seen that interlayer was formed between K-doped W and 9Cr ODS steel, and coarse precipitates were observed in
the matrix of 9Cr ODS steel. The interlayer was enriched with Fe, W and Cr elements, the atomic ratio of (Cr, Fe):W was ~1.24.
According to the analysis on the electron diffraction patterns that were taken by TEM, the interlayer was characterized as
(Fe,Cr);Wg phase. By contrast, Fe;W type phase was reported in W/RAFM-steel joint that was bonded by hot isostatic pressing
at 980 °C [7]. This difference was attributed to the diffusion bonding temperature. Based on the Fe-W binary phase diagram
[8], Fe7Ws phase was formed above 1190 °C, and Fe, W phase was formed below 1060 °C.
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W penetration distance in Fe-base matrix can be estimated by x = v2Dt, D = Dyexp (— }f—T) [9], where, x is penetration

distance, ¢ is holding time, D is diffusivity, O is activation energy, R is gas constant, and 7 is the absolute temperature. The
penetration distance was approximately 70.9 pm, which is in agreement with the SEM observation in Fig. 1. Coarse precipitates

in the 9Cr ODS steel were characterized as FeoW type, whose size gradually decreased away from the interlayer. It is

presumably attributed to W penetration in the matrix.

9Cr ODS steel.-

Fig. 2 plots the nanoindentation hardness distribution as a function of distance away from the interface. The hardness of the
interlayer is the highest, which is approximately 2.6 times and 4.8 times as high as K-doped W and 9Cr ODS steel. No cracks

are observed in the interlayer.

N
o

K-doped W ; 9Cr ODS steel
15 4

10+

l—-—l—l'-\.,.\./.ﬁ*l—r.\.,./.
5t " . E
u \.}\._./I'I—I\.‘./.r.‘.

Nanoindentation hardness (GPa)

-100 0 100
Distance from W interface (um)

Fig. 2 Nanoindentation hardness distribution as a function of distance from the interface.

4.Conclusion

The microstructure of diffusion bonding between K-doped W and ODS steels via hot pressing was characterized. The
interlayer enriched in Fe, Cr and W were observed after hot pressing, which was characterized as (Fe,Cr); W phase that agrees
with the Fe-W binary phase diagram at 1250 °C. Coarse precipitates in the ODS steel were characterized as Fe;W type, and the
size gradually decreased away from the interface, which is presumably attributed to W penetration in the matrix.

Acknowledgement

This work was partially supported by the Fusion Engineering Research Project of National Institute for Fusion Science
(Budget code: UFFF024 and UFFF032-5), and JSPS KAKENHI Grant Number 20K 14445.

— B43 —



Reference

1) P Norajitra, R. Giniyatulin, W. Krauss, V. Kuznetsov, . Mazul, I. Ovchinnikov, J. Reiser, M. Rieth, V. Widak, Fusion Sci.
Technol. 56(2) (2009) 1013-1017.

2)  W.W. Basuki, J. Aktaa, J. Nucl. Mater. 417(1) (2011) 524-527.

3) N. Oono, S. Noh, N. Iwata, T. Nagasaka, R. Kasada, A. Kimura, J. Nucl. Mater. 417(1) (2011) 253-256.

4) J. Aktaa, W.W. Basuki, T. Weber, P. Norajitra, W. Krauss, J. Konys, Fusion Eng. Des. 89(7) (2014) 913-920.

5) J.-C. Wang, W. Wang, R. Wei, X. Wang, Z. Sun, C. Xie, Q. Li, G.-N. Luo, J. Nucl. Mater. 485 (2017) 8-14.

6) T. Muroga, T. Nagasaka, Y. Li, H. Abe, S. Ukai, A. Kimura, T. Okuda, Fusion Eng. Des. 89(7-8) (2014) 1717-1722.

7)  P.Huang, Y. Wang, H. Peng, J. Chen, P. Wang, Fusion Eng. Des. 158 (2020) 111796.

8)  S.V.N. Naidu, A.M. Sriramamurthy, and P. Rama Rao, Fe-W (Iron-Tungsten), Binary Alloy Phase Diagrams, II Ed., Ed.
T.B. Massalski, Vol. 2, 1990, 1791-1793.

9) PJ. Alberry, C.W. Haworth, Metal Sci. 8(1) (1974) 407-412.

10) J.J. Shen, T. Nagasaka, H. Noto, M. Tokitani, T. Muroga, R. Kasada, ICFRM20, Oct. 24-29, 2021.

— B44 —



NA v hu B—AEIT BT D)L & RE R EEOFEEY

WIPEAERE « mOR= T B
WHEsHE - RACKGAT 52K

Interaction between dislocation and irradiation defects in high entropy alloys
Kiyohiro Yabuuchi!, Ryuta Kasada?
Unstitute of Advance Energy, Kyoto University, Gokasyo, Uji 611-0011 University of Technology, Shiroishi 989-9001
Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: high entropy alloy, ion irradiation, irradiation defect, dislocation

The materials used in fusion reactors are exposed to high heat flux and high energy particles. Refractory high entropy alloy
(HEA) has higher melting points and promising irradiation tolerance behavior. The irradiation hardening and microstructure
evolution under ion irradiation in MoNbTaVW high-entropy alloy were investigated in this study. MoNbTaVW alloy was
produced by arc melting method and ion irradiation with 6.4 MeV Fe** was carried out at several temperatures. T the irradiation
hardening of MoNbTaVW depends on the irradiation temperature. The hardness is increasing with the increase of irradiation
temperature up to 500°C, and then decreasing. The highest irradiation hardening was observed at the irradiation temperature of
500 °C.Atthe irradiation temperature of 1000 °C, the irradiation hardening is less than those at lower temperatures. Comparing
the irradiation hardening between MoNbTaVW alloy and recrystallized pure W, the irradiation hardening of MoNbTaVW alloy
is higher than that of pure W at the irradiation temperature of 300, 500, and 700 °C. However, at the irradiation temperature of
1000°C, irradiation hardening of MoNbTaVW alloy was lower than that of pure W although the grain size of MoNbTaVW is
quite larger than that of pure W. It is suggested that MoNbTaVW alloy has a higher irradiation tolerance than pure W at high
irradiation temperature. EPMA observation revealed that 2 phases exist in MoNbTaVW. The difference between the 2 phases
in nanoindentation hardness was not observed. TEM observation revealed that irradiation hardening was caused by the

irradiation induced dislocation loops.

1. #5 (Introduction,)

THROZFVF—JHE U THIRF SN DA RO FEHICHT, BREFN ClBEIRDO YT X~ Lxtmd 57
7 A= %f1as EH(Plasma Facing Material, PEM) DBRFE 3G T 5, PEM LT 7 X< 0 H OIEF I E W BT &
P ORI RIS & W ) WREREREE T8V T H, ZOREMEZROVEN S D73, Z b Zilie T DM EHIAR
TACHFTE L\, BIFE, @R & BRI & < TEMEICEL, 7oA A NS KD ANy 2 U U TS b8
NDHH T AT (W) Bichb B 172 PEM Ol & ShvCnd, UL, IHEOH W 2k 2 BT BR O
B, BB IR (ITER) CHE SNABEMIZ L > CERPEAET D Z EndgiE ST 5[1], IEEICZ L
WL, HOREADPERRO BRI BT 5 FTREMEA S 0 . FHOBEIIME LTHEIRRITIUER 572
WV, IHIT, BVAMTIC LD EE L &R TRRRENC X D BRI EIC Lo TE AR RA, R LA D LD
MEETH 0 | HEEE & EbifttEl BN, (BEEORWY V72T UMBIOBIRAME L ST,

NA T ha =G, ERASITIER LN RVRE R CEN T I ERHEE R T L ONRE AFET D 2 &2
Sk HRPTER SNE L OBFENEI SILTW5, BB BT, TR~
O, N ATy ha E—G&IIOWTORA AT T TNW D, AIFFETIE, ™A =2 ba B —5a0E
JFRELE L CoOAEZHREICWILOD, L LERS, FREEERERETHDL A = ha B —5&0 ks
BRI F 5T D785 BRI 5, SR OBERHEIC DUV Cikin 92 BTl BB OZENC SV TR A
WD IO TEHEETHY ., FHIRHN KRG EEE DA X T 7 v a U ERT 5 Z L1, IRkt
MR EA T 2 L CRERAIR Th D, 2T, AR TIIANA = b r B —E831T a7 & R KERD
FIEAERZONCT 5 2 E 2R BN E L, SEEITRHEEICT &HE W 23— L LMy hrb—
B FR Ut FEPRFPICRE SV A A U NEEE DUET & W CA A SRR A I L, 2 DO%eiH
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2. ZB5EE (Experimental procedure)

a4k & LT, WVNbMoTa A& FV 5, W, #iV, 30
#fi Nb, #fi Mo, #fi Ta ZEA L, 7 — 7 &fi#12 T WNbMoTaV
BerERLUT-, 1R L7~ WNbMoTaV &4:1%. ¥—{t%
HiE LT 1200°CIZT 48 IR OBVLER 21T > 7o, # W IE
PGSR AT, 3R & U7, BVOUERf., R ¥ U8
5 ¢ 3mmx0.5mm D7 4 A7 FERAER T AL ML, K
(2 SiC ~~—7X—% W B 45 1L TN NaOH KR &
2 EERRATTIE A it LA A BRGTFERICAE U7, A A RGN
FRPR P R — LS8 O A+ % DUET & W T
1To7z, 6.4MeV O Fe*' A A% 300°C, 500°C, 700°CH
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25

Depth (um)

FOV1000°CIZ T, 9.36 X105 jons/m¥s DE—LT T v 7 A 1 FA—SFa T AL

C2.53 x10Y ions/m? F TS L7z, BGHC LA X A=

077 ANERIRT, RS ORER I EACR A BT ERFFERTIC % Nano Indenter G200 % T/ A
VT H—i B E T o7z, £72EPMA, TEM % W= #fEIE 41T - 72,

3. ERBLUEE (Results and discussion)

WNbMoTaV G40/ A v 7 v # —i BROFER %X 2 1277 F, WNbMoTaV A-4&1Z4\ T, FEHEEE 500°C &
TSR LRI L, 2 X0 @i SIS L 3 L7z, X2 T 700°CLL TR C pure W & 0 FES AL
IIRE WV, ZHUTRER DT A X238 WNbMoTaV A4 C 138 um, pure W T27um EFHFIZER/>TND Z LN
FRS R B DFARS I B2 AT LT R e B 2 b, B

BT TE RV, — RIS NS WS RIR S 6 ——
VL S 5 RSN L. 05 R L & % = Ketpmatasa w o)

EZEZBND, ZD XD IRIROBMRIZHEDL LT, B
IBFE 1000°COFERTIL, WNbMoTaV &4 FREHE{L X
pure W IZHLATHHEICAH SN TN D, ZDOZEnb, D N

72< & b EIRAE C WNbMoTaV &4 D /LI pure W E Ta
L0 bS] ZOATIBRECEND Z L33 biro o

Too REEOB T ) A L F T = a VRBICE 2 D T/
A OV TR 5 725, EPMA (T & 5852 %17 - N
77 BIEHER A X 3,4 12779, EPMA BIEOFER., VNb © Irradiation Temperature (°C)
REEDEEST & W, Ta OIRFED GO 2 FHH HIERL 2 FIAUT T a S OREHE
LCWDZERHALNE ST, OB LS ~D R

L) ) AT T —va VB o TRz E 2

5 FHOEWZ XD S DIFEWIFBIEE S o 7 (K3), Ko T, ETRLIETFT /A 0T o7 —a VR
FRR R ORE L2 TR LTS E S 25, X512 500°C & 1000°C THEES L7=3kBi i O RS % O TEM BHE 4R
9, SO0CHS CIIMiti7e 7 7 v 7 Ry MBI SN0, 2 bi3sir—7 L Bbivs, £72, 1000CHE T
1% 500 CIZ L THEEL— 7 DAL LBE SR T LTWD Z ERNbnd, 25 DOFEEN 6, WNbMoTaV &4
DR CITHEA L — I L 5 THIER Z SN TND Z LR bhroTz,

AH (GPa)
w
T
n]

4. L ¥ (Conclusion)
AFFETIFINA = b a B —E41281) 20 & R RGO B/ EAEZBH OGN T 2 L aki&AME L, &
BRI W 2_X—R L Lo =2 ba b —582E Lk, A RKFPICRE S Ve A A Iisigs DuET % M

— B46 —



WA AR EBRE R L, TORESHHZH DT /A T % —G00 % AV CHASTHIH O S5 2 F2h L
7oo ZTOFER, D72 &b IR T WNbMoTaV A4 OFRSHE(LIX pure W L0 H/hS < Z D AU Tt FREHEIC
BEnD Z ERbooTz, £z, EPMA IZ X DB OFER, V,Nb OJREEDEWEST & W, Ta OIREED E\ESS
D2RNPDIE L TWD Z ERHALNE 72072y, FHDEWNT ) A T o7 — a URERITE 2 D8I DN
TIIBER N2 o7, TEM BIZEORE R, BIE2 SN=BEEITR L — 7O LD TH D Z LRtz

K03 o g t’.f/r | e
Jni'.';";oq_' %’J"—";’{f/‘;z‘.o — 20 um et za — 10 m (SN B —10m§ el e w:
M3 EPMAICXZiES BT 7 AL M4 EPMAICkATHETu7rA 0L
AT v Z—DIER

‘ B — 20 um »

B 7

5 TEM micrographs of MoNbTaVW after ion irradiation (a) at 500°C and (b) 1000°C.
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Effect of Alloying Elements on Thermal and Mechanical Properties of Tungsten

Shuhei Nogami and Akira Hasegawa
Department of Quantum Science & Energy Engineering, Graduate School of Engineering, Tohoku University
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Tungsten—tantalum (W-Ta) alloys containing 1-5%Ta were developed for fusion reactor applications. For the mechanical
properties and resistance against recrystallization in the non-irradiated state, Ta-alloying improved the performance of W. Ta-
alloying induced a refining of grains, however, Ta concentrations ranging from 1 to 5% made no significant difference. Grain
refining and solute Ta improved the recrystallization temperature and strength. In addition, W-1%Ta exhibited a superior
ductility, including ductile-to-brittle transition temperature (DBTT). For the thermal properties important for high-temperature
components of fusion reactors, the reduction ratio of thermal diffusivity by Ta-alloying was lower than that of Re-alloying when
the concentration of the alloying element was the same. Thorough these experiments, the application of Ta-alloying to W

materials could be promising from the perspective of the fundamental thermo-mechanical properties in the non-irradiated state.

1. #%

BREIF DX A N—=2 72 EOT T X<kt LTHER SN TWA X 727 (W) 1, RN X5
mOIEMENE R ERRIREE (DBTT) . FRfbdulilb, PRt ERFERBETH Y | JRAUF LI OIS IC
BT, 200520k 57290 W ASOHEABBG SN TWD, 77 Xkt 77 X< oHpE1- R
IZEDIEFITE VAR AT D70, BVARTE O IR &, M EIECE RO FL AR MR OfElkE T, K
AR E AR O FTOHEAPEESIND, Lo T, HEROREWBREWERELZ RBIT 2720 0@ O EVRER L | gL
USRI S L7 B E S FIRR ISR D B D, UL, —IICHIABIZ A SO BAE SR TR 2 &8
HMOHNTEY, hl— K47 &7 D BRSO R 72 & Offix ORI Z BB L, G4tk & T OUINEE il
(LT 22 DBMETHD,

Fox ORI N—T"TlE, THETOWNRIZBNT, WOL =T A (Re) IZLDHHEILIZONTHIEL TET
BY ., HEAYROIRE COREEAL, HEEOIRE CORERE, ko, FlREEo ES. Pk
FHRINC K 2O b ol Ze & ARERFMEA BT D5 W SO BICI Lz, Ll b, W-Re &
&1X, B EREBATHEFRESND &, FELWIELEZRT I ERHLNI -T2, £lo, FAR—H~
DO Theh BERFHED — O Th HZEMREROM W kT DR FRAHEAEm N E W REL -7, Lo
T, Re ICEBAEBIITBWUIIRNEOREILALETHY | S HITIE, Re IZEDLIBEETRDOERLMET
ol

WG, BRI & BREIE TP T PRI E 72 E A2 B IR L2 W OB SLOANMEEZ L NCT 5 2 &% H
Mz, YR AETTH E T ORNBEORZEEZTHLDOTH D,

W-Re G030 5 —ERmA B2 CHMETIRE S5 &3 LB b2 R 3 RIA & LTt Re AEERCLT
DIRFE T - T b RFAFBEORH-CHTHIC L 0 i < e S BFLEME LT 5 2 Lilh D B LTS,
Lo T RellEDLE@IiHE L LTI WHTREEETLX 20 (Ta), EV 7T (Mo), X F V4L (V)
=#7 (Nb) MMeEffie LTERZOND, TORT, AFETIETalZEH T 5, Mo & Nb i, FHEFHIREZ DN
FRENIEFICE < . A 72 &G REREE CHEH T 2 BRICITMBIC e D TaeER & 5, E72. VIE, BEEMS
2B T W-V Sl WS MRIREME 72 & OBRED S 2 Z &P HE SN TN D, W-V 5@l D0NTh,
LGSRSOV e E ORI X 0 R A ) B X B S ATRENEIL S B 23 ARFTEO#FHIN TIX, W-Ta &4
OFHIZESTH 2 & & LT,

il
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2. FREDOHE

FyRBERS & BAEREIZ LD, Ta & 1%, 3%B L) 560
5% LTZ W-Ta B0, Zih & RO 540
THLW OB ZBUELTZ, W ok, ZAHEE 520

JERR G IR BB A i L=, 2 s O o(b s00 |
SN M LI AR FERRE R VA OREE E
B T Db HRAR RS EORE 8 |

(). Bk (0), %HF (N) (ZOWT, CENIZ> 5 |
WTEARREICIA DA, O ORESW 8 . *;
IZHERTED ST, —MRIZ, Ta & O OB < AN A
HEN & SN TE Y, B & ORETIC R & ! °® .
z’;ﬁﬁbfggiéﬁgﬂfjﬁégj1;r\ iig?ﬁfjiik%%% z:: HRed Dlate,.A?(., L x S surface, Ann.ealing time=1h

SRARFTELC oA A o L e PureW AW-1%Ta BW-3%Ta & W-5%Ta

MT\ {lﬁlﬁljﬁng{ﬂﬁ%%&:/)b\fgﬁféo W_Re /El\(j‘z i:ieceivedl 11‘00 I 13‘00 I 15‘00 I 17‘00 I 19‘00 I 21‘00 2300

(CAWTHE, AT CRIINL 726 D CTH Y BEIL Annealing temperature [°C]

k1 2RI,

REPGRIRE 2 FEffs L 72 fE 5L, Ta IRINC K D FESRLIIHMHI L S 472, Ta IRINE OIS & bITkESRIAA N E < T2
HAEAB RO, 1% 5%DOMICBNTEDEIIRE  ehotz, —IT, fEsROMAMEIZ LR D
FRAPBAEND -0, BIREREEZ LN, RILEOAESTELTN LT W-Ta 54 & W-Re B&DHEMR
BIFRIZ, REZRIBWIR BRI oT2, By I — AR SPE 2 Tl L7 fER. MW, W-1%Ta, W-3%Ta, W-5%Ta
BILOW-3%Re O X1, ZHZ41 477, 513518, 538 5L 1N468 Th o7z, TaiRIEDEMNE & & IZEATRIE
DR Z BT HDRE S OBINA RS20, 1%05 S%DRICE W TZEDZETRE S 2o Tz, K & 22
RIRAEIZ X DB S OB R ST W-Ta 54128 LT, W-3%Re IZOWTIOT RSO FAR LN, =
AUTEEEAIC LD b D EB X b,

FAFROEIE & FERE S OZFE 2RI 5 72, 2300°CE TOIREICHBWT 1 B OSRFBVLE 2 i L, v h—
ARSI ZJE LTz (F EXZH), # W X 1250 C T S AARIRITAR T L7z D12kt L, W-1%Ta 1% 1600°C, W-3%Ta
1% 1650°C. W-5%Ta (% 1650°C. W-3%Re (X 1500°CTHE S MR T L7z, T4 OFERIL. Ta<° Re DIRINCE Y,
FAE RS RIREN LA L2 L 2RT b0l BEZ 6N, B, W-Ta 5&3FEREICB O TH o
BEED SR E <, —F T W-3%Re B@IEHREMREZICBODTHMOMEL LD SV hE < ERENEE
Al & BRI LD I RIR Sz,

SR L AEME ORI 7=, BlIIERBR A RIR S 1300°CICBWCHEM Lz, R OFATEIE, £ 5 mm, 1§
12mm, JEZX 05mm ThH V| BIEFIANIFEM OIS & Lz, £7°, REIERBRO 72O ORB A RIETIE, F
(2 W-5%Ta 428\ C, BUEFROBIABER LTz, Ziud, Ta IRINEOHEIMIEE S BefEtEnSib, £ Om\ O
SITER L7 EHEOESICER T2 b0 EEZ bd, Lo T, W-5%Ta IO\ TIE, B RGEMEII TED
BLELOMRFBLETHDH Z EPRB SN, W-Ta &I TIE, Ta I X VRESHEML7-, F7-,
Ta WAEOEM & & HITESMNT A RO, %005 5%ORIZEB N TZEOEIIRE L RhoT,
Z OBNRILFERED Re WM L7264 K 0 bE»o7c, Re BNMICEBIT 2MEOHEINTOT N TH-7=, 5l
BRI LD AN OV TIE, BBRENEROEE, il W 2500 TNoOMEI MO E RS enoTe, F
7o RBRIEFED 200°C2 5 1100°CHOEE, W-Ta 54, W-3%Re DWW iLh, W & RIBREOEMUNER LT,
—J7, AR 100CO%E, W-3%Ta & W-5%Ta |3/l W & FIRRICH VA R E R0 o 72 DIz L, W-1%Ta &
W-3%Re 130 BEREOEMONER L, 2F 0 | 5IRRBRIC L 2 M OE IEEMEER OFRE & Lica, /W,
W-3%Ta & W-5%Ta O IEMNMEMEEREEE (Ductile-to-brittle Transition Temperature; DBTT) 1% 150°C Td» 5 DITk} L,
W-1%Ta & W-3%Re @ DBTT (X 50CTHY . Zi 5D EID DBTT DI F3R Siviz, AMLFEWFZEDOHS T3
it L7z v L B —EEERRERIC L 5 DBTT (£, #li W 2% 550°C, W-1%Ta 7% 250°C, W-3%Ta 7% 550°C, W-3%Re 73
450CTh o7z, Ga{bic k2 DBTT OIKTOAME L ZDOMAIZOVTIE, MEERIC L A FHlFE RS EAS LT
T2o BRIT, RBRIEE 1300°COEA. H W OBONTE LM LIZ0cx L, ZNUAOMETE I Vo
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EITR ST, Ziud, #l WIZHARZNDA O BIO RS ELTED B L7 TH DL EE 2 6D,

B AR 2 A X" — 2 Tld, BVmEMEE (REMERR) NEETH LD, FE /07T v v 2B X0 BWREeE
Z RN 500°CICBWTHIE Lz, W-Ta 54136 W IZHEAMROBERBEZ R L, Ta IRINEOHENE & HITK
TERBEIT 5 &0 ) BERE OBEHEDOBILN A bz, 72720, FRED Re 2N LI-A4&Ilb_D & %
DR T &I/ NEDoTe, 72720, BBREED EH L& EHITMW L OZETHEE D . XA N\ — X IR BT DI
INEWH O ERREINT,

3.¥¢®

2021 4EEE I, HE W, W-1%Ta, W-3%Ta, W-5%Ta 3 L TN W-3%Re OFREE, EM:FS IO & 0O 5 EBRIE 2L
(2 & B2 b BEBCR ORBRIE I X A2 L2352 LI2 L 0 L 2 S OREIO FARA 2Bk R OB
[« FERESREEN R & ORI DR EMEEZH S NS Lz, AWFZEL 0 FEMRSHRAE o HAN) 72 Bk
FREOBIE D, TA L XD ELITEETH D LB D, %I, MR E2FHET 2 &2k, W-
Ta A& OB IFREICBIT 2G0ME2 R+ PETH D,

. Fis
ABFETIME LTzt /) 7 T v ¥ 2R K DBMEBERIER, RACRE@R AR O R KB, &
BB OW N ez, RSBEHOBEZRT S,

5 | A SR
1)  S.Nogami, A. Hasegawa, M. Fukuda, M. Rieth, J. Reiser, G. Pintsuk, “Mechanical properties of tungsten: Recent research
on modified tungsten materials in Japan,” J. Nucl. Mater. 543 (2021) 152506.
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Study on mechanism of material property degradation by high-energy particles irradiation
Takeshi Miyazawa', Akira Hasegawa', Shuhei Nogami', Kenji Shirasaki?, Sosuke Kondou?, Yu Hao?, Kasada Ryuta?
'Department of Quantum Science and Energy Engineering, Tohoku University, Sendai 980-8579
’Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: Fusion reactor, Plasma facing materials, Tungsten, He implantation

Powder metallurgy (PM)-processed tungsten (W) materials subjected to rolling are being developed for the monoblock
divertors of fusion reactors. PM-W exhibits high dislocation density, fine grains, and a layered grain structure, which is
introduced by the rolling process. It is expected that its microstructure control will be improved by the brittleness of PM-W at
low temperatures. However, it is well known that, in rolled metals, the grain structure depends on the rolling ratio, direction,
and temperature. This can cause anisotropy in the mechanical properties. The purpose of this study was to elucidate the effects
of microstructural anisotropy and helium (He) implantation on the tensile properties of PM-W plates. The PM-W plates
subjected to rolling and stress relief were examined. Miniature tensile specimens were prepared along the following three
directions: the tensile directions were parallel to the rolling direction (L.D.), perpendicular to the rolling direction (T.D.), and
parallel to the thickness direction (S.D.). The He implantation experiments were performed using a 50 MeV He?* ion beam of
a cyclotron accelerator. The implanted He concentration was approximately 20 appm. Tensile tests were conducted at 100—
1100 °C and the ruptured surfaces were observed by scanning electron microscopy. From the results of the as-received condition,
microstructural anisotropy was observed in the case of total elongation at temperatures lower than 500 °C. Cracks formed owing
to intergranular fracture were observed at the edges of the gauge section along S.D., and anisotropy was observed in the tensile
fracture behavior. It is assumed that the cracks tend to propagate along the layers of the grain boundaries. Although the ductility
remained almost unchanged along the T.D. after He implantation, a decrease in ductility and brittle fracture were observed

along the S.D.. Thus, the effect of He on crack propagation was significant along the S.D..

1. #65 (Introduction,)

BRI G XA N—=2 MM CThH 2D W ITEBW T, TEEMBIBICOARENE & MBI ENEEDOBLE ) B RBERS
ERAMEEN TIZ K58 EHENFLETH L LB TS, @BMEHIRBW T, JEEINTIZRT 2 EER
L ERES AN Ko T naaﬁ@ TEREITZE L U, BRI EIC SRR AE U D 2 E N BTN D, W EIER 123\ T
b HEIEIZ & 2 IR IR - TERDPERT 5 2 L CREBENISEL 5601 H 5, — T, PHEFRIICES
B CARR L, FIFMESE RS2 L ST D He & X DMHEZREI~DOREITH] S 0072 5 TR,
ABFFETIZ, W EIER D5 [BRFFMEC RAZ IR M & ISkt 2 He ORBEEZH O T2 L2 HRYE T
%o

2. EB 5 (Experimental procedure)

R TR AR BERS & BREEN T CRLE SN 7z 14mm EOHR W R Th 5, 7 —VHO~HERE & 5mm X 1§
12mmX/EX 0.5mm b L<IL02mm Th 5 SS-J RN [BERER &2 e, SRS MDNELEX) 7M. ARIEY)
FFlE, BEZ)Tm L 72D X OISR A EREL L, 100~1100 ‘CIZCHIERBR % 50 L7=, He IEAIZITZY A 7 2 b
B2 MERRIZ TAER L2 50 MeV D He A A Z v, =X LF—F 1 7L —HIZ K- T 0.2 mm/EOREA K
20 appm @D He Z ¥ —ZFEA L7Z, He HEARFOIREEIEL 100 ‘CLAFIZHIE L7,
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3. FEREBIUELZE (Results and discussion)

LIZZANEE (He EABEL) MORKSIERS & &M OORBIREKF ML ~T, ZHmE Y FaTixs
ALEIL 300 CL 100 Tz THPRIZ THE L 2O Rr Tho 7Ok LT, X FATiE 100 ‘Clzin
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E <, EORFUIE > CERMER LT WHAR H D, Lo T, ORI EIHERICER L7 b D Th
V. RIR CTOMBEREEREEL BT EEZ b5,

212700°CIZCREBR L7z He AT £ GREBATEX 02mm) OIS HOT A a7~7, He EAM Tldik
SRR S DMENC B LS BN & A B LBl o T2, BIE T (T.D.) T, = AILVE 4 & He
HEAFEEMITE BITIEMEIE L, He TEAIZK o TRHONNTIZE A EE(L Leh o7, LLRNR G, He iEAIZ
Ko THEBIZIIT 2 SONERRRD L, ERHORBAEZICENDHER U, R Ok IR Ui, BIEJT M
(SD)TIE, ZIFANE EMITIEMBIE L, 0 OT ¢ 70 L SERBORRIR ORI 238182 Siv7z, He A
FEMTITMOD KbV, MatEidEZ R Uiz, Z FRORZEBNTL 7100 CIZHB W THUMME T L2 Z £00b | K
IR CORIEEZ BRI 22005580 bz,
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4. £L ¥ (Conclusion)

W EIER D5 | REFEI BT IR 5 & . 23t % He (& K DEERE) O BA2FMET 52 & T, LT
DINRLEIFT,

DIELEST 1], OHIE ST 1), @FREH M ONETE T, IKEICB W T BAF RN 2R U, SIIEEEIC R M0 U,
BRI TIE, iV TR RIBEC L > TE AR L, R0 BN SR 23 TR S vz,

BT 10 TR ONTIRE & A LR S T= D3 LT, BES A TIIM O Kb nUEt ik 2 7~ LT,
KIND He-ZEfLEARDEEN OFT RV B OEFY L 720 | ZRAOHLIEMIND Z & T, SRPER LT
7poleeBZE2 D, WEHM T, THERICKITT He IZ X 2HENBIRITHINT,
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Development of high-purity crystal for scintillator

Ken-Ichi Fushimi, Takashi Hanada', Shunsuke Kurosawa2, Akihiro Yamaji2, Yumiko Kishida3, Akitoshi Sakaue3, Yusuke
Urano?, Saori Umehara4
Department of Physics, Tokushima University, Tokushima 770-8506
! Institute for Materials Research, Tohoku University, Sendai 980-8577
2 New Industry Creation Hatchery Center, Tohoku University, Sendai 980-8579
3 Graduate school of Sciences and Technology for Innovation, Tokushima University, Tokushima 770-8506
4 Research Center for Nuclear Physics, Osaka University, Ibaraki 560-0047

Keywords: material purification, scintillation crystal

We investigated the route of radioactive impurity contamination at each stage of crystal growth to develop an ultra-high
purity inorganic scintillator for detecting double beta decay. It is necessary to establish a method that can stably produce high-
purity crystals by reducing radioactive impurities contained in CaF; crystals by an order of magnitude or more. Focusing on
the contamination in the process of crystallization of CaF,, we focused on selecting the materials to be used. As a result, it was
confirmed that as long as the high-purity graphite crucible currently used is used, no contamination caused by the crucible is

observed.

1. #65 (Introduction,)

AW TIE, “HEAN—HRAEE RS oo O EMEER D T L — 2 —ZBR T L LA M E LT
Fh R ERR DA BB Z 31T D AR A ORI 2 RF 35 2 & & LT,
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VDL TRVLRE LIZREFEICESRT 2 Z ERARRGEIEZ 28R ThHH, “HN—FEICL > T, B T
BN BRIFHC 2 OB L KEF=2— ~ ) /S5 E— RQVBP)IE, BRI T-H 2 DOFEHERT DO A
NTEZ DL THDH, “HA—FFEITHOHEAERIC L 28R Z ZEE 3720, 2Ol 3F 5 o
F0HENCEV N0 EOF—F =Ll TS Y,

—a— M) JICHEERHLGA, bL{iF=a2— ) OMAEERICAERZOWRERS 255121, =2—
U VIR & SR DX BN TERUNRAEIZZ2 0 | ZHA_N—F FEOBRICBNTAEWVWD =2 — N/ 25%HHEI
THZERTFRENTND 2V, =a— R )V PHEET 2221280, =2— RV OV ZE— X i
OVBR)EE Z B, Z DIRFETIL, AMERICERI - CTh HE 103 2 7218 AET 2038, ORI 23388 L7gu iz
D, WEE 2EAIAET L2 EVIBRNBE D Z LIl D, ZOBGUE, FHEYIIES ) O WER DT NNCEL L
BIESNTZ 2 212 X o CTWBESOTEIAEI - 2 & OBBNC SRS BT, OVPREER D FILF T WE %
2T TR L BRFWBESE ORI R E A 37 P bl b T 2 MR ST D,

OVBRHEAR D TARI AL Wi, 2vBRD 1005 L& BICRWEIN L 72 572, Zh b 2/ 2 B
BRHERD/NN Y 7 7500 RERB S5 2 EPNREERREE 72 D, MIRAEEORASLIE, ¥Ca D _HEH—X
AR Z YRR A FER(CANDLES)IZS ML TR Y . T E TOEBRT OvBRD HHIC DT 27X 102 L)
THMEZSS Z LITEI LTS 9,
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2. fERAREIRRR O EHTZ DV T (Materials in crystal production)
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72 LIZHD Y L7 R OBk 752~ 7, HaoicmnEEEHT 5
WAL A RGET 5 Z LICEh L, 2O X5 eimmlih e, BRGIEEE
Z CHEEERE L, HHE D SRS~ DR DB E R R 5500 E 9 1 RO
T RER LT,

TG EAHA DR FEREIL, CaF2 2GR & OB EAERIC Lo TERIMEOE N EZHT H Z L &S LTz, AR
WA T T 4 AN T AW THEFEEEICHEE L, CaRIZEEND VT VRINB IO MY 7 ARFIOIRE
ZHE LTz,

3. BRBIUELE (Results and discussion)

HHHIZE F T2 BER AR OBE I, 2R T L%
R Ge HURBRR IR 2 VT2, Ge MR AR O JE P % 20 cm D
EMERIR CHTe = & THEHBENORKT DV o~y 7 7T
¥ RaEE U7z iR D T I A F v s v FL—2—%
i U CFHRICHK T Ny 7 I v RERELEZ, \

HIE L= < COHMEMC OV T, BIERELL T & 725 100 [
mBg/kg &R0 WEHDY T T 7 A b THEREOHYRICITR S |
RN LRS-, B L, CaF MUE D HEEEZ ER S E 5720
IZ1E, Ge IZ X DHEDREZED THIET 2 HERH L7200, 18 i 5
By RFT T Ge MIHHZR OB L&D T D, M 2 fEKEIIHRE STV ERE

BRI OOTISE L I B RRBTT I BRI ST DB Qo SR HIEE,

TS T O T S - Sehiak CTT7e o 7o, FEBREITHI T
1000m OFLILNIZH Y | FHRRICER T D30 7 7T 70 RERET 2 2 &N TE 5, &8 X DiEfkifc5
BN DDA v~ B L. CaFo IARCIEIN T2 7V 7 7 $R O s 2 JIE Lz,

HI OB YN 5 CaFy DGR H 2 5551%, RO 58T CaF, DTG 5 Z L TS
TWz, X2 OBEEREENS, 77 RIIOREICE(RITR OGS, RN G OB GRITEETX 5 Z LB L 0
WZ7eoTz, FU U ARFIOHUEFRERTEH, HHE TR ST A RFH & AR & OMBIX R o7,

4. ¥ £ ¥ (Conclusion)
CaFy i OB RIS 2 R S B 5 5ED 128 LT, fimb ST 2 HHBOME ISR L THRa21772
o, FORER, BN THEHAL CWAIEMES T 7 74 FOMBE2ERTHRY | HESICERT 7ERIAS

NN Z DR STz,
FEREHE 2 L7 R, CaFy BB RORbZ D 5 Z L1272 | JFEIORERE LY CaF, DERTIEICD
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Development of a novel high energy resolution scintillator and its application for nuclear medicine
Taiga Yamaya', Akira Yoshikawa?, Kei Kamada?, Masao Yoshino?,
Sodai Takyu!, Han Gyu Kang!, Fumihiko Nishikido!, Hideaki Tashima!
"National Institutes for Quantum Science and Technology (QST), Chiba 263-8555
2Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: scintillator, nuclear medicine, whole gamma imaging, depth-of-interaction detector

Whole gamma imaging (WGI) is our new concept to utilize all detectable gamma-rays for imaging by combining PET and
Compton imaging. A scatterer ring is inserted into a PET ring. Compton imaging had a lower spatial resolution than PET in our
current prototype. This study designed the next WGI prototype and predicted its performance with Monte Carlo simulation. In
addition, we developed depth-of-interaction detectors with high-resolution GAGG and gadolinium fine aluminum garnet
(GFAG) crystals. The simulation result supported improved spatial resolution in Compton imaging, and the developed DOI
detectors had suitable performance for the next WGI prototype.

1. ¥ (Introduction)

PR D HURE TR L 72 AR D IO ~ D B 0 IAA A 2 i b3~ H B E 2 Wnd, BIfEOEFIZHB N T
RA[RTIH D, ZIETIZ, single photon emission computed tomography (SPECT){% &, positron emission tomography
(PET)ED 2 ONFERLEN TV D, Wby o FL—F g aMibn TR Y | BEFSEEOERIIY VT L
— X O EFNC L > THA DN TEIZEF 25, Fxld, SPECT, PETIZHiK H=0ikE LT, a7~
A=V TIEIRL, BIEZEA~DIEHZRAEL TS, a7 b A= 713, BER G & U RO
2EE LR oTca T R AT EMHINDAEBIC L > TIEERTT O, BEREEE T2 7 MU BELEE Z L,
Z DZRTWIR R TR S Te T < R ORI A X R 2 IUE L, B FERIEZ#H T 5 2 & CHEig1b
T 5, Fxlx, PET L a7 hoA A—2 0 V%A LTz whole gamma imaging (WG Z 4243 L, BHF 2D T
5[], WGLIE, PET OfHigR Y > 712, U o 7RIS L7l igR 240 A L. PET Mitas 2 W@ R & LT
EMT 22 LT Rxlo o =ae A A=V ZIEMT 5, ZHETIC WGL 0% 3 53AEH (WGI3 5H%) o
BAR ZATUN, FEARMERE AT L72/E R, RO a sy T R AT L L TEWA A= JHREEZ A L Cidn
5HDD, WGl DAL T b A= 7 K HHRIE, PET (IZ K DG XV ZEMMERED K E < H > T,
AT A A= 7T, BEMRHEE THE LD =X — R A T o~ BN BEL Lo A AR
b & OBGTREDALE A M#ER I LICAET 5, D7D, FEEZ & D HT-20I21E, BRHEHERO = RV — 43 fifhe
EEODVEND D, ZE TORFEIZETIEL, Ce:GAGG ¥ > F L—H & _—R L LIy o F L—4 (high
resolution (HR)-GAGG) |Z L TEWWT R /LX — 3 ifRE A B T X 2 AREMEDVR Shve, A4FEE X, HR-GAGG D
2 A8E L7z WGL O 4 5alfEl (WGI4 5H8) ORGEHE1TV, FHEEY I 2 v—ra U EEM Lz, $7-.
HR-GAGG M VIR ERH Ot s F L— % Td % gadolinium fine aluminum garnet (GFAG)% i\ 7= depth-of-
interaction (DON#& HERDOFRIEEIT > 72,

2. FEBiH: (Experimental procedure)

WGI 3 58 & WGI 4 584 2240 Geantd V' —/LF% v MRV BT /AL L, JIEREE & MRS fiRne 2 7 Hm 3
HImODFETANBY R ab—ya rETo2, WG4 5. WGI3 S8k 0 HIURiER Y >~ (PET &
HER U 7)) offz/hs< L, #ERHER Y > 72T 5 2 & CRiE(bE X -7 (K1), WG4 SO L
HER CTHV D HR-GAGG D HUABMERE L LT, 511keV DH L~ HTx LT 4.6%0D T % /LX — 5 iFRE 2 lE L
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7o RRD ¥Zr FRIRAZ HOITELE L, 909 keV O L~ HUIKIT D2 T hoAf A=V 0 73 E (LIRS &
%) KROAEESRREZ RO T, BT, =X —fF 52 HGELIE 4R C 50-300 keV, WIS i C 530-940 keV,
BRTDY 830-990 keV DOFAPHD[FRFRIHA o MIAMAREERI T 2816 & Le, ARESMFRET. WERRND
RKOI-BELAE & BRRNE 2B & U CREE LI EOBGELAE & DZ  (angular resolution measure (ARM)) Dt
ANZT LONAENE & Uz, AESEREIC OV L, BELRIEESROREA % 15mm & L, DO Z 1 &, 2 &, 3
JE & LA a it Uiz, BE, AESREEENZNTLNLDOL 72y & 0-4 cm D 1 cm %A TH 2 TR
7o Fi2 3-10mm D1y RO T AL ORI Y 7 R ADA A=V T alb—a &7
oo EOBE, B HAERICIIE VTR OB R TETHDH 3D 27~ U A ME— K ordered subset
expectation maximization (OSEM)£[2]% HIVY, 3 IRICHEHE DR A 13 1 X1 X1 mm?, SAEEHIE 20 B & L7z,

Front view Side view
- RIUR R > — =X E===] - RIUR RS
GSO (2.9%2.9%7.5 mmd) 1660 mm Frontview  Side view LGSO (3.0 X3.0 X 20 mm?)
16 X 16 X 4 array (4-layer DOI) oy goren 8 x8x1 array
Energy res. @511 keV: 13.7% 1.84 mm 320mm | Energy res. @511 keV: 13.7%
WALk — - 86 mm
- 2 e = - ERELIR SR
<'>f v 108 mm
GSO (2.9%2.9X7.5 mm?) 105 = HR-GAGG (1.5 1.5% (15 | 10 | 5) mm3)
(7% 7)+(8x8) array (stagger) mm 164 mm 16x 16 % (1| 2| 3) array
Energy res. @511 keV: 10.4% \4 Energy res. @511 keV: 4.6%
=
198 mm
WGI 351 WGI 454

1. BEfFO WGI3 B L 32 o2 L—3 3 ViREF L72 WG 4 BHEO R HRRELE O Lk

DOI f i DFIE & L T HR-GAGG % W2 A & 77— D 2 J& DOI #iHi#s(3]. & U GFAG % H\V 7= crosshair
light sharing (CLS)5zUD 3 J& DOI # HH#R{4]-[6] DBRFE 21T o 72, R 1Lm =RV ¥ — 0 Re 3 BR S 4 2 HELR
AT, B I ORI RRE DN R S 2 IR I 2R A L B S LT,

2 |ZBH% L7- 2 J8 DOI Mithgn &g, fsdnt A X3 1.45X1.45X45 mm® ©, 1 EHIZ 13X13, 2J@HIX 14
X14 OFS (T LV A) & LTz, a7 LA IEFE A X 3X3mm?, 8X8 ¢ multi-pixel photon counter (MPPC) 7" L
A2, RTV F L% W TREINCEEE Uiz, STEO T o~ #R (PBa(81 L1356 keV O E—7 Zfi[fl), '¥Eu
(122 keV). 'Lu (202 }2 (X307 keV), ?Na (511 keV), "'Cs (662 keV)) Z AW TZNLH BRI 2T, =%
IV — S ERE A BT L 72,

CLS J53A® 3 J& DO fE T HOWTIE, 16 [l 2 HVT 1 U > 7@ PET #E24T0, 511 keV (269
D TR X — G fRRE L R S FERE ORI A 4T - 72,

\RE =l 2on—ms

8x8-ch MPPCY7 L

| (T

GAGG
i
74

&

2. HR-GAGG Z /= 2 # 57— J5 2 J& DOI i HHes
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3. BEBIUELE (Results and discussion)

K3 IZELTHNa Y ab—ra UOFEREZRT, WGI3 54 & X, WG4 B4 Tl L2 3 50N
oz, £72, DO 1 BOEGEITIX WG 3 S8 & 0 MEESIREED S > CTWed, 2B BT 52 LT3 &
Ha bRl D fER & 7330710 DOI /3 3 J@ DA, L TOMAENFIEIL4.0° THolz, FLLOA 7y hVK
XL BIZE (BHEMTES<IEY) BESROEZEREOFETHIL L, HEFNRO 4 cm OFTCIL 577 £ T
felie, 7ok, 27 Fm’f DT DIER RIS IE L B L 2D, AENIREEDHIIX
Thiahsd, MelA A=V 7V alb—ya rOfERERT, WG 3 ST C& 7223572 3 mm O
Ry K93 WGL4 S Clamnfif c &7,

[ 512 2 & DOI f HigR 0D =% /L — 3 fRREFHIRS R 2 7797, WGI 3 SHEDOHGEL 2 GSO) TIX 511 keV IZ%F
LT104% (¥1) ThH-o72h3, HR-GAGG & IV THI%E L7 2 J& DOL R AR TlL 7.7% & R&E Sz,
7oy FERY A X H 29X2.9X75 mm® 725 1.45X1.45X4.5 mmd ~EfIN LiZZ &6, Y alb—2 g TR
L7z & 9 22 22 RRESCE S I C & 2,

GFAG % FHVWTBAZE L7z CLS 730 3 J& DOI #: HH#R O = /L — 73 fiFREIE 511 keV (2% L T 14.6%. [RIRFE1EL
ORI RRENT 531 ps TH - 72[5],

2 9 WGI-4 1J&
8
15 | WGI-4 /
.___./0/./. T wel-4 278
< v6
® g WGl-4 3/
zZ 5
=1+ REl
= =4
c T
3 =3
0.5 + 2
1
0 0
0 1 2 3 4 0 1 2 3 4
Radial offset from center (cm) Radial offset from center (cm)

3. BT AU 2 b—ya kD WGI3 S L WGL4 SHEDE (F2) & AESRRE () Dk

WGI 354 WGI 45

X 4. DIRGEFHEH 7 7> FADA A=V T a2 b— g VSR

— B58 —



30

25

20

15

10

Energy resolution (%)

0 100 200 300 400 500 600 700
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[X| 5. HR-GAGG % e A & 7 —53 D 2 J& DOI # HHgs D = 3L — 0 fiFRE. GRARIMEER A2~ T)

4. ¥ &% (Conclusion)

WKHAROBEFEEE WGl OWHIEIE (WGl 4 Z88) O 0iGteEr 7y Ialb—ya Al Lok
RETHIZATV, 58T D RHER OB 21T o 72, WGI 3 SR U CRENSRI 3 5L 720 . 220 fRAEIL 3 mm
DOREENIFEIC R TE D L 912725 & Pl STz, Bl HE HIZBA%E L7z HR-GAGG DA # 77— 2 J& DOI
MHERIE, 1.45X1.45X5 mm?® ORCESAFRE L 511 keV (2% LT 7.7% DT R ILF—3ifRELFi > TR Y . HED
WGI R AVEREO AR B & 0 BALE SRS 2 fi5, TRV — 0 RAEDS 26%035 S Hu, PEREM A RIAD D Z &
PRENTZ, LLARREL, BIEE T2 5%LL FOT R X —0EOIXFE IR S TVRWN 2D, 5% I ER
VF L —F OO E 2 Db AT > T FETH D, £72, CLS D 3 J& DOI fiti#siE, PET Fthids &
L CHo7p = R VX — 0 fifAE L R REN H 25 Z LR E N2y, BEMEL . BT X —F <ot
RSENLETHY . £72. WGLISHDTZ0IZ1E 300 ps LA T ORFREIRRENER S D Z &b, 5%ITL Y
T FE DO EIR R S RRE DR DIRR &1T D6

51 FSCHER (Reference)

1] E. Yoshida et al, “Whole gamma imaging: a new concept of PET combined with Compton imaging,”
Physics in Medicine and Biology;, vol. 65, no. 12, p. 125013, Jun. 2020, doi: 10.1088/1361-6560/ab8e89.

(2] H. Tashima et al., “3D Compton image reconstruction method for whole gamma imaging,” Physics in
Medicine and Biology, vol. 65, no. 22, p. 225038, Nov. 2020, doi: 10.1088/1361-6560/abb92e.

(3] S. Takyu et al, “Development of a Two-layer Staggered GAGG Scatter Detector for Whole Gamma
Imaging,” IEKE Transactions on Radiation and Plasma Medical Sciences, 2021, doi:
10.1109/TRPMS.2021.3131811.

[4] E. Yoshida, F. Obata, K. Kamada, A. Yoshikawa, and T. Yamaya, “Gapless implementation of
crosshair light-sharing PET detector,” Nuclear Instruments and Methods i Physics Research

Section A’ Accelerators, Spectrometers, Detectors and Associated Equipment, vol. 1021, p. 165922,
Jan. 2022, doi: 10.1016/J.NIMA.2021.165922.

(5] E. Yoshida, G. Akamatsu, H. Tashima, K. Kamada, A. Yoshikawa, and T. Yamaya, “First imaging
demonstration of a crosshair light-sharing PET detector,” Physics in Medicine & Biology, vol. 66, no.
6, p. 065013, Mar. 2021, doi: 10.1088/1361-6560/ABES39.

(6] “Development of crosshair light sharing PET detector with TOF and DOI capabilities using fast
LGSO scintillator,” 2021, doi: 10.1088/1361-6560/ac2{8b.

— B59 —



H Y =g A0 _EBEX—FRENFIRICHT T2y o F L —Z fE e O

MFFEIRERAE « R SCEE R S35
WFFEHEE « BALREHE 55 R4 #P KB kB Hok

Performance evaluation of scintillator crystals for the study of double beta decay of gadolinium
Takashi Iida!, Masao Yoshino?, Keita Mizukoshi®

! Faculty of Pure and Applied Sciences, University of Tsukuba, Tsukuba 305-8571, Japan
2 Institute for Materials Research, Tohoku University, Sendai 980-8577, Japan

3 Department of Physics, Kobe University, Kobe 657-8501, Japan
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Observation of neutrino-less double beta decay is a key to solving the mystery of matter-antimatter asymmetry in our universe.
We are evaluating the performance of Ce:Gd3(Al,Ga)sO1, scintillators (GAGG) for '°°Gd double beta decay search experiment.
We investigated the performance of three different compositions of GAGG crystals (5 mm square). Consequently, HR-GAGG
crystal has low particle discrimination (PSD) capability, although they have good resolution. GAGG and GFAG showed good
energy resolution and PSD performance. Large GFAG crystal was grown at the Yoshikawa Laboratory of IMR, and the
radioactive impurity was investigated at 1000 m underground in Kamioka, Gifu. It was found that the crystal contains 40

mBgq/kg of Th-series impurities.

1. #6= (Introduction,)

Z=a— M EHBH LW 'SR (0vpp) OB, FRifF==—1FU  OFREITHEY . WHEOE
TEfEINC B D72, BB AIZ I W THiD THIERIFIE TH 2 LALEDT Hitd, b LER I NAUTBLED
FHBKWE TR, WETERSIL T L EELHRIICHAT 5 2 LNk D, £z, OvBpHAERII==
— MY ANEETIRIZHHIT D720, OvRBO R A JIE T UL, FRL IR MER R ORI - CHE—RIRED =
2a— M) VEELIERETHD, =a— ) 2 &2 ZE—2 i Qvpp) MFMOD BG & 72225753,
ZNEB T DT RN RAER D D MENH D, £, WF20vpREHIET H7-0Iid, KEDORE
W a B LT %, FERERAWZERR ELFET LD, Vo FL—F 2N v TR ERITRKEUE DR
WCHHICH D, ZH— X T 48Ca, %7y, 160Gd %5, HFEEOFFE DR RO A CBIIIFTEETH 5.

BLIR, R, 136Xe ARy o F L— 2 A L T bz, AL R0 KamLAND-Zen 55
L DbDTHD, AHFIETIE, “HAA—F R TH 5 10Gd 2 & H, D ORKFEHLED Ce:Gds(Al,Ga)s012 (LA
T. GAGG) v F L —HEHNT, OvBBEHREERIC AT - EREREM 21T 5 .

160Gd (D " E—Z FREESR TlE, 2001 4EICY 27 T4 5T GSO v o FL—F 2 NTiThbhERN N E
TORBEETHH[1], “HEA—XREER CIIREDEMIEAZ WD ZENEETH LM, ZOERTHWS
N7z GSO IZE F 5 160Gd DE:IE 100g & /D722 & TRENHIBR STV D, S BICNERD BEHEARRMIIC &
DT NT 7RSSy 7 7T RELTELAFE LTI L > TEEMNFIR SN TS, 20 &Rk LT,
BEETO 160Gd HAN— X FREERRZ BT,

2. EB 5 (Experimental procedure)

(1) &% GAGG Fdh DY o F L — & PHrpELE:

AAFFETIZEME NI OFF> Cz JFATEH L, Tid 3D GAGG Fifc 2\ T bmm O H DA ERILT-,
FEBREORMEEL X 11277,

- GAGG 1 BEOMAL
*HR—GAGG : Ga/AILLZZEAT. IRILX—HREEZEH-HLD
- GFAG D Mg Z#FmL. BERZERELELO
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Q160 170 180 \%ZQQ?.\G 220 230

X1 : 1’E§<L = i*EODGAGGf*aa (5mmﬁ) Lﬁi))677/774’ }\%’EEEETL“CI/\

O =FEOFEBITT LT, AR =2 2D R669 L5~ /LT T/ Y KB &FE> PMT &fAAbE T
ﬁmﬂﬁ%ﬁo 720 137Cs @ 662 keV v # 4 U o = L=/ fiREl| E 36 L OV 37Cs / 241Am D y # | afit% H]
v \fu(&ﬁ/*i%ﬁ%hgu HE ﬁ)ﬁﬁ L/fk—o

(2) KB GFAG #55 & F\ O 7 i R i & o 214

6.5 cm ¢ X 14.5 cmL O K X 72 GFAG it (M 2 /8) OBFRAIT. TOMREEIHE LT~ D7 OMEIZK
SHEE, 77 UADTA WA FERVD, 78 UTHEER L b IR A (I LT, MO BURHER
WML BN 7 75 REET 70, ZOBRHEAIEEIRMEICH 51T 1000m OFEBREIZHBWLTE
%ﬁ®%g@m&“ﬁﬂy7737VFFFTT%E%ﬁotOﬁ%kiwAinﬁﬁiUTK%6ﬁ%ﬁv
— R (EX ;4 15cm, # 5em) PUCRIMEZEE L. 40 12 BT — 2 21T -7 (K24 ,

) .
2 () AWFFECIER L7z GFAG fifhe 200 u mJEDT 717 —7 2 Sk & LT EITE W,
() #RE OB —/L K (85 15em, i Sem) TOEBROBET-,

3. BEBIUELE (Results and discussion)
(1) &% GAGG FEGD Y v F L—F MRk
S FEDFEEIT%T L 1¥Cs D 662keV vy #f % FRE L= FEED

.
TRAR—ANY AEBIICAT, KBE— I EHY Spb [ oaes
Ao Ai RS T T v N L TRV — 3 fREE g ; ::;\c:ee
RFES > 77, Z OfE R A TR HR-GAGG 73 0 =2.5% 200t
Lib BWORREZ R L, £ DRI GAGG (0=3.0%) . 150E-
GFAG (0=34%) L\ JEEICAR T, "
137Cg k %1Am ﬂ“i/)?%%%bﬁ_y‘r@$§% *TL‘(“EEJZ 100%{-5, .
L7 P A2 X 4 1R, fEfmORSEIC L - Thi+Z 505_
EDOWIENKRE K BieoTND Z ENND, WIEHT: - ey bl . =
RO OE S5 AV Chi 73kRIRE 2 E &1 00 450 500 550 600 00 ;59% [keelm
I L7z & 2 A im0 BRIz #AREIX GAGG. GFAG,
HR-GAGG DIE T Tz, 3 : B1Cs BFIED = R L F— 227 kL,
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E i E if E i
4 r'll‘I Alpha 3 :ﬁ\"-‘ Aigha ¥ :|"1| Alpha |
! ~ Bata anfl — Bata eacl | — Bota
E L |I i'l i I |J H‘\ ! F A h
u-lb ! n3: A uI \
. ' A
TN GAGG i \_HR-GAGG | . | GFAG
R R R R R e o T T e PR *{'"aaﬁ"ﬁ"'—ﬁ_’a{é'—'a‘"m‘ R
Tiemm ] T [ra] Teme ]

4:FHDR YCs Dy HR. RN HMAm O o A BT L2 R U TERRL L 72 P,

(2) X% GFAG #Ef: & O 7o R M B O 1M

KILD GFAG il ONEMA B ORIE 21T -7z, flidh & CE FHERE G O o mitidn 2, IR R
EHTRHABT O T 1000 m 128 5 HAL KRFIRAEERBICHE - T otz ERENICIT, BRWEERFERO -
DB —V RRRBE SN TR &Ny 7 7T 0 FERENERTRETH 5, ZDT—/L FINTH 12 BFE O
T2 BIFEAT, TOT — X i LT,

I :
§ o = m
E 106; N ‘H‘—\___,' 5 -
H 8 "'&_M___W 81—
u>J - h—h_""‘-'w_ﬁ_ L It -
o, "u.-.,_,__,._ o 03
10° = ", e g -
e “‘”.l' .I\‘u “0a
ol \ o e b
E} M’“ 1
E ) '"ni'flmw"fﬁ””w' -
10°E jlﬁ . O< Fj:
F y L
n % . *EFIETJ 'l.m-nu-h-lnnn—.-m:_u"
- B i Lt b s ] s T
Lol b b L L L 100 200 300 400 GO0 600 Fo0 B0 800 1800
0 500 1000 1500 2000 2500 3000 Tima

Energy [keV]
5: () KRS THRONIANY 7 7T T RREEOTRLF—ART [
() SR 7 22Bi212Po SlEREREEF R (B2Th RS DY

FPRAOFERICBN T, TR —SMAET 0 =5.7%@662keV ZEBL L, ZIUTIATHIIED/ NS WA XD
GSO ffhza W ER L i L CRWAOMRE Ch o7, £/, I ELSH N ~SRHERERE Lo —/L RIS ET
HIEWZEKD, Ny T RERHTE D2 L aR LT, 540, o<IE (k) BIOMRR (HF)
T TNy 7 7T 0 RAEDTZFNX =AY NV ThD, ROMEFERICES, FOM FERTOAY
MRS y RO B —2 (PK, Tlete.) MVHZ T, DKMy 7 7T 7 RL— MR TR TS Z E3sy
2D, BHZOTIHRD v # 2615keV) ICBILTIE, M EDOL— k& 22 1730 IS5 2 & 3k,

Flo, P THG LT —ZIZk L. 772/ U U LRINO G HER & 255 ICE L7, 20 BX O
P2Th OFRERINTIL, EH 5% Bi-Po @ B - a @HEARENTAE L, T OEIIIZI T 164 ps, 0.3 ps ThH D,
R 72 Th RANOHEFRREFRR O 2K 5 (F) 1R T, ZOHGREFERRLOEFEL ET 22 L2I2XkD,
FNUENDOTRHY L~V ZRE L= & 25, LFOREMNMESLNTZ,

o5 %5 #8904 mBa/kg. FUDLRI: %540 mBa/ke

— B62 —



X o TRWFIE THV 2 GFAG ffaiE Th SRAN OB TEARTIC K-> TERESN TR Y, EH X FREERIC
FAND =D, AN HIRRT 2 0ENH D Z LA L, 4%, SlERMEZAF L, Zhid A
IR E R A T TV PETH 5,

4. ¥ ¥ (Conclusion)

7R TIE, CeiGds(ALGa);01 it (GAGG) Z Wz " HEA_R—X BEER AR L T 5, 3FEHEORAR S
FER D> GAGG #dh (Smm ) 12k UHEREZ A L2 & 2 A, HR-GAGG FiftlE = R X —0MREN B H DO D
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We report the successful design and development of 20A1(PO;);-80LiF (APLF) glasses co-doped with praseodymium (Pr**)
and cerium (Ce*") ions. The Pr** and Ce** co-doped glasses are successfully prepared by melt-quenching method using different
Pr** and Ce*" concentrations. With co-doping, interconfigurational 4f5d — 4f (4f5d) transitions of Pr** and Ce** ions, as well
as energy transfer from Pr** to Ce*’, are observed from the APLF glasses. Our results also show that the optimal co-doping
concentration is 1.0 mol% which can lead to the exciting development of novel fluorophosphates for potential neutron

scintillator applications.

1.Introduction

We are pursuing the design and development of the novel fluorophosphate glass, 20Al(POs);-80LiF; (APLF) for neutron
scintillator applications. Our laser fusion research at the Osaka University Institute of Laser Engineering (ILE) requires
scintillator materials with nanosecond decay times for the measurement of low-energy, back-scattered neutrons using time-of-
flight (TOF) techniques. APLF is a suitable back-scattered neutron receptor because of its high lithium (Li) content of 31.6
mmol cm? [1] which is comparable to that of a commercial Li aluminosilicate glass scintillator, KG2 (36.0 mmol cm [2]).
The high Li content is also essential in enhancing the detector sensitivity to low-energy neutrons. Moreover, APLF glasses
doped with rare-earth ions such as praseodymium (Pr**) and cerium (Ce*") have excellent scintillation performances that exceed
those of the commercial Li glass scintillators. For instance, under optical excitation, Pr3*-doped and Ce**-doped APLF glasses
have 19.7 and 23.3-ns decay times without any afterglow or persistence, respectively [3,4]. These decay times are faster than
the 38.8-ns decay of KG2 and the 38.1-ns decay of GS2. Towards the development of APLF glasses as novel scintillator
materials, it is necessary to design these materials through strategies such as co-doping. Co-doping is a promising technique
that has been used effectively in tuning the dopant concentrations and enhancing the material properties. In this regard, this
work aims to design and develop APLF glasses through co-doping with common rare-earth ion dopants, Pr** and Ce**. Last
year, we have observed the interconfigurational 4f5d transitions of Pr** and Ce’" ions, as well as energy transfer from Pr** to
Ce’*". We will now present further investigations on the properties of the fluorophosphates glasses to provide important insights
for their development as potential neutron scintillator materials. Compared to past and present investigations, this work
advances scintillator material development by utilizing two rare-earth ion dopants simultaneously for a novel fluorophosphate

glass host instead of individual dopants for typical bulk fluoride and oxide single crystal hosts.

2.Experimental procedure

The Pr** and Ce*" co-doped APLF glasses were prepared by the melt-quenching method described previously in Ref. 5. The
co-doped glasses were designed in such a way that their chemical compositions were 20A1(PO3)3-80LiF + 1.0 mol% PrF3 + x
CeF3 or 20A1(PO3)3-80LiF + x PrF; + 1.0 mol% CeF3 where x is the nominal co-doping concentration ranging from 0 to 2.0
mol%. High-purity powders of aluminum metaphosphate [AI(PO3)3, 99.99 %], lithium fluoride (LiF, 99.99 %), ®Li-enriched
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LiF (99.6 %), praseodymium (IIT) fluoride (PrF3, 99.99 %), and cerium (III) fluoride (CeF3, 99.99 %) were used as raw materials
for the sample preparation. Batches of the mixed powders were melted in a glassy carbon (C) crucible with lid at 970 °C for 30
min in nitrogen (N) atmosphere. The glass melts were then quenched and were annealed at 340 °C. After cooling down to
room temperature, the glasses were cut into 10 mm % 10 mm x ~ 2.0 mm pieces and were subsequently polished on both sides
to an optical finish.

Emission spectroscopies were conducted at room temperature to investigate the optical properties of the Pr** and Ce*" co-
doped APLF glasses. The emission spectra were measured at the solid-state spectroscopy beamline (BL7B) of the Institute for
Molecular Science Ultraviolet Synchrotron Orbital Radiation (UVSOR) facility. Each glass was placed inside a vacuum
chamber maintained at 10 Pa and were excited by a wavelength selected using a 3-m normal incidence monochromator with
a dynamic range of 50 nm (VUV) to 1000 nm (IR) [6]. The sample emission was then fiber-fed to a spectrometer coupled with
a LN»-cooled CCD camera. All glass samples were analyzed under the same operating conditions and emission collection

geometries for better comparison.

3.Results and discussion

Figures 1 and 2 show the emission spectra of the APLF glasses doped with 1.0 mol% Pr*" and different Ce*" doping
concentrations under 157 and 217-nm synchrotron excitation, respectively. The incident wavelengths primarily excite the
electrons from the *Ha ground level of the 4f configuration to the excited 4f5d excited state configuration of Pr3* ions. All
emission peaks correspond to the interconfigurational 4£5d transitions of Pr** and Ce*" ions along with the intraconfigurational
4f transitions of Pr** ions. Under 157 and 217-nm excitation, the Pr** emission intensities decrease, while the Ce*" emission
intensities increase with increasing Ce*" doping concentration. In addition, the Pr3* emission peaks do not shift, while the Ce**

emission peaks shift from 336 to 347 nm.
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Fig. 1. Emission spectra of APLF glasses doped with 1.0 mol% Pr** and different Ce** concentrations under 157-nm synchrotron excitation.

Figures 3 and 4 show the emission spectra of the APLF glasses doped with 1.0 mol% Ce*" and different Pr** doping
concentrations under 157 and 217-nm synchrotron excitation, respectively. All emission peaks correspond to the
interconfigurational 4f5d transitions of Pr** and Ce’* ions and the intraconfigurational 4f transitions of Pr** ions. Although the
incident wavelengths primarily excite the electrons from the *Hy ground level of the 4f configuration to the excited 4f5d excited
state configuration of Pr3* ions, the emission peaks from the interconfigurational 4f5d transition of Ce>* ions are more intense.
Under 157-nm excitation, the Pr’* emission intensities slightly increase, and the Ce** emission intensities increase with
increasing Ce** doping concentration from 0.2 to 1.0 mol%. In contrast, under 217-nm excitation, the Ce** emission intensities
decrease although the Pr** emission intensities slightly increase with increasing Ce** doping concentration from 0.2 to 2.0 mol%.

For both excitation wavelengths, the Pr** and Ce*" emission peaks do not shift with increasing Ce** doping concentration.
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Fig. 2. Emission spectra of APLF glasses doped with 1.0 mol% Pr?* and different Ce>* concentrations under 200-nm synchrotron excitation.
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Fig. 3. Emission spectra of APLF glasses doped with 1.0 mol% Cée** and different Pr** concentrations under 157-nm synchrotron excitation.
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Fig. 4. Emission spectra of APLF glasses doped with 1.0 mol% Ce** and different Pr** concentrations under 200-nm synchrotron excitation.
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Similar to our previous observations under x-ray excitation, the emission spectra of the Pr’* and Ce** co-doped APLF glasses
is related to the energy transfer from Pr’* to Ce* ions. As what we have reported for the energy level diagram of Pr** and Ce**
ions in APLF glass in our previous work [5], the energy transfer from the excited 5d level of Pr** ions to the lower, excited 5d
level of Ce** ions depletes the radiative emissions of Pr** ions. This energy transfer results in the decreased Pr’" emissions and
in the increased Ce** emissions, especially with increasing Pr** or Ce*" doping concentrations. However, we have found that
APLF glass doped with 1.0 mol% Ce** + 2.0 mol% Pr3* exhibits lower Ce*" emission intensity that the one doped with 1.0
mol% Ce* + 1.0 mol% Pr** (Figs. 3 and 4). At this moment, we attribute this observation to a saturation effect which suggests
that 1.0 mol% is the optimal co-doping concentration of Pr** and Ce**. These findings are important for the further development

of APLF glasses as potential neutron scintillator materials.

4.Conclusion

We have successfully designed and developed APLF glasses as potential neutron scintillator materials by co-doping them
simultaneously with Pr** and Ce*" ions. The Pr** and Ce*" co-doped glasses are prepared by melt-quenching method using
different Pr** and Ce*" concentrations. With co-doping, interconfigurational 4f5d transitions of Pr>* and Ce’* ions, as well as
energy transfer from Pr’* to Ce*", are observed from the APLF glasses. By identifying an optical co-doping concentration of
1.0 mol%, further investigations on their scintillation properties are anticipated in the future. Our results provide important

insights for the development of novel fluorophosphates glasses as potential neutron scintillator materials.

Acknowledgement
This work was supported in part by the Tohoku University Institute for Materials Research (IMR) through the Global Institute

for Materials Research Tohoku (GIMRT) Program Grant No. 202012-RDKGE-0019.

References

1)  T.Murata, S. Fujino, H. Yoshida, et al., IEEE Trans. Nucl. Sci. 570 (2010) 1426-1429.

2) D. C. Wilson, W. C. Mead, L. Disdier, et al., Nucl. Instrum. Methods Phys. Res. Sect. A Accel. Spectrom. Detect. Assoc.
Equip. 488 (2002) 400-409.

3) Y. Arikawa, K. Yamanoi, T. Nagali, et al., Rev. Sci. Instrum. 81 (2010) 106105.

4) K. Watanabe, Y. Arikawa, K. Yamanoi, et al., J. Cryst. Growth 362 (2013) 288-290.

5) Y. Minami, J. C. Gabayno, V. C. Agulto, et al., J. Non-Cryst. Solids 521 (2019) 119495.

6) National Institute of Natural Sciences Institute for Molecular Science, BL7B 3m normal-incidence monochromator for

solid-state spectroscopy, UVSOR Facility Beamline List, 2018. https://www.uvsor.ims.ac.jp/beamlines/7B/bl7b.html

— B67 —



BET =A ALEWE W TR B OB
FREAERE « ERHIFR QI T LRI 7
B  HLRFRBEPRIZENT )11, HmH%

Development of new optical materials by mixed-anion compounds
Hiraku Ogino, Akira Yoshikawa!, Yuui Yokota!
Research Institute for Advanced Electronics and Photonics,
National Institute of Advanced Industrial Science and Technology (AIST), Tsukuba, 305-8568
nstitute for Materials Research, Tohoku University, Sendai, 980-8577

Keywords: mixed anion compound, phosphor, structural analysis

Mixed anion compounds are regarded as new field in materials science, owing to their uniqueness of physical and chemical
properties. We have systematically explored the compounds in this system considering their specific design rules, and found
many compounds such as iron-based superconductor Sr,ScFePOs, excitonic luminescent material Sr,.ScCuSOs, thermoelectric
material Sr3Sc,Cu,Te,Os, and phosphor with unique emission wavelength Ba;Y>0sCl:Eu. In this study, we investingated the
luminescence properties of Tb-doped Ba;Y>0sCl,, previously discovered by us, in order to assess the potential of mixed anion

compounds as luminescent materials.

1. #= (Introduction)

BEOT =4 2 ETLEMITE < MOHFERMBTEY | BB - B b ek 7e EERAMEHZ AW
HIVTWD b D SIFEET D05 FEE DEA-CIA b 2 13 & LToWFIEP R OL AT 29803 Ul T
BT = G RERENE B LRI E U S T T iinotz, —HEaTIicie»> T, a7 =41k
BV O « WM ORFEMEDER 280, FEx 208 CIERICWE - BARBRRE Th Tk 7 r Y=
7 bR, SR ELR DR TH VU AR Y Y APEBICHEN D I EIERE R LTV D, BEEE OIX, Ui bE
BT =4 ACEY OREERFRMEICER U, WEFRGHIET 22 oMz R L, £ O RSSRIBIE A Z 1)
DT DEkA R EMEER L TER[1], Rl TIE, X7 204 & B ¥4 MIATHEZ S 0RBE Y
Ba;Y>20sCL (K1) ZRH L7z, ZObEMiE~a 7 A4 MNikg & k@ sfEE L giEs A L, MEiE
EHTIZ L O ZOWEHROREFE A FBIEFITRE RIE BN T A —F LARWERF Al A FF> Z & £ 72 Eu®*
N—=7"92% Z & THEMIKIT/R D5, Eu¥" A N ORNEREED R & D Z Line | @mWETFIEREZHER LD
O, BEIIFET 52 LR R L[2], & 2 TARMIZE TR, RMEEm=e. Fik
DERT =4 ANEEM ORI ELE LTORT > v LV a7HMliT 5728, Tb
R—7"L72 BasY,0sCl, ZAFR L, FAeE 2 30 L7z,

2. EBJ71E (Experimental procedure) o
BaCOs, Y,0; 25D 35BN 4 . Bas(Y1.Tb),0sClh DFERL & 72 5 X 5 FE & - 1B S oy

L7, e LRTBIA R L Lz, ZO¥KR%E 900°CHLE TARBER T4 2 LT ©o0

BB IEBL LT, ARAHORHIE XRD S EE VT, stbtopmiagee @ O

I ZAEETE T BSBISEM) T, SAHOMDHT « ML IHTIL = 3L — 5 )

Sy HSIHTEDX)E L OE T 7 1 — 7 NS HT(EPMANC K 0 4T 7=, Se Ak L

DOFHII N ea O EEEFHI T T o 72, pr S

b

1. Ba3Y20sCl, Dt s

— B68 —



3. BRBXUELE (Results and discussion)
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We propose the balium fluoride (BaF2) crystal as a picosecond ultraviolet — visible scintillator with tunable cross-
luminescence (CL) emission wavelength through high pressure application. The electronic band structure and bandgap energy
are calculated by first principles density functional theory calculations using the Perdew—Burke—Ernzerhof hybrid functional
including exact exchange (PBEQ) as implemented in the Vienna Ab initio Simulation Package. Uniform volume compression
through hydrostatic high-pressure application could increase the energy gap from 9.6 eV to 10.1 eV with 14 GPa. The bandgap
also could be decreased to 8.4 eV when pressure higher than 14 GPa applying because of phase transition. The next calculational
step will focus on the energy gap between core and valence band to propose BaF2 crystal for a fast-response scintillator

application.

1.Introduction

Fluoride compounds are promising candidates for laser materials and scintillators in the short wavelength regions because
of their wide band gap energy and fast response time. These materials can be also easily doped with rare-earth elements such
as Nd, Ce and Er for using as vacuum ultraviolet and ultraviolet laser media. For example, the Ce3+-doped LiCAF (or LiSAF)
are a well-known solid-state laser crystal in the ultraviolet wavelength from 280 — 320 nm. On the other hand, the Nd3+-doped
LaF3 was shown as a candidate material for VUV laser medium. Its emission wavelength of 172 nm by the 157 nm emission
of'a F2 laser where a fast nanosecond photoluminescence decay time was observed. Other fluoride compounds such as BaF2,
BaLiF3 or KMg3 are not only shown the short wavelength emission (< 200 nm) but also the fast decay time (<300ps) which is
advantaged for scintillator applications.

Band gap modification of these materials can improve their response as scintillators and emissions. In particular, we can
make significant improvement of the light yield because it is inversely related to the band gap. In this regard, the electronic
band structure and density of states of fluoride materials will be calculated. The change in their respective band gaps for different

conditions will be considered in the calculations.

2.Computational method

The bulk moduli as well as crystal structures of barium fluoride crystals will be determined and compared with experimental
results to confirm the calculations. Once the crystal structure is optimized, the electronic band structure and the total and partial
density of states (DOS) will be calculated. The energy level transition, type and band gap energies will be determined from the
results. All numerical calculations are based on density functional theory (DFT) using Perdew-Burke-Ernzerhof (PBE) hybrid
functionals. This method employs plane-wave basis sets and projector-augmented wave (PAW) pseudopotentials, which will

be implemented within the Vienna Ab initio Simulation Package (VASP).

3.Results and discussion

Figure 1 shows the different crystal structure of BaF2 including cubic at ambient pressure, orthorhombic at pressure from 3

GPa to 14 GPa or hexagonal at pressure higher than 14 GPa. This phase transition is demonstrated by experiment and
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calculation. In this work, the lattice parameters and atomic positions are optimized from the experimental values. Then these

optimized parameters are used for electronic band structure calculation.

Figure 1 crystal structure at diferent pressure a) cubic b) orthorhombic ¢) hexagonal

Figure 2 shows the change in energy band gap of BaF2 crystal with high pressure application. At the 0 GPa, the BaF2 crystal
is in the cubic phase and has 9.6 eV. The band gap is increased up to around 10.1 eV with the pressure of 14 GPa even in the
orthorhombic phase. At the pressure higher than 14 GPa, the BaF2 crystal is in hexagonal phase and its bandgap increases from
9.0eVt09.2 eV at the few applying GPa, then decreasing from 9.2 eV to 8.4 eV in the range of 70 GPa pressure. The bandgap
is not only changed in value but also in the type. The indirect bandgap of BaF2 changes to direct band gap when crystal structure
changes from cubic to orthorhombic. It keeps the direct bandgap type at the few applying pressure at the hexagonal phase. This

will be more considered for further calculations.
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Figure 2: the bandgap energy of BaF2 crystal under high pressure with phase transition as figure 1

4.Conclusion

The first step of calculation about BaF2 crystal as a picosecond ultraviolet — visible scintillator have been done to verify the
bandgap energy by first principles density functional theory calculations using the Perdew—Burke—Ernzerhof hybrid functional
including exact exchange (PBEO) as implemented in the Vienna Ab initio Simulation Package. The bandgap tunability also
investigated with the uniform compression by high pressure up to 70 GPa. The next step will focus on the energy gap different

between core and valence and consider the cross — luminescence of this materials for a fast-response scintillator.
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Tadashi Togashi, Akira Kondo, and Mui Viet Luong: Journal of Chemical Physics 154 (2021) 124707.
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Solid device examination of zincalminate ultra-violet emitting thin film
Hiroko Kominami', Naoki Sonoda', Tomohiro Kawashima', Takashi Hanakawa?, Akihiro Yamaji?, Shunsuke Kurosawa?
!Graduate School of Integrated Science and Technology, Shizuoka University, Hamamatsu, 432-8561
’Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: metallic glass, amorphous alloys, rapidly solidification, supercooled liquid (not more than 5 keywords)

ZnALO; thin films for deep UV emitting phosphor prepared by deposition of ZnO on sapphire substrates and thermal
diffusion process. The distribution of the emitting layer of thin films was analyzed from the relationship between the penetration

depth of electron beam by increasing acceleration voltage and the UV emission intensity by cathodoluminescence..

1. #5 (Introduction,)

COVID-19 ORI RFATIC LY . HELRHES T A VA% MRIZRET 2 720 OLESGIRE O v REMEIC 1 B
DEF - TWVD, UV-C EMEEND, M= —0NT, AT A NV ANDIRFRES ZET 57, JEHHb
TREDIRZRETHZERMOLITWD, ZHVET, KOO 1 5 Th D 254nm 23 Z OFEIEO Y & L CTfilf
ASNTE e, MENRT 7T, liEa X MK, JE T A V587870, AR THIAHEHE TS
D, KSR OBRBEMBEIC OV TR ED R > T D, Fox i, TF, FIMRFENM B O ET-o TR, £
DICWEDFESTE~DIE AR T E DEAAEMELE LT, BEAEIZ LY 250 nm (HILICE—2 27737 /L
VEEHEEN(ZnALONZFE H L, 24D O ORERIZR R & 300E 7 7 DR L O OIS IZ W TRGES
1T>TuW5,

BITE, ZnALOs OIEREMMEIIH MM SN TE LT, 735 AGHIZH T o TRE R JEITE-CWIURE A £ D
EIFEFLN TR, 5k, MARRECOFMBZIT > TE 722, REEELOFEED D FREEOFM 2 KT H
olc, ZDT2 ZnALOs (T 5 Z & C, FHENES D &EEZ T, ET-HBEIKIZ LY AlGaN RIRESN
LED @ X D IZEIET A ZA~DICHPRIIRFTE D, BRT S 2D 7= OIZiE, EOB—ME, BEMIIEEICE
P 7D, BYLHCCERT 2 ML, T OIEURIBIC L 0 RKE ENELE CTREEN R RS- OB LN D — A
M, £ ZTHE, BYUEREIED L0 KE a7, HIRNEORZROIRBIZ OV CTiET 21T o 72,

2. EB Y (Experimental procedure)

ZnALO FEIRDERUZ OWTCIX, RE~ 7R ha v ARy ¥ U o ZiEE AW, c it 7 7 A 72K I Zno J&
% 300 nm JERK L72%% o -ALO; JE % 10 nm~200 nm #£f& L 7=, RF /XU —100W & L. AR, K2 TR
1000°C T2~200 FFHIBVLERZ4T 9 Z L2 LD (ZnOEE W7 7 A 7 EMR DO TD Zn & AlOBYEHIZ LV ZnALO4
BT D, AT, B 72D ORI R X OBLEGA O Faf i DUV TR 21T o 72, IR O#E S
i L LSOV T X BREHTE X O FE-EPMA (2 & 0 U7-, FEHr IR E R 3t (CL) B LUk
SARUENEESE Y (PL, PLE) 12XV 3 L7z,

3. ERBIUELE (Results and discussion)

970~ 1050°C TEVILEL L 72 ZnALO4s @ XRD ZAT > 72, (220), (311), (333)D B —7 NPHFEICHIIL, ZibamD
ZnALOs BERR SN TN D Z & 23 -7, Fig.l 12 970 ~ 1050°C THWLEE L 72 ZnALOs DA D HAilE & & — 2
SR A R, BREELRIZRE LT, 990°C F CIIAFH D BREE FhiX—ERIZHININ L7223, 1050°C TIE(333) D AT LE A3 Y
L. (220), GINDOBEITHAD LTz, ZDZ &b, 990°CLL ED & 2 B2 #8 2 7o IR H> 5(333) DOEd A Thk
B3 b BE2x BN,
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WIZ ¢ [l 7 7 A4 7 HMR EICBOCRIRIZE T 5 ZnALO, 4 07 ‘ = d
BINTONT, @ AF ¥ VEIC LY | EARAELZTIT 228 B o R — |72
T, c Y7 7 A T HROEME ZnALOs DFEFEAZ DN T DA% ? 3 EWHM _Ir;t;_(zm) %
{77 Fig2 12 970~ 1050°C THYLEL L /= ZnALO, 333D A%+ 3 ¢ o ng| ©
LAY, 60° BINET, Y7 7 A T HMLE (B3)OEHIABIME N 04 - ooy E
Nz, c Y7 7 A 7R E (333, & HIC Al OFFERFIBAER 2 oo I
BRChH Y. (3308 ¢ TY 7 7 A THIRD Al OAEFESS it 2 9
CEITHELTHDEBZZBRD, " 045 7000 50— ° <

990°C, 50 M OBELIREZ Jifi L 7= IR O AR RCIRREIZ D
W TR % 72012, 5.66 mol - Lt Mg /KRR % Fi v C iR m
DTy F o TR ZITO, JRNE A B S, Z ORI A 7
V= BRIy A X#EWT, 587 FE-SEM 72 SI2 K 0 AT
~72, Fig.3 IZFB Tz v F o FUE A fiti L 72 ZnALO, FEED
XRD v — 7 @B A R, AR Lol 513(220), (311),
(400), (333)DIEBESNIZA, TOHFTH (333) i ITEAMKR
ITWGEIR Gl 2N8 < Ze o7z, ZHAUE, ZnALO DEE & 468 5
BRIZ, D Al BLiE ORIV M E33) M HLRA L T D Z &
NEZBND, DOk, (400)DEHTABIIL, (333)DALE DT,
[100 RO RN HETe Z L3 EZ B %, FE-SEM OFER LY |
280min. D= v F 2 713K 450 nm ONEEIZFYS T DM, Zn D
AT E HITHENEICHE L T 5, XRD OfER LY, ZhX
D NEROERS31E ZnALOL B Tlid7e< . Y7 7 A 7 HARUITEIREIC
In 3 R—7INREBTH L B2 bILD,

Fig.4 |ZK R T » F o VB A Jifi L 7= ZnAleO4 5 CL 58
ey F U VREOMEE ™Y, =y F U S E I o TROE
DR USRANENTRE D LT E S 2D, Fi2. = v F o JHEH
200 ~ 300 5y DL v F o FHEZ I - THIEO LRI TR E L <K
T L7z, ZAUEEm2 5 450 nm ORIZ ZnALOs DRSS FIE L T
WAZEERIBLTWS, FERENE—IAEICOWVTHEELLTE
V. ZHUX ZnALOs D Zn & Al DEEENENTHZ LICL->TAELD
ZERHBMNER S TND, 2ERNICE — 7 [ TEREIZH Y | RS
72 ZnALOs TEBE L, (L &L E U & Zn 37 S BICENERIC
BOWTEVEEREMICS 7 FLTWAZ 0D, Zn DLV 7 7
AT HERPODOHRIEZ 2 HND,

-
—

XRD Intensity (a.u.)

4. ¥ £ ¥ (Conclusion)

SN ZnALOL IR DY E I B2 B8 L BVUERSRIEIC T 2
ZnALO4 FHDTEHUIREE & BN DR AR I DWW CIHIE ZAT o 7o, £ DfE
. 990 CLL LD B 2 Bl 2 8 2 7215 FE N> ZnALO, (333)DEL A THE:
LT D2 Enbhotz, FHOAF Y U HIEDORER LD . (333)
et 7 7 A 7RO Al OJFFEFOANERFMEE T Z /< L DI
ELTWS EEZX NS,

T, oo F U THILEFT o 72 ZnALOL TEED XRD HIEITH Z LT
K o THIEAEH D> B 450 nm {131 F T ZnALOs D333 MEEL 2%
FEAEIEZ A LTS Z &by | ORI (333)MH M 5 Al

Annealing temperature ['C]

Fig.1 Dependence of FWHM and XRD Peak

intensity.
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Characterization and application of eutectic scintillators
Hiromitsu Takahashi, Taishu Kayanoki, Ryota Niwa
Physics Program, Graduate School of Advanced Science and Engineering, Hiroshima University, Higashi-Hiroshima, 739-
8526

Keywords: Eutectic scintillators, photodetectors, X-rays, Gamma-rays

Photoelectron trajectories of photoabsorption process contains polarization information. Directions of Compton-scattered
electrons are used to determine those of the input gamma-rays. However, the range, the distance until the electron stops, is the
order of mm even in gas detectors, and it is difficult to measure the range in high-density semiconductor and/or scintillator
detectors. We study the characteristics of ~pm-segmented eutectic scintillator developed by Yoshikawa group and read out the
signal with CMOS detectors with the pixel size of ~um. We measured the photo-luminescence spectrum and light yield of the
scintillator as ~40,000 photons/MeV. The scintillation light excited by 5.5 MeV alpha-rays of ! Am was detected by the CMOS.

1. 1Z U ®IZ (Introduction,)

HBWILDINFE a7 N HELREOKBEE T OB X 13, AT ORAEEREZRFELTRBY, BRilT52
EDRTEIUT XN o~ BORNRITHIHTE D, F7200 XFROMeV o <#iE, =227 b BELD 3B
Thod, NIERIZBWT I OFROREE S AT 2812, FHRIC K 2WEOBSHE 8Ny 7 75y
Y ROFENREL, a T R UOBEOTZ L= LEIC LD a7 N UERBENL RIKMERE ANy I T T
¥ ROHEBMLERAIR TH D, KEKETHRETHZENTEIUL, b 12FRPMDLZE TRy T
7 RIBREREAKERICA BT 5, L L ERROBRIOTDICEF 2T 5 Z L1d, ZORENEL (BED
%wﬁxﬁﬁ%@%hmﬁ—ﬁ—)tb\%§®%w¥%¢ﬁmm%7V%V~&?iﬁbw RS SN SEAN
HIZR Tl OMOS o —2 X 0 Fum OB 7 B AREBL L, BT ORFEORH FTREMEIFZE ST D,
AWFZETIE, SNIFRE TR S IS8 7 A Meaniz bk o FL—2 20, BEOEWY T

L—ZZBW T, NEORBEE OB O 2 B H5,

2. EBHE (Experimental procedure)

AARFE §  FEEERE ISR & bRy o F L—3 3 > 6% CMOS & o H— Tt 9325 Akt L 7o, Lk v
F L—2TE) e CRA% - BUWES 72 GdAIOx:Ce/ a-ALOs ZRIH L7z, ZDv > FL— 3 3% CCD #
HIBECHAEE D Z 13T TIHATIIE THRE STV D ), (DX SRR E AV, o F L—ZDRIEARY
MV EFIEREEZWE LTz, o F L—FHHEICBT DM OFEIEIZ L > T, RS 23 ESENT 5008
WE LT, Qv TFL—a s fhE CMOS o —TitA T ERTIX, o F L —F DOELD 230 um & EH
728, 2AM M B D 5.5 MeV D a#ftZFIH L7z, CMOS £ ¥ —E 1.1 pm D7 LA XD D Z2FIH Lz,

3. BEB L UEL (Results and discussion)

(1) X 11E, dfhks v F L—4 GdAIOs:Ce/ a -AlLOs % 20 kV O XHRFEAZR T L 72RO FH ALY h LT
b5, ALty N7 v 7 CTRIE LT GSO:Ce LG L, Z DT F L —& DFIEITK 40,000 photons/MeV & F,
Bt ond, YorFL—FOYHIKFMEZRET D2 & T RBEART MOBENFEL eolz, ZiUTk D,
WHICKHEMERET D2 ZEDNFRHTHLZ R0, EBICv T Lb—HHEES TELEY T L—r 3
VHBEBLAEMPESRE TR TNAZ EERL TN,

(2) ¥ 2 1L, CMOS P —IZ3dbfhk s v F L—Z 2% (E LIOREE TS L7 CMOS & o —EigR Th 5,
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HAm MO O o FRERHIEE A D < 2o TEY . Yo Fb—va it S Tno, fRIEFREX
3MBq T, CMOS & —OFtE I 1 B TH 5, BRER TIIEEA > b &0 L CHir i L TOIRIET
bV A&ITCMOS o —OFERRZHE < LT, 14X MeDmidrt Lzl s,

touhoku 230um
70000

10 RS T L— & % X AR
ThbiEe L72BRORN AT Fb, XHBFE
AZROFEBEIL20kV, B — 7 A0EEL, R

50000

y " —7ENTWAD Tbhb DI ART kLI
®IGT 25, ZOME (=g 25, B

&34 40,000 photons/MeV Toh 5,

20000
10000

N

0
200 300 400 500 600 700 800

102 204 307 409 512 614 716 819 921 102 204 307 409 512 614 716 819 921

B 20 $efbfks v F L—% % CMOS & > —IikE L7 REE TS L7- CMOS & 2 —Hifg, (/)
21 Am BN D D 5.5 MeV o f A T L7RAET, 60 keV o <D HMN Y o F L— XTI S
TWb, (b)) Hr~fte a O RN ST DIREE, ARIOFRHALL o TEY, affic
ER L7 FL—ra 80 CMOS £ o —TRi ST 3,

4. £+ (Conclusion)

Erum OG22 ROtk o o F L — & 2 8um OALESMRRE 2 FF> CMOS & o —THiA 42 & T, [k
HEDSE < D> OB EFHETE D IEHRRHES O EBI N FRETH 5, AFEEIL, FIH L WD IREY v F L—2 D
JFHEARE L, 2OV FL—E0b0 afMEEEEEA X2 M LTV DIREET oS & 2 ¥ —Tie A
BDHZEEFEIEL, 5%IL. ON0S & —DFB R 28< LT 1 A Xy MEDE SHi i La ik, un 4
— = DR B IRREZ F ORI ZR D ER & HI5 1,

HEE (Acknowledgement)
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Development of the particle-identification technique for scintillation detectors
Takahiro Kawabata, Tatsuya Furuno, Kohsuke Sakanashi, Shunsuke Kurosawa', Akihiro Yamaji’
Department of Physics, Osaka University, Toyonaka, Osaka 560-0043
' New Industry Creation Hatchery Center, Tohoku University, Sendai 980-8579
’Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: pulse-shape analysis, particle identification, GAGG(Ce) scintillator

We carried out a pulse-shape analysis of the output signals from the GAGG(Ce) scintillator in order to establish a new particle
identification technique for charged particles at high-counting rates. The GAGG(Ce) scintillator was bombarded with protons
and “He nuclei emitted from a projectile-fragmentation reaction. A CsI(T1I) scintillator was also bombarded with those particles
for comparison. The scintillation photons were detected by avalanche photo diodes (APDs). Electric signals from the APDs
were processed by using charge-integrating preamplifiers and recorded by flash analogue-to-digital converters with a sampling
rate of 500 MHz. It was found that the GAGG(Ce) scintillator exhibits much poor particle-identification ability than the CsI(TI)
scintillator although the GAGG(Ce) scintillator is much more useful at high-counting rates than the CsI(TI) scintillator.

1. #= (Introduction,)

JRFRZEBRIC I TIE, RIS Bl S A2 Bk - OFEE A 5805 9~ DR i BIR n EE ChH D, L
23U R FEZBEL BRI I TR D B RN A LT JiH S 2 i fB L1 2R -l L oD mdh = CRIET 2 11,
KEFEOFE AR Has & fBRL 25 L ST oW EEF o u ) — A —2 2T 208X’ H 5, b
L. YU Fb—a VRN D DE B OB L Wik cE U, o FL—ra v mligsazhnl
—A—=Z L LTHWAZ & T, BaRHESNAE L 725, WBEIZIE, CSITY)> > F L—F x5 2T
FEifi S, —EOREZET TS, Ll CIT)Y »F L—F I TEEHEMMNEV (<1050ns) 720, EitEeR
OREIZITE LTV, £ 2T, A ITEeFEmnE< (~90ns) matEeRORIEIZHE L T\ 5 GAGG(Ce)> v
T L—& e TR X DR 3B S OBIR 2 B LTz, Fox OmEOMIEIZE Y . GAGG(Ce)> > F
L—Z 351 & *He (0 bif) IZxT 220X =072 ORNENAEEIZERD Z EBHALNIR>TND Y,
FHROEIE, HIERIC L EE 52 TS EHIfF S, T L—2 0D O & FE i~ U,
Kl T B a[RetEnN & B, ABFZETIX. GAGG(Ce)Y > F L —Z (Zxt LB & o bifZ2 ARS8, ZOHE
MOHRITFRER 21T ) Z L 2R A D L & BT, CIT)> T L—& L OMREIE 21T > 7=,

2. EBFH1E (Experimental procedure) .
EBIFHALRES A /0 b oy - FUFTA Y h—T R z—(z  SiDetector

. N Collimator
FNTHENE L7, 930 B AVE 4 27 1 b oz o Tl L 7= 85.9 N\ \\\\ Cel(TD
MeV O "B b — 1% RFHEHNC IS U, ARG B i S iz N 18 mm
B2 1 IR TRREHER S AS S8 72, BHERIEL, 18 mm YL 5D n
GAGG(Ce) ¥ F L —Zitigha K, BMESR 7 4 /L L) Crldk I \\mm
L. 75> =74 b ¥ A 4—F (APD) (Hamamatsu S8664-1010) @ I _
lZv vy b LT Fie, HBOTDICFALUBRO CIT) 2o F L S 5 mm "
— & AR L GAGG(Ce) > F L—4 L IRIRICEUR M CAE 50 m N\ \\\\ GAGG(Ce)
L.APD (T~ D L7z, 2 DDy F L—HiERORIHIZIE Smm
WHOBNZ DY A—H & 65um EDOFRAIT Y a2 (Si) K X 1. g ot Yy b7 v
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sz axE Lz, Sifiigs& APD 26 OGS IXEMR A ATEEESS (Mesytec MPR-16) % VN CHENE =
i1, FlashADC (FADC) (CAENV1730) W CHEE S LT-, FADC %> 7Y > 72T 500MHz TH Y,
AR R T EIT4000 BT (8 us) D& B LT,

3. BRBXUELE (Results and discussion)

IXUIZ, SifRiigRE APD 2> 5 O3 E OFBE D H AFHRL 7 ORI 21TV, AR OFEEZ L 12 APD O
BEEEEDENEBIE L2, GAGG(Ce)& CsI(TDAS, Bf72 LIk o RifIZ k> T 6000 ch O E (K 13
MeVee DFENEITAY) 2R LI FRICB T AEFHEZK 2 (RT, CTH)TIE, Bif& akiricksnWTEs
DL H B0 EVCBEE 722 RGO ST — 5T, GAGG(Ce) CIEERMN/ NV, EHIEENRKIEED 20%
D5 80%IZFE TE(LT 2 DIZET DM Z LG ER VR EER L, S H L2230 K] &5 B OFEBE A 7l ~ 7=
EZA KB3ICALND X HIZ, CITY)TiX, T X CTORNEEERIZBN T, BT & o B 23+ L T
%—757T, GAGG(Ce) TIFmBENEL . R FAIZE L TN Z ERB HT o T2,
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2: GAGG(Ce) (f£) & CsI(TI) (F) BB LN aki 112X -T 6000 ch DHAIHE (13 MeVee D
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£ 1200F P
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& 1100f-
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E R
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140 E- 3
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100l aibn e L bes e L Ll LI 600555564060 5060500010000 12086 14000
e (ADC ch) 1 (ADC ch)
X 3: BB LR ek IZxf3 % GAGG(Ce) (F5) & CsI(Tl) (F) DIFHONH EANY R &5 5 m
FHRE

GAGG(Ce)iT (GdiyCey)s(AlsxGax)O12 & W J #HEk 2 FF0A3, A EIOWEIZ -G Clx, R fRREZ @ 5
eI o F L— a3 U IDBEFER S % e/ ME U ToRE R RS y=0.01,x =3 [ZHB{ L STV D 2, ZD728),
ANFPRLF-OFEAN L LT H IR & R OLRNE T, FOLRFRIRE D ZERBBIICL < 2o T
HEHEEIND, THETOIEIZLY, 0<y<0.05,25<x<3.5 OFPHT, GAGG(Ce)DFEIHHENTHHNT
WHDT, S4IE, BEOHFEZREIRL . FEDR 2HFED GAGG v v F L—F ZER L. ZiH OB
K DRITFEBIREDS E D X D ICE(LT 50 % FHRDEE TH D,

SIASCER _(Reference)
1) T Furuno, A. Koshikawa, T. Kawabata et al.: Journal of Instrumentation 16 (2021) P10012.
2)  Warut Chewpraditkul, Shunsuke Kurosawa et al.: Optical Materials 81 (2018) 23—29.
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Exploration of convergent heating condition for reducing the defects in the crystal grown by the IR-FZ method

Satoshi Watauchi, Naoki, Noda, Masanori Nagao, Isao Tanaka
Keywords: crystal growth, optical floating zone, oxide, solid-liquid interface

La and Ce co-doped gadolinium pyrochlore silicate (Ga2Si2O7: GPS) crystals were grown by optical floating zone method
in several different conditions. The effects of the filament alignments of the halogen lamps on the solid-liquid interface shapes
and on the grown crystals were investigated. The interface shape between a grown crystal and a molten zone was found to be
highly concave in the conventional growth condition using halogen lamps as heat sources. The concave melt-crystal interface
was systematically changed by the filament alignments of lamps. Although we could not suppress the formation of cracks in a
grown crystal and could not realize a transparent crystal, we succeeded to reduce the cracks formed in a grown crystal and

enhance the transparency of a grown crystal by controlling the concave crystal-melt interface.

1. #= (Introduction,)

Optical floating zone :OFZ VAI%, HARIED — D> THIZ W2 LER RS A R > T D, TR O )
IRAHERIC T 2 2 & CHIRR LB 72 & O RERME M ORE R Z B TE T2 . CanAlLyOs D K O IZElE D
Hiibs & BOS U, SIS B RAERIRAT 2 L9 ZWE OB Z B TE LV 5, ZOIDikx IeWE DR
RSB SIVTWN D, L, Rl & PRI DR IR, BN & BRGSO EN TV D 72T TREE T
D, ZELTRERmBERICIE, ERE 2 ZE R T 5 0ERH D,

R O ZEWE AT D b ODO—DIZE R & B ORI o 5, BRriE, SMU 8T 579R
SMRIC K VIR S VD 72D, Tl R & BRSO R mERIE, RhoBRE L TBY, vFAev Y o
YT EIZIMTH D Z EAME STV D, Lol Y3A01X° LisVOs, CapAlisOss 72 E R A1l L2370
WETCIE, W & BRGSO R IR FICMoMRZ L TEY . TS K > TERAEMICZ 7 v 7 B34 LT
V. KIEBVAENTZY LIz bE S TWD, RIBEE WD Z & THERR S & ORI 2 B2 b S
. 7Ty 7 EIHlESNT LHESILTWAR, BRGSO RABITEE LU,

BRAE & O & 7R DV F A ) a T, BB 2 (LS5 2 & THLRERRELLS
DI ENTE, BERERORLT D ENTELERESIN TN D, AFFETIX, FZ BT 5 & BRORE
EDOFERNMI L 725 T 2 b2 D T AERMUIZA KU =0 534 X7 2 U &r— M(La-GPS)fE i D F ik
IZRWTEFIEAS 2 2L S5 2 & CHR O BERFEIR 2 IS 5 2 & 2T,

2. EB 51 (Experimental procedure)
2.1 FURHER

HFEEDEL & LT Gda05(>99.9%). Si02(>99.99%) . Las03(>99.99%) . CeO2(>99.99%) % F\ V7=, (LagasCen03Gd1 45)Sk07
ORAIZ 725 L O E, BARAEE L2, 1100°C, 12 2SR CRERZTT 72, BERE. kL. Mm%
77 v AR A T THARIRIZINERRTE L=, D%, 1400°C10 FEFZER AT CRERR L, JRUEMEE L7c, BEREZ DR
B A RFEZE~10mm & ~21 mm, £X~70mm Tholz, TiILHDOJFEHEZ IRV HRS b AR E 2 S L
T, 2.2 THIRT 2 & 2 2k CHEFIMBG 2 RN S BT TR B R AT o7, La ZIRINT 5 2
ETHRY =gt a 7oV r— MIGAER LT 2 2 L E STV D Tes, ARBFFETIE, JRBHERL &
(T5 T DEREA N ip o Te BATICBIE rTRE R IRl OSNE T MOR ST 6 1mm £ 725 L5127 7T
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AR LTz, BRGRDS 25 mm (T3 L7tk JRBHE & BRGRER DR Z Ik 5 L FRIRFICT 72§52 L TR
ML, SREILRZAER LTz, R OARZEMIC LY . BRED 25 mm ([ZET HANCAmELE S5 2500
ARG Holz, RWELIRIL, BRI OBRGES & a. Conventional layout
FORHHE 2 TR & T SO L7, BRI & AT ) Ellipsoidal mirror Feed
WrL., O A EST 5 2 & CREERHNT-, 2miEBET :
REDMBAR L7258, N ENE BRI & ATICEIR L
Tz ZRHORBIOMTLITIZ, UA Y —Y — L WHEKEZ A
7oo FERIL. ZHE TOFE L OFHMEIC IS E . Fimids
SOFERONLE r LREDOES h & DHTRINDMENN) Focus point | |
TRHI L7z, BRIV T T v 2 2 LIC L) REIIC J
A D RN 2B 2R sy D oEI G %4 Y 7 v b. Lamp filament alignment
7 [Mmagel] ZHWTHEH LT, Horizontal alignment  Vertical alignment
2.2 NG

B 1a 3RO FRIMUEFINEGA O TH D, AHF
T, B HBROEEEE V5 Z & TH R A 2L
SETZGME T 1bATR LTe & 9 (BRI T D R
AR E LTHWD eI TD7 4T A SOl
BOMPER AT, PR EDT 4 T A v FEGEkOK VR Fig. 1 Bt L7z BB R R OB, af
LR L CRE R E Table I. &4l f

Grown crystal

L P b
DT La-GPS it DA A Lamp alignment Vertical Horizontal
EAT o TR & A EE Ly Crystal dia. /mm 12 22 25 29 12 25
ST <L =< b ;/‘ = z -
:szﬁﬂ%ﬁf iifﬁﬁ ko Moving rate (Feed/Crystal) /mm/h 1.0/0.5
> T 7Tk 747 -

I @E%{@E%%—H 7L4' R Rotation rate (Feed/Crystal) /rpm 2/60

v =7 Tz, =

s " Growth atmosphere Air flow 2 L/min.

BB ER LICE L DT,

3. HRBXUELZ (Results and discussion)

X2 1%, BROBRDFEEEEZHNT, 7077 4T A FORE %K & TEIZE(L S E 725444 C La-GPS #&
mEBER L T ABRORREITEOER L AnBEEOEREMEEE TH 5, X la HX 1d DFEXOLEMICE
B ORI DB R A2 AR OAFNSmBEILROEEREEE 4R Lz, Kla &K 1b BKFEOT 77 4
FAMEE, Klc &K 1d REREDOT T 7 4T A MEEOFETH S, X la iR Lz LITEMRTIEILR
AR OR S T, T RTO b,

BERRFEREZBLTC 61lmm & 72
HEINCT TN T LT, R
RVATENL ORI T, B W
i L s oEkRE ey N
BRCHER T& T, 74 7 A 1%
WHITALE L5, AR
BHAAMAR LT 0o 7, R L
7o To B EARIZ OV TR,
JRHE & Py & ORI S
TERR L 1, PR R Y

P TEROIBE RS T 7 F KR % 72454 C La W Gd2SieOn fisdh i AlEF WD ER & &
N 3 = 1. 2 FRA 7% T La &b 251207 7 R DVRN TR D BEE & A
w eI U AEIRMLTE GPS 0 %%kbt%%%ﬁ%@ﬁﬁ%ﬁadﬁ%%imeégjg%>ﬁ~A¥E

St b OIZALTRD, h &1 m ) 8% 95 mm, 74T AL b AKTEE, ¢ & 12mm, 74 T A
DEZZOWTIKFIZHRDE >~ BEEE, b. w2 mm, 747 A b EBENE
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SRREICR Uiz, RAER CBIEE SV B RO & VAR, JFUEHME & iaRlT O 2 S SR 6 & 35 a0 R
BRCR LTz, AOEBOI AL, BN R TH D, K la & 1c 1R Lz X ITHREREEDY 12mm &/ &
Y, 70707 47 Ay MNEEIZBED O T, BRGES & AR & O ERRIEEIL Tz, —J5, Kb L
1d IR L2 XD ISHER R 25 mm L KREL LIEGA, 7077 4 7 A2 hOBUEIZ X - CTHER M & I &
DOREIRICKEREN RN, 7 4 T A2 MEEPAERGE. REOMBB/NSWOIZK L, EHEZRY
B REOMBRRE N7, BRFIIEEHT R OB B THRO S TR LT B AU & TR & OB mT
BEERDHE. T 4T AL MKERETCIIERICBEDL 7 0 7 A2 MRRE SIL TV D HEBICIRE ST, — 5.
T4 7 A MRERETIE, 74T AL FOBRERFHDPSRE T IS > TND Z E 2L TRE S MATY
AR/ Y 5V

747 AV MEEIL, K3IRLIEL IR LEL I
BRI HEEL TV D, K3 ITHEMED 25mm (22 L
TR TR EL U 72 fE i oy & BT A & SEATIC 1 mm
G0 L, BHE LI AT A4 ARDBEETH D, BRE
NEEZ 10 mm 7°5 20 mm OFTHh D, AmEICrE —_—
STELIY T 97 DRBIEH D LBPNEN, 2742 S ¢
ROBIE OEIGIE, RHANEL LTz, 74T AV b :
DEENKETHDIEE, £2, BRERENAKEWIZE A ,

REARDOZEAL & BRRAERA T A AROBRAE D E 2B RO E RSSO, a. FEME 12 mm, 7 4
BNV 72l RS S AN & 0 | e L 7 A b KPR, b, R 25 mm, 747 A >

- y . s _ b KFHECE, c. FUEME 12mm, 74 T AV - E
ﬁﬁﬁj\@%ﬂé\%ﬁ%mﬁ: k O(‘ 4 ﬂ:ﬂ_\‘ L/7LCO 7 :/7 7 /( = )< Eﬁaﬁ, b Jﬁ*/%% 25 ;m, 7 /f :7‘ )( V2 }\ ﬁlﬁﬁalﬁ

&

v NN EEREOSES.  a b.
Wr FERREREE 12 o5 - 100 | |
mm 7>5 29 mm DO T I ; gg;tiizc(;r;tal 'g) 80.— « Horizontal
ZAESETTH07~- (of Teonvex 1 £t ° Vertical
- —_— ) concave g 60l |
09 BET—TE LR Y & 1 i .
- . ~ &
HEIRIRDENEIRL 05 . g 40- LI
Too ¥ 1e R0 1d 1R L ' 1 %, S
- — N ° o [=)
ZE T4 T AR ° o g | . o
wancwsagagy % 10 20 30 £ % 10 20 30
Crystal diameter /mm Crystal diameter /mm

B MICHEIA S . Z DO

Bk T A b Ay Tig. éé /{fﬁi% & B RGRG AR & OB E (/D) (a) & B R S OB 7y DOEIE (b)

L oREs s

LTWHZEERLTND, —FH, 747 A MBKEREDS A, fmff%d 12 mm 7>5H 25 mm (IS E 5
£-0.7 FREENG-0.5 BEICHIINT 26 M AR L, & LOWMRFRERAR SR ST, RIEH 0372 MR TV S,
ZhUE, REIRSFEEIZE LT 2 O TiE7e < BEIRA AR 1a K Ib IR LIZE D27 4 T A bR SR
TWDHIICIZIFERE SN TN D Z LITER LTS, BRMERA 7 A AMRIZIT 2BHE 5 OFIG b A5 SR
FEINU . /e SRS 2 OIS THEINT DM 2R L7z,

4. £ % (Conclusion)
PLEDZ &, BRGHES & EREE 5w o R R 23 P25 < X ) 2B P nES - CHERGERIZAE T B 7
T IR 2 ERboT,

H5E (Acknowledgement)
AIFFED FEREE LT, ALK P B BT &) | R 8%, BARA SRR OSAREZ G £ L1, 2 ZI5H
BERLET,
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Development of solid target for neutrino mass spectroscopy
Hideaki Hara, Motohiko Yoshimura, Akihiro Yoshimi, Shunsuke Kurosawa'2, Akihiro Yamaji'
Research Institute for Interdisciplinary Science, Okayama University, Okayama, 700-8530
nstitute for Material Research, Tohoku University, Sendai 980-8579
2New Industry Creation Hatchery Center, Tohoku University, Sendai 980-8579

Keywords: neutrino mass spectroscopy, lanthanoid doped crystal, coherent amplification, electron spin resonance

We have studied extremely weak processes which emit a neutrino pair and a photon. Our goal is to investigate unknown
neutrino properties such as absolute masses and mass type (Dirac or Majorana). For this study, enhancement of the rare process
by coherence among the target is crucial. We focused on the lanthanoid doped crystals, in which high coherence can be expected
despite being solid target. In this work we have developed a solid crystal target with low decoherence. Here we report the
progress of our theoretical study of a new experimental scheme and the experimental results on electron spin resonance of the

crystal created in the collaborative work.

1. #= (Introduction,)

Fexlx, ==2— NV ORMEFE (EEEHE, BERX [T 4 7 v 7R £z~ 3 7 k1] %) &
KT D720, JiF - pFaelnic=a— M) VEESEFEREZED TS, =2— ) VEESETIE B -
DT ORELEIRENO T & =a— M e BT 295 I R BREE 2RI T2, 2 OWMEs2iEsEnE
IR EI BN R ARETH 508 B R 5FCa b — L U 203 H DA D I HE L CTHES 5,
BEEZERLE, =a— M) R OBIICIE, ERERNZ WD 0RERTH L2, —RICEEH T
PABFEFIAIEFICRE L, ab—L U AEART DL ERE LV, Fxld, BEE - EAAREmMOERN L LT,
BEAFERTIC R—=F LT v % ) A RA A UCER LE[1], ARRETIE, Fox DEBRTHEATLIT % /4 FA
F % R—=7" UTARNARRR N D EAFE SRR OBRFE 21T 5, 2020 FLEIZ 5 E e | 2021 L & HALKITENANTHF
WEFEMT D ENTERDTZN, A=A T4 U Rial U CERAZ M E L)y bIFEFE 2 D7,
ARICETIE, 2021 FFREEIAT o T2 BRI JE DIEIR & | SLFAFZE CHERL L 72 EAER O 1 A B IR SRR I DOV T
s 2,

2. HHESHIZE (Theoretical study)

BAEAERFICR—T LT 0% /A4 RAF v id=a— MY 3RS OEREE & 705 L B2 B0,
FIRFZ, ==— MU /it Ligh o> QED 1ife & g S v % vlREMEAN Y 5, QED mfRld==— U / %fiH
WOy 7 757 ReR)  =a— ) JEEREICKH L TEARMEE 72> TLE S, £ 2 THAIE QED
WRRIZE DNy 7 7500 RERET DTOOH-/emhette LT, =a— M) BRI ET 282 1E
T 5LV FEAHET LTz, 2020 FEOHETIZ, ==2— MY 2B OBRICT ) I 7 ARREORALIHAEL
=a— N OEWEDRAET DRALOAIAITBIND T LRI BT/ o7 D3, 2021 LS O ICHEERAY 2R
AtEREDT, £7, BET DRULOFHEICBE L T, EEOFHAFIE CREROFEME RGO D Z & ZHEE LT,
Fio, BB A R ZAL SETGE OBILOAESAR OB, EHY A X% K& L LIGEITEN YA X
R RDOFEFRITE S LW FERE/DL Z LN TETZ, EHIT, =a2— M /B EWIZIERK O AN S
N5ZER, =a— M ORI HEOTE b~ ZOBRICET 2 HRII R A R T2, AR,
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INFETIELNIERARUCE &, BELER2)

3.Er F—7HRDEF AL HLIEEER: (Electron spin resonance experiment of Er-doped crystal)

22— MU VEESHTHODREREOEMD 1 DlE, =BT A(ENA 4% R—7 L7z YLiF fsgt(ErYLF) T
o, MNAL— L RAEREIT 5T, EriREZ KRS bOBPLETH L, kSN T2 ErYLF i
miV—ﬁ—ﬁgkLfﬂﬁéﬂém%r@%mﬂgﬁmf%éﬁﬁ)ﬁﬁr@ﬁm%ilﬂhélkﬁﬁbwo
2T, BEROFFEE TIRIREE0.1%, 0.01%) DfEdm(1x2x5mm) Z /B L 72, RIS OBERIFIEORE R o
DT IREE 720 T < *ﬂE’JiE MHEHEETH D, o, HFREMEFBR ORI /”JIJOD{EUE%H%"CF
EOME R (R— 7R, WAiat —L A, FOMEERES) 2L TR ZE ﬁ)tﬁi LWy, 22T, 1Bk
L7oftmmlxt U CRIILRFETEF A E L HIBEREZIT o7, -l AT, BEARZD g-KFIIEITHIE T T
VWA =810, g =3.13)3], [ 11E. FIRICHOTEE 0.01%08EmMICk L TR 28] LI-fR Th 5, g2.1
DOBEIRNIEE DB S 723 AT RORE RITHEL L 2o 7o, ZOFKAIZ, WEEBE TITo2mdi2 e
2 ONDTH, SBRITNENZHH L CRBROMEEZIT ) TE TH D, FERIICIEE bITEBOREOT — & &l
E L, MR OMERHME 2TV, JEFRFRICEF L TS 225 T0D

15_90_textgat every : 79 u (§0/63536+500)1 ——

signal (arb. units)

o 100 200 300 400 500

magnetic field (mT)

1 : (£) {E L7z EnYLF fEfbRE 0.01%) (F) B A BT hv

4. L% (Conclusion)
Foxld, ==2— U ORMBRBEORIADT-DOIZ, T2 ) A RA A2 % R—7 UTARNCFFEFN O [ AFE 5
%%@%%%ﬁofméommfﬂ@i(EDﬁ&miéﬂyﬁﬁivyF%@fﬁét@@%kﬁ%&ﬁ%#
IR A S DICHED | R AEROBREARD -, Fio, EAREROBEM L UCrER L7 IRIRE O Br F—7%
il Ju‘ LT, MRMECHMOMEE R - DICE AV HIBER AT o 72, 2 b ORI HER
FRESEZT, B BINELZED T TETH D,
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1)  H. Hara, M. Yoshimura: Euro. Phys. J. C 79 (2019) 684.
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Development for high-purity CaF, scintillation crystal
Saori Umehara!, Tomomi Yoshida!, Shunsuke Kurosawa?, Akihiro Yamaji?, Kenichi Fushimi*
'Research Center for Nuclear Physics, University of Osaka, Ibaraki 567-0047
2New Industry Creation Hatchery Center, Tohoku University, Sendai 980-8579

3Department of Materials Science and Engineering, Tohoku University, Sendai 980-8577
“Faculty of Science and Technology, Tokushima University, Tokushima , 770-8506

Keywords: calcium fluoride, high purity crystal, rare nuclear decay

Almost all substance of the universe is made of “matter”, not “anti-matter”. This is a mystery of “the matter dominated universe”.
The key point to solve the mystery is the lepton number non-conservation that means “anti-particle” and “particle” can convert
to each other. Observation of neutrino-less double beta decay (OvB[3) provide direct evidence of lepton number non-conserving
process. The rate of OvB is theoretically predicted to be rare and the half-life is longer than 10% years. Thus the key to the
experiment is constructing a highly sensitive detector with an ultra-low background condition. In order to construct the detector,
we need high purity scintillation crystals. In this study, we aim to establish the way for growing of the high purity scintillation
crystals.

1. EBIR T RAEEEER & BN

[FHIT AN 2 WETTETHDH00, WEIZE 1D ETZ00, ZOBEOWEESOFHED
Z BT DR, KiAWE) &R (KWE) ORHARTRENEN — 2 D#EE 70D, Z ORI+ & ORI D s AT he
ThdZE(~I T ZFEHT DI ZEME—OFEROFIEL, "=2— ) J ZH LW ZES— X fiE T
b, LML, ZO"==2— K ZHH LR ZEAA—Z R ONEIEIE, 10960 e R EFICENE
LThD, DD BUANHE AT 2 BETHRILERICIE, EDOTRNY 7 7T 7 R THDH Z ENEREND,

Z DBHMRIER DN 7 75 0 v RIE, BOTMR N2 EIR L 35 6 D & | R g N A EiR &
THLONRHD, FRHC, “HERX—HXFEICBWN T T RNy 7 7T RERDON, EHRHZENETIC
BEND N LRS- 0T URINCBT DHEEARMS TH D, T bIE, ZEAA—X RER EORmAE RS
BREBRTIL, bo bV UT AN I T RERDIENMBILTND,

Fx T2 D EHEAN—ZEEOHIE A, CaFy 3 F L— g Ui W T T T\ 5, 2 E TIZ CaFy(Bu)%
FAWTZHE T, 8Ca D ZEHAA—Z FERIE & U TR s 230 L[], S BIS IR 2 ZHA— & HAs]
EIEEHEEZED TV DH[2], & 2 TORBIZBWT, ARROMEY | CaF, v > F L— 3 Ui E iz HEA—
S RERE DR RERNNy 7 7T 7 ReZR D013 BTh ZERE T2 MU 7 LRINT L2 BSHEAH TH
B ENTHED LT,

AILFEFIAFIETIE, ZOZESX—FREO Y T A2y 7 7570 REIe D BEHERHY, FHZ b 7 A
R 0T L RBINFERBLE DB, EOXIICL TR BRI 20 ERET D, fERE LT, SHE CaF i %
WET D FEEMNLT D2 E R ET 5,

2. FESH R DB AEIRDFRE

CaF, V> F L — a UfEmOBLERFEIX, Tirio LB THD,
1. RBINVCTLET VNG, CaF lRDERK

2. 5O1E% T CaFy By R DBERE « 1w
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3. 52F%EHAVT CaF, Db

4. BFEERIZ IV CRbab R m ORFEE
NS OERET, HHT W OEMEELA, CaFy v v F L—3 g VR OERMEIC RN D Z EnNEF S
Do ZDT=OIZ, @D DITI KOWHE 2213 % VTR L7z CaF i8Rl D b Y U ARSI - 7 T U RINGH
BEOELEDOFEZIT o 72,

F9°. FANS, AT D CaF RO BSHEARMEARE Lic, ZOWEIL, KEEEY o~ fifatias & LT
B%E 7z Ge 8RR NERZ VW o, AFEBRCTIX, 7 7 U RIIDBESHERM &2 3.5mBg/ke, b U 7 AR50
S EARMIP RS 7.1mBg/kg O CaFo My K %2 F o, F72, CaFo IRl O BUFHEA M) B OFHIIL, BRI RFEFH
FROTFA R T H SRR ZERERR (2, RSB o ¥ — Il Lo Tk Sz Taftiic ks v FL1—
/E/FMWW%ﬁTﬁ%@ﬁprllﬁ%)%%Wﬁo@ﬂgﬁm@aﬁﬂmi\_ﬂifl%ﬁokﬁ%

MoV, Cah TR L, vorFLb—ra VREEDBIIITE 2 Z LITHRTETWD, 6 LOKUEEAH
Wk DIERRE L, fE5 YA X208 3kg DA T 10uBg/kg LA RS RiAE NS,

TAMIHNWD 50T E LTIE, @HE 521X, BEMELDIE, @5 20E0 3 el £z,

i
%
R

BA1 : (F) HRRACERE SV Ta Rz K2 v v F L— a RGN MR LEE |, AREE
XL FEERNELD a U DRIy 7 T T T Rep D, b RER/NY I 7T 0 FERTH D,
FEERAMER N D DT = FEGIL, #0 10em, #i 5em (28> T, RIS D,

= 0 ~ 30 :
e I 2 T
£ N 25E b M
< 90 < “F in A
E 351 % r : : I i i : i {
= ] Q0T SN AR 110 TR N S ———
< S0Fr % E I
E— 25; - E 5y . —
i = i
8 [5; () 8 IGE """"" 1 | | I B
Igé - I l|” - | “m ..... T
] M S
0 1000 2000 3000 4000 5000 0 500 1 000 1' 500 2000 2500 3000 3500 4000
ENERGY(keV) ENERGY(keV)

277 YU LARIIORMEORER, (f£) ZOTZRXNLF—AT ML, 77 U RBIOkK
SHERHD ZRNE LTI T D, BART MADMBSREIRGFHE, RART RV DSEBIERIRFF D 2~
MV ERLTEY, FRALT FLdD 2400keV D E—27 3 T L FH| 214Po O a RHRIZL D HDTH
%o (F) U U LRINOHBEHEARRS 2 HIE LB ThH D, BART MUBMEARFERG L, 5 A7 b
JUDSERERIRFE I D SATIE 5, TRAALY M VHSEBIERIRE I E DIRIE(F 5D AT R LR LT
BY., FARZ RO 1700keV DE—27 M3 kU 7 LK 216Po D o HERICE DD TH S, b
TR HEAR S EIL, 77 RPN 2.2340.18mBag/kg. B YU 7 ARFIH 1.47£0.16mBg/kg THH 7=,
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L0 FEDE y N7 v AATONWTIL, REMFER L, REFESH Y TFH AL, KEFEHD TEHEBZMHEM, @3
FEEAZ MG L7, 2O, CaF, OIRE Z @il ROT-DIEH T 5HTHH D, T OEDEWIZ K D B ER
FEOENEFHIT H7DI2, 2 A FH L T\ 5, &ty 87 v 72 VT, 221 20 431, 2 8.
CaF, ¥ LT 72 L E b S B 7R, & 10 FAER L7, TR ENOREG I —m 2 itE, o Fr—
a vkl LTHER L, OB ERMSEZRIE LT,

3. fERBLUEEL (Results and discussion)

BEAMELDIE, mMELOIE WEHVZHE A, HEHVE B, FERL) BIOWHE L 2IEE2HWTIERL
7o CaR ¥Rl D R U O LRSI - 0 T U RBNEH BEOEEDOFEZIT o7, 26 SEDLDIEEY M T v 7D
2 h, EEME D DIZICON T, MR COBEHICE D REMINHLLTLE D T 0holz, KD 4FED
20Fty Ty 7 DL, EMEDLOIE WFEH Y E A) LIS CIER L-iamih O A~ i, Bkste
12 ImBq/kg FREE T, K& g otz, —J7, MMESDIE WHEH Y EA) CIER LIZERMMOT Z 2 - b
U 0 LARSNBEEPEARMS BT, 9.97mBg/kg. 5.83mBgkg & W2 LR oT-, THDOFERE LT, WElihRE
ZHBNTIE, 1) 2 DIEOMEDIE M K DR IZIL mBg/kg D L~V TOEFMER CTE ehholz, 2)
B0 D O MERMP OIRADREM RN 5. 3) R OBURPEARMM EIL, CaF, IR LY KL TEY |
TR ERLOBSORAT Y, TRRL 2 B L ST TV A RIEEER H D, 2B nhote, 20 3) OFiThR%E
FEHIERA 5 2 & T, A% O CaFs ffshmiflE IZ D723 5 rlREME & R L7z,
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Development of Spectroscopic Informatics Technology
for Optimizing Crystal Growth Conditions Using Imaging Techniques
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It is necessary to obtain the distribution as spatial data by imaging spectroscopy methods and to extract features of seemingly
uncorrelated qualities by Al techniques such as machine learning in order to improve the efficiency of crystal growth. We
developed imaging spectroscopy systems for optimizing crystal growth conditions. As a further developmental element, we
proposed a new method for imaging mid-infrared (MIR) light using upconversion luminescence, using rare earth-doped self-

assembled fiber array crystals. We will continue imaging studies on both sides of this issue.

1. #= (Introduction,)

INFETHALRSE L OHERFFEIC L 0, fERBARE & Zh e AW R oA EED TE 7=, Ll FlxiE
F UL 2 L7 L v RERUC W T, TIEE D ONZEMERE BRIERHESINE R &) M b —
AbhdHY ., T ITHRMENEEL TV, SWE ORISR BRSO REE AR EN D, FERE I
B SCHRHLNL CIRERI 307030 Z & v D | IR - EHORMZ BHICRE L COBRPHETHY | &L
B OB OW T E RO R Dy TN T VT NA U T H~T 4 7 AZBANTEL, oz
TEREMBIOBRRIC T 4 — RN 7 &T 5D Z & TRO DVEREE R oM EIBIR N AV —TF 1 IZAfEL 72 D,
MEIOHL A E— R T v 73RO BN TWBMELE LTT vAbM BN S 5, 7 AL BHEID A4 R0 R¥ ¥
v ThERE LT, 1 LED %8 2 5 MR RRLFE OB RS - R ISR i o F L— 2 — &
L CTHIfF S LTI D | 2000 FARYIINILT v 3 Lk & et OMAE DRI K DE LA OBEHIANFH— R ELE
BEVAMSNIz, 20— TRESBRICITEIRE ORI & Z AR KRE L EROMAEGDEDIEYD
HIRBT | ZOMBRRIITIEY v TFL— = L —F—[f & LT L < F b7 LICAF fldt Th - TH ERNA
HLiooTnD, 207D, 7 LD L 72> T D, KB RICEW T, RN WE ST & A
A=V MR KD BRI T —2 L LTHEG L, STt E R TREOT X 2 L7295 2 T,
R 72 B0 AL HAIC K0 — RARRE 22 S 2 5 22 SR ORFEEMI 21TV, A OB G L ST &7 2
ERTEIUL, FERBRROBEZNRILNREL 72 D,

ABFFETIE, BRRAIENEZR DB LT, A A=V Z5HIEITO., SWERHMICA > 7 4~ T 1 7 A4
BEALTCHETDZ & T, MBERMBIEROSRIER RIEZ T 2, 207201, 4 A=V Z3HIOH -
BRTEEERT 5,

2. B (Experimental procedure)

LAEEL, A A=V TN AT LD EIT-T2, K1 DX IRV AT~F v 7124 A=V ZFHAIN ]
RE/R T AT MEHEA HIE L TV 5, HEEOREL . 7 A MU AT — 2 B KO E I L 27—
M A2 I LT, 7 — 2 WBE, RO EICBIT 57 — X MRS SIC LV T L TE )N, =a—F b
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Ty MU =7 ZfER LI 25 L. £ oA eEE cE Tn o,

INEE

Y IL
G (SX—5
-’

4
- SHAR R B

\%fﬁﬂﬂﬂéﬂa‘iiﬁ@

OL—Y—%

[Ol=L ]
A=A

® O O
o« 0 /®
PNASVAVS
WA B(C L D287 —FIT - RifL

M1 E: A A= TR AT A

- DFRIE AT A
L

Flo, AA—VUTIIEHE LT, HLIERA A=V T VAT METH D, TALKOFFOHT O B CARRME
7 7 A /3—7 LA (Self-organizing Optical FIber Array (SOFIA) crystal.) ZFJfH L7=8 LW FERRBICETL, 2H
O THERNH TV D DT FAREFIZ OV TRT,

SOFIA object MIR back illumination
(Self-organizing Optical Awir (1550nm,2700nm)
Flber Array )

Pump light from
Visible light Ti:sapphire laser or LD
Ao (500-700nm) Apump (690-990nm)

MIRACLE scheme
(MIR imAging through up—Conversion LuminEscence)

X2 : BCHEEIL 7 7 A RX—T VAL BHI-RA A=V TV 2T MR

3. BRBXUEE (Results and discussion)

A THA RN U723 Ok E 7 7 A S=T LA REREFER L, 7y 7 ar"—a U3 L CTHRRSE
MIR) %A A=V T T HFEEFHIZIRE LT, 7y T ar =g %, i L —%—I2 Lo TH i
L7t MIR T2 92 Z & 12X > TE T LV @O =X —REEICHNE L, AT~ 03 BARICFIFT 5,
ZHUZE D A A=V ZIEBE N AAHIE L TR T, KV IRWERIRTOA A= v FRNFEHTE
X027 %, TIT, Ty Tarn"—Ta VELOFEBIGEAITV, B E L0, BRRILE LTHRE
L7z,

4. £1® (Conclusion)

A A=V TGN AT DO R ATV, S DICHEMER L LT, A 2L H Skt 7 13—
TUAREREERL, 7y 73— g UREAEFH L THRINE (MIR) 24 A—2 0 73 5 FEEHTZIC
R LTz, A%IE. ZOmMEIZEALTA A=Y 7R Z kT 5,

EE (Acknowledgement)
AT 72 0 R BHE CHRIE RS BRI SN A -2 & Uiz, 2 2Lz A L BT

— B88 —



£,
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Epitaxial growth of a high-quality SnO2 thin film on a lattice-matched single crystalline substrate and its device application
Yasushi Hirose!, Shunsuke Kurosawa?, Akihiro Yamaji
'Department of Chemistry, The University of Tokyo, Tokyo 113-0033
2Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: SnO», epitaxial film, widegap semiconductor (not more than 5 keywords)

SnO; is a wide bandgap oxide semiconductor with high electron mobility. It is widely used for thin-film devices such as
transparent electrode, field effect transistor, and gas sensor. A problem in epitaxial growth of SnO> thin films is a lack of a
lattice-matched substrate, which introduces high density of dislocation or grain boundaries reducing their electron mobility. In

this study, we attempted to grow a large-size single crystal of a trirutile-type oxide, of which lattice constants are well matched
with those of SnO,.

1. #= (Introduction,)

T EA X (SnOy) ITEBENEDT A R¥ v v TR HER T, BHERSCT A — BRENT
VAL IR BRI SN TS, SnOy1E, Inn0s; <° ZnO. InGaZnO, 72 & DLW 8RR &t _T, #b 4
BRABILREEET ., ALFRICLEE L W) EH EOFEE b O—F, BT \A ASHICEE =X F
¥ VIR CIIIE-CRL R 72 EORIBEER @< . FRIRS v U TIREORE Tl v U 7 BENE R L BfE i
WCHARTELIMENWE WO EDRH D, 2T, SnO, & TIROBAW SR ER O I A~ vy THRKREL
(>3%) . FERAERHC SO N HAET 2 2 LITERT 5,

% ZTAMIFETIL, Sn0: & DIET- X A~ FOV NS IR b Bk b & BT NS Z & T Rt o R 2 iRk L.
SnO, =¥ ¥y LiEZ mEiEL (EBEIEL) 75, 6T, BN EBEIE SnO, #lE2 2 ER)
R T roRAER2, EROEE TEY RO B EIEMm, HERA~T n #2528 LicmBEE ~ 7
VUARH IR E~DIGHERR D,

2. EB 5 (Experimental procedure)

BRUT O DB EG S & LT, SnOy D00 & DT I A~ v FAVNE | FZ X Cz I CORMERHE
FROEE D & D = F/NTF VA OO0 ) EIZE B L7z, BALKESFORK
iz VT, v A 7 m5l & FIFIEB LN Cz B L DfEs DO Bk 2 kA 7z,
O TR S OS2 X BREPTEIC X0 3 L7z,

3. BEBIUELE (Results and discussion) : q::;-:::‘:‘:t"l
IXUOIL, v 7 5| & FIFETOERERAT, T VA Y—%—F
WCHW, N 7r—TFCHl& FIFEEA 0.05Smm/min [ZERELTZE 2 A, T
5x5x30 mm FEEE D BEAHFERA GO (M 1), ZOHAER%Z Sx5xImm -"—?f 3"‘
; s

\CHIT L, BFEE L7, X SHEHRIIE OFE . S E AT VR E Ok RS
RTET, LrL, ZOREIIIH > TV 0 D)ELH TiEZe < . (110)EH
L (10)ELAANRIE L= 2 Tl otz (K2), £, REARIC X Y ARk L ~A 7 ugl& TIFACL
LIz EBBNDEHDY T v ) b BRI E b R/ 2 s, D AR LEZELVF VR
S ORERE L — RICHWD = b b IR 57, feidi DIMEL
ZITWRIZ, Y77 A THEd v — RBICHW: Cz IEERATZE A, FEEOBRICEII Lz (K3), X #7
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T LD Z OfE R OETl 2 3 CTh 5, S5, TLHFITILR > T A 7 a il & FIFEOSRM % ik
THZ LIRS L, E a2 N OB RSN ATREIC 2 o 72, Z O/NMELEEIL 2 o — RIZHWE Cz HEICHE
DHATNG (X4,

20 40 60 80
2theta (deg.)

2. (/2)5xbx1mm (ZEIWT « BFEE L 72 =8V F VBRI, () 5472 2008 CRIE U 7= =HL 7L k)
B X MRIAr 2 =2, RENIEIS & 0 TR 72 5,

3. )7 7 A7 & — RIZHWE C2 B X B =TT VRO ER, ()1 bALT-fbam oM,

4. w4 7o X FIFECEYER L ZELVF VI LY (BRREMRErR) 22— RICHW: Cz 1B
\Z K DR DB,

4. L% (Conclusion)
S SO, IR O = & o v LR O & LT, ZH/VFIVRER b 0O KA RS OB RRICE Y $LA T,
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AR KIEET 5 2 LT w4 7 ug| & FFEE AW /R R ES 0 2 8 TE L, 5I&H
x| HERES ORI & TR EA A~ DR RIC I Y f1T e T Td 5.,
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Evaluation of scintillation and photoluminescence decay components of 42BXs halides
Shohei Kodama, Takashi Hanada', Tomoki Saito?, Shunsuke Kurosawa®, Akihiro Yamaji*
Graduate School of Science and Engineering, Saitama University, Saitama 338-8570
nstitute for Materials Research, Tohoku University, Sendai 980-8577
2Undergraduate Student, Department of Engineering, Saitama University, Saitama 338-8570
3New Industry Hatchery Center, Tohoku University, Sendai 980-8579

Keywords: scintillator, halide material, single crystal, luminescence

A>BX;s halides are one of the candidate materials for the next-generational scintillators with the high-light outputs. While, the
luminescence mechanisms were still unclear. In this study, the photoluminescence decay properties of Cs;HfCls were evaluated,

and Cs,HfCl¢ was revealed to have at least two luminescence bands of ~380 nm and ~440 nm.

1. f&S

Cs;HfCls 183 &350 7 AUMIRE ABXs (A Vi FA >, B afihTF4r, X ~"arrA4y) ik B
Fhrm I K 0 BN ROERE A BT 2 Z E QRS BICHF 28 b DIXZFOEI ZIE1 L, mifkREe s v
FL—& L LCTHEESRTWD[L, [2], AFZEREHEIT I E TSI 7D CsHils <2 RboHfls O iS22
L. 2560 I AR ROIRERE A 2T 5 2 &2 BN L TET2[3],[4], FFT CsoHfls IZAROMEER Tl KD
FNE MR : ~700nm, H < HUIKT B FELE : ~64,000 photons/MeV) % 7R3 15D THELMEITH 5.
Cs:Hflg DRI R LT 7 A =D~ v F U T EIED L, RIS EAREZEM C L EIErTRE /R IEE 7 o~ R
E=FEF L TE[5],

ABXs N1 7 A, BRE Y T L — 2 D Ce:Gdy(AlGa)sOnn 72 & & 1X 5720 | BRIEAIZM A L7a< THH
KT HMETHD, Vo FL—AMEE LTIALETHD Z L300 > TE D, TOFRKA B =X LIRS
Th D, £ TRBBETIL A2BXs DFEICA N =X L2 FEBANEHNT 22 A L. IEREESMER L
N ARG R TV & U RBMEIFIEET - 5 ) ISR 3 TR T D R B LS E O BRI A R L
ABXs DHMER 220 RE A A U7z, 2021 FREEIE, WFPEREEDMER L 72 Cs;HICL ik dh 2 7 v & LTH
WV, 7 MV IRy REEEMORIE Z1T 572,

2. EBGE

Cs:HfCle 1, AHENAREE T Y v U~ AR L0 HERAER L, Bo7fi s Ar BERRKKER 7 1
—7 Ry 7 AR TR LTI L, HERER A 21572, 20ttt EERT (FLS900, EDINBURGH Instruments f1:
W) DT7T a7 (A7 T v 2 i yF920H, 7/ 77 v = :nf900, & %2 EDINBURGH Instruments
) ZEAL, 74 LI x vk 2@bHEMEIE L,

3 BRBIUTEE

AT AL IR LR TEVENZ L, RRUCERET D L7272 BITWGE - il - b 2 2 2 &L 3%,
2T, RFRE ORI R & LT, HIEBREE TO CHICls D KRLEMN 2 TF = v 7 LIz, Cs;HfCls % 7 0 —77R
v 7 AT L, MRE N 7 ARG AIVTRE G L, BRFRHIE L, X1 IS ROB AR X #RIEHr <
H—koRd, 3 RFRIRKUERGR ST mARIE, @ FICELZb o (MEHREF)) LE—DEH/ ¥ —
ERLIZZEND, BIRIRTH - TH CoHICl ITRAK 3 BRI O KK BRFEICIH 2 5N DI1EE, KRLEEICENT
N AT D 2 E N oTo, 13 R RRBRBZIIAMMEE — 27 BNHBLL . WOR - T L7722 &
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53Tz, AR T % O OERERTF ORIERF L 30 43~1 REHFEEE D720 JIE 1T Cs;HICls 23951k
ToZ LIFEN LWL, BB A RRBBOEEMET DL L LI

200

~ i ‘

=)

2 100 ) N WA T =EE

I3 __mE3h

C

- 0 w—ﬂwu A A A Ak A —5513h
10 20 30 40 50

26 [degree]
1. Cs;HfCle 3R D X R/ 5 — 2

Cs;HfClg D7 4 RV I R v v R — R AT MVITERNIFEREEDNRE LTV, ERiCBIT 5%
HW R & L TE~380nm  (FhiZdEE : 280nm) &~440nm (i : 255nm) D2 N2 RBH 25 Z L33 TlTsy
Mo T, & 2 TR 4 280nm & 255nm (IZ[EE L T7 4+ M IRy RaotFEmAflliE Lz s 2 A,
B2 DX D RAERME LN, X2 OuEFEm A — 7 2R LTER, ()F8EIR 380 nm OHOEFEMmIL 103 ps
DOHRRSy. (b) FEHIEE 440 nm OHIEFFMIE 995 ns (96%) & 1831 1ns (4%)D sy T D Z LM h- 72, 380nm
DFNIL 440 nm DFEIEL D b 10 FREEETH Y | FA—DFRHEA D=L L1FEZIT< <, CHICls 13472<
EHL2ODODENAN=ALEGTLWETH L RN R S,

@ ~ 10000 (® ~ 10000

= 3

W \ G

> 100 | \%‘ > 100

§ 1 :';.:'5".'.:.. é 1 E ,

c —

= 0 50000 100000 0 _5000 10000
Time [ns] Time [ns]
2.CSszC16®7j‘ }‘/V‘:Z\\/'{Z:/X'ﬁ'ﬁlﬁ#ﬁ&ﬁ

(a) FEHE 380nm, (b) LW 440 nm
4. F1®

EFENEY T L—F Th D CHICle ITRKRETR 3 FFHIRRE THIUIHIL LRWKRREENEEZ AT 22 L3y
Mole, 74 MV Ry ZEFEMERIE LIZL A, CoHICls (X84 DA B =X L0 5725 2 FEHORN
T D ENGI 0T, SRIIMODITHEN B2 D A:BXs DICFHRMEZRIE L THE LV, Cs:HICls THR.HM
7o &9 7o R — a0t FFm ORISR < IERIMEZ R A L. FEA T = X LD DT\,

5IFSCHER (Reference)

[11 A.Burgeretal., Appl. Phys. Lett., 107, 34-37,2015

[2] S.Nagory, Physics, 3,320-351, 2021

[3] S.Kodama et al., Radiat. Meas., 124, 54-58, 2019

[4] S.Kodama et al., IEEE Trans. Nucl. Sci., 67, 1055-1062, 2020
[51 S.Kodama et al., Appl. Phys. Express, 13, 047002, 2020
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Development of scintillators for thermal neutron flux detector in boron neutron capture therapy
Hiroki Tanaka ,Nishiki Matsubayashi', Shunsuke Kurosawa?, Akihiro Yamaji?, Takashi Hanada?
Institute for Integrated Radiation and Nuclear Scicence, Kyoto University, Kumatori 590-0494
!Graduate Student, Department of Engineering, Kyoto University, Kyoto 615-8246
“Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: BNCT, Thermal neutron detector, CLYC, Scintillator

The purpose of this study is to develop a scintillator for a thermal neutron flux monitor that can be applied to the BNCT
irradiation field. We tried to replace Cs of CLYC with Na or K as a scintillator with fast response and low y-ray sensitivity.
Although it could not be crystallized, good discrimination performance between neutrons and y-rays of CLYC prepared as a
comparison was obtained. Since CLYC have a characteristic of fast response, it can be applied to BNCT if the sensitivity of y-

rays can be reduced. By optimizing the size of CLYC, we obtained a guide that can realize a scintillator for BNCT.

1. ¥ (Introduction,)

R 7 FEFRE e E(Boron Neutron Capture Therapy: BNCT)Id, ZAFPET- & 1B OKUG & O T2 B RRiG R
Thod, ZORIZEY EHENDWER - ORBITHIROKRE SERETH Y | R UE LAY BRI ERE
EHDH LT, EFAIEA~DZ A —2 %I 2 D OEEAIIZ BRI E CX 5, FEBKFEA T IR
P CIEMFE IR 2 V2 500 BICL D BNCT ORSIRIFEZIT> CE 7o, EHIZ, A7 hu U hnhddss H
Wz HPETJR  (Cyclotron-based epithermal neutron source: C-BENS) DBHFIZAEN L Y, RGOk 2 V=88
SEEEOIRBR A T L 2, AR L L COEREBON D ETICE o7, £72 2020 4 6 HICEHRHERICHNT
{RIRIEDSBRAG S 4L, A% INHEs BNCT 12 & AMEFIEAEEINT % L i ST 5,

TRIR & FEhE D AN ' — ADOWEREE 5 BERH DM, ZHE T, R TF T i €& 7 i
biEZ O TRRPEF R AE L CE 72, ZOTEZY T2 A LTHBREZES Z LN TE AR, EREEICE
WL, DDA ERAE T O 2 ENEENTEY . U TIVH A LB R IEER OB N EH & 7o
TW5,

JEATHIFSE TN Bu: LiCaAIF(LICAF) Y F L— & L [ 7 7 A N—EfiA /b -t e=4% — DB
FITRE LT D Y, LICAF v > F L—H2 %, Lin, )T S L7 BHEs© AR P73 & Bitas THE 5
NWHFHEEEZ B 6 UORhE SHTENRITIUTR 5720, ZHE T, C-BENS [ZH1F 2 GEBRICE Y . il
IROMIEZAT > TWeDd, IR BNCT O RICHT=0 | | IIEEHETH 2P ORIERRE L 70D, T
72 UAEHE 73513 BNCT RS & il UC, IR EE DS IER IR 26D, TR O i 1R ISR E LTz
LiCAF > > F L —# Tid, BEFHICKNERFHEESS ETIZ 10 BIEEND D, TDI=H, LICAF v F L—
2 X0 B EEISE R RE T OmVRHIRO L U F L — A BB L 22 D 2 CARFFE T, IndEs BNCT Rt
B Lo, BRI I R el v F L —2 OB B & 35,

2. EB51E (Experimental procedure)

BNCT (28 28 Titias & LT, B HICEE 2 /D, SEEOER S i E OV & S b
Cs;LiYCI(Ce)(CLYO)IZEH L7, CLYC X Cs &1 EnD, BENKE L vy BROBENEVMEHEICH D, T2
TAMETIE, Cs & 1:1 HDHWIE 13 DEIETK 5V I Na lICEEEIRL L5 & B 27,

FPTOIH 270y v F L— 2R E BT AR, CLYC % H: 7B 300 CREGTEER 2 550 L
FEHEL T DR AR T, Z20RICE ZE THEEL RS E L2 LERNH DM 52 & & U, WifigEED
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BV CLYC Z b B L VR & OB 2 BT D720/ r— T 5T o T2, Xy r— VT 2 RN 0 CLYC
% 252Cf J5 LN 60Co [ZBWCTIRNERER 23406 L 7=, & A x4 e Aa—ICL i L., HEHRRNC
KT (22Cf) &y ifR (60Co) DOFBRHEAZIT 72, /Ny /r— LTz CLYC I3RESKRFHE A 1R
SERFZE T O 5 RS IE R A-17 KUR-E3 855 (2 C R M- PR ABR 2 3206 L 7=,

FLWY U F L—FIZHOWTIE K:Cs=1:1, Na:Cs=1:1 DEIE THGEBERM L. B L% XRD 12 X 0 5
ERT AT o 72

3. BRIV ELELE (Results and discussion)

LizH Mo &y BROWTEFRRI Lo fE S 2 v, CLYC Xt DRIy & EBFR Sy DEIE A, - &
YyRRTERDZ NS, SV ARKRERFE Lz 7 b (Total, T) &, H25 W (Delay time) &
TN DSV ADREMAETCEREE L= b (D) 12XV, 1-DIT Z§%HE L, Total Z#f#hic 7 =
v hTHZ LT, FET L Yy B EFRRIT D Z ENTE D, 1-DIT BRIV v B, /NS WG A3
Yeramd, /Ny r—Y Lk CIYC %X 2 12777

1.2

1000
1018

800
0.8 |

600

04184

0.2 1 200

0.0 —— T T T T T
0.0 25 5.0 75 10.0 125 15.0 17.5 20.0

Total
1 CLYC #fh o 252Cf BUFIZ T 2Rl 7w v b

v

X2 /Xy — L7 CLYC f&5h

KUR-E3 &8 ORI B 280E Rl 7' e v b &K 3 1TRT, LAY n Aa—70 8%
7o, K2 EDAMTENBHRDNDN, FHETF & y METFRITETND Z EbaD,
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0.200

120
0.175
100
0.150 -
0.125 - - 80
E
4 0.100 - L 60
-
0.075
40
0.050 -
20
0.025 -
0.000 :

50 100 150 200 250 300
Total

3 Ny lrr—U L7 CLYC fda® E3 BE IR DB 7 7 v b

X 4 12 K:Cs=1:1 DEIGTHER LI-FEMmAE 77T, XRD OfEHR LY Ko Na CEBIN -zl s o0
T&ER)polz, FKDEEEDIRNKCs=1:3 THLHEREIT 7208, FdbT b ENTE oo Tz,

4 K:Cs=1:1 OFIETHRK L7hE R

4. &% (Conclusion)

BNCT ORFHEHSATREZRHT LW v F L—F ITOWNWT CLYC 2 X— R & L, KV vy BURE 2 KR 5 7=,
Cs & K X° Na ~DERE AR T, fREKT 5 2 LIXTE 207208, il g & U CER L7 CLYC 13+
PEF- &y B LVFRBIMERE S H LT, A1, CLYC OFEERRE SZ2Mat L., v MOEZ FifHoo, #h
HPE R 3 < L OGRS o F L —Z i & W T B P FR HaR o BRR A B R,

B%E (Acknowledgement)
T L—ZHEERBRE - FHmIZ IS\ TOER R S LI - ) WEAROFRE A X v TITHEEWZ I
N2 LET,
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R&D study of low dielectric crystal for search for dark-matter axion
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1. #42 (Introduction,)

Fox OFHITIE, BEEWE L FEEIN D EERAHORERENFEL, TORIEZOFHDOEIZ27%% 5D, Fix
DEN DT OWEDOK S HITHY T 5. 202 &%, BAITFEHEENPLPALRNWI EEZEKRL, ZOEFRE
T2 Z & 1%, BIROWEYY, KICFOREERED 1 >ThHS.

ZOREMEY, ERRAEIEE X, OO NRGHPMAET D, AR TIE, ZOF 5D 157
I UH L OERERIEL, EOREDIZHO~A 7 a g HIRZE MO « AT D . T 7 A TR ST
TR B 720, ERERTIZZOWRREEZFAT . OB FO= R VX —|IT 7 A v OB EITH
JGL, A7 aiE0fE $~100 GHz) LEZZ 6N TWAE., ZO~A 7 ailiZfd TS THH7-0, @ QI
Zefif o 7o AR ZE CHIME U TR 2 FIED R IR BV B E SN D QL 727 v F DX —543
HNBLZE 100 EHEE SN DT, ZIUZHIGE LT, Q103 FER XN 5.

L L, i8is TRy Q A 72, $1~100 GHz Tk D~ o 7 v HARZA A A4 F2819 5 2 & 1FA G Tlleu.
b, BxIIT 7 F L OEREEMLIRNTZD, v A 7 a R HRZROIRE NI Ao L CEREZIT 5 M2
WD, ZOW5IEELZERNICEAT S L, ZORTQEMKR RTINS, £ T, BaAMPEALZD
0, WMEEFERROET I v 7 AfEmTHDH. 77 A4 Y7 EORSRTIE, ~A 7 niEOfERK (tand) 734
DT/HE. R, BEITHZLICE - T, T=4K Ti, tand ~1077 [Z#ET D L DETHERH 5. Q~1/tand
DR DD Z L AR T &, BRENTVD QfE, Q = 10° (T, ZOFEBRNIEI/NS N LDV0H
5. Fiz, BT v 7 AOFERRPEBD TSN EW IR, AT IMEHC BIRFT 503, BRI
AR LRV 16T, IEFEHREDOE T I v 7 A EHWT, 77 VA VR TERESND ~ A 7 mifdt
IRZSMZ BT 5 Z ENAREE B2 B LD.

2. B (Experimental procedure)

HETIL, 2 2OT7—<THREITIN, D 1 DERT 4 b= 7 fEmEGE% A7 IHRZ90 2 Bi% - 58
Thd. 74 b=y IfifmElL, SHEROMELEYIRICEE LIAEEEROZ L Th b, ZORIMICEMYS %
M L7358, fEdaOBHINCHIE LB ORADRD TR MEI SN 572 8, FEFICHESH A 1HE % /Rd
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AWFFETIE, ZOREZFIH L TEW QIED~ A 7 m HRZA A FRk T 5. FEE LTE, 1) AIRERIEIC
L, HABEEYHOL & T, TE, TM OEBERISZ B LI 5HE0~ A 7 nliBiEs, KEHRE O 72BN T —
ZEBIGTD. 2) ZOT—ZITHEDSNT, HIRFERORZZ1TH. 3) ZOHRZAMD Q A NET 5. AHF
FETIE, ZOZHFAOBRFE LTz,

£, AT, BIKFERROWEOFERK (tans) ZMET L0 0BEEZEET L. UL, 7
*+ b= VRS E T DDA V== T HATH T2 Th D, £, HHRZHNZ & B8R CfE
BT DGR OMBE RO CTE <, ZNEFHET 5 2 ENBIEORCTIIREETH S Z & Bl Lo TS, AR
ZECHR T D IE DAL, RO OHEE CUk1) 2REICH LY, MFEZHRO L EIZANTNS
B EAL, JEREZERIZ X - THIFERDOFR 7, Q HOWHMOZE/LE (AQ) X » THFERDME "
ZUEL, FHERKtans = €'/ ZHNT 5. "ORETITAQ #FHT 5D T, REIORWHIEZHRD Q fEH
FEFIZENZ ENFRIND. AR TILZ OLEE BIER L7z

3. BREBIVELE (Results and discussion)

F7, 74 b= ZRERZEROPFAEFIC OV TR S . FIREREIC L 5RO R EZ T, X HH, Y
FHIANZ 3D T )V F &k FIRICERBICELE LTz, ERZREER Lz, (Z i3tk cd 5.) Z O
ZHRADOIAEORE T AL 5, QEIFE LRV S D & Ao 7=, ZOTAEANDFERICHOWTIHIAE LIZ L 2 5,
ZHROEE, G ZEAmMAREL 2D L, 74 b=y 7 FERIC L 2BHGOERODIRENPELURTTLH 2 L
DAL BID, BRNCEWET 22901, FEFITHEOIAROZER L 720 Z L3 hote. T 7 A BRI
A3 528 L, REDAREWVEAERITH LD, ZoRIFMESE D, 1 20OKEE LT, Z #hFmicid#E >
+ b=y IR E Z AR BT D 2 LIS Ko TRHLTE A AREM R H 5. Ak, ZOmRERF LI

FREOREREZ, ATHIE e EOSTGROFE EFFED T I 2 L—
3 NC XY, RO - BREEITo 7. ZOREE, 74 b=y 7
fb CTFPRIT R 275, @i EROMEE 24RO L) 220 E 2Bl E 5
Z LT, QEEMETEDZ Ny oTz. AV M, ZEHRANTESN
INEL T BT (D, B— ROHIE 72 5850) ORI RFEOMEE
BB 52 THo7z (K1), ZOREICL - T, HEZEROBERITD
EBHRE AR SINZ D LN TE, o T, BRHEHUC L DHELRZM
filCE 5 EREND.

D%, HilROT VI (B 3 mm) &AW TEBRISHERL, Q
EAFRENSIKE (4K) £THE L. 2O/, QEIT=ERICBVLT,
Qo =14%x10* 4K DFT, Q, = 1.1 x 10°DFERA57- EHREREIT
7.164 GHz) . &RMEWF CAR SN ARG Y 7 7 A ¥iL, OO
TN FRIZH LT, R L0, it TRFERRO IR

0 5 70 (mm)

E Field [¥/m]

N e
Iz, BISEHERIM OB EBRINED =D OIEEFIE TH DN, ﬂﬁﬁ
S PRI b LT, Q O e R T B SRR T |

1. 4519E-B1

HD. ARFETIE, 0 QfEM Eoi=, FEE RSN (C1011) st
RV, WTRICT =—) > 7T Ui e L. e | S
LBL, T=—Ur 71k 500C, 3HHEAMEETHD (21T 2).
ARG TIE, SRMEWFOT =— 1) 7B R L, 20 500C, 3

35 70 {mm)

KD 7 =— Y 7 %0 IR 2 LT Q fEnsm B o2& iz, #& 1 ERLEZERDY I 2 L—3
RELTE, <DRLUICEIZRTIRENRNZ L3ghoTc. BOI gu (B) L 2EEREOEER
72 QMEI, Qo =52x%x10* Thote. £/, ZOZEAZMNT, HE  (F)

BEZHE LIZE 25, TOBEIL tan§~1x 107° L7eo7c. FUE

ZROLEREHHAT D E, 12T QEADHE Y &< RVAICH D, HFHITHAIFNEES LT TH L), HhEH
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ROWEL Db RERERTH Y, Wy ek 2 E T 558,

and Lo bt ) T JoGrE L)
Ak ANRWEE D Q ARV ERAREMICEE CTH S, 2 0HOHEKE LT, 28 AT 5 & LR
DOIREWE LN EAT D0, ZOREHEIC L > THOREEI AT 5. Z OREEGIOMIED 4,
U MEDIRE A RTE L TN D,

ST, ZOZERD QETHLN, FATHIIED 15 CUHER3) TERINTND Q i Qu~10° (TS &H:
DTHD. ZOFTATMZECE D E, LVEWEETOT ==Y IR FE L. T2, {BEFHMAICELD L,
900°CHT =—/1 Y U T2 Lo THORERM LT Z & 23> Tnd (CCik4). - T, KV EIRTOT =—
UL 7h QIEICAIEAY 52 RN & 5. £72, IEFICEMTIED 503, BEMEHFOMHSFEM (6N, TN L
L) BAFHHRET, ThEHAWHZETH QfEm ELMIFRFTEX 5. MRDOZ L7120, Z OO % V=24
O Q%A EsE5Z LiE, FRO7 4 b=y 72RO Q fEf FIZERET 5. - T, 4% bmE Q iz
Ffo I GRZHROBRTE - Rk L, FERIT/NS OFEREORENFREE 725 L 212 Lw.

4. £¢¥ (Conclusion)

FHOM, BEOEOEMTHLT 7 oA RROT-DIZ, KFEHIER 2V, @O QED~A 7 v
ZEADBAZE « HFEEAT> T D, ZO7DIT, AT 4 b= 7 il 2 7 22RO HFE & D TR
ERAEHR LIE TREZR B O 21T > TV D, 2021 FFEDHIEIC L T, 74 b=y 7 GO RE, %
WOEmESBHIREND Z &, T4 b= Ziflifh L1382 50, HRZEROIHRT — OIS T2 501 Mk E
FEMBERES 52 &T, 74 b=y 7l & ARICE Q EDZERNFIHKRD 2 L 03rholz. /BHNQ
fElE, T=4K, f=7.164 GHz TQ, = 1.1x 10°Tho7c. /o, BKFEHRIMETIL, Q=52 x 10* DI
ZHMIZE 5T, tand ~1 x 105 DRENATRE & 7e o7,
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Negative thermal expansion (NTE) materials show a contraction in volume on heating, a property rarely seen in functional
materials. Similarly, uniaxial NTE materials exhibit shrinkage of a single axis on heating, while the bulk volume remains
positively expanded. Designing materials with either NTE or uniaxial NTE behaviours is highly challenging, with very limited
number of compounds reported. Here, by a combination of joint research between Kyoto University and IMR, Tohoku
University, we were able to report a uniaxial NTE material. We attribute this unusual behaviour to the onset of long-range

magnetic order, a rare observation even in the family of NTE materials.

1.Introduction

Negative thermal expansion (NTE) and uniaxial negative thermal expansion materials have attracted a great deal of
research interests due to their potential applications(/). For example, by combining NTE materials with positive thermal expansion
(PTE) materials, one can reach high-precision thermal control, which is necessary in some modern electronics. However,
most functional materials show PTE behaviour, and the synthesis of new materials with NTE or uniaxial NTE behaviour
remains a significant challenge. Most NTE and uniaxial NTE materials reported so far are oxides, such as ZrW,Os(/) and
Ca,GeO4(2). We show that this property is not limited in oxides, and prepared a halide material with similar uniaxial NTE

behaviour.

2.Experimental procedure

Polycrystalline A\MnyCl, was prepared by reacting corresponding halides compounds (Kyoto Team). Single crystal of
AMnyCl, was prepared by the Bridgman method (Tohoku Team). Variable neutron powder diffraction (NPD) experiments
were performed using the SPICA instrument in J-Parc facility. Magnetization data were collected using a quantum design

MPMS magnetometry.

3.Results and discussion

Zero field-cooled (ZFC) and field-cooled (FC) magnetization data of A\Mn,Cl, reveals a magnetic transition at around 7y
=65 K, due to the presence of Mn?* cations. NPD data collected below 65 K shows a series of magnetic reflections, suggesting
a long-range magnetic order below this temperature. Structural analysis of this materials suggests an orthorhombic crystal
symmetry. A close inspection of NPD data reveals a negative thermal expansion behaviour of « lattice below 65 K, while
b/c lattices and cell volume show normal positive thermal expansion behaviour.

We attribute this uniaxial NTE behaviour to the long-range magnetic order, as the temperature range of NTE and long-
range order match exactly. Above Ty, a lattice shows normal positive thermal expansion. In addition, no structural phase
transition is observed around 65 K, suggesting NTE is not driven by a structural phase transition, but by the long-range
magnetic order.

The detailed mechanism behind NTE is still under investigation. A more thorough explanation will be published a peer-

revised journal in the near future.
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4.Conclusion
We discovered a halide material with uniaxial NTE behaviour at low temperatures. Magnetization and NPD data suggest
this unusual property arises from a long-range magnetic order. We expect our results to facilitate further discoveries of

magnetically drive NTE materials.
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Structural analyses of spinel-type hydroxide minerals coexisting with diamonds from Kyushu.
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The knowledge about the atomic level structure, thermal vibration and chemical bonding characters is required to elucidate
excellent physicochemical property and the high functionality of advanced materials. Structural information is also important for
understanding the natural phenomena that occur in the deep mantle of the Earth. Serpentinite mélange containing diamonds is a
non-igneous natural sample representing mantle rich in water rising from extreme depth. Understanding distribution and transport of
hydrogen (or “water” as its oxidized form) inside the Earth provides key information about its present and past geodynamics.
Experimentally synthesized minerals have demonstrated the potential capacities to incorporate water in their crystalline structure, thus
constraining the upper limit of the amount of water in the Earth mantle without accounting for the possible presence of excess fluid.
We reports the first discovery of a euhedral shape hydroxide spinel, extremely rich in structurally-bound hydrogen from Saikai City,
Nagasaki, Japan. The formula of a hydroxide spinel with high hydrogen content is, (Fe”, Fe’ Ni, Mn Mg, Si,o)Cr, Ti, Fe*', Fe™', AlD) (OH),g6
Oy, where 0 indicates cation vacancies. The formula is verified by the various methods such as site occupancy refinements, interatomic distances, IR
spectra and SIMS measurements. Experiments confirm the substitution of M2 [0 and 3H'] and vacancies of nearly one-quarter of cation sites. The
occupation of tetravalent Si in the T site is critical in promoting a formation of hydrogen-free vacancy near the M site and stabilizing the spinel structure
with complex compositions. Because of such extensive hydrogen replacement in its structure, the discovery of Saikai hydroxide spinel attests an
existence of a water-rich zone, potentially saturated with aqueous fluid, in mantle descending with subduction plate.

1. #= (Introduction,)

ARG Z & DALE IR - BRI EE MBS D 4 H THZ < OREREFFEN 2 ST 5, TM0,
DAEFRE L DA RN K EINKIED A SNTALEIN T DI TR o 1o, WEFANC B bt
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2. FEBHiE (Experimental procedure)

AlaPE R UT- A B ABRDKE USRI X 7 n o &2 5 BIRORMEL CH 5, WHBIEE, B IEMsRBlEssc
L OFCHEAT o T, AWM E A Y 7 A7 4 — N 3L — 580X CAEE  (EDS, INCAY AT L) 4
DIEOLAEAEE THEMEE (SEM. JSM-7001F) (2 TITo7z, < OOHTARA & N TEAMGYOZEE AL, B b
LY RERRL LTS, IRRT vk, SIMSIEZTT o7z, FEEehbiEEfT & SR EOA A—V v 7T
— N ZAERL L 7o AR ERigaku RAPIDIZ L V) | BERESXHEREIHT IR Z S50 L7z, VIS, Z2ZHIEFd3ma)s
MR T& Tz, KB TIEA L—RITFEFERNFR] = 001801 LTz, &B5A A COM S A RE R LA TD
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RIORFFETIE, 70 N AREMERBLOFEE A N5 E TR FERG5 2 LM T 7,

3. FERIS L UEEE (Results and discussion)

EFHHT0, IR - 7~ ek, SIMS IEN D, B C 10wt%LL 0> H20 e A B VRIS LA O 17
TEDPID THER STz, IR AT B UTIIHIIEZR O-H (Uit & DI WA 27~ L, RO & b LT, KR
W& L Cosix ORFEDREGR CTE 7o, SRR AL 2 EAEL TRV, BlET > b B —INc X 228k =
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1. A hydrogen atom arrangement (statistically distributed) in the Saikai hydroxide spinel structure. The HI and H2
sites are associated with the octahedral and tetrahedral vacancies, respectively. The oxide atom (red sphere) in the spinel
structure is bonded to one T-site cation and three M-site cations. Gray box indicates cation vacancy. The presence of two
vacancies in one oxide ion is locally unstable (right side of the figure). Up to one cation vacancy and one hydrogen (H1
site or H2 site) is locally allowed in the coordination environment for oxide atom. More cation vacancies can be

regarded as a major factor that destabilizes the spinel structure.

TABLE 1. Crystallographic data and structure parameters for the Saiaki hydroxide spinel and ordinary chromite from Yukinoura,
Nagasaki, Japan..

Formula by composition for No.6-3 [Feg 72, Mg 04 Nig o2 Z0g 01 Slg0s MZo03,1013]  [Feg 5oMng osMgg 16]

and No.3-1 [Cry 14, Tig 03, Feg s1: [ 31][OH]4 15, Oy 52 [Cr, -1 Fey ysAly 53] 0,

Formula by site occupancy model [(Fe—Mn—Ni—Zn)o,ss(2)(Si—Mg)o,os(2)D 0.10] [CFe—Mn)O,BS(Z)(Mg)O 15(2)]
[(Cr—Ti)l,ZOQ)a:e)OAQDO,El(Z)][OH]l,Z: 0,5 [(Cr)1,55(2) )(Al)o,u(z)a:e)o,oz] [O],4

a(A) 8.4022(8) 8.389(15)

V(A3 593.17(18) 590(3)

Z 8 8

d calc 4587 4726

Space group Fd3m (No.227) Fd3m

Crystal size (mm)

0.020 X 0.020 > 0.010

0.067 < 0.080 % 0.076

Radiation used (&) Mo Ko 0.71069 Mo Ka 0.71069
Diffractometer R-AXIS RAPID R-AXIS RAPID
Monochromater graphite graphite

Method oscillation oscillation

20 range (°) 2-61 8-55

Index ranges 10 =h =12, -11 =k =09, 10 =h =10, -10 =k =6,

9=1=12 -10=1=10
No. of measured reflections 1026 715
No. of independent reflections 54 43

with | F,| =4o(|E, D

Rint/Rsigma 0.0505 /0.0293 0.0445 /0.0133
Goodness of fit = S 1.219 1.078

R1 0.0180 0.0189

wR2 0.0508 0.0483

Diff. peak and hole 0.608 and -0.317 e/A3 0.266 and -0.256 e/A3
u-parameter 0.2607(2) 0.2630(3)

U,, T-site (A%) 0.0134(4) 0.0161(7)

U,, M-site (A2) 0.0118(3) 0.0132(5)

U., O-site (A?) 0.0199(7) 0.0176(13)
T-O distances (&) 1.975(3) 2.005(6)

M-O distances (&) 2.0148(18) 1.994(4)




3. F& ¥ (Conclusion)
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Investigation of short/medium range order in compounds with complex crystal structures
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Keywords: ternary rare-earth borides, arc-melt, molten metal Cu flux growth, single crystal X-ray diffraction analysis, 4D-
STEM observation

Borides have a variety of crystal structures with some dimensional networks. Single X-ray diffraction analysis for CeCo3B2-
type RERh3B: (RE = Pr, Nd, Sm) compounds reveals that the anisotropic displacement parameters of the Rh atom result in an
elongated displacement ellipsoid in the direction of the stacking of the Rh kagomé-type layer (along the c-axis). The virtual

dark-field STEM images based on the 4D-STEM observation indicate the distribution of nanodomains with different type
ordering for anti-perovskite-type ScRh3;Bo.7s compound.

1. #55 (Introduction,)

RN, MRS FF OB ON
%<, katExry hU—7 i) 2RoZ
EDBHBILTWD. RottExR Y BT —7 ik
HCAFAE S Zafs ik CRLiRsE/ BB
&IRVVERS 2 R R RRAD 2R - s - B
BT % < OIS DBILIMES > TG, )

TR TS L %

------------ i 3 bt 4

Z5i% RE-Rh-B (RE = 7 Do) (K1) s el VA

i, BUAHA T LaRhBy) TR x bt i
= 0.5 FHECREBILIEE 5T v FnT e

AHA N ScRhsB? 72 & BB M &R
TALEMREDRHE STV D, CeCosBy %
RERh3B> (RE=Pr,Nd, Sm) |¥, RE-Rh-B %
JE R S 2 M T D O i bIREM 2

o N Fig. 1 Ternary phase diagram in RE-Rh-B system.
W7 Hy 7 ThHITHEDLT, XHREE

AT MT O TR o7z, £72, ScRsBy (LEMTIE, BAT LR & x ITX-T, <111>* HZIZFHE

HI7LABRE PR A b U — 7 ROBERENBIN D Z L2 RIS TnD 3. i b R v OREER 72
el Bk e X MRS RNT & B BREEE T D N LTz,

2. B (Experimental procedure)

RERK:B: (RE = Pr, Nd, Sm) HfGEEaEHE, 7 — 7R CTHER LToAZ KRR ST T Ty 7 7
T LTz, Bk a2y X2 v ML, Rigaku XtaLAB Synergy % FVNTHLRE S X BRIAITHEEARAT 2
iTo7-. MEGIHTIE, SEM-EDS 4 AU -,

ScRhsBoss Zifitidns SV 7 #BHE, FR&E LI Z 7 — 2 iafif%, ¥—(boi=w, FZEHT 1300°C x 20 FRf 7 =
—/L L7, 27 5B CP (Cross-section polisher) 4% VN T L, SEM-EBSD % FV N Tl i 6 2 R 1E,
IRHAEAYIC FIB 5% VT TEM 8122 [011] AR 2 /ER L 72,



3. ERBLEE (Results and discussion)

RERW:B: : A& FIAFEIL, iR X #RIEITORE
RIEEE, 7% 74 RIUHEZ KBEL T, Pr 2°5 Sm
(ZIE > TR LT D, e BilFm~E 727 1
BT A—B 285D Rh JFF73, RERhB: LG
DFCHDHZ L EZHOMNT LY. Rh i 3 AHE
OFEfEH AR WEMAEME (K2 FarsriEg)
L7210, RERhBRUHEED Rh 77 = AR A3 JEfhk
W ORIRIZHK D 152 Z & 2R LTV 5.

ScRhsBo7s : 4D-STEM 43 OV HAADF-STEM #8142
(2SN T ScRhsBoss (B O IERRT 24T > 72
312 4D-STEM {£% AW CHAS L7- 4 kot — % &~  Fig. 2 Displacement ellipsoids of each atom in PrRhs; B>

N6 FEAERL L 72 BB Eli /"2 — %" 3 (M 3(a)) . compounds.

<UI>*HNZ 1/2, 1/3, 1/4 O TR 3BT T

%. K3, EONT 4 RoeT—H v Fnb 13, 14 BB - OB 2 V- CRlfE L 72 K58 STEM
BT, TNENOBETHREEZ RO KA A U0, ZHEHEL 100 nm FRE ORHE) /oiiE % & 5 F0 60
Lot

4. £2 % (Conclusion)

CeCosB2 %! RERWsB: {LAWE LT v FXu 7 Ah A Fil ScRhsBors LAY OGN 72 S %, BAE X R
[EIPTAEERRNT & 4D-STEM B F-EEMERIE TIH O Lz, N0, JEDIHFET DEFI LS DR
IS5 ETHEHETHD.

Fig. 3 Integrated electron diffraction pattern of ScRhsBo7s alloy from 4D-data set taken with the incident electron beam
parallel to [011] direction. Arrows in (a) indicate the 1/2, 1/3, 1/4-types superlattice spots along the [11-1]* direction. STEM
DF images in (b) and (c) are reconstructed by using the intensity of 1/3 and 1/4-types superlattice spots in 4D-diffraction data
set, respectively.
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Structural analysis of Fe-Ni metal in extraterrestrial materials and implications for their formation histories
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Abstract: We performed mineralogical and crystallographic study of Orgueil CI chondrite because CI chondrite will
be an excellent analog of asteroid Ryugu samples as returned by the JAXA Hayabusa 2 mission. Studying these primitive
materials leads better understanding of differentiated materials such as iron meteorites and can broaden our knowledge
about evolutional history of planetesimals in the early solar system. In Orgueil we found an obvious brecciation texture
with <I mm fragments. The most abundant mineral is phyllosilicates (serpentine and saponite), suggesting severe
aqueous alteration in the CI chondrite parent body. Other aqueous alteration phases include carbonates (dolomite and
magnesite), magnetite, sulfides (pyrrhotite and pentlandite), and fluorapatite. It should be noted that we found small
anhydrous silicates and oxides (<10 pum) in Fe-rich clasts although their abundances are extremely low (<<1 vol%).
Olivine is the most abundant anhydrous silicate and considered to be a possible survivor of aqueous alteration. Thus,

olivine is a key mineral to assess the relationship of CI chondrites to asteroid Ryugu samples.

1. ZUHIT (Introduction)

= rEeiE, BBAZIEUD & T HHENMVE DO EERMBEMED—>Th 5, FrHIEEAIZIE, =y 7L
B0/p 720 kamacite & = v 7V EDZ U taenite 3 EFE L TWBEANRE L, LIFLIEVA v R~rvaTyT v
i & RN D8 TIRFARR 2 TERC L T D, E72, ZORIMIZIT tetrataenite & FEEIL D BIOEK= > 7 /L& FED
FETLHZEbHY, IFRIIMMER T L LTOFAEND bIEH SNTWD, ZHULEEADORRE Sh b
FERIEKIE, MEEfRR L2 LIk RENEICEEEZ A L TV 2IiE T Th o0 (RaERE) . Jox 13K
FIREN S ERE U2 BRI+ 0N ERE L7272 ORDMEO REPFEL TE Y BEE) . 2D OREN S Ok
ZIRD 2L TUKRBGRIEHAIIN G Z - 75 BIR 2 RR G| T~ Tgam 970 2 LN ATRE & 72 D, FRIC B BRI,
FERIETO R 7 v A2 L0 HAEEZ DS Z AR L2 D . B2 LV magnetite IZ72 52 & 6HY . =
No—#HO T vt A EHRET 5 Z & I3PHIRE R COWEE(LEE 2 BET 5 ECIHEFICEETH S,

Z DX D RGN AAE LT ARIREI R & LT 8, JAXA DI S 2 BRA M Lo/ &R
VauZonrsa—X7 v 7 STl ERICEERICI VY 7Y = Tbi, £OEHT 2021 40
DOMITOIL TS, BIE, IO T — A2V U a0 7 DB LN Dob 50, EEL L
WIIGAT A L N—=TY 2 U 7 ORBOSOITIZ S 25 TV eg, 1,2, Va7 uilkléid I<BEDEAT7 LV —
FIECIay RFI4 FTHDZ EDHBILTWB[3], 2021 FEF a4z Xk v, 2020 FEIZ5| &V TIEE A
EEMFAN TE R o Te oIz, FEREBEOFERT HHEATY = v 7 vilBloERE GG & LT, Cl a2
RZ A4 FORERIFEA TH 2 Orgueil FBA DFMFERFHIN /L FIAT- 720 T, T 2 TIEZEORREERET D,




2. BB I VFEE (Samples and methods)

AR TIE, Va2 Uil EIZIERY A XA THHZ L E2FFE LT, Orgueil BEA2D 1~2mm O/Mik % 55
L. SBHEHEOIERE 2B Lz (K1), HFEBEOBIIZRIARIT 2 2 AVand iz L, BEREIIADD
DMK X ) — Ve Uiz, 3 s EH IR BaisEs <8 Orgueil : Reflect™
LRI, FESOET I n—T~A /a7 F 54 %— (FE- / : light
EPMA) (HARE 7 JXAJXA8530F, HAKFITHE) Tk
YRR D 3T & AT > T IMTSRIFIX, JtFE~ > B2 7 Tl
BIE 15KV, EHME 60nA & L7, ROV CIE, Bok7 Ak
WA, 12kV, 30 nA T, E—ZLETOL v MR Z 20 B
& LT, BAEMIZOWTIE, 15kV,20nA C, B —Z[\E TD
A MR Z 107 & Uiz, Bk & RIESR S 137 11
[ZHIN DI, EKEEIE 15KV, 12nA TE— L% 1um (2 : ' 500 pm
JKF 10T k&L, REBEEIIE, 15KV,6nA T, 2 um 1. BRIV Orgueil FRAT (CL =2 KT
WD E—AAF ¥ TN L A 7 MERIIZ 10 R Lz, A 1) OUFERUE (ROESiMsiseo).

3. R (Results)

Orgueil 1%, #9150 FANZ T 7 P AZE T LIEEATH LD [eg, 4. T TICRRHNARE L T\ 57201, #
ERCORMEDOREEZZITTRY, REITOCHEARD S 25 P ET 2B Sz, 7272 L, AWFRIC
FAWTAFEEREHZ T, BULOREIT R E ITR 6N h 572, EPMA IZ K D008~ v B 7 OFER, K 80%% &
R ABEDEHDTEY . ZOMIZDBEORIEEIY). S L), magnetite, Ca fitigHE, Ca U VB, HAkD 7
ARG (T oa, HA) DEENTHDZ ERHLMNNTRY . TR E BDW—E%E /R LT [eg, 4,5

Phyllo- SR : Phyllo-_—
silicates ! z silicates ;

" Pyrrhotite

’ 4 1« 3 S ot ’
Obvious : 5 /) / ’ Magnesite
brecciation / Dolomite

(mixture of d Ca sulfate
<<1 mmclasts)] 200 um 200 um Yein

2. EPMA (2 & > THtfE L 7= Orgueil ﬁ%éﬁ‘ﬁrm&ﬁ%ﬁﬂ%ﬁ% (£, Mgt (X)), RGB=Mg, Fe,Ca TH&
LT (), kka 228 A RIZA L XRAL LIZBR D kD 2 L 2337035, RGB AR TIE, MRIMADIZ L A L3,
JEtkyr A Wt (JRE) C. DD magnetite b L <IEERREA (Rkfa) . Cafitfll (FH€) 2502 LWnd,

BRINHA~EE mm O A7 — VOB D BRD A LS b LTk 2 7R L T2 08 B ORIV (K 2),
I FEAERRSIY) T D gk A BtEIX. TEM A /7 —/)L"C? serpentine & saponite DA JE & L CHFET HZ &N

WEINTND [5], FEERICAI TIL FE-EPMA TOSHTIZ/2 5728, 1 pm 5EOFIRD) 6 O(LFHERL TH 5 7=

®IZ, serpentine & saponite 2348 UV Ao 7ofilali & LTH B ALz, Mg-Fe fEICIZH D E A B, HALOZIR
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IREESES) & U Clie b 2 <AFAET % DI Dolomite T o7z, M L3 B TR T 100 um 1Z E DB IE
DR TIET 2 b Db R b, T OMBUTEMECHERAN TEFMEZ R L TWe (K4), 61T, Fe za@1e
magnesite (“breunnerite”) HAFfEL Tz, £72, TR O Ca R (~10pm) bR 5172, Magnesite
ITEK 6.4 wt%D MnO % & A CuNiz,



EREAL 21T & A LY pyrthotite TH Y | Fhilz b &D
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U UERHIE, Ca PEMD T, CLF 20 eI Th
EPMA 7010 h—4 )L 78 96~99 wt% T o T2 72th | FKT /34
A FEHERI ST,

Mg 5% Fe
3. Orgueil T DJEIR S A BB DR 3AT % Si
+AL Mg, Fe —fAIZT vy FL7Zd D,
Saponite & Serpentine [EVARDNZ /AT D,
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B,

e &

Magnesite

2021/08/24

— 10pm JEOL M
WD 10.8mm 11:41:38 g

15.0kV COMPO NOR

Fe+Mn

4. Orgueil PRGN (FEX - % BELE ) S (G Ca, Mg, FetMn —f4[X]), FIZ dolomite
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VAVAVAVAVAVAN
JAVAVAVAVAVAVA
VAVAVAVAVAVAVAVA
/" \./\ \
/\\/ / \/ / \//\
Fe+Co X

5 . Orgueil ORI OHEL (S, Fe+Co,Ni =X 711
1), Pyrrhotite & pentlandite |25 21 CU N5,

FAERITIEF D20 (<<1 vol.%) . KD A FEEHM TH 5
BT R EEADFELMRTE (K7), ZNOOHEMIE, ik
1) Fe IZEATCRBIRT A BRI ORD AL RNIZEICR O, £
A RIIKREBG3 5 pm LN Th o7, AbFHARIIAMEE7: forsterite (23T
VY Fogo FHTIZEEHR L, D ED Ca (~0.2 wt% Ca0) , Mn (0~1.1 wt%
MnO) ,Cr (0.1~0.8 wt% Cr:03) # & A Tz, <M FeO KV b

Spherules and framboids

Plaquette

6 . Orgueil H'0> magnetite D% H AL
TG, SRR A T EB DD,
A —)L73—1F 10 um,



MnO OEDZV, \Wh2 LIME (Low Iron Mn Enriched) 17 > d H b7z,

INHEDOH T UATIEE A ETRTORIT T, = v PEHDICEROBEN R SN2, EH 0.5 um L TH
V. BRI A RO D Z L1X FE-EPMA THARAEETH -7, BRIIIAZHFOTELONRLZ VN, ADHDH K
IIERE L AT, o, I THDA, I um AR ORI 7 a8 10 pm I EDEAIKRE 72
THETDHE IR b O BIAE LT, HAIXh > 7 VA CEFICEND 2, THERITN VT 2 H D 100 5y

D1FRETH-T-, B
AKX Ca FHLAL TR
72 enstatite (Z3TV > Engo
BRETH-T,

ST EREE A
#ETH DD, Ca il
(5% 5 < gypsum)
DRIRIAAAET 2 D
SRR B (K2),
IS ORI

7. Orgueil 1O Fe |Z&
ToJE IR A BB DR D
L% L ZDELE D
B IELE 8 () &
[Fl LT Mg s3ARlX (5
X)), fhNDOh T aE
A Mg~ > 7 ClR~
) BIFELTWDZ L
Moo, —IHTZ DA
L DJEP O Fe 122 LW

Mg IZFTe) ALFHIZ
W07 U AEFE LT
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v HERT DR D
AIREMEN D D,

4. 3w L kS# (Discussion and Conclusion)

AWFFENZ X0 530 E37e Orgueil 1RIETFATHIZE & [ CHLFHIREEA T LTV D Z &0 . ZOfbHl
b SATHZE S IRIEREWVW—EN R 5N [eg, 4-10], LvL. IHE TITRT E A EHE SIUTOZRUME D T
VT VADIFIER BN S TmDIIAMSE TO G BRIO T Th D, ZILLDWYND T T A D Fe-Mg
. 35X TN Mn, Cr, Ca FAAERIZIEATHIZE THG SH TV Bl & BTeha—Ed 528, AT TIRIZE A En
50 um LLEDY A XD T U HDT—=ETHY, TR HL TV, ZhAbDZ &, SRR S
INDTI T A DERN ZNE TICHE SN TWDEA TOH T AL TR D Z LR LTS, B,
FATIIRTIE. Cl 2 R A OB T ADERE LTay RA—IL O Th 2 alReENER ST g
[e.g.,6.8], BRI DOMS 7202 T U AIZOWT HIERROIFMNE 2 510D B, IR D ZEDFET D5 2 Lk,
ay F—UEJRE LTH, KBEREET AR ORRHALE CORRMBREZ R RN E 2 bhvd, Wi
TR INODN T AT BRI TREZER D HIAIFTNE B DNOA L FHICOLM SN2 L,
KEERRE RN IR T L BEZ DD, TRDL, KEEREEN AN LEEHE L TR S W gLk ¢ D %
FETHLARERD Y, BUEGHTHF CTHL /KR Y 27 7 U7 Tb ZEOFTEICER R 2D 2 B
bHZLERLTWD, £z, CaiFEHEITHIERE TR SN2 REMDR @V E B 2 D0, £ DIFEICD
WTCHU 27 7B CHER LTV BERD D,

51 FSCHR (Reference)

[1] Mikouchi T. et al. (2022) Lunar Planet. Sci., LIII, LPI Contribution No. 2678, id.1935.
[2] Nakamura T. et al. (2022) Lunar Planet. Sci., LIII, LPI Contribution No. 2678, id.1753.
[3] Yada T. et al. (2021) Nature Astron., 6, 214-220.

[4] Gounelle M. and Zolensky M. E. (2014) Meteorit. Planet. Sci., 49, 1769-1794.

5] Tomeoka K. and Buseck P. R. (1988) Geochim. Cosmochim. Acta, 52, 1627-1640.

6] Frank D. R. et al. (2014) Geochim. Cosmochim. Acta, 142, 240-259.

7] Reid A. M. et a. (1970) Geochim. Cosmochim. Acta, 34, 1253-1255.

8] Leshin A. L. et al. (1997) Geochim. Cosmochim. Acta, 61, 835-845.

9] Kerridge J. F. and McDougall J. D. (1976) Earth Planet. Sci. Lett., 29, 341-348.

10] Steele 1. M. (1990) Meteoritics, 25, 301-307.

—/ /s o/ /e

— C10 —



=IRTE b RIVEEE D GTS TREZSFUMEET 5 MR Sr A 72 ATHURAE: & A

WFFEREAE - IO RBERIRR T 2
WHFEST PR - I RBeAIRR BRI BT i B RRACKBetm 51 B AAERENE )X E BEE Ak A2 Ak

Sr ion exchange property and crystal structure of GTS-type microporous titanosilicates
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Sr?*-exchanged form [Naa(-ySr2Tis04(Si04);'nH0] of powder samples of the hydrothermally synthesized Na-GTS
[NasTi404(Si04)3-6H,0] was prepared by shaking the Na-GTS (0.5 g) samples in the SrCl, aqueous solutions (25 mL, Cs, =
0.01-1.0 M) at 25 and 80 °C for 24 h. The prepared samples were analyzed using atomic absorption spectrometry for evaluation
of the Sr**-exchange amounts and using powder X-ray diffraction for phase identification and structural characterization. The
variations of Sr-exchange ratio (x) as a function of SrCl, concentration (Cs) were investigated at both treatment-temperatures.
The results show that the increase in treatment-temperature remarkably promote the Sr exchange. The increase in x decreases
both the unit-cell volume and the water content, because the exchange of Na* for Sr?* decreases the number of exchangeable
cations and consequently can reduce the number of water molecules coordinating to them. The comparison of the observed
powder X-ray diffraction patterns with the simulated ones assuming several cation-distribution models suggests that the

exchangeable cations (Sr** and Na") occupy both 4e and 6g sites in the assumed pseudocubic structure.

1. #E (Introduction)

fE S — R FHCA UTiBYKIC & £ D U MERED 5 B CRECIIBE L 72 5 DIE, RIS EHIC X 2 ik &
N2  HFHINEV Cs (28.84F) & Sr (30.1 ) Th D, ZNDHEEUL - FRET HI2DDA A AL L
T, BIFETIE, T\ WA b, EATFHA b, 2V 7FaT74 NelOBAT A MEEMoEA T4 NS
A b OSAMEET # VA L E Lie~ A 7 R — T AN FEBRICESE R A STV, Le
L. R HFET DG GRS T D72 DI2iE, S DIZEZERIZ Cs & Sr ZFUN « FrETE DA A KA DOBRR -
FIRNEIREIN TN D, A 7 BR—T AESOA A R, 7 L— 2T — 7 R LN O K1+ &
BAPERS A A & OJFE R EERANES BB LT D Z &b, HIFLN DKy T & AZHAPERG A A O S kD
EAPIOMNTT D 2 LId EPERE A A AW A PR T D 72O O EERFRE L 720 O D, —WEEEE (2019 2EE)
D ERFFEFT O ILFFH BEEREM IR BN T, REMALATELZ AT 25 GTS BET & U m2# 7 Cs &
FetEa o2 L2 ML, Fiic @t ilc ek iR LR E L THETHH Z L E2R LTz, TOMEEZT, IE
FEEE (2020 4EEE)  OFL[EIFI HFERRERIZEIC BV T, Cs ISIRW T ED S\ St Tk 5 A 4 2 At &
pafid & ORURZTARD 1O 2 T L C& Tz, L L, KHFEEFBEO LD KA TGREMES R & A 455
FERZ N ZIFNERN AT L CE s, 3 m I & 5 HRHIRR 0O 7= O A JERT C D ILFFRI e 2+ 22T T &
T, AR IERE OIS TWRYY, £ 2 CTARHFETIL, MEEEOEREICH EfiE ., HMER A A4
& L CHIFLINIC Na 23 54 L7 Na-GTS UEET # Uik (NasTisO4(Si04)3:6H,0) @D Sr ASHARFE & MiALN T Sr &
RG> T ORGSR TR E OfEIA 2 B & Lz,

2. EEB )51 (Experimental procedure)
EASE Si0, &MU LT & o TiCly 2 HIEWE & L. Na,O/TiO; = 5.6, TiO»/SiO; = 0.32 OFE/LLELERD L H I
NaOH /KIgi 2 iz, 7KENE T Na-GTS (NayTis04(SiO4)3:6H,0) & Ehk L7z, 572 Na-GTS 0.5g {2 SrCLIREE (Csy)
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% 0.01~1.0 M I[ZFR%EE L7 25 mL @ SrCL /KK AZ M A, 25 °CL 80 CCOKIRE TR E 5 BLA 1TV, Sr AZHE Na-
GTS (Nay1-ySr2TisO4(Si04); nH0) ZAFR L7z, fIRE O WD FEHIFR ORI/ D Sr i x (=
Nao/ANvagrs) ZIRTE LTz, T 2T, Nuo TR E 9 AEER O BB AAHRICHSH L2 Na OB &, Nyacrs 1£ Na-GTS
OWERTH D, =3B ORIE L AEEFHHIZIZNER XRD, E/KEOREIZIT TG-DTA % Huv iz,

3. EREBLXUEE (Results and discussion) "

25°C & 80°COAHR & 5 MLBRIRIETO St AR (x) 0 SrCh K ol ) . 20 °C
TR (Cs) RAFMEZE 11RT, Cer0.05M £ Tl Cs, D = *
INMTFES T x DEFIZIEINT 55, Cs>0.05M TiX x 2MNEIE—E % o
L0 | x OFRMEIERE 5 WBREE 25°CO & %9059, 80°CH g - R TN T
LEH0080 Thofe, HRE D MEIRIEORINE, Stachasedy £
IS5 2 L asboTs, L2

BIR XRD /S5 =2 D= (Il BROT AR, P
AT RO RE T2 SPH/ NS 72 Na & BT 5126 003 53, s
Ca MR RO TR T 5 2 &Enbhrote, —F, TG-DTA N O
DOFRER I x OHERITEES TEKEITRD T Z ENbroiz, 0 0.2 0.4 0.6 0.8 1.0
SRS DR, BT TR RA A ERRICR LTz Coe/ M

BUA RSO, 100 Na'% 2 i) SPCrehied 5 = ko gy, 20 1 ST () O SiCl AR (G
B B U, U hEo TER b IR B A T I
B LTcizdThD EBEZBND, TOX T, HAKS FRFET, A A BEshRE L0 bie LAKG 755
RICRELSFEIND 2R LTINS, BT —27 OMXTRE S Cs 238 < 72 DT O TRMANTE L E R
LTCWDZENDY, Cox DN St AHIMEHE L TV D Z ENREZ D,

KEKSt-GTS (SLH7dhF 5 ZEMIRE PA3m) O HUFES X SEEMNT OBEROFER D 12X D & SPHTMANICH 5
de Jif (FUTJERE - 0.63, 0.63, 0.63) & 6g i (R THEEE : 096, 0.5, 0.5) OWFZHATHLEHREINTND,
AHFFEZ BN THRRD Sr AHER A 7R L, 7R & U CUTELATHE R Sr AXHE Na-GTS (x=0.84 : 80°C, 0.5M T
L D RER U723kl OMFLIN D ASHAPERS A A (S & Na*) O &Mt 572012, Bk X a2 —
DER ETEL DPA A HMET N (F) 2RELEY I ab—yar btz iTo7- (M2), I al—
Ta Ak, ISr A Na-GTS (x=0.84) 137 58k (ZERIRE PA3m) & STV 5 S-GTS (x=1.0) & [Alfi
bbb, BIEOKZENERGA A (S e Na') OFfRER HARKITHREOHBE LRI LW O REICHE STz, 5
HOER X ARET < — o D=7 EITET LG, HHOWEIDOHE L L &L TnD, 2oz L, #
LN DAZHENERG A A2 (St & Nat) 13ME L7 BN EEIZIT D de i & 6g EIZxHGT D054 A L RGO )7 %
HALTNDZ EZMRBR LTINS,

(52 St (20 (50
g g g = 8 s - 8
- 3 Ze Qe = S = Yo E ER S
B 2 aa 254 s - =) =82 253 s _ =] gae= el
eV e T I TR T RS
A Ik P AN T s L L L L L L L ol I L it B,
— ~ ~~
= model (A) = model (D) = model (G)
c g =)
=) =] =]
g g g |
g | lln |1 - | S L Ll
B\ o T Tonhing | NNNT AT N Z‘ 1 n 1 n 1 n 1 n 1 Z‘ + L + L L L L L
7 model (B) 7 model (E) = model (H)
£ < =
e L 2
| Alln L1, L b L
oo T on T n b e oy 1 L 1 n 1 1 1 1 1 dl I
model (C) model (F) model (I)
Il i [ lxltlllnl ll.lI.A ﬁ‘A‘_l_LLU_q_A_Lu‘JL e l"‘l‘“‘l“‘ o
10 20 30 40 50 1020 30 40 50 1020030 402 0/ R
260/° 20/°

B 2. ¥R X BREHTRZ — OFENEBA F L TTMIBITAHY I 2 b— 3 VO
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1. Sr A& Na-GTS (x=0.84) DIR X BRER/F —> DI 2
L—3 g U CRGE LTSS A A (S & Na') OSMiET v

Sr?* occupancy Na* occupancy
Model ‘ T

4e 6g 4e 6g
A 0420 | 0 0 | 0107
B 0420 0 0064 | 0064
C 0420 | 0 0160 | 0
D 0 1 0280 0 i 0107
E 0 | 0280 0064 | 0064
F 0 L0280 0.160 0
G 0.168 | 0.168 0 | 0107
H 0168 |  0.168 0.064 | 0.064
I 0.168 |  0.168 0160 | 0

4. ¥ L% (Conclusion)

(M

@

(©)

SICLIRE (Cs) % 0.01~1.0 M (ZF#E L7z SICL /KA T, 25°CE 80 CCOKREL TR & 5 WL ZATV, Sr
ZZH Na-GTS  (Nay1-ySr2Tis04(SiOs); nH0) ZAER L7z, ZORER, St A&ZHf (v) ORKMEIIRE o ALELE
FE 25 °CD L &£ 0.59, 80 °CH & =/ 0.80 Tho7z, #RE D MMPREN FEmUNE Sr A TREBHIIZAEET 2
Z Enbhol,

A AR OKE R SPOV/NE 7R Na Z BT DI o0 T, BAE AR L SKkRIZE bITEbT52 &0
birodz, BAE TS — RA A PRI LB b 2R3 OIE, 1D Nat% 2 {lid SrCASHLd
HZ LT A A BN L, U TENBIZENL T DK TEDD LT-72dThDH LB 2
HiLd,

St A3 Na-GTS  (x = 0.84) (ZRIF 2K X BREHT/ ¥ — > DR & Flix DA A 53 AiE TV EARE Lz v
S alb— g E OIS, LN OSHNER A A (S©7 & Na¥) 13, 7 ikEdE (22t PA3m) %1
ELIGED 4e i L 6g BICKHIET B5A AV EOW FEEBELTWD EBEZHND,

3 F3CHER (Reference)

1)

Spiridonova, D.V., Krivovichev, S.V., Yakovenchuk, V.N., Pakhomovsky, Y.A.: Geology of Ore Deposits 53 (2011) 670—
677.
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Synthesis and crystal structure of high-entropy sulfides prepared with the high-pressure method, and the development of its
functions
Ayako Yamamoto, Kazumasa Sugiyamal, Shinya Kumegai, Anna Zakiyatul, Takeru Sato, Ryota Furui
Graduate School of Science and Engineering, Shibaura Institute of Technology, Tokyo 135-8548 1Institute for Materials
Research, Tohoku University, Sendai 980-8577

Keywords: high-pressure synthesis, high-entropy sulfide, crystal structure, single X-ray diffraction

We synthesized and characterized the high-entropy metal disulfides, (Fe14Co14Ni14Cui4)S2 and related compounds, with
pyrite-type structure by the high-pressure method. The samples were sintered at 4 GPa and 950 °C and quenched with
keeping the pressure. The crystal structure of (Fe14Co14Ni14Cui)S2 was determined by the single X-ray diffraction analysis
(space group with Pa-3 (#205), a=5.5777(3) A, R=1.02%). A unit cell parameter, a, and bond distances of M-S (2.34 A)
and S-S (2.10 A) were consistent with those expected from averaged ionic radii, i.e. they were located between CoS; and
NiSz. We also found that (Fe14Co1/4Ni14Cui4)S2 shows metallic and ferrimagnetic properties. Further studies for other high-

entropy sulfides and selenides are in progress.

1. S

Ry R E— AT AR LTSRS, ALEITIEARY . TTICEL OFm=y b r B —a BRIty
DR SN TWD[13], ZAHIEFRICET Y bu BE—RIC K VI E 2 ZE T 5720 TER, UFU LR
INZ & 2 IR COEE MO ER]°FIeHkE 1I12 L D EGEREDM E[3]72 &, #EREBr O T HiEH ST
W5,

R LR 16RO N AT A R Wit L Y) Zfaf A e LTR=y be B bEWE Gk T oAb
RENTWAN, FEORSEIMEL | ALFRESRLE 2R > TG SE D72 DI IS ER TER T 2 MEN H D7
D, BAUDIZHEA_RES W 2T, AN SEEICRB O THET Y ha E—Fbho@EI b0 Th5H[4],

AFGEIE, @R G ORMPES 7 TElREEAAIE] 2R, PZER CARIED SO O A R B e
5. Bil-lemmy ha E—FEMOERR A T o 72, 7o, ZOWE ORI % AL S X ST ¢
HNITH I LT, flE L PEORRE & ORIRE R, S B2 2B~ OIEE LT 5, T L T A D
TNDNL DDDOEACIWERED 5 B AN, A T4 NMiltEEE AT 588 _hifth. MS:,(M=Fe, Co Ni,Cu,
Mn, Zn, Cd, Ru) (2O THES H[5-7],

2. EBRG

FUEHE BT, S TERFERE F v o/ SR Sl L el
WTITo 7=, JREHZIX, @REtY), @BRHAR, Mo sl

(99-99.99%) % AV =, AV =4 @i, Mn,Fe,Co, Ni, Cu, Zn,
Ru,Cd THD, ZNHDH 5, 3-5FEOEEEZEINL, H8&IT/RD
EA TR, IBA L, FIRRICHEAR Lz, NI 2—t v T
Y ENBRIEEABEEEIC XY T T (2-4 GPa) TRERK(800-1000°C,
30min) L7205, [ES) &R L7 IRRE CRERGIEE 7 D RIE~Em L
Too 13 DAVZEREHZ, B3R X BREHTEEE (Rigaku SmartLab, EAE
TBESEE(EOL SEM600), M ERIESE [ (QD mpms), #iss feP LRI E LS
#(QD ppms). TG-DTA (Netchez)% i\ CEFAi B QWS %47 - 7. LA T4 M ERlERIEE T v
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RS A XORBEHTRERE X, BALR SRR TR 7 o & SRS P SEE C1T > 72, 20um AR
DHFEGE T T A% ¥ © 7 U —JiilcsEs L, =ik, K& T 3R EFmsEERIE Ui, JIEREIX XtaLAB
Synergy(Rigaku), ASf X #1E MoKofr, HEEMFNT >~ 7 b ix SHELXL-2014 % UV 7z,

3. FERB L UEZ (Results and discussion) # 1 (a)(Fe,Co,Ni,Cu)Sz (G HGAE} 35 K UNb)FeS2 RERFE)) HifE
WTNLEFEENRBOMAEDEICLD  RoFET T A—2 [7]

EAIR, (Fe, Co, Ni)S,, (Fe, Co, Ni, Cu)S;, (Fe,

Co, Ni, Cu, X)S2 (X=Mn, Zn, Ru, Cd) ZEK (2 (FeCoNi,CwS; SG:Pa-3 (#205), a=5.5777(3) A, R=1.02%

L. EDOMARXRD ¥ —ZFHiliL=& 2 atom  position  occupancy x y z Uo (A2)
% B AIAME BV DL, (Fe,Co,Ni,Cu)S,  M*  4b I* 0 0 % 000656)
B LW (Fe, Co, Ni, Cu, R0)S; DATZST2, X S 8c ! 091379 x x 0.00697(7)

Zﬁ Ru u%ai/r j—:/\:'é?%z))‘,ﬂﬁo) 4 fE;—f‘%‘éG:tt * M. fixed as Fe1/4C01/4Ni1/4Cu1/4
NAHYRE DT Z L3 AR DR () FeS, SG:Pa-3 (#205), a=5.42094(9) A, R=1.22%

BN Z EDEREEZ Bib, atom  position  occupancy X y z Usso (A2)
(Fe, Co, Ni, Cu)Sy D HifE i B HIZ DUV TR Fe 4b 1 0 0 % 0.00355(6)
ERMSH R EILEIToT- & 2 A , 5— S 8c 1 0.38482(4) «x X 0.00435(8)

20um AFEE OSSR S DN, 20

AEah & VT X BEERT 21T\, FESEIE T A — X L LT, ZORREER1IZ, KARD/A
A b FeSoBBHE)DIENTHREF & & HITR LTz, (Fe,Co,Ni, Cu)S; D&J@Y A MIZEBEBOTHELAIEL T
FHEL L7228, RN RIEITAE U ey o 72, (Fe, Co, Ni, Cu)Sy DJFFNLEHREEN T A —% UL FeS, DEN LY
REV, LL, CuS D UIE8]. Lo LAASEIOREID U LV KR&EWZ L 2L, SRIOERIT, &R
PA MZHE D ELNDE T TWRNWZ L ARET 5, HEERT OHE LSS IERE X M-S TIX234A, S-
STIX210 A THo7e, ZiHiE, CoS: & NiSaDH x 9 ERIOEUE CTA A L RO NVIIHEN HEINHEE1Z
F-E L,

[ CREIOWE 2T ~7 & 2 A, (BEITERAY T, BEMEX 130K LU R Tl B2 OFRFEENE T H 2 &0
Doz, T OBALIT TS5 FFRHLIZ 3% LW T, 555 & 72> T D EHERI XD,
RN DN ROBER D KM LT, ¥ v 7BNELRNT & RSN D7), BEE~ oxsk
OFENNERE S CTIEHBR E L2V, Bl&FiE XPS 72 Eo e FiEZ2 FAWTH LT LZuy,

4. £ 2% (Conclusion)

R EEARIEIZ XV (Fe, Co, Ni, Cu)S2 3 LT (Fe, Co, Ni, Cu, Ru)S; DE—F3M5 572, ¥R XRD fif
Hr. SEM #Big27e &AM L, BRPIBRBIFE BT, BUEEE 35 B A7 (Fe, Co, Ni, Cu)S2 IZ DWW TIEHE
TERAT 21TV, RS OEERE e 2R Tz, 57T, 7 T4 FMUEE TS % Se TEML LIALAEWSC L Y HiliZa g
®TH D NiAs AR FOBT L ha B —hvaZF A ROFREEDZV,

82 (Acknowledgement)
AHFFEDO—EE, BFEed B4 GBS 2005450, 18H05462, 18H03692) DA ZITTHY £7°,
B OFF L OWRERIEICIE, S TERT: (T2 7 T7Y) OBEERLONHESEZEH L E L,
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Structural studies on amorphous nanoparticles of poorly soluble drugs
Kazunori Kadota!, Hiroshi Arima?, Kazumasa Sugiyama’
Faculty of Pharmacy, Osaka Medical and Pharmaceutical University,
Osaka 569-1094
2Neutron Science and Technology Center, Comprehensive Research Organization for Science and Society, Tokai, Ibaraki
319-1106, Japan
3Institute of Materials Science and Engineering, Tohoku University, Sendai 980-8577

Keywords: powder X-ray diffraction, dissolution profile, nanoparticle, amorphous

Quercetin (Que) has been attracting attention as a flavonoid with various biological activities such as antioxidant and anti-
inflammatory effects, but its solubility needs to be improved. In this study, we attempted to improve the solubility of Que by
preparing co-amorphous formation of Que with an amino acid (e.g., P-alanine (Ala) and L-arginine (Arg)) via a
mechanochemical process. After grinding, the samples were characterized by powder X-ray diffraction, differential scanning
calorimetry, electron spin resonance, and ultraviolet-visible spectroscopy. Discrete element method simulations were used to
evaluate amorphization progress following energy predicted from ball impact. The amorphization of Que-Ala samples was
progressed with milling, while Que-Arg was converted to be co-amorphized by milling. The amount of radicals and solubility
of Que-Arg were much higher than those of Que-Ala, resulting that the antioxidant capacity of Que-Arg was enhanced by co-
amorphization. The amount of radicals expressly increased with increasing the rotational speed of grinding, and the solubility
of Que similarly increased, suggesting that the amount of radicals may have a positive solubility effect of Que. This co-
amorphous strategy via a mechanochemical process could contribute to the enhancement of solubility and antioxidant capacity

for other polyphenols.

1. #55 (Introduction,)

7zt F Y (Que) 1F, LYY Ay MIFHENARY 7= /) —LO—FT, ERERLYATIC
BENDT TR A R (FL) Thd. HIRLIER, SIREMERR EL< OMREGT L2 LR TE
0, ETo, BOPIEMUIEEZ R 700, EHEERIC L DEA SV ABEET S, A, Bk, BERAR S
DOAIGEEHROTHCEE 2 ERZRI-TH 0L LTHIFSN TS, L, foRY) 7= 7 —v L Ekk
(2, QueD/K~DIEMREEIT0.4 pg/ ml & IEFITIRNZ 00D, QueEiE U &4 HFLA G i RErE @& Lo
BAFEIZIL, FLOWMRMEUGEN RO B H2). —MC, WEEZBIT 5 L EREEPRE R0, BFEET
mET5. 61T, RFE2HFMELSED 2L TEOMEORMRE 2R LS5 2 EPHIFFTE 23). fdntER
RERE L, FEMEMEERIIAEEESINERF CTH D Z EnD, L0 EOWNE= R X — 2 FF O Z I T
HI7RRETH D, TDT, FERE T EMIET IR AX—MET L, a2 s 5 2 8TED. Ln
L, BBl CIEE— R0 OIS EEERI I BRI AL E W E 13 % <, REM ORI & & SIS I
mb T DM HDH. 22T, K OFEm b2 IflT o 51EE LT, IRWEEINR B 54). ki1 OHLIEd
BAiE, 2fEENL EOIEEEMEMOBER S AR D 25D, EREEEELENISELZENTED. £
7o, FEE & L CORfEEE oM FICNZ, TR 2 XD MEOH EL IR TE 5. 2N E TIT bk~ 7ebf
XY, Wk & LT, oV, T, 7V, BEREONTEERT S L, HIENEREKE
ZESE D Z ENHESITNDS). WIERE AR 5 FIEO—DIZA T ) r I A/MERET NS, AT
2 IRMEE, ERR IV INVEOREE VORI e = kL X — 2%, R OMtEE 2 L&
HHETHDH. RFEIFIR, ®ECEENFRETHY, BB AR A ST 2 RER W, HRIOE
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I GEAFBHBIENE W FIREFT D, —F, A0 7 I VRIS L DR E L O gL, =
R DR ORFECEERIFICR & B EZT D12 DIERITEHETH D, TNETOMERIZBNT, AU /77
T AVEIZ K D RA-B RO BRI R E D2 I J ONERgIER)_EIC DWW TRER M T O TV 56). AWFZETIE, A

717 LA AEERAOCTHOKEERY 72 7 =L OQueb 7Y AL MZHZ HNLNTWET X /L 04

HEEZER L, QuedDWH R LR ARGt L7z,

2. EB5¥: (Experimental procedure)

Que IZxfL, 72X /BT 7 =2 (Ala)B LT VX U A & T NEIVEEIL 1:1 TRA S, I#ERAR—L IV
ERWCT VI FAR T CTHh#E Lz, R, N 40 mm, B S 40 mm, FFE 45 ml O o =7 RIS
(2, A= VFHERN 0.056 & 720 X9 ITHiHATH D VL a=T R —L 8 HAFHE Lz, HERER—/L I
X0 RIS E T o 72, 728, KRR 10 min IS 10 min O EIRERE 3% F, RO REE R 2 R & L
7.

FBFOIT L DG EREE DB EZ TIN5 720, RO FEHIR LT Bk X BEHT 21T > 72, ES:
1L, EEICE BT 200 mA, EFEIE, BB 40kV, ERHE, AP 20 =3 - 45 deg., FRAEHIE 4.0 deg. /min,
Cu-Kaft ((1 =0.15406nm), A7 > 7E 0.02deg. THIE L7z, FEAEELE LT U a2 v, etk & 8%
PR A ALk K D fipte U, JERURE 2R L 7.

TR L 7258HE, 37 £ 0.5°C,900ml & 7&K A VT, 100 rpm THER L, 280 FTHL R 2 F Vi
% 370 nm OWSEEE 2 HIE L7z,

3. BRIV EELE (Results and discussion)

Fig. 112 Que BXOET 2 /& B — Tk L7230 PXRD F5H 4759, Que (2 O\ Tk 3 Rifi#id m
—RXE = TR L TCWDD, 12 M2 L Hil=72 2 — 7 B L, 24T Que /KFin & 8K~ & Z5Ha L
el Tholz, —J, AlalZ oW TIMiT 512N T, BEIHMET L, MiEfbSns boo, FEEE LA
olo. EHIT, Arg IOV T HRERIC e e — 27 BRI b7, £ 2T, Fig.2 12 Que & Ala 3 LT Arg ©
A UT- B2 PXRD fEF 2779

’_J_‘L"-—J\_A_‘mQulik
= oA Que]
£ ih T
= 12h s 3h
=
12h
10 15 0 25 ) X
168 [deg. 10 15 0 15
[deg ] 20 [deg.]
(a)
(@
— —_ Areg Que
5 ) I SO U N
= = _ Arg
£ Ala | = 3h = — Y Y N
= = ]
E | 3h ;: g 3h
= 12h|~ 12h E [
| | . . 121
10 15 0 P 1] 15 i} 15
26 [deg] 28 [deg.] 10 ¥, [deg.] 0 =
®) © (b)

Fig. 1 PXRD patterns of (a) Que, (b) Ala, and (c) Arg by Fig. 12 PXRD patterns of (a) Que-Ala and (b) Que-
ground samples. Arg by ground samples.
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Que-Ala IS MFHZBNTIE, —HfEMm e — 27 BB D b TV A DIZK L, Que-Arg DIREIHZDOWNTIE,

a—N\E—2ERLTED, }IE REALSNTWVWA Z LR T 5.

TR BRI &0 JE L7 MfRitzic 31 % Que WG % Fig. 312773 . Fig. 3 OFERDD, Que-Ala DIRAH:
POVARIETE Que B TR LT IRIRIE 213 & A EZ T2, —F, Que-Arg DIRAHIEDOYE, HILOD Que
P LS CRIBIZIRREE DS EH LT D Z E MR TE 5. JElZ E D PRXD OFERN G § Que-Arg IOV VTR

BT 2 2 LT, HIRRBEALDERESRE N LA LI Z B2 b5,

0.35

03 | —_ ) mill

035 | /A @ origin

Absorbance |a.u.

N S S
180
Operation time [min]

(a)

X © mill
025 F ¥ © origm’

Absorbanee [a.u.]

01 r >< ><
0.05 m X X ). 4

ﬁ L L L
[] 1] 120 150 240

Operation time [min]
(b)
Fig. 1 Dissolution profiles of (a) Que-Ala and (b) Que-Arg by ground samples.
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Synthesis of FeNi alloy and FeCo alloy fine particles by the polyol process
Eriko Ohshima, Misaki Takahashi, Naru Utsumi, Kazumasa Sugiyama'
National Institute of Technology, Ichinoseki College, Ichinoseki 021-8511

Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: polyol process, fine particles, FeNi alloy

Abstract

In this study, we investigated to synthesize FeNi alloys using the polyol method. The type of polyol, the
type of metal salts, and the reaction temperature were varied to find the conditions for the simultaneous
reduction of Fe and Ni. As a result, particles with bee structure were obtained below 140°C, and particles
with fcc structure were obtained above 160°C, particles with mixed bee and fce structure were obtained at
150°C. EDX analysis showed that Fe was reduced below 140°C and Ni was reduced above 160°C. At

150°C, both Fe and Ni were reduced simultaneously.

1. $#5 (Introduction)

Fe & Ni 2 Llo BUZELFFECSYI L7z FeNi &1L L7 7 — A 272 @tEieea ok ke L
THIRF SN TS, ZOMEEZFED FeNi A&ITREHNIIMEICE F1D Z LR BN TND A,
WE OBUE TIE, 0 X ) RBRFESIEE N CTE D F TIOIIEEEA O IEF IR\ 2
2D,

BOLO#WE TIE, 7/ T 7 A FeNi Gz BULELL TF /b &85 2 & T L1 MoKy
By A2 B L=l & 7 & AfiE FeNi 54225 Fe & Ni 2% Llo B & [A] URKFELSI A L
7o FeNi £t a6 L., ZHEME# L T L1 & FeNi @& 457201035 5,

ZD X HIZ Fe & Ni ORFEINIAER T v & 2N DD Z L0300 D, FRHCTELT 7
A0 6 ORI LB R IR D & DIEITTA R EIEFEMER 72 7 e v 2T, SEERREETILIE
W R 2 B &3 HREIENEELT 5 2 & AN BRTR U,

G RIEDOR U A — ik V2T FeNi B0 R RARA HIVTND A, 1535 2RO
A AN T =KADY R uint Ll MEFEAIREE DT O FIREME A2 R T 2128 EE - T
W5, ZAVUTBIRER TR Y A—/EIZ LD Fe X° Ni OB LHNAHSLL TE LT, KU A—1
15T D IVT KAL) & RN (D INBGE T T D TIEN E BN TN LT TH D,

AR TIE, ZAVE CTOILFFIHPFIE CTIY LA TE IR 7 v & 2 O FERSCHIM 2 £ L
TRV A—niEZ B R L, FeNik XU FeCo A&k O G AZ Bfad, £20EM T n
ZZBNT, HEO LSBT Fe, Ni, Co DFAITLHENED L I KBS TES L TV < D)
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ERRLHZE BRI E Lz, 2021 FLEIIAR U A — L2 L0 FeNi &4k 7D & k& il
7~

2. EBH1E (Experimental procedure)

Ar AT 30 min "=V L7cx=F Lo s Y a—LEdr hF=F L2/ Y a—/0 100 mL
2RI Z A5 0.06 mol/L (272 % X 5 ITIN A TS ZEAT - 7, @RI FeCle - 4H20, NiClz +
6H20, Ni(CH3COO0): - 4H20 # i\ 7o, ot & (L7 5 72912 NaOH 35 L U HaNNH: + H20
U L7z, ROSREEIL 130~170 °C, FUGKHHIIZ 2h & L, BUSHKE T #1305 0B & ea s &
DA E R LTz, B L7 AERiE =% ) — )V CRAF LTz, 5672 HIMm R X #RE
PriZ X VFHORIE & st E O MR Z 1TV, SEM-EDX ChEdbhLOBILE L Mk 4T 21T - 72,

3. BERBIUVEZE (Results and discussion)

FeClz - 4H20 & NiClz - 6H:0 BELO=F L7 U 2 —L% T 130 CTHAMRAITo 7=
LD, BIED B 2 BODOHRIF ERMED IV EGR A DR AV ER LT, BEAKF13 XRD /¥
—> XD Fe @ bee HEELEEZ LI, 1

N < N AN
EDX "C@)le:ﬁ?ﬁ'n:%'(&i%é*i%wfﬁkﬁ Ni(CH;COO): - 4H20

e

FENI THoT2Z LD Ni DA A Uik
fEEZ B, Ni NEILENTWARNT
ERbroT,

NiCls - 6H20 % Ni(CH3COO): * 4H20
WCEZ CTHEBREIToT L 2 A, DD
% BASRL - DA DNERR LTz, Fig.l 1[5
GBI F- D XRD /8% — > Zocd, B 0 =0 e0 70 50
713 NiClo - 6H20 & Ni(CH5COO)s - 20 Culaldegree
AHLO PV E V7846 Fe 0 bee Fig.1 Ni 5B 5872 % B4 O XRD /<% — >
LRI THD Z Eo3bio7-, FeNi
HEIZBNTIE NI B2 30 at.%feE
FTlE bee fEETH Y NI FH R % Fe:Ni Fe:Ni
Fe | Ni | O | C | Na i
% & fee G L 70D, AT BT AR JRFHEE AL
WENTHLD bee #ETH Y N1 DEH
wEORHPE TS 50 at.% L D b7
LsHEsR S s, 70:30 | 62 | 15 | 21 | 2 0 | 80:20

EDX TH#T L7 Bk - Ok %
Table 1 1Z~d, AWZEEHT FeCls -
4H50 & Ni(CHsCOO): + 4H:0 TH 5, 30:70 | 41 ) 1 f 53 | 1 4 | 982
JERF DR A2 b S5 & Fe: Ni=
50 : 50 D & ZZAERIT O Fe (2T 5

NiClz + 6H20

X Fe THo7-, F kOO ERK \

Ni fec

Intensity [a.ul

Fe bee 1%

Table 1 ZERH DILFEEIE (at.%)

90:10 85 9 5 1 0 91:9

50:50 54 30 8 2 3 65:35

10:90 71 8 18 2 1 89:9
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Ni OEIEPREKRKD 35at% L 72572,

RYF—=MZT b TF Lo 7Y a—nzfniz & & b0 & 5 BEmki AR L7225,
TFL 7Y a—ndb & &S TRHEMENMET L,

WICFNREZE 130 ‘C~170 COHPH CTEL T, AT TILHRENED & 2 B AL
FTholo, KINEREEZEZ - & & ORAHRL 1O XRD /X% —> % Fig.2 |Z/~x7, 130, 140 C
TlX Fe @ bee HETHD . 150~
170 ‘C Tl fec ETHD Z b
o7, £72 150 CTHBLIZE XD
XRD /3% — /121 bee 11 HIRAE L T
WL ENDb05D, 150 °C

Table 2 (Z EDX T/t L 7= BEAHkL

|
|

1 o
| A 170 C

160 C

E I
TOMMKAE T, 130, 140 CTH Fe  5—) 0T
NERSTHY ., 160, 170 ‘CTIE Ni ﬂ% JL R 130 C
BERSTH S, ZO Em5 140 C | N
LLFClE Fe MEILENT bee HEED ‘
Fe 73/EH L. 160 CLL LTI Ni 73 Fre bec i
TER VT fe HiHED Ni AVERL LTz & &
ZBiLD, £ fee &I bee HEIED R 26 CuKa/degree
FE LT /2150 CTHARR L 7= Bk Fig.2 SCIREEN 2 5B O XRD /34—

FTiEFe:Ni=15:85 THV, Fe &
Ni B RRASRT S, MTRELTZE B maples iR 2 LS 0 & % OLHHIL @t%)
BN,

RIGBE]| Fe Ni o] Na cl
4. ¥ & ¥ (Conclusion)
] 130°C 82 10 6 2 0
AT T, R Y A —/LiEI2 K 5 FeNi
BRI DA EZRAT=, FEO Ni 140°C 81 11 7 1 0
iﬁ\ ﬂ:o U jﬂ_‘/V@%ﬁiﬂEx }imYﬁ};ﬂi%%*ﬁ 150 OC 13 75 7 4 0
STLARER, B E T2 fec &2 RO
FeNi 244135 = & 1L CX Mo T, woc oy
Fe & Ni NENENBEITLINDEMH0nD 170°C 1 37 28 34 0

NoT-. 513 Fe & Ni 2SEIET 554
ZIHS N LT,

5l FASCHR (Reference)
1) F. Fievet, J. P. Lagier, B. Blin, B. Beaudoin, and M. Figlarz, Sol. State Ionics, 32, 198 (1989).
2)F.Fiévet, J.-Y.Piquemal et al. Chemical Society Reviews, 2018, 47, 5187-5233.
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Explanation of origin of piezoelectricity in melilite-type crystals by crystal structure analysis
Hiroaki Takeda, Takumi Uehara, Kazumasa Sugiyama'
1Graduate School of Science and Engineering, Saitama University, 255 Shimo-Okubo, Sakura-ku, Saitama 338-8570
"nstitute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: piezoelectricity, single crystal, crystal structure, lattice distortion

Strontium-substituted calcium magnesium silicate Ca;MgSi,O7 (Sr-CMS) single crystals have been grown by the
Czochralski method, which made them grown. The CMS crystal with nominal chemical composition Ca, 7Sry3MgSi,O7,
shows no phase transition when temperature rises from room to melting temperature. Its piezoelectric d’3; constant is 2.11
pC/N and its compressive strength is 830 MPa on crystal substrate. The Sr-CMS single crystal is a superior candidate
material for pressure sensors at high operating temperatures. X-ray crystal structure analysis revealed that piezoelectric

constant in the Sr-CMS crystal decreased with Sr incorporation.

1. &
BIE, MIECHEACTE 28BS Y, ~A7anT U, REEEVREER SN, ThLICHEA
THEBEMBBROEN TN D, EEHICH DAY T4 MGERIZES SR GRE42m) (2B L, =il 5
RETEEELZOLERWEER#KBTHY, FTxT ERORF~OICHEHG L TIREEZITT> TS, ZhvE
TAY A4 MUFEROHR T —1F A & (CaALSiO;, LAKE, CAS) IZHEH L, RIFEMHD 700°C &9 il
BOWTHRELLEBISEZRT I EEHLMIL[1,2], 72720, CAS #EdbiE (001)f TR BER 21
T, EARCVAREEZ D EZTOEROERRENER & 725, JTATHIFRICE W CIEMERE 2 S+
%72, CAS @ Ca A NMIXLT St OBEHEIT> TNDHOO, [EMREIL 1.3 FREOH FICEES
[3.4], B, BWEMRE & SWEBEREZ L oA Y 74 MUEREZ LN T 720, 2V T4 NS
(ZF 1T DAk A & EBMEOBRE R Loo® 5[5 T O R A LI LWMERM B L 2R oA v~ T A
b (CaMgSix0y, LAKE, CMS) IV EH LTW5, 72721, CMS fldhid 85 °C MU TR Z 4720, =
OB HEE LTRETH D, 2T, CMS 2 _X—R L LEFBMBI 2RI 52 & LT,

i)

2. EBRFGE

9, CMS @ Ca ¥ A MIxF LT St DEHETT-> o702, JFREHIME 4N o7 v 5 U +34)8 (Ca, Sr) @
IRERHE, b~ 7 2> v L, Wb A FZOMKRE L BV, L5 Ca,SriMgSin07 (CSMS100x) & 725 K
IFEE, BEL, EEIToTo, TO%, IEEMREZ —8INERE L, B 1300°C, 4 ReRIBERR L7z, i
FEPF L=V —EENE Z O L —VF —BRNE CHERDH OO b DILONT, 5l&fE, Fas I
Ax—ik (Cz) IT&D N7 BB R EAT o 7o, BRSO BRI MERG T O R 2 FR L, Rk
RIS X0, BRI GRE, FES, WMel, EEERAsFEM L, £, EHRORB 2 ERL,
JEREIR SRR AT o 72, S 5IZ, HfES XOREPTIC X 2SR B i b1T-o 72,
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3. BERBIOEE

L— P —VRREECERL L 72 X B TH Y, Bk XRD [A]
PrORIFER, R E S £ 0 A Y T4 MUERORMET
bolo, RAEEEBENFEIZLY, x=03 THh2H CSMS30 (2 THIHE
IR 3B E N2 D T E RN b Tz, ZhUE, CSMS30 fE
pay, MEZICK L TEBEEEN AL L 2E KL, &
PHIHICERIE R D, TR DR RIZESE, Cz EICX

0 s s |00

40
unluulmlmdm:hmlunhmhmluﬂmdm

Fig.1 Photographs of side view of

CSMS30 HiftfmAE B L, BRRYSINE, fEmNEici s sk CSMS30 single crystal grown by the Cz

method
e CTdH DR T o T2 b OO, BREMEZHRFTS 2

ETINDDOREIZHBN -7 (Fig.d),

ERWPEIZEA LT, CSMS30 #5fk DRI IT D EEEE &5 1L 2.11 pC/N TH Y, CMS itk OfE 2.2pC/N
F 0 OTNENL OO, KD dy LRIETESECIMEIE LTHYTH D, £72, CMS B LU Sr EH#
CMS fEsb DJEBEL &5 OIREEREMEZFTIE LIz L 2 A, CMS Fidh Tl &5 ESFRERR AT Tl L, FHiR
BIRELL BTN L=, —7J7, CSMS30 gt ® ds LR & LT OFNITHEINT I8 E 5 2 &b
STz, X BEREEEMHT LV CMS & CSMS30 DRt 4 ik 32 &, 8ENLTh D Ca A ~ DR
ROBLA (ZHIKEL) [6]7° Sr BEHUZ LV /NS L o TWDH Z ERXbhoTz, SrEHIC KDL HIKERD
Wb & EEEROITIE Sr E#: L7- CAS FifICB W THME SN TVWS[4], 414, & Vi li g
Th s,

Fig.2 |2 CSMS030 #ffh D EAEl R SGBRFE ROV A 15

TNGERT, VATAT Ry MR, 2o ]

B 726> CSMS030 i DIEARSRIEIL 830MPa ThB 2L [ 0 — .

RSN, COMFINEFTRELTE s B CAs |10 s

WdhO 170 MPa O S f5ThH Y, HY U YTUOVNEIE | as P

J1D 10 5T 5 300MPa z KIGIZHEZ 5 b D TH D, 72 Zi , . .

P, WWTHE2SEEBRE AT &0 D 2 L, BEBIIC & o1k 203 204 20.5 o (|n(pa))20'7
BENECTZ LN hote, DX 51T CSMS30 fEid D

Fig.2 Weibull plots of the compressive
PSRRI+ B < I TH Y, EBER LI Ly stength of CSMS30 single crystals.

PHE L TR TE 5,

4. FLOLAEBDEE

AWFFEIZ L0 Sr & CSMS i fa G B miRIEET A AMEHER & 725 2 Lot 72721, ERE
(ZT A 2 LTS N T2 012id, KRGS &2 BT 2 8T DML H Th 5, ZhiZid=
7»xybﬁ%%%$¢5:&#~£f%éoK%%%%i:yﬁwiykﬁﬁéﬁﬁTékk%:,kw
ﬂzbﬁﬁbkﬁélﬂéﬁf‘%éﬁ’XM’V%uiﬁ)/i‘/wfﬁ%ﬁ) RS2 BsRk LT\ 5, $£72, CAS ffidha & CMS #%
gh & DIEHERE OBFEW G G E OB bEmT A FETH D,

51 A STHR

[1] H. Takeda et al., Appl. Phys. Lett. 102 (2013) 242907, [2] M. Hagiwara et al., Jpn. J. Appl. Phys. 52 (2013)
09KDO03, [3] H. Takeda et al., J. Ceram. Soc. Jpn. 125 (2017) 23, [4] T. Oshima et al., J. Ceram. Soc. Jpn. 126 (2018)
300, [5] H. Takeda et al., J. Ceram. Soc. Jpn. 128 (2020) 130, [6] R. D. Shannon, Acta Crystallogr. A32 (1976) 751
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Crystal structure analysis of maghemite (y-Fe,O3) by single crystal X-ray diffraction method
Atsushi Kyono! Makoto Tokuda> Kazumasa Sugiyama?®
"Faculty of Life and Environmental Sciences, University of Tsukuba

’Institute for Materials Research, Tohoku University, Sendai 980-8577
Keywords: maghemite, magnetite, oxidation, phase transition, single-crystal XRD method

We obtained a single crystal of magnetite and investigated the crystal structure by single-crystal X-ray diffraction
measurements. The lattice constant of magnetite measured in the study was 8.40279 (3) A. The diffraction pattern
completely followed the systematic absence of the F lattice. These results suggested that the measured magnetite was
almost unoxidized and that Fe?** was hardly oxidized to Fe’" even though the magnetite had been exposed to the
atmosphere for a long period of time. Although this is not directly related to the purpose of this study, it is a very interesting
result that contradicts the applicant's expectations and should be continued in the future. We will continue to work on the

single-crystal XRD study of maghemite.

1. #5 (Introduction)

Maghemite (y-Fe;03)1%, #1R X #RIEHT R P E 7B, Hametiiciown, 3 MR MG R E &
NTw3. 1 20F, ZEAL2\HEY 4 M ICTERICERFRSS 2 & (M Fd3m) TH Y, $~To/\f
Ao 6mD 1 %L L5, 2 0HD, ZEAXESRNICTRFES S 2 HiE (Z2RIHE P4132 or P4332) T
HY, JNHEFA B2 PN, —TTDO 35D 208%2E7%0, dH)—TFiEEecgkichifIncn
5. 3 0HD, EAPTERICKTFACIIT 2 E (ZHHFE P42120rP4:212) TH Y, JNHEY A + 237 DIy
N, 2D HbO—OPRFRICEICHRY, K FTXTEICHEEINTWE Y, LaL, 2ol
X, TNETICTABRBIERTONT WS LIFFVE, 2 2 TR TlX, magnetite O HfEREZ AT L,
Hifbin X ARETE IC X o THBEHI 2> 5 222 IEREICRE L, NHfRY 4 P oG aEREZ kD, RES
T\ % maghemite DFEEFHE ZRAES 2 2 L Z HIV L LCHEMEL 7.

2. EBiS5E (Experimental procedure)

Maghemite ® Hiffifhlx, 2 DDHEIC X o THEfFL 7=, —DI1F, 7 7 PV Minas Gerais © magnetite (Fe;04)
B oRKm 2 552 Hl 0 L, BELL CTw 289925 maghemite & Bbi 2 B2 B UIH L2, b
5 —21%, AL 72 magnetite %2 SRESHFPNICE & KA T T2 RiffIfREFL, XY L 7230k 2 & - <
Z OHiH> 5 maghemite & B b4 5 iR ZEOH L7z, §LEGS XAREFTEDE <1, HALRZASIZ L E
Pt @ XtaLAB Synergy-S % fiiF L 7-.

3. R B L UEE (Results and discussion)
L E TOMIED H magnetite DEELSHEIT L Fe* DEIG MM T 2 &, T EBP DT 5 2 &AL
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T\ %, Kinebuchi and Kyono (2021)iC X 711, magnetite D& T EXUL, BRLOHETTICH: > T 840 A 205 8.34
AT TRADL T, ShHoFEETIE, 7 7Y Minas Gerais @ magnetite 5O RFEM 2 SHI Y H L 72
Hifk A magnetite 2 L 72, HBfGAL X AREHTHIE DGR B X O ST 2 3R 1 1R, EER oK
R, HIE L 72 magnetite DI TEET 8.40279 3)A TH o7, L7228-> T, SERHIE L 72 magnetite (X, 13 &
Ao ETRAEDSHEA T 72> magnetite TH 572 T L BIRB I Nz, I HIC, BTS2 —v2BIEL, FI&TDH
A Z 0 2 B AL L T Zr w2 i~ 7223, T3 2 — V354 FAEFOHEEANICIE > Twiz, o
b, SERAE L 72 magnetite IZRWEHICH 72 o TRAUCIII LTV 721Id 22 A b b3, Z OFKIAID magnetite
FBARR L ERHR 2 PR L, Fe? IR & A & FICIRIL L T/ 2 EAVRR I Wiz, 2 hid, ABEOH
)& IFTERBE L CuZe s, HIGEE OG22 1Y) 2 JRE ICHIRER WA IR TH 2 72, Sz b ik LTI
ZHED TR D 5. S, MiE L LT, 54X maghemite DG Z RO M3 L% HE
ICHUY # %, % 7z, Minas Gerais @ magnetite HLfifi D RK M2 O HE X STIAI~D XPS HIE % 1T - T,
Fe¥'/(Fe* +Fe)DEI G DL 2T~ 5.

FIASCHR (Reference)
1) Grau-Crespo, R., Al-Baitai, A.Y., Saadoune, 1. and De Leeuw, N.H.: Journal of Physics: Condensed Matter 22 (2010)

255401.
2) Pecharroman, C., Gonzalez-Carrefio, T. and Iglesias, J.E.: Physics and Chemistry of Minerals 22 (1995) 21-29.
3) Shmakov, A.N., Kryukova, G.N., Tsybulya, S.V., Chuvilin, A.L. and Solovyeva, L.P.: Journal of Applied
Crystallography 28 (1995)141-145.
4) Somogyvari, Z., Svab, E., Meszaros, G., Krezhov, K., et al.: Applied Physics A 74 (2002) S1077-S1079.
5) Kinebuch, I. Kyono, A.: Journal of Mineralogical and Petrological Sciences 116 (2021) 211-219
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Study of elastic heterogeneity in metallic glasses by inelastic x-ray scattering
Shinya Hosokawa, Tetsu Ichitsubo!
Institute of Industrial Nanomaterials, Kumamoto University, Kumamoto 860-8555
'Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: metallic glass, inelastic x-ray scattering, elastic heterogeneity, phonon excitation, rejuvenation effect

To investigate the relationship between elastic heterogeneity and rejuvenation effect caused by a temperature cycling between
liquid N2- and room temperatures, inelastic x-ray scattering (IXS) experiments were carried out on GdssCoss metallic glass
having large B-relaxation peak. A large longitudinal acoustic (LA) excitation peaks observed in the IXS spectra revealed a
distinct change that the peak width shows a large increase by about 20% beyond Q ~ 6 nm™! with the temperature cycling,
although the average value of the excitation energy remains unchanged, indicating a large increase in an elastic inhomogeneity

in the nm scale.

1. ¥= (Introduction,)

IEDORIRIT 7 A ORI DONTRERIEH ZI N TWD DI, T 7 AHRIZIIEER B 2 VTR 22 R
BIEMDHFEL, TR ZOYEIIRESHEEL TWDHEEZEZIOLNDL I ETH D, TIUIDWTOMFEIZIE, T
PRGN, I b REIR BB 7 AT % PdazsNizsCusoPao (RS G AL & 8585 A FEIMFAET 5 2 & &, S8k IC
L oftmlbBig e LTRI L[], ORI REEMET, 2 O%IT o7 X FErERGEL (IXS) FRiz L 281
HRNCE D HWOFEE S HOTFE L L RES Lz,

REEH D, RE 72 BREERIE — 7 2RO Z b FEEREEMENRKEZ W EAEE 41D GdssCoss )@ AT
T AD IXS FERAEAT 5 T2, FRCHOL, IR EFRIRE & SIROBEET A 7 V21T Z LI X HEERD B R
FHEERIC R SN TE V3], Ketov HIZXKAUL, ZAUIH T AR ORI R EMEZ KE SFEODNW TG &
BEZ LI TND[4], ABFIETIE, BB A 7V ZAT D RiE D IXS A7 MVOREZATE, BRI
LR R ZF UL O MEEERL L ORE A LN T H Z 2B E T 5,

2. EB 5 (Experimental procedure)

GdesCoss A J@ AT 7 AFREHL, SR EHIFZTETIFEM LRI & o ¥ — DT 3 2 Br — WiRiIR A i %
FAWT, EHE Ar FPAK T CESH 20 um, 1EHFI 2mm O U R U Z2/ERL LU 7=, IXS F28R1% SPring-8 ¢ BL35XU t
— LT A ERE S AT 1.5 meV FREE O =R L — 3 fERE IXS [BHTEHS1E Tz, 4 O #iFHITs L% 11 nm
VETOHEE T INALT V= OFPANT, =X —13430 & DV NIH40 meV OFIPH TITo72, #EHT L <
T=—nAENbDOEETHEL, [FLHOARRERRE & FIROMT 40 BTz > TREY A 7 L&
WL, FEBOEIR Y 5 A G &k Z Lz O it CRIE L, /INBGELF TOZER[BGEL A RET 5728, 2% 30mm
FED 02mm EDOY 7 7 47 X MR A FFOEZERIRNICHE 2 [EE L CHIEZ 1T o7,

3. EERBXUEZ (Results and discussion)

IXS A7 ML Q ZALDOWET — X IFVEFEEOHREEONI R LTc, ZHE TICHEEITo 7, oSBT Z
ADFER LG LT, 3-15 meV (I BBERE Ffo CTHANL A HEE R (LA) 74/ Vi ORI 1258
VN, T ZRITIE, 7 4/ I OFRHTIC AN O B A R FIRSE) - (DHO) &7 VAR LTz, $£72,
H—D Q21T DT TIX, /3T A—FZ R EOTFUSIRIZ L > THROLNDENRE ILHLOE  FOBRENKE N,
ZDTD, NTA=ZD QEALDE O NI D X DI R ANR—=Z « 27V 7 & LTz,
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LIZBBNTZ LA 7 4 / VIED =3 L F—8B L OGbFIED Q 2t Th 5, FOOHINNRE YA 7 v
DRl RO@FINEDMNTER A =7 — =& L HITRT, (@IZRT L OIS, TR — 23R Y ZRD
HAEITZEAERONT, SEENRERREUIIZ LR A D720, LA LR OIS RT L 912, 0=6nm' &
iz 2 &, 200%FE & K& SHMEIZIAN D, Lo T, 2n/6 ~ 1 nm £ COHEERGIEC, REY A 7 VL 55
WOIZEY | BEOREEMEN R E < HNT 5,

16 i i i — 4 I \
14 after
12

10 —

@_(meV)
(o]
I

before

|
I'g (MeV)
n
\

Q (hm”) Q (m")

(a) (b)
1 :IXS A7 RUZEIND LA B —7 O(a)ihft = % /L X —3 L ObRRIED 0 24t

4. £+ ¥ (Conclusion)

AT LY, WEY A 7 /W L DB A GdesCoss BB 7 AATH Z & IZ L HEIK Y 25X, nm L~L
DT T AOHMEIE DR E BRELEZFED DO THDH Z & ZFERICGETE 72, SRITERYIZXLD
REEREIEVEOZA 3] & DBIEAB BN L2V, E7o, K& SORRD pHEEHEME — 27 255>, GdeNis $3
L GdssCuss @B A 7 AD, IREEY A 7 VAR D IXS AT RMVOFEIT AT 20,

#EE (Acknowledgement)

IXS 2RI, SPring-8 @ BL35XU B —A 7 A U CITo7z GREEF 2020A1400), FEFRIZIZ, B —ALF A L ON
it R L GRS B AR ZE T 2 Bk T) . A. Q. R. Baron [ HIZB /)72, &
R—=2R e BTV UK DEEL, JSTCREST OH7R— K (No. JP-MJICRI1861) Z/5CTIiT-7=,

5IF3CHR (Reference)
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Mechanism and applications of perfect wetting at interface between liquid metals and metal oxides
Yoshitaro Nose!, Tetsu Ichitsubo?, Tomoya Kawaguchi?, Hongyi Li2,
Ryoji Katsube!, Taro Kuwano!, Kohei Ishigai!, Isshin Sumiyoshi'
"Department of Materials Science and Engineering, Kyoto University, Kyoto 606-8501
2Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: wetting behavior, liquid metal, interface reaction, thin films

Liquid metals generally have large surface tensions. Because of this fact, metal films usually dewet from the substrates when
they are heated up to temperatures over the melting points. On the other hand, we recently found that liquid In does not dewet
from MoO, underlying layers at all. In the present study, we investigate the mechanism of this phenomenon in order to develop
this finding into a generalized methodology to obtain uniform liquid metal thin films. As a result, we have the following
findings: (i) InoO3 with a strong (111) orientation is formed at the interface between liquid In and MoOy, where liquid In is in a
perfect wetting state, (ii) Liquid Ga and liquid Sn would also show perfect wetting behaviors on MoO, underlying layers, (iii)
Liquid Bi dewets from MoO, underlying layers even though liquid Bi reacts with MoOy to form Bi,O3 with a preferred
orientation. The above examples and results will be useful for construction of the guiding principles to obtain liquid metal films
with a complete wetting state. Also, liquid In, Sn, and Ga on MoO films, where the complete wetting behaviors are observed
in this study, would be applied as precursors for the growth of semiconductors for optoelectronic devices such as InP, SnS, and
GaAs.

1. #4 (Introduction,)

D AEIERCHAIESE O S BEE L ISR ILHERUR L 2 OGS H 5 2 & TIhEWER A (T 5 7 ae 2%, &
VTR RS 361 B I DR E L E LT SN TS, Zb 07 XZHBWTHEET L RHED
O EDIT, BVUELF(C & VAR L 7-BICBE L C L E O BN 2355, ZiuBlziE, Zn-Sn A4k
% U AL LT BROZEEIR ZnSnP, fEfa DRR: V0 K 912, HIEORE) MR EM I ARSI ER LD, —
AN A R OFRm IR NIAKRED 3 IR L e LT LML ERE W, U AALORVEDIEBRRICI T 54
JRHIEOBFRNZ B S OITEE LU,

—F 2 lE, WK In 23 MoO, il BT BEE Ly [5ERRN RIEL RV 95 Z L2 AML, ZAEFH
L C—Hk72 InP A FIIC & 5 2 & 28 L2 2, ALY, Z OBGOMMMIA A B0 & Lz, fix
PRI B D SERTRAVHENR A KBS 5 FEOMEL BN & LT\ 5, FEEEE TOFRFTEIZ LY, MoO, & ki
In NSJET 5 2 & TRENC IngOs BT 528, 2 (111) Blib Li-fEsatE Th 2 A e SimnniEt = 5 =
EEABMNC LTz, AEREL, MmOKRELS4E (Bi, Ga, Sn, Zn) ~EHFFERISRZH08E L, "MoO, & DRSS
I EELAME D H B EIETER &V ) HE D A B = XA L » TRAENDIT 200G Ziid L=,

2. EBJ5¥ (Experimental procedure)

F9, MoO; ¥yR&EZRIEIR L LI B2 ETEIC LY MO, & VY —& T A 57T A (SLG) hicllfE L7z, Zh*
TORFMFRIZL - T, ZEFBEEZD MoO, JEDOEEF B x 133 L0 /h&<, 2O k2 In 28 L7256 135X
JEDSEL & B 7R WVEINAE U, SERTEAIVIREE L 70 22N 2 E V0o TnD, 2D X ) IR RIBAEFET 5720,
fECR R 48 OB D E ATIZ IR C 1 R D UV/O; FRET 24T o 7, ARE A8 B IR oD SR {01 344 i HEAR % 28R
LT HELERBELEL L, £, ABEBRO-OIC SLG LICESHERLS AR 2 TR U 7= 308 b Wi L7z, &Iz,
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INDEAET I NAHICEZEE AL, BRUFFTS500°C £ THEAL, 30min ffFF L-RICEHRTDHZLET, &
JENR A —FEVARL - BEE SRR AR U7, BMOERRTH O EHI X L, SEM & W R aEO#142
SEM-EDS <2l X #45 CHEE (SXES) %% L7~ FE-SEM % M7= & BIED 45341 3l 21T - 7=, M2 T, XRD 26-
0 A v N Ko THERBHICHET DA ZFE L, £ OB Z7Hf L7,

3. fERBLUEEL (Results and discussion)

1 ICBVLER D £50RHD SEM ZIRE T4 (SEI) & EDS ~ v B2 7 &Rt /e, EULERRT DA 3R
A RICA KRS R RIE S Tz, SLG RICHIEE L 72 Bi, Ga, Sn (U340 BLERRL I CEAREL um R
DIEPES LT AR~ 2L L TR Y, W L 7-BEICBENS R - o722 &2 Hivd, MoO, FICHE L 7= Bi
DOERHETGEEI, WHOKEE &1 X3R5 SLG EOBA LEPL T\, £7-, MEHOEWERTYH Bi
DFHE X BRI SN TV 523, XRD JIEOFREREDE XS &, Tt MoO, & Bi & DISIZE > TAERM LT
Bi,Os ZEZTWD EEBZBND, o TBilZOWTIE, K In DEEFNOLEETH 72 “MoO, & D FH X
JZPE D B CEBREIEEAL AN 72 ST B RIBIVIRIES BB L 72\ 2 E A LN 572, —JF, MoOx ED
Ga, Sn OEMEFREIL SLG L& I1FR2 Y, B um 27— /L OHETH OTERAME < MoO, 4{K1Z Ga, Sn AMFFEL T

SEM-SEl -

1. SLG B £ " MoO,/SLG Hf BB L7= (a)Bi, (b)Ga, (c)Sn, (d)Zn FEEDEZZrH 500 °C, 30 min
BVILEEF > SEM-SEI & EDS ~ v B 7,

— C29 —



W5, SEMETIEar b7 2 R OGNV EFHTH 72 In DA ERARY, Ga, Sn & HITH 7 um A7
—/LOMMMN R LND0, ZHUIEEFEICES TR L2 H D EHEE LTV 5, 15T Ga, Snid In & FERIZ MoO,
FCRARIIRIEL 22 LB HNDD, SHBIERLRIEICR T 52 OGRIBIZRIC L 2REEOLENRH 5, Ga,
Sn & HIZ SEMBRIZARD L S eMETay b7 A M ORFWEIAFET 575, Z OREIE FHiD MoO, & SLG &
DFED S EREASFIEE L7~ TH 5, FEEDIFRIEL MoO, & SLG DEEEZEDE NI H 5 & E 2 S, ik
In (ZBE7 5 2 E COMFEDORE RIS, MoO, & SLG & DFIZ Mo D& @I 2 A3 % & FIBEE 3124 1
FCExH2 0o T0D, DFV, AFEONETH o7 In DA T/, Sn< Ga lZ DV T b 5ERHIvIREE
2o DIREA R E EBLCE A REE N A SNz LWz b, FEISIc & 5 B A bEERITSE D &2 A,
Sn OYGAIZIES i Sn0 ML L, In DA L AR B bR < Bl (mhdrmi (101)) LTWb 2 &%
LML TWD, o T, HOBEEORLN & mNOJRFEAIDNFAVEIC TS L TS ATREER m <, A =X
LR TR R E RN 272 8B 2 TV D,

—7J7, ZnlX SLG EO%AETEL Zn OFE X BT E A ERRI ST, MoO, EOSE1E Zn OFpME X 3B &
Ni=b oo, XRD JIEFERIZL D EFEH D Zn 134T Zn0 THDH Z ENDhoT-, THITEZE FCAVLE L 7=
TeOICARRIEDE N ZIn (FEFE L TT VT ANNBER L CLE 72 2 EMFIK & B 2 D, HRIK Zn OFFEIWETRE
IV, BIESRE ST D20ENRSH D, MoO, EIZE W TR L7z ZnO 1358 < (0001) Ellf L CUW =7z, #i
IWOFEREZE 2 D LIRIK Zn ZARFF CEAUTTERFIVIREE L 2 D FIREMEITH D L EZ T D,

4. £ L% (Conclusion)

AR L 5T, In/MoO, AN TR L7ZIEIK In OS2 SENHERICIE, RS X - CTl< fiiim Lz
flinntED B CREIE InOs DAERAEEE- LT\ D Z &AL 2D, FEROBIGIT Sn, GalZBWTHIEZDHZ
LERLTe, — 5T, [RRRICS RS L CRLMPED B CREEIEATER T 212 b B & TR L2 E 2 3761 Bi) b
BoNTT0, BIEREBOTZEENRED A N = A LZHLINNTTHT-0060M > T2 5, EHIT,
AW TR L7z In, Sn, GaldxZNZ1 InP, SnS, GaAs DY « EFT /31 A LAY L8R OREKTE TH
B2, SERENFRREBHEFEATER L 2N b 0fE T 0 AL 5% ORE L LTI TE 5,
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Direct observation of valence band electronic states of lithium-ion secondary battery positive materials

Masatsugu Oishi!, Tomoya Kawaguchi?, Norihiko L. Okamoto?, and Tetsu Ichitsubo?
!Graduate School of Technology, Industrial and Social Science, Tokushima University, Tokushima 770-8506
2Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: lithium-ion battery, Soft X-ray emission spectroscopy

We investigated the electronic structures of Li-rich layered oxide Li(Lio.17Nio2sMnos3)O, using soft X-ray emission
spectroscopy (SXES). The valence band is composed of hybridized metal 3d and O 2p orbitals. Using SEXS, the metal 3d and
O 2p orbitals were separately evaluated, and their role of each orbital in the charge compensation reaction during charge and
discharge is discussed. At the charged state, electrons are extracted both from the O 2p and metal 3d orbitals making electron
holes in O 2p orbitals as well as causing the valence changes of Mn and Ni ions. In addition, the electronic structure of Mn 3d
orbital drastically varied during the charge and discharge process which imply the contribution during the O anion redox

reaction specifically recognized in the Li-rich layered oxides.

1. #= (Introduction,)

KMARY F U LA A0 ZIREMOEAFRIEAELE LT, U F v L@ESRERER B (LizMnOs-LiMeO,,
Me=Ni, Co, Mn) 2MEH SN T35, 9 ZOMELRIL 250 mAh g U EOFIREREZ R L, HERD LiCoO, IEAH
® 160 mAh g' B2 D EmA R4/~ , LiCoO, D Li A 4 > Oi#ET AR O BRAHE N Co 7 F 4 DRtz Tz
XDDIZHR LT, VF U 2BFERIEBMEHI AR D T4 NNZTO 7 =4 VDB LE TS Hw 5T 52 L T
28D Li A A ZWRBEHFEAT 5, VT U LEERMEOR X #RIIS G (Soft X-ray absorption spectroscopy,
SXAS)IZ &% OK ¥iii SXAS AT MVDZSFMNT NG, FEEHZFEIO O 7 =4 2Rt & B8R b1 4>
EAIRBZRT Z & D, Li A4 ORBEROGITAEEFHE & IR L TRV O 7 =F 1 X i
(207 = (0 "I K> CTEMME L TV é EFex 3B 2 T 5, £ 77 Li(LioaNioaMnos)O2 A4 BHZ 38V VT Li;MnO;
RAA 2 & LiNiOy RAA OHIFIZ L DEDRIZE > T O 2p MUEDOEFHF—ABNEENT D Z & bHE LT
Do D LML, OT7 =48] ‘ﬁE’J CEALIE TG T D E ARG A D = X A OFEIRTEAHATH D, A

EFEFIMTIE, BT EEET) O=F X RELZEHEBIET 5 2 LA TE D8 X MBI LIE(Soft X-ray
emission spectroscopy, SXES)Z IV T, U F 7 LJEFIR IEAREAE} Lii17Nio2sMno.ssO2 D FEHFER MR O FE 1R AE
BEEITo O THET D,

2. B (Experimental procedure)

IERBRDOIEYE. Li(Lio17Nio2sMngs8)02 & AV CAAIEM A /ERL L, EMZIZIZ 1 mol/L LiPFs EC:DEC (1:2 vol%) % H
WTLieEazame Lo ERL7z, |RICTH Yy b A7 2045 Vs L/LI"CRME LT o7, FTMEZRDOE
w%ﬁm—ffyaxw CTTRER L CHRIERELE Lz, 3BHE 7 A7 7 =Xy B2 W TRRIFRFZOR

0, EEE TSI A SN TO D mE L — S REE X M5 tds (SXES-ER, JEOLLt.) (27T, 43t
%’E ilﬁliﬁﬁﬁé% JS2000 % FAV T SXES OWIEEIT- 72,

3. FERBLEE (Results and discussion)

R L 72 B VO FEMAREZ X LIRS, U F U LIBRRIERE B O 558) C b 2 HIH 58 R AL TR
L, TOBROMEUREIIFHIZRFEY A 7 VER LT, 1A 7L 10 YA 7 VOB & 250 mAh
g EZBATEY, BREERREEZR L T\ 5, FEEdi(pristine), 78 #E (half-charge), #IHiFEEE(1C)D Bk D
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Mn & NiLa KOO Ko FIEANT MV 2 1T, RAETE CTh 2 IR ERFRIZI T Mn La FEE AT
NI ART MAFRREZEZ R HRTR VT —IIZKRE S 7 FLTEY, FIHIFEEIZE D Mn3d HLuEDOE
WEZE b2 R LT D, FRERE Mn* Th 0 P FREIRFE TiX Mn 1TE L L2 L b, BBRR R m 24
il LT D A BRIV KD M OEREEIS, b L < IEBEEED S Li J§~0 Mn OBENIFE Mn 814
WAL LT BB ZBND, Ni Lo AT MUVTERE TR R X —AIz> 7 N L, FIiFRERIE
BT RNV —T 7 kLo, Ni BN¥REE TOENART TIIBILS L, £ 0% OEMEHE TR T 5 Ni
K Ui XAS fER O L #E LTV, Li BBERF O Ni OMEZEb A Kk L72fE R ThH D, OKa FIEART R UTHIH

FeEE THAEMENIAL 78> TEY, ZIUL 0-0 HHEDE SN2 ETO2p N RBIEAN -7 L ERL TS,
O Ko FIEANYT MVEATEFHOF TS FMBIT LD ZIUICH L THUK TH D B2 6D, TRV = LF
—YENLTH D FEATEID 523.9 eV O =R /LF—58E THAS LT D & (X 2(d)), FEREITHEWVAARY R ILIREE DMK
TLTEY, WHFEERET Li BB OEBRLEISIZ O 2p WENF 595 Z L aVRS T,

Al EAREFR Cd DI FEE(C), FIHED), m#%ﬁwﬁﬁumu10#47»Wﬁwm®%@ﬁﬂ@
Mn & Ni Lo X OO Ka F86 AT "V E 3 1Z7RT, Mn & Ni La F8/6AT M UVITHE TR RV F—lic
7ML, RETEZAAFXT A7 FLTEY, YIAEUREO SRR TIE Mn & Ni 23 EiEC LT Li HEE
HERRAOBEMAIE L T D, F72 0 Ko AT MLHFRETARY MUVREMET L, HMETHMENHAL
TWHZ b, AR TS Li BBERFO R LR ITCINIC O 2p WUEN G595 Z EavRET,

Mn & NiLo F/EAT MUVTERO 3d 08, £ LT OKa FHEALT ML 02p HuEDIRIEE (L2 K LT
BV, &8 3d#uE & EEE 2p $0EDOIRIC X > TR S IVAlE 115 2 EEEEIZE LT 5, Mn La FHEALT b
JURNI L0 b RERBERLIEZ ED, LiA A OBBERAICEE S Mn 3d $E OB REEE LA RE N D
EARRIELTEY, ZAUIMEFESE L 72 Co & A Li mFIAMEL Li(02Ni.13Mnos4Co0.13)02 & [AERDHEH R Th - 72,
UF 0 LA EBRRMETIL, 1EESROBENC E O TR R IR REN R ORI 20N O 7 = DOlEt.
WITSOGIC B L RFTZERRESNTEY D, 72U F 7 LA L @BRERMEND Mn 23 0 7 =4 > Ol
IRAVIR TR C BB R RN 2 R 2 26 Y, ALEFIH TITo 72 SXES HIER R S O 7 =A » O Alififs
AR TTREOMIE T E IREZBIE L T D B2 b, 260U F 7 AEELR ERmREO A SR B
A B =R L E OMBMEIZ OWTHICE LT 5 2 & THHEA & EME OREHES 2155,

50r
§45_
fﬁ
— 4.0
s i
> 3.5
T30
B Li; ,Nig5sMny 550,
£ 2'5__ Ist cycle

20k 2th cycle

__MOtheyele , , . , . |
0 50 100 150 200 250 300 350
Capacity / mAh g’!

Figure 1. Charge and discharge profiles of Lij.17Nio25Mno.530: electrode.
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625 630 635 640 645 840 845 850 855 860
Photon energy (eV) Photon energy (eV)
O Ka XES O Ka XES
pristine (© pristine (d)
half-charged half-charged
-~ |—1IC -~ |—1IC
= =
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Figure 2. (a)Mn La, (b) NiLa, and (c), (d) O Ko emission spectra of Li; .17Nig25sMng 530> at the irreversible 1st charge
process.

Mn La XES Ni La XES
I @) Ic (b)
— 1D —— 1D
- - 1ec -~ - 10C
---10D

---10D

Normalized (a.u.)
Normalized (a.u.)

625 630 635 640 645

840 845 850 855 860
Photon energy (eV) Photon energy (eV)
O Ka XES O Ka XES
1C (© 1C (d)
—— 1D — 1D
- - - 10C ---10C
- - - 10D - - - 10D

Normalized (a.u.)
Normalized (a.u.)

515 520 525 530 535 515 520 525 530 535
Photon energy (eV) Photon energy (eV)

Figure 3. (a) Mn La, (b) NiLa, and (c), (d) O Ka emission spectra of Li.17Nig2sMng 5302 at the reversible 1st and 10th
charge and discharge processes.
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4. £ ¥ (Conclusion)

SXES Z 72 U 7 7 AEFISR EREAEF Li(Lio17Nio2sMnoss)O2 DFEFIRAEBIZZIZ L Y, Mn & Ni D 3d#uE & O
2p WIEDS Li A A OBBEHEAIEWNVE L L TRY, @RI T4 ROWEHRT =4 > OF{LIETCIG DS E A E
WZHFHGT D EDRSNT, 72, Mn D Lo A7 MV A e e & I Fe i fe 5 7e 5 28 & R
LTHY, Mn3d#uElZHkT H1fiE BAHREZN Y T U 5A A B\RRMEIOZ 8D Li A A i -
AR C BB RS 2 R $ 2 & 75>%7L %i’béo
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Design of Multi-stable Metal Complexes by Self-included Molecular Lattice
Ho-Chol Chang,' Yuka Osakabe,' Akinobu Nakada'
1-13-27, Kasuga, Bunkyoku, Tokyo, 112-8551, Japan

Keywords: Valence tautomerism, multistability, Co complex, dioxolene ligand

Valence tautomerism (VT) is one of the well-known molecular bistability between two molecular states
with different charge distributions. A family of [Co(DTBQ)(N-N)] (DTBQ = di-terz-butyl-semiquinato or
catecholato; N-N = nitrogen-containing auxiliary ligand), in particular, has been known to form two VT
tautomers, [Co™(DTBSQ)(DTBCat)(N-N)] (Is-Co(Ill)) with a Is-Co(III) and mixed-valence ligands, SQ
and Cat, and high spin (4s) [Co"(DTBSQ)>(N-N)] (hs-[Co(II)]) with a hs-Co(II) with homovalent SQs since
the first finding of a VT Co complex by Pierpont and co-workers in 1980. On the other hand, we succeeded
in synthesizing and characterizing a third valence tautomeric isomer, low spin (Is)-[Co"(3,6-DTBSQ)(4-
CNpy)2] (3,6-DTBSQ = 3,6-di-tert-butylsemiquinonato and 4-CNpy = 4-cyanopyridine) for the first time.
The first success in the isolation of the Is-[Co(IT)]>* tautomer that has hidden for near half-century and its
contrastive behavior with a structural isomer, [Co(3,5-DTBQ)2(4-CNpy)2] (3,5-DTBSQ = 3,5-di-fert-
butylsemiquinonato or catecholato) represents the crucial impact of molecular symmetry and the roles of
cooperative intermolecular interactions towards the advanced design of intelligent molecular assemblies.
Based on these results, here we report the effects of substituents on py derivatives, which significantly affect

the VT form of each complex together with their bi- and multi-stable behaviors.

1. #5 (Introduction,)

ENIp E ORI £ 0 A B ARIEO B A R WL BN T, 0 A v THEA~DICH IR
SINTWD, EFAREERMEVDERE, By & ERINEOSTRIRIC KV 7 FNE A D R72
HIRA B Y (Is-[Co(II](SQ)(Cat)) 5 L UNE A B (hs-[Co(ID[(SQ)) M D ARAEZ LA Z 32 & A3
HHITWD, B—J Fx X 3,6-di-tert-butyl B A% v L U F 158N LT Fiss R 2 #7-
IZARE L, 36CN (FX) 23SEAIREET ON2 SR U » B2 7 LT R 2 2 FERR L. REEE 7R Is-
[Co(IN]S CH: -1t ¥ F-IICIERR SN D FEH SN LT, £72 CH-n 8N T L7z Is-[Co(IT)]1X
EGHEL SCO K OVESRIM & 0 B L E e Is-[Co(IIN~DIEJFHR VT e rnd 2 &, &

5T Is-[Co(II]NIERD HET BTNV D ENT VT 2195 b
ZEEHBMNILE, 4

— 7, Is-[Co(I)[FEDE SIEIIMNC £ 5 Is-[Co(IIT)|FE~0DHH P o\;’z"//o\ Py
IS IC SV TR T 5, 7 2 AR T, py R R
AL K O 7HE % A1 L -3l (¢

RREZ ok L. 7 O & BER R O AL 29 & !
DNZT DT & Tl TR SN VT B R 25T, @
STASEII O RIS AT LERAT B2 (] or

Hrg& Uiz, BfRMIZIE, py LiTH A XD %S H, Me, 5 @ tBu tBu ‘N/\\ +Bu
Cl, Br, CN &K T' C=CH %% E A L72[Co(3,6DTBQ)A(4- ¢ c

N N
Rpy):] (R = H(36H), Me(36Me), C1(36Cl), Br(36Br) % (* C= Is-[Co(Ill)] hs-[Co(ll)]

CH(36C=CH))D &L & & OREE DI Z., BT Scheme 1 [Co(3,6DTBQ)(4-CNpy)z] (36CN)D VT Ffi
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KAF LI AMNG A EIRRRZE A DR & H RIS A R RORT 7o (S R E 2 T LT, +F

2. EB ¥ (Experimental procedure)

Cox(CO)s (Zxf LTI & 3,6-DTBBQ(3,6-di-tert-butyl benzoquinone) % U8 R-CNpy Z/llz, kLT
TSR RINEGER Lz, oA E ML R CIENE L. AT 5 2 L T 36R ARG
e U TRz, RICHEMEIPOM), BALERAIE, UV-Vis-NIR, Bk X EERITEIc L) 2hbo
sEEROYIMEERIE LTz,

3. EBILUEELE (Results and discussion)

fEdn D& SE AT IE LT o m3,6DTBQ & O D4-Rpy A trans(iLiZFAL L TV 5, 36H KL Y
36C=CH D Co/f ¥ [FHAER) 70 NBUAL )\ T AREIE 20T\ S 2 TE RS 2 (Figure 1a)— 7. 36Me, 36Cl,
36Br % O36CN | ZERARM 72 /SECAL\ I AFEE N A F Y U VB - D01 K TRO21-05 510 e OV
O1* L VRO2*JFL -3 T NI B A — D D4-Rpy ME S FEROMN A A Y v B2 7 LT RS 70 % 7R
9 (Figure 1b), 36Me, 36Cl, 36Br 2 '36CN D
Co-N K *Co-OfE & 191.940(5)-1.954(4) &
UN.851(7)-1.901(7) A & Is7iCo 0> & IR &8 &
NoOMERERT,

36H % U36C=CH/|Zn--nAH EAEFH & & e
HEFENE S (Figure 22) % 295 —77. 36Me,
36Cl, 36BrX& OB6CNITIim L T4 Y L Fig 1. 93 KiZE T Sa) 36HL Ub) 36CND 73115 K UColH]
CRNLF OB L S T OrBulkly 07V Y EYTES
CH---ntH AAEHIC LV L L 7=CH - nh& F
IR 2 23 (Figure 2b), & DA F-PNIZEEIR
NPNEEINDTZDIZOMNBNAY v 7L
TG Z o T %,

36Me, 36Cl, 36Br &% U36CN{3300 K Cls%!
Cobr LIRIE SN DB FEEZ T, —FH. &
BB T Is-[Co(L) |\ HF By 72 IVC TR U 5 %
RSN ED, ZTNETIBIDIRNE
ZOHERVERTH DIs-[Co(I)| DL % 7~

o1 02

Z

T Is-[Co(ID)] & TR 2 PUSEAI MBI K a)a.o - b)

DREERFF Lo E F, BHREICKFEL T 2ot 25}
RALFED R 2 (T L, 380K TIRERZR o) R
iTsox = 0.559, 148, 0901 % U279 em’ K &'} S R
mol ™ %7~ U 7= (Figure 3a), F-E#&5AITZ DIRAE S0l K 2 .

HPAIZ BV CTIVCTRIN AT IR 8 S 415 W n-u--—*"""f oS g

WE RS IRW—T INZUEFRIZ I THm e A = Temp;é,?u,e,K =
L C1360% 7940 cn M2 351F D B — 27 DYl Fig. 3. 36Me(#), 36C1(A ), 36Br(m) % Ut 36CN(8)D a) NIERTH
FAR LTz, DLEORERD b SRR D) MERICHT SBIERORR KA

2T XV Is-[Co(IT)] & hs-[Co(ID]E] D A ¥ 77 11 A F—s3—
(SCO)ZFHNT 5, BRENZ &g AR T=RICKT
5H160MPaDESHIIMC XV | il U CTRkfan bR~ b
L, BETFIZBWTH ZOREIREEZ R LTZ, 1)
EIINZ &0 ARk L 72 88646 iR 132700 nmAF T2 IVCT IR
a2 R UT=EN D, Is-[Co(I)] > B Is-[Co(IIT)] ~D £ /T
VTSR S V7= (Figure 4), JEJIHIIMZ & 0 & 5724485 Fig.4 36H(-), 36Br(tol)(- )2 U36C=CH(-)

DUV-visNIRIUL A~ | v

Absorbance / a.u.

400 800 1200 1600 2000 2400 2800 3200
Wavelength (nm)
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{RD Is-[Co(I)]1Zs-[Co(I)] & Eb~2004 K U200 D [EIFTAME AR > 7 b L7=E) L CH k& 1 DR
BRAR LTz, F728REDS-[Co(IID]IFNBENT K v ikt~ L 2 b md & IR, BRI k(E L72mib
LOHNNZ 7~ LT (Figure 3b), F72A1EUZ LV 2700 nm T OIVCTRI A OWEE % 7~ L T2 50 S hs-
[Co(ID]~DVTZH IS 5 Z LAVRIE ST,

PLEDFERING | B RN AL E 721s-[Co(I)] D CH: - A& - H COFERRIZ 1T DO EE R FE N )
B END, —DHOHERE LT, B FHDEATZCONIZL Y 4-Rpy)» HCo~DETHEI G E D
e B —DDE T HHT DIs-[Co(ID)|DRLZEMENEI S = LB 2 Hivd, ETEEINC X 58
FAFIRIZ LV Is-[Co(I)] DAEIETE A DB S AUs-[Co(IIN] MR T D, FiV T, Is-[Co(ID)|DIZARIT 114E
%@W%ﬁﬁkﬁﬁﬁ"Té%ﬁﬁﬁ?@ﬁzoa@glkﬁﬁbfwé R = CNAZBIZZET 5

. fEen A VERR L 72353 KICH 1T DIEIEN LR 1 3hs-[Co(ID)] T D 728, [AbFFE % & ok S i 25
méh\m&ﬁT;ﬁo%D_iwwmmmﬁm%ﬁﬁﬁé —J5, Is-[Co(I)] 3 ERKS T H200K
(B THERK L 7oA i 3s-[Co(IID] DG &l & AR AT D FED D b i AR ERGRE K OFIREE IS I1T D8
TP RIS ARIFGE C RN S 72 ZIRAEZ 8 H(Scheme DD#EL E 2 B D,

4. £+ ¥ (Conclusion)

AHFTE CIIEHIED Fe7p 5 /SO0 4-Rpy %38 A L7 #HiisE R %2 Ak L. 36Me, 36Cl, 36Br & 0 36CN
WZBW TR LZE S Is-[Co(ID]S CH - n B TINICTERR SN D Z E A LM LTz, 2O Is-
[&ﬂmmﬁﬁﬁmwﬁbtﬁﬁﬁsaa&@ﬁﬁ#%mﬂi&hﬂbmmm@Eﬁ%EVT%ﬁ#:
&L BT Is-[Co(I]AENT VT 25495 Z & 2 BT Lie, L EORERITFEEIRIEBIZ W T
PEA COBARE -2 TERT 5 2 & CARNLERMEFREEZTEA L, ZAUC K VIERRRECTh - 72%
HORRBM O Z FEBLCE D 2 & 2R ¥, FROEHEL O Y A XTI L0 B C/asil sy -Hg O
I CE 2 2 L #FTIC RWET Z e TE 2, ZHUT X0 ZERIEF & BRGSOV A R
B IND Z LoD SBROFRINT A — 5 —5&GTH K O ERRISNGHIENC K 0 ATy 7 = IRegE %
Hf53

AT

AR E TS DIZHT2 0 | BHMERIEIZE U CRACR A BB IERT O B S E 202, mdk B8l
B, WS X BRSO B L CII AR ENE NSRS o Z — DR S e, RN
FEBRICBI LT, R LA R A e m BU% O CHAITEE £ Lic, ZO%RAED THEIFLR L B E
j—o

5 | FASCHR
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Development of stimuli-responsive metal complex
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guest solvent molecules

The development of molecular compounds that can freely modulate their electronic and spin states by external stimuli such
as heat, light, and absorption/desorption of guest molecules (organic solvent molecules and gas molecules) is one of the most
important issues in the field of material science. Such external responsive molecules are expected to be applied as molecular
switches and memory materials. Metal complexes are consisting of metal ions and organic molecules with high molecular
designability that exhibit a variety of electronic states, and can be developed into a variety of external field-responsive molecules.
The spin crossover complexes in this study are composed of metal ions with d*~d’ electronic configurations, and can adopt
high spin (HS) and low spin (LS) states depending on the strength of the ligand field. In this study, we demonstrated new

molecular complexes that exhibit a unique spin crossover complex with dependence of guest molecules.

1. #= (Introduction,)

B, A N (BRI R0 2551 OWIAE 72 & OINTRBITIE U T, BB A B REL
BAEICEHATRE R 0 LS DRI L. TR T O BIZB W THERREDO —2>THH M, F7z, B
DN BN 2 53 IS AA T 2 & T, OB FIREL R IR F 2T 2N TE D, 2O X
D RO BN AT T AA v FRAETY —ELE LTOISHBHIRF SN TEY . mWEREZHEH TWDE,

SRS, ZEREFIREEL T EBA A LRV FREHEE BT 2 AN L OBEE S+ Th Y Fkx
NGB T~ BT H 2 ENTE D, AMFRTHRET HAE 7 o 24— 3 —g5KI%, d~d OE
BliExE b OBBA AN 0 | BN FHOM I LY @ ALY (HS: highspin) JRFE LKA B (LS: low spin)
KEZ L D52 LA TE D, AWFETIE, FRMAYZR A AA/ER OflEI L OZEFLoliE 2 B 5 L T =FEAL
MR DFHL = N REERD G & DRI 21T o 72,

2. EBJ5¥= (Experimental procedure)

HEIOFHL =0 S ERESA DGR L, KT TR 4'-(4""-methoxyphenyl)-2,2":6',2"-terpyridine (MeOphterpy)
LRI OV N (D) SAKRM % A 2 ) — VRN L, ZBRIERE 21T 9 2 & T, B %R AR o ik i %
7372 ([Co(MeO-phterpy),](ClO4)#(solvent),: $514 1), Bk S X MHIERHTIC LV 123K B L UV330K TOFEKR 1 D
FEAEE A DN Uiz, F7o, FEDD 400K £ TOREERE (TG) #1795 2 & THRMBRB L L THEL T
WD ZA Ny ORE ST 72, SQUID Z AW T 5K 75 320K 1M CTOIREECIZEE S B bR L ORIE %
TV, T A My T2 G TessR 1 OB T DB bR ORI 21T o 72, S 51T, SQUID 1 TEEE 1 % 400
K T30 2. BETFCTHET 52 & TS A MR 1T ZGR L, Hi VT SK 225 400 K (22T TOIREZEKIZ
O RALREEDOREEITD T & T, T A My T ORBE: S B bR E L DTG 21T > 72,

3. BEBIUEE (Results and discussion)
120 K COHFESEERAT ORE R, 5K 1 1ZHANLR P2i/c T, Co(Il)A 412 2 20 MeOphterpy D 3 D%
FIR DAL L TR ANEN\HEEGEZ & > T D 2 ERHLNTR -T2, Co()A A2 JE Y OFHEENFES
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Fl3 201 A, BNREEERT 94.0° TH Y, FEEULEY & OLLEEIN & 18I 72 Co(I)-LS IREETH 5 = & AR
S (Ka), iz, BRI L > TR S ZEFLICIE, fEmiEE e LTA Y /) — V51 LK ViR
ENTNDZ EMbiotz, EEREED DENT -0 7 = = VI & A F AN OKZEFR T Br-HAY v F 0 7%
R LTEY ., —RICEROSFRMAEERZA LTS Z ERHL NI 577, 330 K TOHfE G X ks
FEMT OFE R, Co(Il) A A8 D OFHENIFEAFiX, 213 A R L, BACRE AR 123° Lot Z Ok
REEZARIZ, Co(AE V7 B AA— _R—$ERICBN T LI LIEIE SN T D DO THY . 2D ENBHIRA
B0 AF— SRR D AR L2 Z L 2R L TW5, £72, MEmAEY FOFEE L TR 5§, BAr 1
RIS EID MR ST, S B, BN F R A FIVEED flip-flop L TEY . T OFEEZRLIZE > Tr-HA
v X T O XD HIR TR EERANHEEAL THD Z L bHLNRo72 (Hb),

TG RIEDFERIZE D | 300K 7225 400 K 1Z2MT 3.56%DE &R BB SdL, A X —H 1 50150 OB &
B(324%) E—HLTWZ LIZED, AX )=V 1 T EETED Z EBMERS T,

WESIIE DOFE T, 100 K BLF TIE T fEI 0.52 cm?® K mol™! T& 0 HURIE) 72 Co(I)D LS T -7z, 1 EFHIC
PR LERIZ ESR U, 320K Tyl fEIE 2.33 cm® K mol ' 12 L, Co(I)?D HS ~DEIG NI S -, £7-.
il 7 A S5y 1R 1 OREEBIE OFE R, 5K 225 400 K OBAREEFFHN T gl EA39 2.51 cm® K mol”! ¢ Co(I1)?>
HS 0, $EK1 LI3RR R EE 2R~ 2 En3nhoTz,

INBIE, SER 1 AT A MEBEOIBE T U THBEZ b A RN R D DIRERUN B A R T Z & AR L TR |
Bl IR O A [ 20E ) R o —o A A v F o TEA M~ DER S SN D,

BB 1 D (a)ifiab i & (b) RAEE

4. ¥ & ¥ (Conclusion)

ARFZE Tl B9 E T 2 IMGIE 4 B A C & 5 [Co(MeO-phterpy)a](ClOs), DERRITARE) L=, Hfbdh X i
HETERFAT S O TR 2B 5URIE DFRIR L A 1% I G SR IA TR DA 2 R A BRI DL EMEIC DUV TI B NI L,
RO ME I O S LI K OWESKHERE A A » F 2 ZIZ O T LT L TN,
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Elucidation of electronic structure and magnetic interactions of porous coordination polymer that shows characteristic
magnetic behavior by gas-sorption: Collaboration between theory and experiment
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It is observed that a metal-organic framework (MOF) composed of paddle-wheel binuclear Ru complexes and TCNQ
derivatives exhibits a transition between anti-ferromagnetism and paramagnetism by absorbed Is. In order to clarify the
mechanism, an interaction between the MOF and I was examined by using the density functional theory (DFT)
calculations. The results clarified that a charge transfer between the MOF and Is contributes to the magnetic change.

1. #&5

WAL KB B EMFZERT OB S 1%, 2018 FI2/% KLk A — A Ru %88 A L TCNQ #FHEKR) SR
SN ZotEREREEY UL MOF) OARICHEII LTz, ZOEMIE, MAHIEBIEE 76 K D7 =
VBERTH Y . F12EHE - RLRE - BRI L TH AWEREZ T, BREN L2, ZofkEmic
M D BT _LIRF Z WA S D L MKHHEEBIRE O LA DB SIS — T, W TH HEEREFR
FAS T CIXEER DJE NI U T 7 = U BEMER D & SOBRRA~ O 2 2 bl s -1l > F v XMed
WX, FEREORIR L EREORKE &2, W& LT-BEOMKZEE N LRI TE 5, #il-/e IRkt —]
L7209 LR E AT S, ERERE Y AYEROE HIREOKKEFI D A =X L% EFIIAED
DR THZ L2 ERE L, SF0 245 X 0 = H% & LERIHAM L 2 Bighs (20K0001) L., 5F0 34FEEE T
2HH LD, ALFRFECIL, PEETVNEENREEEM (DFT) #HEZ AW BEmMIT 2217 L. B
7e (HFEHE) LEBRFIE (BT N—7) EDHMHIICA D= X LD ZED TEBY, 37 TI2, WS
7= " ik FEN MOF B# L E R MAEEHREZR L, “H’*%V‘W) B RBEh AT T 72 OBEMES 2L L’Cb\é z
L& 5 E L, Nature Chemistry 552488 S v7z[2]l, 2%, a vRI)AKREWEIE-L 2 A, R
0 SCTRBEMER D & B REMER A~ L5855 2 & N FERIC K @/Téﬂ MOF HHNOEFREZ(NEETH
HZeEHEmHARE LV G E L[8l, L FICAFEEDRIEIZOWTEERT 5,

2. WG @ 1 1
RIIECIE, LROERS ATk D Gl WESOED ol 17 somroa | o1
GHRIEY (N FARA —A B Ru “HEGER & TCNQ 735 R7)> /R|U7Ru<‘.’r ............ . /R‘/ s
SR SN S “REBRERLAMIC LARESAE L) 2 S | Y@ Tt T 2o
Ak Lz (R1@). AMeawir woeikEmeancs 1 S/N\ g ‘
0 FUBERAMA R U PEEIC LB RTEFAAHTOBND gy ﬁf[mw
—RATH D05, FHIZTH TR F—7E (B keal mol™ DA Pra
— 4 =) ZRDBINTR DS RO OHFHEO R TR S v
B, 22T ABETI X SRS, 200 R “RdbEE O be & © 3% 8
TCNQ FHHAER LN L (L AR S AR T TIE L) 22577 3_,3}3 "3& g1
DRFMECHA L, b OFRC LI b enaoner 2500 £y $ TS,
VT TG AR —FREE LT, ZOFTUCK L. Gauss LKA 'o:';,,:%.‘:'. J:ﬁr :'m'if ::“‘. J:::‘
W= A BV IERIIRA DFT (UDFT) & Uiz, AgERIIE R 8 € i T Kager U
BREJIC. L 24 £ 2R VIREE TIE [Ru(LID]'~(TCNQ) — o Nﬁ
[Rux(ILID]® (BCRBEAERTE) & & 0 | B 2T 5 & [Ru(LID]~ ) B o g .
(TCNQ)’ —[Ruz(ILID]* (FREMEARAE) ZHLD Z & AR S AT s 35,0 § AL 3908
b, FIT, FRRETAESICBWLWTKREOE HIRELZ KD : .‘ 5‘.‘.£ :‘;::' J..f:.
1o, WO FRER DU L F R SHICRITL. B 3%, ‘}«‘ T A
Iz B D ONERRENL B D DB IRRECREZBITEE IS 2§ oodo § %3 .",:;‘.;’;* %4,
52 % 8EE W BT Ltouk®ﬁn IR T 5 o oy Ry
PR & A L N D FEER - BHRE EARRIRICAT o S &
= B1 () I A8 S U7 O B,

(b)«(d) WEELI-ET NI T AL —
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3. RRUEER

TP LEGERVWET ALY TAX— (K1 (b)) D[Ru(ILID]*~«TCNQ) —[Rux(ILID]°IREEICBWNT, 71
T 4 TELWERE OS5 TEUED S & EOHLET XX — 2T (K 2), ZOREER, o, B L& HIZ, HOMO
DT F)LF =N, FHEL O LUMO XD b ARZETH Y . LRWRSNTSHEIT, BT 1D I
NEBEBTBEINEZ D Z EDRENE, S5, {Ru}d TCNQ™ & DM D ERRENEN 72 & ONTRBEER A &
VEHI DR DRI X —EE RO E Z A, —5.69 keal mol™! & SORBAMEMIELAIN R E S BE L -T2, —JF
T, LEEAREETNANZ TAX— (X 1) D[Ru(ILIIN]'~(TCNQ)’ —[Ruz(ILIN] IR HED {Rup } [ D S AR AR
725 NI A B U EHI O O X —7E R T & Z A, 1.1 keal mol™!' & BREGMHER A ©° L ELSI D )5
WOTNCLEE Tz, UEOFERL D, /S ELkA =8 Ru &AL TONQ BBk bRk SN D
TWICERERBEAMIE. b &b EIIRBEMERI A CUBSIE AT AN, IUEOWEE & BT ~& BN
BEhzZ L, ZORE, JEFICHWVREMAE N (=EEMRE) ~LdEBT2 2 LvRahie, 2R
S OREEITIR LT E & D723,

-2.0
o orbital B orbital
-2.5
-3.0
-35
> -40
(5}
S~
>
X0
o -45
c
o
=8
a8 -5.0
o
o
-5.5
-6.0 B
o S
65 | LUMOg of neutral I, —$— —— oM 5 P
(-6.327) = = o
-7.0

K2 LaEEZRWEeET LY T7AHX— (K1 (b)) DO[Ru(ILIN]~(TCNQ) —[Rux(ILIN]*IREIZEIT S,
7T A T HGEEO 53 T HGE O3 A & OBuE TRV F—

4. ¥

PLED X 912, ABFZETIE TCNQ (2 X 0 28K S vz Ru 2 85 (KIC BT, DFT #H 23T, $Ek0E
TARBEICHRTT 2 SN2 B T OBREZH LT 5 Z EICkBI L, B O ol I TR E LI,
THUBRREIE. WL TWAS T (FRA ST I2XkoT, 20X 5 REMiED T OEFIRER, Btk L
DREZ I TE A REMEZ RIET 5 b D Th D, LN o T, Bix ZREEREVEWE OREHEEHOHIETE $1~
EORDDLIRETHDLEEZLN, KK =R E~DIEHPYFFTE 52 L 2R LTV D,

i
ABFZEIE, BALK B TERT - SRR HAFFERRE (RRER 5 202012-RDKGE-0018) & L CTHIpZ 31T,
SERVEAC IR ZEERR Y« R & OILRIFFEIC L0 BT Sz,

5 | FH SR
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(2018) 5420.
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Development of metal complex sensor based on Co(II) spin crossover behavior
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Keywords: cobalt(II), spin crossover, sensor

Spin Crossover (SCO) is a phenomenon that occurs in some metal complexes wherein the spin state of the complex changes
due to an external stimulus, temperature, pressure, photo-irradiation and so on. The change in spin state usually involves
interchange of low spin (LS) and high spin (HS) configuration. In this research project, we have focused on the SCO Co(II)
compounds induced by flip-flop motion. Ferroelectric spin crossover (SCO) behavior is demonstrated to occur in the cobalt(II)
complex, [Co(FPh-terpy),](BPhs);:3ac (1-:3 ac; FPh-terpy=4’-((3-fluorophenyl)ethynyl)-2,2’:6°,2”-terpyridine) and is
dependent on the degree of 180° flip—flop motion of the ligand's polar fluorophenyl ring. Single crystal X-ray structures at
several temperatures confirmed the flip—flop motion of fluorobenzene ring and also gave evidence for the SCO behavior with
the latter behavior also confirmed by magnetic susceptibility measurements. The molecular motion of the fluorobenzene ring
was also revealed using solid-state '°F NMR spectroscopy. Thus the SCO behavior is accompanied by the flip—flop motion of
the fluorobenzene ring, leading to destabilization of the low spin cobalt(Il) state; with the magnitude of rotation able to be
controlled by an electric field. This first example of spin-state conversion being dependent on the molecular motion of a ligand-
appended fluorobenzene ring in a SCO cobalt(Il) compound provides new insight for the design of a new category of molecule-

based magnetoelectric materials.

1. ¥ (Introduction)

WA, AA T TROAERY R EOBSENG, O EFIH U 70 THEEFEER OB T hi
T5b, RFHEMRICIT, 20 order-disorder il 7 B AL TV DAY, fPEEHLILD flip-flop E—3 2 1T &
LIREHER S DR TH 5, SRBFFARIZINT, KRz o FHEREFERDOBIF A 2 STV 523, flip-flop
T— 3 VL DFERORTEIL, 1ZEAETON TR, TRHOMFEERIT, HiioAA v F L TRA
FY ELTHIRF SN TWD, SHIZAL v F U IHEZ AT 5 SCO (LEMNTRAERAHAIAT Z 212X Y | B
ZIE LS IREECHisAENE, HS IREECHFEME/R Y, SCO AL v F 7L LI E-FikEs 2 hu—L1
HZENTED, ZI2TSCO MREAHT 2790 MIDESIKIZEHR L, BB A M52 LICEH L, 1@
WOMBERIL, BES T2 2 —7 > b ETHRERS LM, flipflop T—3 2 N L DEFHEEORIIL, 7V
FuRB U EOBBEENINT 7200 CHRRBET 22 LN TE D, SHEREMECHRIBREME S LB E ST
LHT, SCO FHEMFAEEMORBIT, BERT —~Th b, AL TIE SCO MFFERIZER L, £V SCO =2
Vv MIDSERIZAE B LIFE 21T 572,

2. B (Experimental procedure) . i Ni -
AOFFETIE, S PRO R 2% %27 & CHen A —4
AR F— 710 ko CRIEIL SN S ILEH ] ™ e
SRR L— AT =7 ZRT D, HEL Co(IDEEA
Polar ligand Ferroelectricity & Spin crossover

[Co(FPh-terpy),](BPhs) (1)IZ35 H L7= Y (Fig. 1), &&
WBPh 7 =4 &S - L. 74t~ ¥y  Figl Structures of the ligand and the Co(IT) complex.
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BR DSy (IR DO 720D 7 22 IS U, ZOREER, BELRINSERATRE 2 BN 2 2 & i &
1%, Co(INEHAR[Co(Ph-terpy)2])(BPhs)2 (2). [Zn(FPh-terpy),](BPhs):(3). [Zn(Ph-terpy),](BPhs), (4)IZ-DV T, 1 &tk
L, SRS LOMEE G 272 0ICA LTc, 2D D(EEY 1-4 1238\ T, B EEART . B LRIIE,
FHERIE, SHG, EARNMR OMIE, & HICI3MEREIC KD =3V F—FHR ATV, SCO FHliRah it D7
BUZOWCREIZEBR 21T > 72,

3. ERBLEEE (Results and discussion)
{bEY 1-4 OHFER X #ifE% 123K TIREL
72 Fig. 2 1R T X 91T, 2 5D FPh-terpy Fifiz+A3
9L MADHOIZENL L TNG R —% v b &AL
TW%, Co-N fiaRIZ, 1 A LSHKEBIZHHZ L &
—HLTWE, —HFDT7LFa_oB Ui, B
B DR & O CHARAAFNC LD 7 e ) 2 Counter anions, H atoms and solvent molecules are omitted
SFHICRS L CEATE Y H25--C43 BlEE 28258 gp clarity,
THDHN, 82 (BA) FPh-T L ERNLFIFZE DX
IR PRI BEAER AR 20 e, FHEETH D, MmN 7T F 7 7= VR — s =4 I 7 Ay
BUBRERY HA, 74 RB UBROS ER Z ATREIC T D DI A — TV A=A BEY H LT\ D,
7y REHEILFL & F2 D2 DO A Mo > THERFICAE S TWD, FI & F2 O AT 123K T1.2:1
Thy,F1 A MEBEET 272 o OO FRMAFERICEY  RoTe HARIZR> TS, FI A R &
F2 ¥4 FOEFRERRDH72DI2, BERZ SXRD (VI-SXRD) HIEZTT-72, 123K LI ETREZ EiF5 &
F1 %4 FTldoce 234N L, F2 ¥ A b TIIBEEET % ac 0 FOELIVE - TR L, FERAVIZ 293K T 1.6:1 (F1:
F2) (2L, TNHORRITE, REL EF5E 704U B U8R flipflop T—3 3 U OMEINT 5 2 L %8
IR LT D, 293K TOWH) Co-N fEA R (2.0348) &, B\FEiE SCO BEDFELZ R LT\ 5, 123K THRE
L7z 2,3,4 OFEREEIL, 1 OIS TH 72, 3 TlE, 1 TRIEINZOLFEBKIC, FIF2 28 1.2:1 7 v &

Fig 2 Crystal structure of 1 showing the F1/F2 disorder.

DT 4 AF—H =Bl I NI, () (b)
FRIER & EBYNRZ TR D702 1 & 2 OFER . vof 100

DREGAERE Lz, | OFEHRIL RE T / R [Pt
PRV 200K 705 240K ORIIFIEHE ETHDHA, & oo é % '
O, 7 v FED flipflop E—> 3 VALY Hrxi geme | 5 7
W5 (Fig.30), 7vHEFRv TR e M | &%
FE— AL RN, 200K 725 350K DR TH iﬁf% 0

. 200 250 300 350 -20 -10 4] 10 20
EERO FFIIR LN T (Fig 3a), o FEHRIC Temperature K Electic fied 1k om
HORS 2k AR Oz 4 P-E MIEC &0 B L Fig 3 (a) Temperature- and frequency-dependent
Teo ALEW 1 IXAMEREEEELR 2T U v 21— dielectric constants (g;) of 1 and 2. (b) P-E hysteresis
R L., BRI 024 C &, HIFEEMREEM O curves for 1 and 2 at 298 K.

TR/ Td % (Fig. 3b). IREKAFD P~-E fift T

IE. 200K BLF CII8EFEERO e A7 U v 2A—T1XR LR - T, ZHud, [RECIHR- e 2 L—ra v
(1.2 : 1<F1 : F2) 2VNEW, o FEEIDNHFE L T E 06 ThHh D, 2 CIIRAEEZ - b3 58EEr X7V

TAN=T B S e o7z (Fig.3b), TS DORIRIT, TEEEMEIC SRR 1 DT VA r R

B flip-flop T—3 2 V&N L TAERSIND Z EERL TN D,

4. £ L ¥ (Conclusion)

ARFZETIL, FPh-terpy BLfL 7D 7 /vA v 7 = = )VERD Sy 1-
EE)OFRRLIYKAF L7 SCO ZE#A r~d =0 k(1D S5k (1)
AR L B L7, IR ATZE SXRD 404138 L OV A 1PF-NMR T i
Ay MR T A a R UBRO flipflop B m v == Molecutar rotation
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DIFE (BLOFOLR) BRI NT-, 207U v 7ay AEIT, BRI IMTE—A 2 M b
725 L, BBEROE ATV A N—T L BROGMBOFEIZ SN D EEZBND, ZDXHIT, BEEHOF
FEROEENLED SCO DZENZ /R LIZRAIDOHNL, 4% D ME MEIORGHCERICH -/ v 2525 6D
Tdh 5,
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Abstract
In this work, nitric oxide (NO) responsivity of a magnetically-bistable porous coordination polymer {Fe(pz)[Pt(CN)4]} (1; pz

= pyrazine) was systematically investigated. The structural and magnetic responses of 1 were carefully examined using in situ
powder X-ray diffraction (PXRD) measurement under NO gas.

Compound 1 adsorbed 0.6 NO molecules per unit with hysteresis at room temperature. The hysteresis in the adsorption
isotherm suggested strong host-guest interaction in the pore. /n situ magnetic measurement under NO gas revealed that magnetic
susceptibility of 1 in the low-spin (LS) state gradually increased with adsorbing NO 293 K, on the other hand, that slightly
decreased in the case of the high-spin (HS) state. The NO clathrate (1 ©NO) exhibited two-step spin transition behavior, which
was completely different from that of guest-free 1. /n sifu measurement of temperature-dependences of PXRD and IR spectra
under NO gas demonstrated remarkable changes corresponding to the magnetic behavior. In cooling to 121 K, the maximum
adsorption amount of NO increased to 2.5 molecules per unit, and new peaks appeared in IR spectra, which attributed to
stretching modes of NO dimer. These results suggested the spin—state change of Fe!l centers correlated with specific interaction

between framework of 1 and NO molecules and dimerization of NO molecules in the pore.

1. ¥ (Introduction,)

% A4 EEEIR (Porous Coordination Polymers: PCPs) (X, A 4> & BUGEHUL 10 AR S VAL S RET
HY | TR BRGSO - (EMATREZR I RIFFL e £ IEROZAMALEMN TR E AT 5, T
Z OMIFLEFIH LT SR, SURBE, Rt N7 v 77 U Y =72 EOIS e DRI R S
TU%, PCPs &, & DOFERKEK 7 Z B ENZIBINT 5 2 & T, "BFEE W ERE 2 S BRI CEAGATe T & S ATHETT
DM, FEROWZEIISAR EDFEREICERZ Y T b D Tholo, T i, BN =ocfEEZ A L,
PRI TE AT U A% D A VR (ST) 2 R ZEEM: Hofmann %! PCP {Fe'(pz)[Pt" (CN)4]}
(1; pz = pyrazine, Fig. 1) Z VT, AL & il U 7 RUFEEROMEZ B L T D 9, ka1 DA
B UARBEI IS 3 TR AF LTS 5, BID ., ALFPRIRIMIC & W BERIE A A TE 5, 7o, ML S A
N3 OZEEN S B OMKEFHECE LEEBE KITT B2 N5, BUE, (LAY 1 DA U RE~OREL,
Ko Toa—n, RXUBL ] CS, REDE LBAIAFEMT 20 F TORMERIINLTEY ., 020 Npy CO, 728
DR T TITER & OFMBIERANTE< , 1ZE A E AL IREBITITEEN 2\ (Table 1), ABFFETIE. KA T
WAE L K DB OB EE~DORBZRFITT 2720, B L OBOHEEEARG SN —BIbER
(NO) 123 H L7z, NO 1TAEMRNTY 701 L L COERO/IC, BRI -T— A "N F T 57 L
PBRRIMEE b BRTZRY N, PCPs OBIHIRYZRHIBRZZMICE D JA E 7Ry Fid, AifLEEE 72 & & O BA/ERIC X
V. s TR LNRVRER R ZE G 28 Z LIRSS T2D, A M FORMILN TORBEIC L 58
KE DAL IRF S D, Fix i, NO FRFK ISR 2 in situ X FREFTHIE, BEEHIE, ESR, IR HIEIZHL
DA, NO WAEIZFE D AR A MEH & O EAER T L ORIFLNICHIE S 17z NO 23 1 OIRRE L B EiE D A v
RAEDFHBE 2 ST IR L 7=
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Table 1 Effect on guest molecule for spin state of 1 at

Il
Pt' g e room temperature (7 is adsorption number)
. - % ; - ] Guest n Eﬁect
| 9~ , H,0 25 HS
t _ = MeOH 2 HS
) | ' EtOH 1.5 HS s
? e e HS Stabilized
P PP Benzene 1 HS
| - . Toluene 1 HS
tabil
Mo i LS Stabilized
‘ CO, 1 No
o - e N; 0 No
. 4 02 0 No

Fig. 1 1 OfkhiE
2. EB 51 (Experimental procedure)
Insitu BALRRE: SQUID DY > 7y RE2WERIEERE BEL-max & #6¢ L T, 293K (28T 100kPa @
—PRfrEEFE (NO) HAZEA LT, HAEARL, 120-320 K DR EHETH CHALROIEEZ( 21T LT,

In situ B3R X BREWHAE: 77 AROX ¥ © 7V —ZY 7 uaE AL, WEHEREE BEL-max &L,
293 K |23 T 100 kPa O—f#{bZEFH (NO) HAZEAN LTz, HABEA, 120 -320 K OIREZHIFHITORKR X
HBRIEHT (PXRD) /3% — 2 ZlIE LT,

3. EBIUELE (Results and discussion)

{EE 1 1% 121K T NO OWAEFRMBZHES 2 & | AREER TRl g 3 R S 41, 100kPa Tid 1 =
=y &0 2.5 HFHRE L (Fig.2(), —FH. FIETIX 0, Now CO,. CO 72 EI3FA EWE S 7203, NO
DHN 1 2= M=K 0.6 3 FRAE STz, WEMBIZIZE XA T U U ARALIVERK L NO OO A
TER S " Sl (Fig. 2 (b)), (LA 1 OBKONLZEFEBNTH S 293 K IZBWTERA ELREE (LS) bW
IZRA B RAE (HS) 2 OUEIEETT ) & AV LARREDIEWC X 0 KRR T e 2 WA 2B Bl S 7=,
Fio. 1 OFRFETH D {Co'(p2)[P(CN)]} (2). (Ni'(p2)[P(CN)]} (3) TIL NO #Weg Lighoiz, LAY 1-
3 OEEFA 7Y vy IHRVE AT — (CV) MEEITS &1 OHT Fel/Fel' (ZIRJE S 2B bE T 2 BLH]
ENiz, /. NO FHATE T A B SLEHIE (ESR) Tlx Fe' OfFEE/RIET 5 AT MVHVEII S iz,
Z O Fe kDT 7L, NO ZBiBET 5 LA Lz, ZOfER, |E CHRAE S NO 1, B Fe!l %
B2 LC NO- L7eh | Al T8 2 23 2 EAVRIB STz, A B AREEDE NS X 0 W5 filRas B 7
DX LS kgL HS REEF TOMIALY A XDiEW, 72 b NCER{LETTEM OEWICERT 5 L& X bivd,

i b
(3)5 Briele (l)o at 293 K
x ~ 09
E?;O ‘ B J JEG-B
g2s .r-“"" T * Ads go7 o o
3 O Des ey ACOCOOO0OOmOmO
T20 Sos |f
5 S0s |}

215 5 ]
N wl},-‘l J

§o 03 |
: gU,Z '

Eos 5
A 0.1 LS state

[ ]

e
o
=]
=
=]

20 40 60 80 100 0 20 40 60 B0 100
P/kPa P/kPa

Fig.21 ® 121K (a), =IRIZHIT D NO WA5ZLER
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298 K IZHWTHREEAD LS IRAED 1 12 NO #WiE S5 & HS REZ RS 5 i~ DO EFIA LA Bl X
iz, £ T, 298K (28T LSHRAED 1 12 NO ZEA LN G insitu BACEEZIT I & 072t
ROWNINPHER STz (Fig. 3(a)). Insitu 3R X FRIEHHIE (XRPD) %/ﬁllxm“é & LS ARRED /N Z — D
HS REDEH/NZ —~DE—27 7 MR Sz, —J7, HS IREBIZ NO A8 AT 25 b3 L,
LS REBIZWE S5 ORMER L IZF—BT xR~ LT, Ml%@ﬁ/yi NO WA IZfE S Fe' Dfgfkic
EDbDEEZHND, Fell 2D ONIFRHE Fel! DA RBBIZOWTIE, 4% NO R T in situ K-edge
EXAFS HIEIC LV ABLMNTT D, £/, NO WEBROHMR X BIEHTEZITS & ZOEHT/ ¥ —13 LS IR
HEICIRAE SET-A L —B L CUVaTzs, WEBIMAIRD 2 ARFEIC R & PRl — ikt LA B L dRBEICZ
B35 2 EDMER STz, —fXIIZ PCPs (X NO DOEWWEUSPEIZ K0 B R ITHEE SN D IS8 H 523, NO
THEHR 1DNO) ITIEIZ LY NO ZBRE LI, FA N7V —RE BT D& LA/ RLTEY ., 11X

O Zxf U CRIMIZRINE 2R 2 & SR ST,

T 100 kPa @ NO ZH AL T1ONO OBALEORELFEZRET DL, 1 OFB L ITRE LR
200K & 150K FHTC EPED 2 & BB S 72 (Fig.3(b)), 1ONO @ XRPD DIRERIANE TIL, B
REENHIG L2 BB OE—7 V7 MR SN (Fig. 4), ZIUTEBHEOZ(LICHIE U TR L
LTWAEZLERLTND, E5I12, NO FHA FO IR A7 MLOREZEL T, BEREEIHN LY T
¥l pz BROMKERBIOZ(L BB Sz (Fig.5), F£72. 300K (23T, 1850em il P & NO OF
HAERZRET D80 RABIHI S, IBEOKTE L HIT 1870 em! & 1800 emr! f3TIT cis-(NOY, D Fiii
MERE) & FEPMPRERBI O TR NS BB T2, IREOIKT & & H12 NO OWEENHIR L, MFLAT NO
TERAEIER L TWA ZERHLE RS, EHIT, 150K MITT cis-(NO)Y, D32 RIZE LN RSz
BER B D " BEPE H D A RS cis-(NO), OFMFLANZEEINBE G- LT D Z EAVRIB STz,

(a) NG inocti (®)
injection
10 j ! at 298 K o
HS state + |
- \n ¢
E 3.0 E 30 | ‘
® 1ONO
:a < !
=2 =20 ‘
g 20 g |
K ° i |
S N ol *
3 1.0 510 [
= I+ |
LS state —LJ
_
0.0
0.0 0 5 10 . 15 . 20 25 30 50 100 150 200 250 300
Time / min T/K

Fig. 3(a) 1 @ NO W5 T#E) L7- A B REEZE b, (b)1 B LY 1DNO DORE&ZEH)

__/\_’\__C’ooﬁng Process Heating Process
1. HS| ___ / n —
- 1 300 K| f\ A
- ’\ 280 K| ’\
250 K| =~
£ e A——IF
~ =
S 180 K = o
M 140 K A\
4 121 K /
N~ 1 LS w
11.0 115 12.0 12.5 13.0 11.0 1.5 12.0 12.5 13.0
26/ degree 20/ degree

Fig. 4 1DONO (2817 % PXRD /% — O FERFE
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VeN V(NO): VNO V(NO):2 Vring dcu
. — GF_HS
GF_HS ¥ R it WK
280K
300K ey
GF_HS WK N 250K
RAS s 250K M 20K
~ 00K ™\ 1 W
—— WK 220K .—-r—.w 210K
BOK
—/ K R A~ 210K —— 200K
'/ 20K [ e A ] 200 K W 190 K
200 K ¥ "
Y x ] AN 190K A 180K
e Ny J i —
1K I
i A : N o0k —— 1:uox
150K o
v i el A 150 K -——-v—..—_.n_zfvv“_, 150K
ot — A’J——M_J lwx le
12K e /\, 130K _-L_’ w prt 130K
" 21Ky b 121K
2300 2200 2100 2000 2000 1900 1800 1700 1600 1500 1450 1350 1280 1150 0S50 950 850 750 650
Wavenumber | cm™! Wavenumber | em™ Wavenumber | cm™!

Fig. 51DONO (28T 5 IR A2 hLOIRFERIENE

4. ¥ L% (Conclusion)

ARFGETIL, WL E TR Hofmann % PCPs {Fe'(pz)[Pt"(CN)4]} (1) Z VT NO (21D A B L ARED A7
HNZ NO DOAMFLINZE) & BEMEOFEBAZ G~ LR Ie a1 5 Al 7 NO Wlias & A B L RRB D282 FL
L7, F7-. SEEEHEEZ V- NO FHS T XRPD 3L IR @ insitu HIEN S, NO ORIFLAZEED
REYE L G~ DB A T LT-, ARFZETIE, XRPD & IR (DA T, BkiEED 2 v kienZibzi@E L T,
HAWGEBG 77 B ONIWE S DL B & i C X TN EFIR, 5 141%. insitu K-edge EXAFS 72 & DOl
E - AT ZATV, Fe DR ARIEZIEE L TT— X 20 L0, falaBHT 5,
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Three SUS304 plates were fastened by viscous flow forming of ZrssAloNisCuso metallic glass rivets in air. The metallic
glass rivets were heated up to a supercooled liquid region by a resistance welding equipment and pressed by a set of molds
attached to the two electrodes. The mechanical properties of the metallic glass rivets after fastening were examined by tensile
shearing tests using a Instron-type equipment. The rivets whose surface of the pin part shines clearly exhibit ultra-high shear
stress higher than 800 MPa, because the rivets predominantly consist of a metallic glass phase. Several cracks were introduced

in the rivets partially crystallized until they fracture into pieces.

1. %= (Introduction,)

UTAE, B ENEOIAZR & ORISR T, B p b TR LR BEPEHEOHIRD 7=, BB A
HATICRES 2~V F~7 U 7 I X D8RO E(LER S Cnb. 2O X B~ F~T U 7RI
WIS RS IV BEAR AR RHITTh 5. L LRES RS, BEMIEREIS N RET D, HDHVIT,
AT R LA ER SN D EOMBNOREETH L L EDiIL TS, ZTHE T, geF&
EADOEHUAHAT ZrssAliNisCus BB 7 A &2 A Y — MICHWZ & 2 A, HEFPIRE L HBMEO &V A
RGBS AT O DN TE . PR ORPICER AT T AR S A ENENC X 0 S ENRIRIZ T 7 AR
Bd 2 LT T2 o B@llmEE L, FBEVLTCHEG A E HIZam S VT @B R EA A O AR s B
SNHZ EERHLE.

GBI T A A Y — IO D LIREIMENTHRE L TG H S SN D A = A 0L, M OREE
b0, A BRESEEAICEHFRECTHDH LB OND. £ITC, BRI 7 AEKZA ) — MIZ
HWIZgilEa L TV =0 LES/AT  VAO RFEGRIES TR L2 L 2 A, @RI T AT AI=D
LEB/AT L AP TEENEN TR L7273, #1638 R=MEN 2o+ IS Tz A Y
WRER U TR R S iso 7=, ZOFRE, BIEAWCO D GRS O BIROREN R RIS D Z b, Bl
KRR CIIFR TE RN D)ol 22T, @RI 7 AEHWIZROESHIEL LT, @ETT7 ATy K
(2 K D BBRRS A 5T T

2. EB 5% (Experimental procedure)

SAPFUEREEIC LV &B AT T AU Ry N E/ERLL 7. Zr, AL, Ni, Cu & 7 — 7 afilA CTE4:Ak L C ZrssAloNisCuso
ATy MR-, (ERILT-A Ty bEREL, D T~8g ZBHATE ) AWM F ¥ —Y Lz, Fy—
YL A4e% Ar B AFRFHRT CE ARSI L0 EME L S 518 1250 °CH L < 13589 1300 °CE CTHIEAL,
EHIZ Ar H A CTHBIEG eI Lz, (B LSBT 7 A Y Ry hOEARERIL 2 mme, 77
CHIBEARIL Smme Tho 7.

X FRIEHTIERRIT CuKa ffE VT, B0 1 mm BXI2EY H U727 MO Z I~ TZOWEIZ- OV T
HIE L.

B U AR T N ERR T T2 340 SUS304 MUCAE AT T AU Xy M EID A1), EPUARAS CEEMNEL TRy
N 2B U O HP 2 B D A5 72 SR I CREPEFRENIN T LT SUS304 AR A fififh L7z
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A A b o UREREREECRERE L7z SUS304 Bk 8 [ AWRRBR 21TV, &)@ T 2V X b ORI %
S L 7=, SIEHEIL 1.67<102 mm's! Tdh-7-.

3. ERBIUELE (Results and discussion)

PG LR AT 7 AV Xy NOYUEOREY, BRI T ARFEONREKOLOE, THNOBE T TA
TWDHOO FEENH 7= (M@(), (b). BIEIE 1250 CHHEE LA £<, %BE1T 1300 CH bk
LB AICBEI . #2C, SRT T ARy N B UEORMLRTHE LT, BIIEE A WRERES T4 5]
L7z,

2mm
41 ®JEHT T AV Ry hREOFARBIGFEBIERER. (a) SUABRRIRE 1250 °C, (b) TnBitAIEREE 1300 C.

203, 1@)D X D ICRFENRELOBRIT T AT Xy k&, 1b)YD L DKM TATEEBIT T A Y
Ny hD, ZNENDOE D HEIY H Lz 75O FRGEIO Wi o X #EHTE CTH 5. X 230
DOEFTE—7 NEEAERLNT, "NE—ZRLTWAH I END, FHNRZ K OREHIIZIESE A 7 A BT
BHZENbhroTe. —J, K 20007 AFCHKT 5 e —IA T, o fdmtEn 6 ORPT e — 7 3@ X
NeZ emb, —HBkEmbL TS Z L ibhoTe

Intensity (a.u)

20 40 60 80 100
Diffraction angle (°)

X 2 PHREEZOSET T AV Ny hOE B O X SRR, () S@HBRGIRE 1250 °C, (b) SmBtaRE

1300 “C.

4 3(a)E, M 1(a)D & 9 IZRECGRZHADIZESEAT T ZAHAHD U~y k2 VT L72aBho 5 [5RE AUk
R R CTH D, GIRMED 1 — N0 BRRICE U CREZ il L72iB S —fdb o 72, WIhoikEhd 800
MPa LU ED @R REABIS 2R Lz, B 30b)E, X 1(b)D K DI —HA5E s L L TR\ TALESET 7
A~y b VTR L7205 [IRE ABRREREER CTh 2. BB MW L T4 ICR 2 ETIL, 77y 7
DVE U TR AT )/5 BRAT EAIEHE T3 28003 2o 72, E£70, mREAMNISIEIREICIRZ OB 7
Z Y~y X EoT
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Shear stress (MPa)

2000
1500 |
1000 |

500 |

PRI RS Tt
o] 0.3

|
Shear stress (MPa)

PN IR
1.0
Displacement {mm)

P IS
1.5

20

1500
1000 |

500 ¢

2000 ———

P IS T
0.3

P I
1.0
Displacement (mm)

P TR
1.5

20

3 @JEHT AV Ry MREOIARBWEHLEFER. (a) SRBALGIREE 1250 °C, (b) SWnBHLATEEE 1300 C.

4. £ % (Conclusion)

SASFUEREE CTIERL U7 ZrssAlioNisCus B4 7 A U X h & VT SUS304 Bk &4kt L=, @@y o 2
Ny N EFRET ABROAMBIGIEEIC L 2T, VY MISBET T ADIRTEMEE 50, HDHWE, —HHH
b L7z, &R0 T ADIRTHEMAEN G725 )~y ME, 800~1500 MPa D E\ 3 [dRH AR 27~k L7z,

e (Acknowledgement)

I E TR - 8% - MRS S5, WEER - IBEREAICZH I EB -7 TZ 22l L k
5. £7o, (FRLUTCERT T X OB T % Frs8p L RIBHFE A TE ' o & — O [FF] AR = 202012-CRKEQ-
0024 D—E L LT To7-.

— C51 —



WA /RIBRA AT —aa AV

IN=TRABE)I « Vatv TV UBFICET AR

WA - SR T B
WHIEsE - RACKReAT EH 55 B Rm &8 L3

Study on half-metallic Josephson junctions using highly spin-polarized Heusler alloys
Iduru Shigeta', Takahide Kubota?, Takeshi Seki?, Koki Takanashi?
'Graduate School of Science and Engineering, Kagoshima University, Kagoshima 890-0065
2Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: Heusler alloy, half metal, superconducting proximity effect, superconducting spintronics devices

We have fabricated current-perpendicular-to-plane superconducting giant magnetoresistive (CPP-SGMR) devices using
epitaxial Co,Fep.4Mng.sSi (CFMS) ferromagnetic electrodes. We have successfully fabricated CPP-SGMR devices consisting
of MgO-sub//Cr(20nm)/NbN(50nm)/CFMS(20nm)/NbN(5~9nm)/CFMS(4nm)/NbN(200nm)/ Au(10nm) structure by using
the photolithography and ion beam lithography techniques. After confirming the device properties, we observed the zero-bias
conductance peak and dip structures and we found that the magnetoresistance (MR) ratio is small. The structures in the
conductance curves arise from the Andreev reflection at the interface between the superconducting NbN layer and the half-
metallic Heusler alloy CFMS layer. Future issues are clarification of causes of the structures in conductance curves and

improvement of CPP-SGMR device properties.

1. #= (Introduction,)

I, N—=TRXABNVRA AT —HEIIAE S hr =7 ZEAFOEREMMELE LTHERZEDTEY, KA
HFEDPATOIL TN D, HA AT —H4 CoFepaMnosSi (CFMS) 1%, MHEIEERE KEESHEHT (CPP-GMR) F# 1T
RERBEIHT MR) LR EZINTNDN—T AZAMECTH D, i, ZORA AT —HENT A VLR
WCFFR Oy RS E O MR P AVWE TH D LW HRENRR S, FERIZ, BER— AR E X
VA NNEOBINZ K L TV D, BT, EFarta—4OERZBELC BEEE TEYMNAT NI,
HEFE YN, MR IV EFE Y MRE, xR EBMEL e A TV D, ZL T, 2019 FlICidE g TE
OB Tar B a—2O N & BNlE S, BT3B a—2OFEL LB A>T, BIfE, 50 &
FEYMEEOHBANTRETHIN, BARHETFE Y MO R FRAVET IEOHHT O SREEDFRE L 22> T
Do

ZE Y hr = AR D CIIIEFITIER IS ED HNTND H DD, N—T A ZIRA AT —H
& & SEROFERBIEORHESCTE TR OMIEL, TNETIEE A EHE IR TR, FxTBEE2 e b
0 =7 AHZA~OIGHZZIEICBWT, A AT —H/4 CEMS & TE3ATED BV BSE R NbN [Z7EH L CHF
ZEIZHL D LA TV D, NON @ WS E (T, ~ 16 K) LV abt—L U ZAE (6(0) =5 nm), FWE
LR AR (1(0) = 200 nm) % &0 _MEELEATH D, ZNE TOMRIZENT, BELBEERM &R
FePEZ AT 5 NDN & CFMS O B % o UEBIEO EIZ R L, NbN/CFMS 1 i& O I ORE il Fr
PEORFEIZRVAATE Tz, IHIZ, TOZBREARZ LT L LICL-T, ZEXF Y LEERET V RL—=
7 &t (ECAR) 4396112 X% CosFeSi D A B V43R DOWEIZ S k) LT,

% ZCAAFEEY, CPP-GMR 1 OB EH B {AE B R A T HH R OBHRICIR Y fLA 72, RN,
I EE AR B R SHRST (CPP-SGMR)  F1-OJgd & Bt O TRk & wifkic L > T, AV =HHY —
PR B TE R LT HTERE - BRI AT B LAYy bu =7 AR TORBEEZHIEL TS, ZOKEMIZan
FHED T2 DITAFFROHEPARDLEIN TV D DIFE DR, FHA LY b v =7 ZAFE ORI D 78 O i BLpE
£ LT, BEfFD GMR FH1-OEMF B2 B35 NN (2 & i 2 72 CPP-SGMR &1 OB IR 2 HET 5.
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2. FB5#H: (Experimental procedure)

CPP-SGMR # FDIERICHW A 7o b D= B4 F 2 x LElEIE, 1X107 Pa BLF OX—R[ES) OBREZS~ 7 3%
fa 2Ry 2 EEERWTHIE LT, B2 HRT 2 & O L fE AR ESE 5729012, 1T UHITN
v 7 7—Jg & LT Cr(20nm) % A L, 600°COIRE CRVILERZ fifi L 7=, B8 NDN (X, Ar & Ny DIRA T A
FTOSUSHEA Ry ZIEIZ LD MgO Hp ISR TR L7z, RN T, CFMS HIlR % =001 TRl L 72 #%, #idn
FRHIEE Zfe S 5 723012 500°COIREE CRVILEL 2 Jifi L 7=, & DB, RO R E 1-HRA#(RHEED) & VT4 8
fE IS A R LR DO IE AT 572, 74 MU VT T EE B — AR 2 0P LT, MgO-
sub//Cr(20nm)/NbN(50nm)/CFMS(20nm)/NbN(5~9nm)/CFMS(4nm)/NbN(200nm)/Au(10nm)## 1> CPP-SGMR %
TR U7z, 22T, H 1 RE~OB{EE NON J8 O A2 FEET 572912, NDN(5~9nm)E OIEE (X 5nm 2> 5 9nm

TS H, AT, 2RHFE T L LT, MgO-sub/Cr(20nm)/NbN(50nm)/CFMS(20nm)/Ag(5nm)/CFMS(4nm)/
NbN(200nm)/Au(10nm)##i&7> CPP-SGMR 1~ H/ERL L 7=,

3. fERBLUEEL (Results and discussion)

MgO Faf EIZEEE L 72 NbN HifE D RHEED 00t feE 230 <72 & 2 A, Al L7- NbN g L= v ¥ %
U IEELTEY, BEEHEBIEHR T.=158 K Tholz, RWT, WA T2 B4 LT, MgO-
sub//Cr(20nm)/NbN(50nm)/ CFMS(20nm)/NbN(5~9nm)/CFMS(4nm)/NbN(200nm)/Au(10nm)##i& > CPP-SGMR 3%+ %
ERLTz, ZDFRFOFREL LT, L2y B ADNRA T AETERGEZ, FT2, K2 IO K
FEZRT, K165 K918, 2K OEKRICBWNTEr S T ALY —7 28 ofiEs2HF L Cnbs 2 b
D SN o Tz, BREIRBIEE TR Cav 27 2 ADBMB R SN2 8D, ZOo¥a /7 RAay
KB A —7 OEJFIL, BSER NDN & Nn—T X X LKA 2T —H/4 CFMS OFEHIZEIT AT > Rl—=

0.15 T T T T T 175 F——T 71— 7 7T

014 | o T=2K 1
013 F 3

7.70

012 | B 765

0.11 | b 7.60

dlidv (S)
R(Q)

0.10 | ]
7.55 fo__*

0.09 b

008 b 3 7.50

[0y A S E R R R R 7.45 1 I 1 1 1
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K1 a7 X ADNA T AETRENE X2 HH ORI

TRENCERT LI EDOTHL LEEZBND, RF, Tu g 7 RMENTT 1 v THEEDR, £7-, 6mV FHElC
HHEEDNBU S, T OEEDORIEOMRINTIAZOBETH L, WNT, K2 OF THBLOMIG KT
IZBWT, GMR F ORI SN =L DD, TOSIEHT (MR) X, N—7 A ZNViKA AT —H4&%H
WZBEFED CPP-GMR 1D MR b & 4 5 LRI/ NS WETH 5 Z LB BN 72,

LSHOTEELE LTIE, O BEEESOERICESWTMTICE T, BufTRarv X7 2 AE—I707
o TREEDORIEOfRIAZHED 728 5, @ CPP-SGMR 1 DRHEDSFEIZE Y flie = & ZFHE LT 5,

4. £ L% (Conclusion)

F A XD T —HidEE AT D5 MgO-sub/Cr(20nm)/NbN(50nm)/CFMS(20nm)/NbN(5~9nm)/CFMS(4nm)/
NbN(200nm)/Au(10nm)#i& > CPP-SGMR % 1A ERL L, Z DR TFHEORMEZIT > 70, 1 TOFRFEEOFHM
THo7M, 2K ORI B W TEB NS T A X7 X A8 —7 BEHIS T, GMR &1 OFHEZ8IHIT 5
Z LT LTz, A11E, CPP-SGMR FHfOFHEDUGEEIZIRY filTe TiETH D,
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Development of high-efficiency theromelectric devices based on ferromagnetic nitride granular films
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The correlation between spin and charge in electronic transports has been energetically studied in a scheme of spintronics
research. Recently, the coupling between heat current, spin current and charge current is also attracting much attention, and this
newly established filed is called “spin caloritronics”. The Nernst effect is a common thermomagnetic effect, which has been
known for a long time. When a temperature gradient is applied on a material with spontaneous magnetization, an electric field
is induced in the perpendicular direction to both the temperature gradient and the magnetization, which is called the anomalous
Nernst effect (ANE). In this study, Si/Co multilayers were fabricated to simultaneously reduce thermal conductivity and
increase the ANE. Reduction in thermal conductivity and increase in anomalous Nernst coefficient were observed in the Si/Co

multilayers compared to the Co monolayer.

1. #= (Introduction,)

7 ) = TRFEIIR T RNVF— U AT AOWENRBEORBE L SN TEY | K2, = RF— DLW HRCH
BEHROBLID O EERE R R o To = RV X MBI DO 7 L — 7 2 —NBELRF R Chh 5, BAEAHE B
LDl B TREILROEBOBEINTER ORI FEEMCRBROE L /oo T D, £z, T E COREZLH
B OIEEACIR N, < LWEE S Ea kil U, RAAORZ HAH L CEBERILZ2X5 2 L1,
Society 5.0 OFEBLUZTIF o K& 7e—HE 72 5%, £ I TARIMIETIE, AV LEJI2OMBZ R 5 FEREN 724
FEoT I CIIMFEHEA TV DD, EREAEEBIEHA~OFAMEE A LRSI TR, “BE L A MR
EMEEN A BRI A i & LT 1,2), SR & 8RO NA T v R SRR L7, K= X R
CE\WEVEZE SR A D AN A BRI T D,

BHEINV A MHIRORKRE LT, 20D E OBENZIY BT 72003 —y 7RO X 5 ICKRE RIRE
SENRNEZ e BN E W BIRHIF O 5, By A MNIRE, BWiickt U CHmE S AICETE 25 Hd
MR TH L7, B FIZITDT R BEEEHC 0 7RRE AR HAUTENRICKRE RE N Z R HTZ LT
T5H, T, BT & g U CRWERREME, MR, BISRENE OGN H 720, kit
KA b a =7 ZWFFES B ~DOIS A STV D, ABFFEICI T DRI E LT, 2L FeaN &
WXy v TNEIKD ST =2 TSR ERT 5 Z L2k, BHREZHIBEL, K& ARBELEREDERZ H
B9 5,

AAEEIL, PERN—AD T T =2 7 — G ERT 57200 & LT, RWEMREREZFT 57 ELT 7
AAAEIRSE & R ERRIE ) O 7 D 2B HIAEIEICAE H L, BVYSERORIR & B RV A MR OWEK % [FRf
WCEBT 5 Z L& -723),

2. EBiHiE (Experimental procedure)

B RRRAEE 2 AV T, SI(001) AR EIZ Co B XTSI 2= TENLH 20 nm §O48 AU 2 J@OfEE L,
ZIVE Si/Co ZJEE (MLF; multilayer film) & L7z, SHGEEIE LT, 20nm @ Co HiEME (CF; cobalt film) & {FEH
U7z, MEEFHIICIL, EAMNEFBMEEE (SEM)., 7~ otz v, BYRERAIEIZIT 20 iEE V2,
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3. EREB I UEEE (Results and discussion)

Co HENEF L O Si/Co ZJENED SEM 14 2 it L7 0.2 (b)
LA, BEDOBENRFFHEIE Y (2 20 nm TH—IZH o o
FENTODZ LRShot, £, REOMRER S z D
EWE LI L 25, SiCo ML, BAD Co Wi 5 > 0.1
BEE 0 b 30 REEIS MBS R LT, Shus B & = a0
FHEOE S| A LEBRTHD L EZbND, = -1, o0
ENENDEORSKURFE A RIE L7-/ER, K1 (o 40 0 40 O?@\X
FTEOZ, ELL0RBIOMLHERBEL Lz bD L H (kOe)
mofe, i, RREORE S bELALE—ETD Fig. 1 Properties of the CF (cobalt film) and the MLF (multilayer
fER L o7, film): (a) M—H curves, where M is obtained using total thickness

SR DOREHI ST, ZOREFLL 2 RS iﬁgs?ayers in samples, (b) anomalous Nernst coefficient (QanE)

FIR TR, EIEEN S ANCIRE AR Z N L, H4E

THRN A NEEZRE LTz, BERNLVC A MIROKRE ST, BFERV A MEE (Oae) I2ED BEEDH -
7o TORER, K1 IR T L OIT, ZRBIED Oane ld Co HEEDZ & Ll LT, 2.6 FREREVMEL 2>
Teo ZOEIIZZBIIZIT HEFE RN A MIRPHRT HER L LT, BEM/IFREMEREIZIW T, s
(2 K VDRV BUB S IR EBINICAE U, BFE LR RMIIRDPHERT 2R DBIRESNTVDD, N R
WIENER SN D NROHREICB T DBELDOIR O FET L2 LW HIMELH Y . FEam e T D, ARBFFETEl
P SN SGAR OB G B 5 2212 o TS| BB/ EEIRO L EEIEIZ I 2 B kv A MR O
KIZZNETITHEDENZD, I DRBROMANRFFND, WTHIUIL TS, AEEEZHNDZ LI2XY
BMRERDOIR & B R A MR OEREFRFCER T2 2 LN TE D Z ERH LN o7, ZORERIT.
EJE - HEERDONA TV v R EE OV TEER IR ORGH 21T ) 2 21Tk | BEAHREEmD b
HAlEEMEZ R LT D,

4. L ¥ (Conclusion)

PBRN—ZAD T T =2 T —EEFT 272008 & LT, BMmEROMER E B 1L A FEIROIER
ZRRHCESR T2 Z L 2 A E T 25 Si/Co ZEIEAFR L, £ DRHERHi 21T > 72, Co HUEME & Il L T, Si/Co
L CIIBVRBER DR & L A MR DR A HEZR S hi=,
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Spin-orbit coupling phenomena in magnetic heterostructures
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Spin-orbit coupling phenomena, such the spin Hall effect, in magnetic heterostructures, have attracted much attention due to
their potential applications and rich physics involving electronic band structures, structural orders, magnetization, and interface.
The spin current generated from the spin Hall effect, can exert a torque on a ferromagnetic nanolayer to manipulate the
magnetization of the ferromagnetic layer, which has become a core technology for spintronic devices. Spin-orbit torques in
spintronic/magnetic heterostructures with exotic materials have drawn great interest because of their remarkable spin-charge
conversion efficiency. Spin-1 chiral semimetal is a new state of quantum matter hosting unconventional chiral fermions that
extend beyond the common Dirac and Weyl fermions. B20-type CoSi is a prototypal material that accommodates such an exotic
quasiparticle. Here, we fabricated B20-CoSi thin films on sapphire c-plane substrates by magnetron sputtering and studied the
spin Hall effect by combining experiments and first-principles calculations. The spin Hall effect was measured by spin Hall
magnetoresistance and harmonic Hall methods. First-principles calculations revealed an intrinsic spin Hall conductivity (SHC),
consisting with the experiments. Interestingly, the SHC of B20-CoS:i is odd and crosses zero at the node with two antisymmetric
local extrema of opposite sign situated below and above in energy. This work expands the horizon of topological spintronics
and highlights the importance of Fermi-level tuning in order to fully exploit the topology of spin-1 chiral fermions for spin

current generation.

1. #5 (Introduction)

Remarkable spin transport properties in well-designed magnetic materials/heterostructures are indispensable for the

development of future energy-efficient spintronic devices. Achieving large spin Hall efficiency ( ¢ p) and spin-orbit torques
(SOTs) has become a key technology for high-performance spintronic devices, such as magnetoresistive random access
memories. Heavy 5d transition metals and topological insulators were reported to hold large ¢&pr; however, several
complications, such as their phase stability and high resistivity, hinder the integration of those materials to the state-of-the-art
electronics. The emergence of topological semimetals provides a promising alternative for efficient SOTs for device
applications. In this work, we present on the SOTs in magnetic heterostructures with CoSi, a prototypal spin-1 chiral semimetal

hosting exotic chiral fermions. [1]

2. EB 5 (Experimental procedure)

The CoSi thin films were deposited using magnetron sputtering at the substrate temperature of 550°C in a high-vacuum

sputter chamber. The crystal structure was characterized using the out-of-plane XRD measurement with Cu K, radiation (1 =
0.15418 nm). The surface structure and morphology were evaluated using RHEED and AFM, respectively. The sample with
the structure of sapphire(0001) substrate/CoSi (0~11 nm)/CoFeB (1 nm)/MgO (2 nm)/Ta (1 nm) was post annealed at 350°C
for 1 h and was then patterned into Hall bar devices (width: 10 pm, length: 25 pm) by conventional UV lithography and Ar ion
milling. Magneto-transport properties were characterized in a physical properties measurement system (PPMS) at room
temperature and low temperatures. For the SMR measurement, a magnetic field of 20 kOe was applied to saturate the

magnetization of the FM layer. For the harmonic Hall measurement, a sinusoidal signal of constant amplitude and frequency
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of 172.1 Hz was applied by a Keithley 6221 current source meter. The first- and second-harmonic Hall voltages were
simultaneously measured by two lock-in amplifiers (nf LI5S660). The first-principles calculations were performed based on the

generalized gradient approximation using the full-potential linearized augmented plane-wave (FLAPW) method.

3. ERBLUEE (Results and discussion)
The CoSi thin films show a B20-type polycrystalline structure, observed by RHEED patterns and XRD spectra. To estimate

the spin Hall efficiency of the CoSi thin films, spin Hall magnetoresistance (SMR) and harmonic Hall measurements were
performed by using the heterostructure of CoSi/CoFeB/MgO/Ta. The spin Hall efficiency and spin diffusion length are obtained
to be 3.4 % and 4.4 nm, respectively, in the SMR measurements. By harmonic Hall measurements, the damping-like spin Hall
efficiency is around 4%, which is comparable to that estimated by SMR.

The temperature dependence of transport properties for the CoSi thin films and heterostructures was systematically studied.
The temperature coefficient of the resistivity for CoSi is negative and the resistivity pcos; increases by ~10% as 7T is swept
from 300 K to 10 K. The carrier concentration # and the electron mobility x of CoSi were extracted from the slope of the
ordinary Hall effect and the longitudinal conductivity. The temperature dependences of the two quantities are relatively weak.
The T dependence of the charge-to-spin conversion for a typical CoSi/CoFeB bilayer stack shows that both &pr. and & decrease
by almost one order of magnitude with decreasing temperature and nearly vanish at 10 K. The 7" dependences of opr. and orr.
also exhibit similar trend. Furthermore, the scaling analyses show a strong temperature dependence of opr. in CoSi, which
neither follows usual intrinsic nor extrinsic skew scaling. Thermal-excitation-related extra extrinsic scatterings and coupling,
such as the local moments of Co ions, and phonons, as well as the shift of Fermi level with its special electronic structures, may
contribute to the charge-spin conversion in CoSi at elevated temperatures.

First-principles calculations yield an intrinsic spin Hall conductivity (SHC) at the Fermi level that is consistent with the
experiments and reveal its unique Fermi-energy dependence. Unlike the Dirac and Weyl fermion-mediated Hall conductivities
that exhibit a peak-like structure centering around the topological node, SHC of B20-CoSi is odd and crosses zero at the node
with two antisymmetric local extrema of opposite sign situated below and above in energy. Hybridization between Co d-Si p

orbitals and spin-orbit coupling are essential for the SHC, despite the small (~1%) weight of Si p-orbital near the Fermi level.

4. £+ ¥ (Conclusion)

In conclusion, the spin-1 chiral CoSi semimetal thin films and heterostructures were fabricated for quantifying the SOTs.

The CoSi films grown on sapphire c-plane substrates showed a B20 crystal structure in polycrystalline phase with flat surface
morphology. The spin-current generation in the CoSi films via SHE was investigated by SMR and harmonic Hall measurements.
The spin Hall efficiency of the CoSi films was evaluated to be ~4% at room temperature and reduced with decreasing
temperature. First-principles calculations indicate that the hybridization between d-p orbitals results in a large enhancement of
spin Berry curvature, which mainly contributes to the SHC in the CoSi. The unique antisymmetric-like energy dependence of
SHC highlight the critical role of Fermi level tuning for harnessing all the benefits of exotic spin-1 chiral fermions for spin

current generation driven by either an electric field or a thermal gradient.
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Uniaxial Magnetocrystalline Anisotropy of Tetragonally Distorted FeCo Based Thin Films
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Recent first-principles calculations predicted that FeCo with body-centred tetragonal (bct) structure exhibits high
magnetic anisotropy (K,) of 10° J-m=. Recently, the optimum combination of the third elements, such as X and Y in
FeCo-XY has been investigated to stabilize the bet structure, and the combination of X =V and Y = N was found to be
one of the most efficient combinations for stabilizing the bct structure. However, the effect of adding V has not been

clarified yet. In this study, we investigate the effect of V addition on the stability of the bct structure of the FeCo films.

1. ¥= (Introduction)

Fe-Co 5413, BBARASH CRROEFMAL M) &, HRIEO\F = U —REEZHT HMECH L3, Rinrl
g (bee) TH D, —HERIEINE (K) % BI222WERBEER RS L TrbiD, ED X 572, Fe-Co #& 1ZIE ikh
A (bec N—ADIET-OHIEL 1.0 < ca<141) ZHEATDHZ ETEOM, & KN 5 2 &3, Bligati D& 38290
WD Siiz, FrexlZZE TIZ, FeCo M~ VN [FIRARNNAS bet (LIZR L THZITH 5 AlREM 25 L7-03
M ZOFEIAACTH T2, £ 2 TARBFZE T, FeCo @ bet (LI VRN G 2 5 B RET 572012, £9°
V RESHIND Fe-Y (Y =N) & VMO Fe-XY (X =V, Y = N)DfE s 2 il L, R T V RN FeCo-Y (Y
=N)& VIR FeCo-XY (X =V, Y = N)D#E s ik & S bl L 7=,

2. EB51E (Experimental procedure)

AREIOVERI ISt~ /R ha U ARy 2 ) 748 (BIEERZERE~107Pa) & V2, FRIZIE MgO(100)H
ftEna VT, THUE L LTRh % 20 nm, RN CREMIRE TdH 5 FeCo-XY (X =V, Y = N)ZBEE () 7320 nm THIEL
72, FBREOHMNEEEIE, Rh TIE300°C, FeCo-XY TiX200°CE L7z, RWTZD HIZEYMERIIE Sio, ¥ v v 7T

(t=5nm) AR CHIE LT, FEEERRNT T X AEHTEE (Inplane XRD, Out-of-plane XRD, CuKa), fEKURFIERE
I HRBEEE 5T (VSM) 36 KO & T3 1 (SQUID) WHGH &V Ve,

3. FBERB LUEL (Results and discussion)

£, Fe ~D VIMOMEEFAD72DIT, Fig. 112V Z I L7=(FeosoVo.10)100.N; (0 <x < 11.5 at.%, £ =20
nm) R OHIEL c/a DO N K ) IKEEZBY SOSLOT 1y Fe) T, VAREMD FepoxNx (¢ =20 nm)HfE
Dl cla O x KFEMEZFIRE DT B v M) TRT, #FEK a & clTENTN In-plane XRD & Out-of-plane
XRD 2 HHEM L7z, Fig. 1 #4525 &, VARIRMORETIE, x ZHMSETHHEh o/a 1 2TF 1.0 (L 72>
Thee A & VD, x=63at%?D & Z TR fec HIEIZAERBL TWD, —T7, VEZBRINL7Z3EITIE x D

1
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PN EEOEEL /o 1XEEI L T bet fEiEZ & 0, x=8.0at.%F T bet i1 (cla~1.11) DHEFF S, E D% fec
FEEICERBLTWD, D%, VEIRIMLZ Fe DM bt KEENLETH D Z E0¥bhnd,

@ FeVN
O FeN
1.5
14 F e
L
© 1.2
11 %i {
1.0 9.7 ..
()} 5 10

N content, x (at.%)

Fig.1 Dependences of the c/a ratio of the MgO (100) substrate/ Rh (£ =20 nm)/ (Feo.90Vo.10)100-Nx (0 < x < 11.5 at.%, ¢
=20 nm)/ SiO; (¢ = 5 nm) continuous films (e) and the MgO (100) substrate/ Rh (¢ =20 nm)/ Fe100-xNx (¢ =20 nm)/ SiO,

(t =5 nm) continuous films (0) on the N content x.

RUNT, FeCo ~D V IMEIRZTR D 72012, V RIRID FeCoN & V IiIND FeCoVN D fi i i % L
+ %, Fig. 2 1%, (FepasC0045V0.10)100xNx (0 < x < 9.6 at.%, £ =20 nm)TH 15 () & (Fep 50C0050)100xNx (0 < x < 9.6 at.%, ¢
=20 nm)E (o) D, ikt cla D x KIFMHEE R LTS, EH50MEITH, FEf ST x IHAF LT bee 725
fcc EFTEMLLTNDD, VREISIIORE T, x 2N TH#Elk c/a 131FF 1.0 £ & 72 5 T bee &%
LV x=78at%?D & ZITAWMIT fec EITERBL TS, —FH, VAR UZZEENCIEZ, x OIS EW
b cla ITIFFEAEANTH I L, bet #iE (c/a = 1.25) T fec HEE TEBL TS, DFED, VZEZIRINL
72 FeCo D M bet EENLEETH D Z ENbnD, F2, Fig. 1 IR L VIO Fe & Fig.2 ® VMO
FeCo DHifibt c/a % Hikd 5 & BB DO NEENTE c/a fE (1.25) ITHVWVEE &> TWD, T2 5 VN [ARE
WINMZ X 5 bet L ZIH 2 HEITIEL, Fe £V & FeCo D7 BWEARRY 72t (c/a = 1.25) 1ZiE25< Z 06, Co
WMbEETHLZ NS,

@® FeCoVN
O FeCoN
1.5

L7 E : é%ﬁi
13 | } {
1.2
11
o €825 556088 | |
0 5 10
N content, x (at.%)

cla

Fig. 2 Dependences of the c/a ratio of the MgO (100) substrate/ Rh (¢ = 20 nm)/ (Fe.45C00.45V0.10)100Nx (0 <x < 9.6
at.%, ¢ =20 nm)/ SiO; (¢ = 5 nm) continuous films (e) and the MgO (100) substrate/ Rh (# = 20 nm)/ (Feo.50C00.50)100-xNx

(0 <x<9.6 at.%, t =20 nm)/ SiO; (¢ = 5 nm) continuous films (o) on the N content x.

4. ¥ &% (Conclusion)
FeCo ~® V I bet i DL EMIC KT THEETARDT-0I1Z, NEEHT D Fe~D VIRIE ., FeCo

2
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O VIO LE IR AZAT o T2, TOREER, N ZEZHT 2D Fe il ONT FeCo ~O V iR, bet #1& % 22 L
TONRNDD Z Enoholz, £z, V & N ORIKFHRINT X% bet {230 2 HE1T1E, i Fe LV % FeCo
DI MBAE 72l (cla=1.25) 25 Z &M, ColMbARITHL D Z Enbinoiz,
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We prepared Fe/Cu/Pt and Fe/Pt multilayer system grown on a MgO layer to study the spin torque
ferromagnetic resonance (ST-FMR) measurements. We successfully fabricated the samples with controlling
the morphology of Fe layer while keeping the Pt film.

1. #2 (Introduction,)

T PRI BRI ZE DY A R K o TR OBE S TR LT 5, ZOBZICE > T, v7 /A4 Xk
REND &9 ITHEWRES T2 W TH MM GHE S0 Z N bN TS, A IXZOBRITER L,
B O AR U2t B C X2 AV AR U B T HAR O ATREME 2 fRET L T D, E DT DML L
T, WflH7ZR~ A 7 e I £ 27 R AR R A B R B 7 K DA B AR — L2 R ORI AL
L., T PR SRREM R TIIRL & A F X 7 ADZFEYANERHR & Il LT, WA BV R — AR E B 0347
DRGSR 7 B L, o, BRI LT u— RIEL B AR 2 L 2L MM LT,

AR B TR OB E A F I 7 ADRKE LS BURT DBIRTH D, £ T, S BITEAAATZRE
flie LCTRALZ A F 2 7 2R & @A EmRE R L2 EIC L 252372 b 0D, JEROPNETIE CTITHERK
FERFSTIE RN ERALMNE IR o7z, & 2T, mEEARERE O 2 iRy JEE MRS el O 95 2 & T,
RIS A T 7 ADOFHIAFIRETH D . H-o, AR —/Azh R & OB & FHl T = 5 ST-FMR JIEC
K0 T PR TR E R OB AEEN A BN L C & 7o, AWFSECIEA B U HUEM AAEH O5R Pt 2 FEREMERE & L
THWD, SREEMERER S Pt OBEAFHE T PITHEKT— AL FAFBEREIND Z DML TWER, ZHNA
HIE - FHlIC 52 2 ENRATH D, = 2 CANECIIshREE & Pt FURICIERENEE 23 A L 7= sk & 1R
L. MEZHET 52 &2l D,

2. EBFHiE (Experimental procedure)

AMGE TR D0 NEREEROMERLT, B4 % o v VR A B/ U CEEE) /Y oRitE R A iR S
DARBLT v I T BRI LS TEM LT, SRMEMIEFTRMA IS (FAWHEE) O/EEZ S+
R B H X U — RS E A LT, (100)MgO Hf S FoR IC i a2 @6 5 MgO /Ny 7 7 @ & i L 7=
BT, WA EEE LT Fe R SH 72, MgO & Fe [I& FREGMER RV, T XX U LR T5 2 LA
<HBNTEY, ZAETOHL OIS BT 2 EEZ N T2 F o v LR+ 5 Z &7 RHEED 4
(2 X DRHl B EECHER STV D, Fe & MgO ORI T R/LF—(L Fe DFREWZH, MgO R Fe I3 EiRIC
BT 570, 7/ A AOMRL 2155 Z LN TE S, £72, Fe FELZE S 2 LM FREDNFKEET 52
& CHEFIREANETEREA L ST DM, ZHE TORFIND Fe 23 3.0 nm F2E CHEifgilk & 72 % Z &% RHEED #8142
ROBEEIETED DR STV D, ST-FMR JIEITIERENERE & SRR Ol T U A A B U HE hL 2 i
KT oMby A F I 7 AEMAEDETRHMET 2, M, SFEILZNE TOT —Z O RO FBMEIIRED &
D2 ERbhrollo, Fe & Pt SO Cu FAGNRZ i3 2 30RO /ERL & RetE R O 56 1 O VERL 2 F2hi L
77
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3. FERB I UEE (Results and discussion)
B ORI Z U E TORIRA D MgO HEH/MgO(20nm)/Fe/Cu/Pt(8nm) & L7-, S4EEE/ERLL 72300 U 2 k
/?ﬂ” Fe OIRE 2 RHHHNCZL LT 2B L7, Cu 24 A L72iBHZ DWW TII A B LAEBE & Fe B2 52
BT DM EZE LT, ZOBEA 2nm & Lo, ABETIE Pt ORENZEL L TV DH AR v
7 A@Eﬂi%@ UTRHE A A TR 7 ANTEB% 5.2 2 FREMN & 5, FEIEEUEHERIN D RHEED JIEHE 2R~ d,
Cu AIEIZ LA REIEVIIHERINTELT, EHICA N =T 7R F— o TnND, ZOZLIXPt/ED
e« BHARIC R & R2EN RN L AR L TR Y . Cu DA IS K 2 B3I X i & ORGSR 72 R BE D@ s
WCXFLSND ZEZERTHEEXBILD,

4. £&® (Conclusion)
Fe JBIRIZ D72 % Fe/Pt MG ZERL L, Pt BIXM&E CREEOHEL TWARNWZ L AR L, &
EEITFR g T 0 NV ADRBECEBROFTMNEM TE 2o 7=, FitiHti 245 H%iED 5,

HHEE (Acknowledgement)
BEEZE ST B4 5 U —3E 2 W - I E RS ERU B U, BEMERPEHMIFZERRRT (S3MFZE=R) 1 ZRGT
ﬁz L i "9}‘0

Cu 2.0 nm

. EREFD Fe LU CulRE

Fe Thickness (nm) Cu Thickness (nm)
1.0 0
1.0 2.0
1.5 0
1.5 2.0
2.0 0
2.0 2.0

MgO [110] 5Ta MgO [110] 5

X. Pt B0) RHEED /\49—> 0 Cu [EEKTEHE
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Surface state and magnetization switching in a series of Ndz2Fe14B-type bulk single crystals
Hiroaki Kato, Yuto Suzuki, Kunihiro Koike, Takeshi Seki!, Koki Takanashi'
Graduate School of Science & Engineering, Yamagata University, Yonezawa 992-8510
'Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: permanent magnet, rare earth, coercivity, exchange coupling

Systematic study has been done on the relation between a surface state and magnetization switching in a series of Nd>Fe14B-
type bulk single crystals. According to a TEM experiment on Tb2Fe14B single crystals that were exposed in the atmosphere,
we found a formation of a layer composed of bce a-Fe between the surface oxide layer and the inner ThoFe14B core.  We
performed the MOKE experiments on the air-exposed Nd:2Fe14B bulk single crystals. We observed a local coercivity of 4.5
kOe in the MOKE hysteresis loops for the (100) surface of the crystal. By investigating a position dependence of the local
coercivity on a (100) surface of the Nd2Fe14B crystals, we found a tendency that a region with higher oxygen content has a

higher coercivity.

1. #= (Introduction,)

Nd-Fe-B REEFER AL, BV ZOBREIET—X i & L TOFTERELAEE->TNDID, TOFEHTHD
NdoFesB OF = U —iREIME 20, milEREE IS D7) OIK PSR- D Rt DB b3 K & 72
Lo TS, RBENFEBLO LI TH D FEER BT OV TUIRIT, Nd O 4f B OfERERE— A > b2
Bt % Fe L OB EEHIC Lo TEOME A TESND Z IR D LW H % [1] BIRESNTWD. Fx
1%, ZDX 97 Fe RIKICE > THIRL LB Nd I2HOWT, F0FRm (REm) ([CHAE L7 Fe %Ik » TR
PR T 24809 2 A EE A Et L CE e, ZOREE, NdFeuB LV BEKESFMENRKE <, RKiEDZ
{EDMERES T ~FEE BT 5 L IR S D ThoFeB 73V 7 BEEETIE, c BTAICHIEVEREZ oL &, 6%
173 5k0e THAFLENMEIE 100%D A7 =7 Hle 27 ) v Afi#E2/R$T 2 & [2] BNboyo7z. Z OFRIE ThoFesB
a7 OFRMEIZ, EEIHE100nm D a-Fe ¥ = VWPFIET H a7 ¥ =/ UEEZFFOZ & 3] IR LTV D &g
Eniz. —F, BEOFEZ X > T, NdFeuB & a-Fe DFH DAZHAEEIELZ DHEITAAIAKAFEM: L, Ndo2FesB(001)
/ a-Fe FH TIXIETH 573, Nd2FeuB(100) / a-Fe Fi CRIZZ2 5 Z L3 [4] Sive. ARWFZETIL, SMEIE
L7227 v =/ ThFeuB 523 KX OV NdoFesB SR B S OB LI FE & FEHMICHIE L, FOREE BT 5 Fe ITER
2 SRR I & O RAT T D R A A S S BB SR T LV CRRT 2 Z L 2 B L=

2. EBJ5tE (Experimental procedure)

PR TARNE CHAL LT RoFesB HLAEMAR = Tb, Nd)I, ZOfEsh LA S0 A TRE SIS/ 5 X H i)
Wr - AFFEE L7c. HURESaBtOREIRIEIZZ < 058, ERPMIEICL S TAREIRIE) Tho0s, —Hoa ke
[ZDOWTIE, HEEZEA Sy FIEEEZANT, WAy X LD RTA Ty T U T E(TH 2 & TR E bR
L, BR(EBAIEE & LT in-situ C Ta JEARE L 7=, B2 Z 0 Ta JlZFRE L TLELATUTHKE LTz BRI IR
HHE L. R=Tb iEHI BT D~ 7 v b O RIE I3 REVIEEY 15 kOe D VSM % IV 7z,

—J . RENABEFCIE, HALR SRR ZERT A S e S L mA F D SR 25209 T B RAINREY 25 kOe @ mm
E— A(FRSHEIE 1 mm, & 680 nm), M OMRKHINIIGS 2 kOe @ p B — A(FRHFEIEHY) 2 um, & 408 nm)D
MOKE *£{& % VT, (100)E DWW T ORI — 7 Z2JE L, TOH%EMED a-Fe BORRE L AR LIC X
LI EBHF LTz, B =L ORE~ORAESIFH 50 nm THD. Fiou B —L0 MOKE TIIHIENEZ 2 %
7R BRITEZEFIT, JIE ST OFRE KR L C SEM-EDS (2 X 20T 217V, FiFKEE & fébr— 7 OB
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(ZOWTHEE RN L7,

3. ERBIUEE (Results and discussion)

FEROFER, R=Tb sEClx, EHERESESOREON, (001)HIZ AT/ —H DI, HEEIZEL > T Ta
WEEAEREL, 5 AMRE LI E 2 A, TOMRBIINCHHE L ZEN N &, —J7, BRI AmIZ OV CHF
PEAAT> T Ta B 2 FRE LT 24 h il L7 BlZid. £ DRG0 Ta #5784 a9l & A RIEFAROEIZ £ Tl
BT Az ENbhot-. —JF, w7 e BEHMEEE 2 Th b R=Nd HEHZ DUV T MOKE JIIEIZ LY . FHHAE T
DJFFT— 7 WED B K 4.5 k0e O RFTRIES 1 %8 LTz, B2, NdoFewB(100)&HIZDOWTD p B — AT
&% MOKE |7 & SEM-EDS (Z & AT K 0, JRFTiEsRIREE DS @ E AT R &R TR 13 8 < 72 24 23
Aoz, b ofHIE, RFeuB (100)3E i TD o-Fe B & RIFTHRE /13BN T ORISR AT ET
HHTLEERBLTND.

4. £+ ¥ (Conclusion)

RoFeisB Hif5t(R = Tb, NOIZ DWW TAT S 7AW DFERZ LA TICE L D 5.

(1) aFe v /VERYERE, Ta B2 ST DHEFEM ThFewuB HiffimaEHI BT, Z-2D(001)HE D
W1 EIZOWT, 0 Ta R ZbRE L TRALIIBRATIE L7 & 25, (REE)IE Ta g SREE L 12
IERECTH o7,

(2) aFe v =/LEEYRE, Ta BN 72 Z3 T 5 ThoFeuB B ialEHI BT, 6 H2H D Ta #7EE & Fk
ELUTHALIREZRTE L= & 2 A, RESIT a-Fe ¥ = /L2 TV BR< A & IRITFEEIC E ClRIE Lz,

(3) Nd:FeuB Hifldhal Bl D(100)EHICHOWTRATL—FZMIE LT- & 25, FRHKI 4.5k0e Dl S R
T&T.

(4) Nd:FeiB HLESEFUEIO100)R AT HOUWT, RO & B IRIRMIZ K 2 PREE) ORERIZ LB 21T -
7203, BREIRIITHER TE o T,

(5) NdoFeB HfEEEFUEIO(100)REEIZDOWT, JRFTREE ) ORIE & IE SR ORI AT 21T 72& 25,
BRI E IS O T I E & RFTREI ISR ZVMEAIA A BTz, Z DD &6, RoFeuB (100) i CTO a-Fe
JETERL & JRFTERE IR BUZ DN T OB ATEE CTH D Z L 2R L TV B2 Hivd.
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T Fabrication of solid electrolyte epitaxial thin films using complex hydride targets
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School of Materials and Chemical Technology, Tokyo Institute of Technology, Meguro, Tokyo 152-8552
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Complex hydrides such as NaBH4 have attracted the attention of materials scientists as hydrogen storage materials and ionic
conductors. Epitaxial thin films facilitate the evaluation of physical properties and interface phenomena. However, the
fabrication of complex hydride thin films is still challenging because of the difficulty of maintaining its complex anion structure.
In this study, we applied infrared-pulsed-laser deposition for the fabrication of 1) Cs;Bi2Hi2 and 2) NaBH4 thin films.
Unfortunately, the complex anion structure of Cs:Bi2Hi> was decomposed during deposition. In contrast, we successfully
obtained a (100)-oriented NaBH, thin film on a glass substrate. This result pave the way for the fabrication of NaBH4 and
Na(BH4)o.s(NH2)o 5 epitaxial thin films.

1. #= (Introduction,)

LiBH, <° NaBHy & U)o 725K LI TETCAR K FE W E & L TR HBIVTW DB Th 5723, I,
A A ARERE LTER2ED T 5(1,2,3], $5HOKFELHIT MM H,) (M. Li*, Na*, Mg, M’,H.: [BH4],
[Bi2Hpo]?, [AIHs]) & W o 7o PR TR I, MRER L 25 F AR LT, Li A A AREMR Na A 415
A IRT, £ 857 =4 & LTC[BpHR]* & Te LixBioHi X° NagBoHip iZEEIREEMRKE LY & I TR Y,
A A AREMEZ R Z E N DTV D[4,5], EREME & L COISHIZIT T, $EKRFMDOA A s
HEMEOHMIIEE CH D,

LML, SERKE ) CITHEAMRO BB RETH Y | A A ARED RIS ERH LTIV, £
ZT, BxITRERINDEH STz B F X2 Y VEIFEIZER Lo, SERKFEMO T F F 2 v LR D G R
X ZIVE TEIE Lo 723, BALKITSE & Fox 0 70— 71348 Fm ¢, /b UL A L —H —HEREIE(IR-PLD 75)
Z AW B O LiBH, = B % % ¥ v VRO ERUZHID TR L 72[6), ZDRPOFE, IR L—Y—%2FH L7
PEKEL 2 —5 > FOJRFTIENC L0 | 8854 A U MEIEAHERF LToER TE 5 2 8 i2dh D,

Z® IR-PLD LI LV | LiBHs DS OSERKE L OEIEARZ HIE L T b, ZOH 4L LT, 2020 4FHE
OILFFNHTITREICI VT, Fx 1T LiBpHp O IEE1T 72, £ OFES, LiBoHp 3O A-HER AR 27~
—J5C, HEARIR CAKEMBE A Z T 72, IS R EVE ThHDH Z E Dot EDID, 1) Bz
TEVED EWFRIREEA KM CsoB1oHi(CBH)XC, 2) LiBHy & 7] UStiA A 45 %2 A % NaBH, DAL 208 L
TR SRR N B LB 2 T,

% ZCAMIFETIL, IR-PLD 2 VT, 1) FEIREEAKFEEA Cs:B12H12(CBH). 2) NaBH4 DA A 7AF T2,
ZDOFER, LiaBpHp(Z R 300°C [7]) & bl LT, ZVEMD VY CBH(MERE: 950°C [8) & W =Haic
BWTH, BEIRHISEA A EIED RN Z 5 Z &R yinolz, —J T, KFESHE 0.1 Pa FTCIR-PLD iEIZ K
Y NaBHs DRI AT 72 & 2 A, [BHa] W& 2 MEFRF L2 rIRE T D 2 & 3o T, 7 AKM EIZ 150C
THIEZ1T 9 2 & C, NaBH4(100)ELmfisEA 155 Z lckEh Lz, ZOMAZIEHT 52 LT, 4. NaBHs X°
Na(BHu4)os(NHp)os D= & & 5 3 VRGO OWERHm AR T & 5,

2. B 51 (Experimental procedure)
IR-PLD JETIE, #—7 > MZEA SN TV DA AL 22D FE FIEET 5720, Mm@ RY —7 v b5
ZENEETHD, FI T, SEMEWFRATITE IR ENE T 5 5K F L DO E Y P 2B B Rk e TR
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F U8R /KFEEM(CBH, NaBH,) & IR WA Tdo D 1 —R v DIRE RN B EREZ — 7 > s OVERL A T - 72,
SERKFMIREARLETH D0, X —7 v MER R ORI REIERE TT- 7,

BB 2 IR —H—%, R 808 nm, [HIUEE: 0240 Wem 2, L—H—f: o4 mm TH5H, HEIL10°
Pa, FMGREITEES 150°C T, T AHMAE W THIEZTT > 72, NaBHa O BRI 213K 357 (Pn)0.1
Pa TOMEHIT 72, IR L—HF =R HIZIE, KEBIRE)F(QCM) & - 2 iRIESERE D€ =% — % 1T o 7, it
OFEHL Ar EHIETTT~ 200, XEREPTC & 0 EsHm 217 - 7=,

3. fERBLUEEL (Results and discussion)
9. IR-PLD {412 L 5 CBH ORIEEBROFE R OWTHIT 5, 1F
LU= 2—7w S EAWT, 3 KO CBH IEE 1TV, KiREN - =T CBH

DT 130 m DU, (FRLERRORIEREE s K T S
7. HBASEAR IR L TR LT, BEICK AL TV D s HF S
RS o, TORBOT < S NE R T o A, EIFERSY %

() TIXEERIIMNT B 2 Ml b B S 72235 721 1), 2 DRERD = Gl

B, BLEVEDR CBH W TH | IR-PLD {EIC K 2 BRIBEIRFIZ S5 1 A
AEED SR Z 5 2 L3y h o T, — . RIS (R Tl — : N7 ZEAR
Ko b CBH WilOE— 2 MBI, 0= b, KFHMLER O Ramanshiftfem-]
W5 =7 O D PEIC T LI bOBHER LI OB LB 11 OBH M0 5 ~ > 20 FL
b5,

YRIZ. IR-PLD 117 X % NaBHy DA R IZ OV TS 5,
LicZ =5y M HWT, 2 FFEOBIEZITV, KEIREN 7 ETofE i

JE 1.5 pm OFEREEZ G-, BIRHITKFEZEA LS 10 Pa O jﬁﬂﬁ@@&fﬂf/A\
B LKELAEANLE P =0.1PaDBAD T~ AT MLV EM 21T ;

T, A5 10° Pa OBAER) TIL. 217 3EHEB)IZ I CRLHI | 1
Thin film (Py,=0.1 Pa)

SNTND wid)=2335ecm ! fFTOE—7 N7 a— RiZR>TWD
[9], A% T, 1000-2000cm’ & 7= Y DRI FNT, #SIL 2 (CIFTFAE [ f/L
LAnT o— KA E—s b AbECHAISh, TR b DRENS. NaBH, bk

SJE 106 Pa (2B 1) 5 AU Tld NaBHy DS A A &N L T D 1000 5000

Z WD, —J7, Pu=0.1Pa OKFBFRFHR T CHEE L 750kt 7 Raman shift [cm1]

7 AT RV, va(E) = 1279 em P LR 2v4=2198 ecm !, vi(4)=2335
em ! fHEIZZENEA NaBH IZHIKT 5 B — 7 DI SN 72[9], 2D
ZEMD, Pp=0.1Pa TORMEIZ LV, NaBHs DA A U ABESHER: LTINS AEECH D Z 2 AL, =
D%, FWIRFE 150°C, Pm=0.1Pa THEAZIT-72 L 2 A, XBREHFICHBW T, NaBHy D 200 K O 400 O[EH &7
— 7 ZB 7=, LIEX Y IR-PLD ¥£IZ &V NaBH4(100)ECEIE A 155 & LTk L7z,

Intensity [a.u.]

2. NaBH4 5D T~ 0 227 fL

4. £L ¥ (Conclusion)

IR-PLD 7:% W T, 1) EEIREEMARKFEY) CsaBioHi, 2) NaBHy DS IR 21T > 72, BAEEMED @O EEIREE R
KRFETH D CoBpHR IZBALTH, BRI [BH R O ENSEZ 5 2 L3 oTz, Lo T, IR-PLD JEIC
£ 0 FERIREE KT DEEA A L AEIE A AERF Lo 21T 5 Z L IIREEZ & ZE 2 HiD, —J7. NaBH4 DWW T
1, BEREOKFBEA(Pr=0.1Pa)ll LV | $51 A S AR LIZBER FIRECTh D 2 & & R Lo, FpRiREE
150°C, P> =0.1 Pa CH T ZAHM RIZHIEZIT o7& 2 A, NaBH4(100)EL MDA H 4172, NaBH4ld LiNH, & O
IRAIZ X0 Na(BHa)os(NHa)os 235 H AL, VA A UAREEE(2X 1076 S/em (@300 K) A7 2 & A HU TN 5[3],
S, ZOHMREIEMNT 5 Z & T, NaBHs X Na(BHa)os(NHy)os DT B & 3 v /Ll A K OWPERHm 23 147 ¢
&5,
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Search for novel aluminum-transition metal alloy hydrides
Hiroyuki Saitoh and Reina Utsumi
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Some alloys consisting of aluminum and transition metals with an atomic ratio of 1:1 have CsCl-type structures and form
interstitial hydrides under high pressure and high temperature. The purpose of the present study is to clarify whether aluminum
alloy with a period 6 transition metal with a CsCl-type structure can form hydride, and if so, to compare its hydrogen
composition and thermodynamic stability with other aluminum-transition metal alloy hydrides with CsCl-type structures. When
we tried to prepare AlRe alloy with the CsCl-type structure using an arc furnace, we obtained a mixture of AlsRe and AlRes.
Since hydride with a CsCl-type structure may be formed via a solid-state reaction during high-pressure and high-temperature
treatment, hydrogenation of the mixture was attempted at 9 GPa, 800 °C. Unfortunately, formation of a novel AlRe alloy hydride
with a CsCl-type structure was not observed. To obtain AlRe alloy with the CsCl-type, we annealed the mixture below 1000°C.
However, it was not obtained. Literatures reported that stable Al-Re alloy with an atomic ratio of 1:1 does not exist or a crystal
structure of AlRe is CuTi-type one. It is necessary first to clarify the thermodynamically stable state of Al-Re alloy with an

atomic ratio of 1:1.

1. S

HEES DITHAL KRG EIFIEE & OILFEIFTE T, (EROERIEH CIIKREZWHE L & B 2 b Tz,
IKFBE LI WEBRIEOMAGDOENL R D T IV =0 AESKBMMEBEEEHRT D Z L iczh Lz, »
TN T =7 A EHKEEER SR OMAGDOETH D Al-FeVE ALCWWDOEEN, 10 TRJEREOEE T
TRFDETERRT D Z L 25 LT, AlsFes B4 % @it kF T2 2 & THOLZ AFeHs 13, iR E
TR T Z &N TE, BFENIIE 1 FRIELTOEN T THYRETHDL I EH RN Lz, SHIZT<
IOMFRIZ L BEDOT IV =7 ABBER A DHBUKE LN GIRATRE TH D Z L b Lo TE
oo ZOXITHERDOT VI =0 L EBGRESKFEMNFERTE L ENP LMD KT, TAI=D
L L5 6 JEHIER R OMAG DD DITRTEKFEMDDRG LI TRV, ABFECIEBRCEE DO KE LD 5
BTV D CsClEUEIED T VR =7 ABBERASKE W E T IV =0 AL 6 TR OMAGHE TR
BATRE A% BT, Al-Re B8 D EiREEKFUEIS B R LT,

2. ERFE

FALKR BT SIFZERIC BN T T — 7 BfRIF 2 VT AlRe A& ZERILTZ, TS =T AL L= AD/N
ZHMOFNIZAR DR L, 7T—27F2 AT 4B ERE LT, SO EHIEMHCR DR . Bk
XRD 36 XUV SEM-EDX (2 & W -l 24T 5 72, A-@alBHIFLeA TR 50 pm PA TR L, EAE 1mm & & 0.4 mm
OMEFERICIERERTE L, @ KECFEBROHREWE & LR -, sUEHEI=IE T 9GPa £ TIIE L7212 800°C
F OB U KERARF ISR Lz, SiREEAE LI 2 —E vy 7Bl L F 7 v EVEBRE RS IC k-
THgE ST FIE N L VAT o7z, AW CTIEEEARFLERO =D ONEHARR L L THROT E=7T K7
vaR Wz, RIS R SPring-8 D RN B — A7 A > BLI4B1 (ZERE SAVZE DGR 2T L% Hv
T, BEOKETER T DG L b E U T A A DB L, KE OSSR LT, EiRE A
FE OREHIEIR £ CHEAIE, FEE CRIRTHIE L., FiRFEE FIZE L7z, [EIS 723 EHI W TR
XRD HJ7E. SEM-EDX /3 %17 > 72,
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3. MEBLIUER

T — 7 BfECIER L 72 Al-Re A& E DOSTIROMEE 9225 CsCl R L 72> T D LB X millmEkE
fBIZ LY CsCl BUEIE AR - TR ABUKFM 2T 2 Z L 2 Uiz, LavL, ERLL7- Al-Re B4 5K
XRD & SEM-EDX Tl L7-fE 5%, Al:Re=4:1 ((E/vk, LAT) & Al:Re=1:4 O _FRIZHHBEL TV 25 2 & 235500
STz, FATHREMEERO RN AlRe=1:1 THIUL, BEiEEEKE L F OAAO BRI G #% T CsCl
TREIE DOFBUKFAM 2 TR T DR E S o772, EREaERE 9 GPa, 800°COKFZEF TRFFL7Z, Ll
e OBERER,. BEON BINGREIO ST B CsCl A D AlRe AA/KEMITF SN THRNT &3
BB E DT,

WIZHIFEWE O AEDEMTH 72 2 L DVKFMEF DD o T RH & 72 5 TNV D EFIR D701,
1000°CLL N CTOBULIRIC L % CsCl UG AlRe G DR A ATz, R A2 TIHREBGEENT 7208, Wi
b ZHIPREBOFEETHY . HIE T 5 CsCl HUHEED AlRe 585155 Z LN TE el o7z, £ T Al-Re
ROBEICETHBEOREZHME LT-E ZAH, AlRe=1:1 O TIXLEREBEMLAMITER L&+
L 9%, AlRe G413 CuTi BMEIEZ L 5 LW IHIME MDD Z L nhoTe, ARIOFK A OERERIL
Al:Re=1:1 DL CIFLE LS RENEAMITER LN WO FEREZFFT oD o7,

4. O

AMFFE Tl E KL ERR 21T > 72 AlRe=1:1 O OIR T 9 GPa, 750°C DS TIIKFE b % T
L7 EBRHBE 72572, Al-Re SRIZOWTIE LMD L E RS BEUL AV OHFEDOF T, /bW, £
DREEIZDONT, HEIZL > TRIEN SN TEY | ETZOREHLNCT HRENHDH Z L1330 >7-, Re
EFRFED Mn 137V =0 A EfAGDE D Z & TRBMMETRLT D Z ENmhoTind, [FfETH AN
DD EKRF IR L2 72D AT =KX N5 HRE LT,

BHEE
T RS L DB AR, B IO, KFEEATE ORBOBR X BEHTHEICHT2 0 | ALK B R
P I— 8%, RAKEHBAIROZ R D THINIEBILH L BT £,
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Investigations of hydrogen absorption and desorption reactions on magnesium containing intermetallic compounds
Toyoto Sato, Shunsuke Kakizawa', Shigeyuki Takagi?, Shin-ichi Orimo*

Department of Engineering Science and Mechanics, College of Engineering,
Shibaura Institute of Technology, Tokyo 135-8548
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Shibaura Institute of Technology, Tokyo 135-8548

2 Institute for Materials Research, Tohoku University, Sendai 980-8577
3Advanced Institute for Materials Research (WPI-AIMR), Tohoku University, Sendai 980-8577

Keywords: Hydrogen storage materials, Crystal structure, X-ray diffraction, neutron diffraction

Magnesium (Mg) containing intermetallic compounds, Y (1-yMg.Cos (0 <x < 1), were synthesized from binary intermetallic
compounds and their hydrogen absorption and desorption reactions were investigated by pressure—composition—temperature
(so-called PCT) measurement. Y (1_yMg.Cos except for YCos (x = 0) exhibited reversible hydrogen absorption and desorption
reactions, in which the reaction pressures depends on amounts of Mg in Y(1-yMgCos. To understand the hydrogen absorption
and desorption reactions viewed from atomic arrangements, crystal structures of Yo7Mgo3Cos and deuterided Yo7Mgo3Cos
were also investigated by X-ray and neutron diffraction. The crystal structures were composed from Laves polyhedra and six-
capped hexagonal prisms, in which Y with Mg atoms were surrounded by Co atoms. During the hydrogen absorption reaction,
hydrogen atoms mainly located in interstitial sites in the six-capped hexagonal prism and Laves polyhedra. Since size of those
polyhedra depended on amounts of Mg in Y atomic sites, the hydrogen absorption and desorption pressures would be controlled

by amounts of Mg in Y(1-yMg:Cos.

1. #65 (Introduction,)

IKEITERIL, FEATRE = 0L b il S 7o KR ORE R 2k FEA~O RN R S LD, =
VE T EE CRAKEDERN SN mEKE AT A, KR TRAKESN L S iidokFE, KFEEFT & LT
BFik S B K BETRAT R OKFALE)) SAVKEITHSTE & L TIRESN TV D, 20X 9 72K EITE 23 2
SNTVDN, BEMSZIROBLED O EIRTRE, 2> ARE CTEBEIOKBE LT T 2N E ST D,
FCH, KREFFRECWENIEH T 2KFE WL, KFEE S IRIE TIPS 5 EEKET A, UK
FCITBEAR AR/ m WK EE S (AR 72 0 I 5 D KFEE) NEBTE, ZOERRYS- 0 OkFE
HEIT, BEKFETA, UTEEKFEOR 3 HULEE e B[1], D7, Hix 72K E b KERTEME S LT
WEINTND, FFCv 72T A Mg °Mg &4 (MeNi %) 1%, /KE &R LT, MgH, X° MgNiHy %7
L. EVVERKESE (MgH, : 7.6 mass%. MgNiH, : 3.6mass%) A LTWA[2], idElL. KELDEWK
JSREDOSEETH Y . %< O Mg G4, mvKFEWE - BUHIREE (8523 -673K) Z7~9 7%, REMgNis (RE :
A THEE) 1. AKREDNERHIEORIE CREMRE T OBREIR AT 2ERARKF I Z TR L, EREEEToK
T « OS2 77T, £ 2C0 BEEE I, MERERSEMEET (rRIE— Bd%) . @BEMEWIEET (TEEE
B R0, mARGEE #EHdR) LHEFT, REMgNiy Z T % RE O THERED Y IZEH L. YMgNis &
FR & UToKBITRA GO . K OVKEWRE - H OGS 2 1Bl S | OBLS 0> B FET T 2898 2 21T L TV 53],
I ETOREN D YMgNiy O/KERTRFEIC B3 M KIFEZ B 5202 L, Ni O—3#f, IR T% Co I
BT 5 2 & T, EALS TV D KEITHEA 4 LaNis £ 0 @V UKFEIFEEZ R TR 2 STV 5,
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2T, AHFGETIE. YMgNis OfsEafEiEIZ &34 S5 Laves polyhedron & Six-capped hexagonal prism “Cifit it
HEIEDHERL S D @B EE YorMgosCos (0 <x < DIZHEH L. ZO/KFEWE - K RGNS 2 1 s O BLS
TR % Z & & BIICSE S,

2. EB 5 (Experimental procedure)

Y oMgCos (0<x<1)iE, YCo» & MgCo, DIEAIEKE Ar A H T 1173 K OBVLFRIZ L > THER I, Ak
BOBENEL X MREHT CRHMi S 7z, 25 L LTD YCosi, Y & Co % 1:3 TIRA L. 77— 7 %filriz2 VT ERk
e,

KBTI, SN CARRYE - BSOSO T) & KRR 2 392 PCT FRHEEHIEEE GaArmfEil
PCT-3SPWIN) % T 323 K Taffli <47z,

R, Ar FHESHP COR S, SR —IEGSUEE KEK, 7+ > 7 7 7 R U —PF [ZRE S 4
72 BL-8A % = it XBRIEITIZ & 0 P Sz,

K FEW TR COFGREIEIL, A A R « RN—/Li = 7 —WF5EFT PSI, HPEFiBGELIEBERY SINQ ([CRRE STz
OyfRREHRME P HRPT % AV, EUKSEINE T CoHE R EERIC L - Tl S h iz,

3. BRBIUELE (Results and discussion)

112 Mg B BN DB OARRER & 323 K TOKBIFRAHETM% O X AR BT/ % — v 2rd, Gk
BORWEHZIZ, ED Y.0; DEENTWEN, TRT T v/ e—2ik, NG, T =5 TR snr,
K DIFTEEE R 1 IRT, BTEHEN Mg G4 BRI L, #EREERITO/ERNL S Mg A BENRR D
B EE SN2Z ERHA LT o T,

. Yo.TMgolscosl . . . Yo.elMgo.4|003l . . . .YCO3. . .
Si Si |Si Si Si Si
PCT HIE® PCT HIE® PCT AIE®R
—~ Y.0; —_ Y,0, o
3|/ 3| 3
EJLJLUMM e N
24 AP by
& | BAkiE & SR o |amE
= Y,0; £ Y20; = i
J / M‘J Y203

25 30 35 40 45 50 25 30 35 40 45 50 25 30 35 40 45 50
20 (degree) 26 (degree) 20 (degree)

1. B ENIZREIOA R & PCT MIEH O X MREHT /S 2 —
Siltd, WEpRERE L U CEUBHTIRAG STz,

K 1. FARORTER

Sample a(A) c(A)

Yo:Mgo3Cos 4.9990(8) 24.197(17)
Yo.eMgo4Cos 4.9823(9) 24.032(14)
YCos 5.0141(12) 24.341(25)
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2|2 323 K COREMEFHEIR A R~T, 2Ok
R B IKFEYIR « B BGOSR FEEIL, Mg B A &=
WARIFT D Z ERHLMNT oz, Fiz, KBERTESS
ML D X BRIalT 2 —2 %K 1 1Rd, Mg 2847
LB CIE, KRR EREAMATE T D X e <&
— VP —E LR, Mg 288 L22WEEHEL (YCos) .
IKFBHTRFFEREM 1 YCos &3 RRDT T v/ E—
7 B E T, B, BB D Mg 23K EWLRR - it
S O A K SR HIAE & AT 22 K SRR « b RO
WZCFHET D LR LTz,

KRGS TRFEWR « H s 7= L2 3Bt ol
PG A R 2 72012, =ik, Ar FREKT TOl
S X REHT 21T o 72, 57z X BRIEHT 2 — 0,
U — h~UL MEWTIZ L > T=H8 (Z2[BE R-3m (No.
166). K& a=4.99894(6) A, ¢=24.18914(45)A. Z
=9) OffEiEE CTHB SN, BN iEmiEEZX
31T, U— UL Mg OFE R BB 7 i i3,
Yo:MgosCos & 7257z, FlfpEIEIZIBW T, Mgl Y {iZ
EAIEF LY Mg) OJE Y (2 Co MENLT D six-capped
hexagonal prism & Laves polyhedron 232K 41T 7z

(X 3), Mg DJFH2E, Y L0 b/hal, Mg g
A B\ AN 2K FEWER « I BOSDMEAES 2 2 & e
b, Mg Y (MEO—#H% AT 52 LT, KB
A DA S v, SR 7R K SRR « B RO 3 5
N2 LRI N,

W, KW SRR TR G 2 iR 5 72
HIZ, 323K, BEZ2d L 5MPa D EKFZFFHL T ToOH
PEAEHT R AT o7z (X 4), BEAREFRFK T T

7T T E— I NEMEAEMIC T N LI LD,

Yo7Mgo3Cos D& - INIZEKE D S 41, BKEWRR
ALY S 87 VAN e g Wy W = 5% Wyl 1 1 8 EIE TP
H— U — bbb MENT L, FZBRERS =J5 5 (%
fH#E R-3m (No. 166). ¥&TFEHH a =5.27370(64) A, ¢ =
25.68827(553) A, Z=9) OfEfMEE THELI NI, Hfk
M7 R IR, YoMgosCosDsg & 72 o T, HEEMEAT Ok
R, BHAHEIE, EIC—E Mg IE#fL SN2 Y & Co T
& ik & L % Six-capped hexagonal prism & Laves
polyhedron DNFEIZALE L TV o, KERER SNDH %
ERD A X3 Y FLEICHFET D Mg B8 RIS
D 2 Linh  KFEW R U BUS OV K SRS Mg &
ARICEVHIESND Z ERRB I T,

4. £L1® (Conclusion)

Mg #&H T 54 mELEY YayMgCos (0 <x < 1)
M2 TTREBN LA S AL, FR T CORERIE - it
HBOS, OV &S PCT JIE S X MR - k1

10"

—

o
o
I

Hydrogen pressure (MPa)
5 o

10

{ Temperature: 323 K
¢ Closed circle: Absorption|
Open circle : Desorption|

00 05 10 15 20
Hydrogen content (mass%)

2.323 K COKRITRRAFM: i
7R 1 Yo7MgosCos 5 F : YoeMgoaCos ; £ 1 YCos

3. (££) YosMgosCos DififitiE, XY () Y/Mg
J& Y O JF TR (L : six-capped hexagonal prism ;
T 7= LK)

Sample holder

5 MPa (D,)

Under Vac.

Intensity (a.u.)

ey

|

10 20 30 40 50 60 70 80

20 (degree)

4.Y0:Mgo3Cos D HHEF[EIHT
(1) 5MPa OEKRFFMK, () HZEH
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AT & o TREi S Av7e, REan ST ORE R, Mg ld, Y LEO—HZ A LT, Yo yMgCosld, Mg 25
B4 5HZ T, AR K EWE - KOG E R Lz, & ORFOKEWRE « HEOGDOEIE, Mg & H BT
L 7o, BEAKRFEFRFS N COFPEFRITOFER, F2KFE T, —5. Y (Mg) & Co THERK Z 415 six-capped hexagonal
prism & Laves polyhedron OINFBIZTFAE L T o, D720, KENEG SNDLHIRDT A XY MLEITAFAET
% Mg B BITHRAT U AKFEWREL « SO O EKFEIED Mg B B L D i S d 2 & AVRIE STz,
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Microstructural control and its evaluation after heat treatment of Ti-6Al-4V alloy produced by electron beam melting method
Hiroaki Matsumoto, Kenta Aoyagi', Kenta Yamanaka', Akihiko Chiba!
Faculty of Engineering and Design, Kagawa University, Takamatsu 761-0396
nstitute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: electron beam melting, titanium alloys, aging properties, hot deformation behavior

This work focused on the forging properties of a Ti-6Al-4V alloy produced by the electron beam melting (EBM) additive
manufacturing using the PREM powders. Here, the forging properties and microstructural evolution of the EBM specimens
after hot forging were investigated. As-EBM specimens exhibit the a-lath microstructure composed of six variants originated
from the o’ martensitic transformation. Under hot forging at a lower temperature and high strain rate, a marked flow softening
behavior which was observed in the conventional Widmanstétten microstructure for the lamellar specimen was suppressed for
the EBM specimen, which was attributable to the multi variants formation of the (o-+f3) lamellae and coarse colony formation
parallel to the forging direction. This beneficial point for the initial microstructural formation in the EBM specimen also
contributed to the homogeneous fine-equiaxed microstructural formation. Processing map approach in terms of dynamic model
also presented that a high efficiency of power dissipation and a wider region of stable manner of plastic deformation were

revealed for the hot forging of EBM specimen (compared to the conventional lamella specimen).

1. $#55 (Introduction,)

B — AFEEIE(EBM)IER & O RS EINOERIZE R E L <, WIHMROERIIN L7 7 & 25
ELTHSH RSN TWS, BT —AHEEEEEBM) & 138 EHREFME S L TlBEFED-b0%, &

B — A CIAR S HEEE S Y7o A AR, ThafEE ST 2 LTI oRRoR G2 ST A HCTH D, 3D-
CAD DFET — & 0 b EEHNAEHEI IR OS5 2 LS ATRR 22 RS 3 8 5

— 7T, ERHOREIERI . BV AT S HMGEIC S IR S D . EBM {E &M LA /@E L7
TREAHFNELASIN TN D, EEMEIN T 4209 2 & CH ARSI - B HE O FTREMEIZ B D TV 5,
EBM (2SN 5B RITIER. WA E A EED T ALK R E AT, TR-EEE S THRILT 57 b~
A RFZ LV EEES LTV DR, @RMEFEIT T /EE TII 7 7 A2 Lo TRlE L, ki & U CEMmE R
P> Him 0O - B SR RTET S PREP {EIC LY EBM (23 L7240 - B —ERIRCREZR SRR OR
BEIZII LT D, F-En 2k LT EBM I X0 &S 7e Ti-6A14V BaMBEN T I FrE 2 32 &
ZHLE LTWD, ABFZETITETZIC EBM LM T2 @4 Lz 7 0t A& EHIZEIR L. PREP By % %R
BtE LT EBM £ TG S L7 Ti-6A1-4V 4@ D& R & AR IV TRERMEZR BT 7260 . TR D[RRk
72 AHARFE HE(Widmanstitten FHAK) & 529 Ti-6A1-4V 54 & bhi U TR R « FHRRZAN b 2 SEREN L BTAm L 72,

2. EB5#: (Experimental procedure)

s FH OEAS & LT, PREP HyRZJ5EFE L72 Ti-6AI4V-EBM #1(6 /XU 7> b D a KidrH72 5 T A T k) %
Rz, JEIRIZ EBM #4702 5 [EAE 8mm, & & 12mm O 2800 H L, I1TIEEE 840°C~950°C, VT 7~ 10°~1
sTCIERMEZRD 50% B L <1 30% & 7 D K 9 I EMEaRER & S0 L 7=, AELAkEFAT % FE-SEM,EBSD,EDS % HIVT1T -
72o F72 Ti-6A1-4V M (HEEA) % 1100°CT 15min £REFE 120°C/min TIRH L7 A 7 kAfEk(Widmanstétten FHR) 27
U727 A TR L, AR BR 21T\ ) EBM A1 & OSSR « M b Ol 21T 72,

3. ERB X UEZ (Results and discussion)
BEN TAICBWT, & DD EEIETT A 73 IR 2RI > 7 — N ROVERR S AUBEE 72 R Y




—EREE LTz, — /T, EBM M TIZZIUT AR TE 23R COEREE 2 2 L7z, Fig. 1 1% 840°CTD
SEVESREN R (R ER - IREMHIERR) Th 0 . MalRbt & b IR CIIRRR B2 E 2 2 L7, — 5 TF A it
Mz WTiTmdE, IR B WO TRRZORVIILBIS N BIZE S, ZOEBIRIT, K#E - miRAEIEC
RHIFEEMS I, EIRMEBGMEE LT, —F . SRR TOLERE T EBM M TIET7 A ZHEM & i L TRV
ERBZRBIEREN 2 2T, Zhhb b, EBM MCRO B —RERETEZ 2 LSRN TE 5, 950°C-10-3s-1,
900°C-10-3s-1 D&l « ARHRSGAFDOZETE TILM HIFEA & & 12N AR bi-modal #H#k % 522 L Tu iz,

Fig. 2 1% EBM #f T3 54172 Processing Map T 5, Z4Ud Prasad H MBS L7=FIETH Y (Y Prasad et al, Int.
Mater. Rev. 43 (1998), 243-258.), 73U —43HGh=5 L OVBYELZ ER 17> b Fai 72 I L% ERIICHEE 35 FIET
Hb, T ATHEMORERIZHR LT, 2 s i LT EBM M TIEWTHOM LEFETHEV T —
OB & IR\ IVEZE TE R SR MBI ER S, BN - MR BN @R ERE S OTE M IR W T L v R
TWDHENEECTX T,

Fig.3 I% 840°C-1s! THNI L% DRER A F LB COIM T TH 5, 7 A 7 G TITHKRZTERE(H B RLITKTIR)
ZMERE L7273 B NERC sub-grain @ o FIVBIZE SN DM CTH D, —J7C EBM M TIIHI T Z v & A7 Skt
BEZELTWAENSND, ZDXHIT, MV TH EBM MIC TEIRFRR SRS L 0 IEMEL S -3 Bl
fif CX . ProcessingMap & B K LR TH D, S HIZ, EBM MITFHALN T & 2ME LTl 7k z 2 L
TR EHEEE CEARBEEN L VBN L TV Z &2 D, Al 2B FE RS X 0 T L Q0 5 2R
BEIND(H LT LY @b ~DEEEAS X 0 R X 078 iee By Fasdn).

WIZ, Zener-Hollomon(Z) Kl - & DBRD BN THERR D o BRI S OBhAIERIR L R (AR i b 28) &2 3 L 72,
ZORER, ZWT-& o FEERRIES, BRIRAESECRUWEIEBIRA L B 7e 2 & s BRI LI L OBIERIR LSk
(CENEMLIRFE CIEL SN TV D Z L C& 7o, LV FEICIX, Z RSkt L TRIEBIROE X 258 ©°F
ELTHY | MRS I TR « OF ZEIKAFE L T BRI LT 2 F bR I,

n
1s!
400 a5 A smEn 0.15" o
A 0.01s" owzs
= 300 :_"_:—\\ 0.001s! G 04250
&~ L R L2 'E
E [ g 0.3875 :
Z 200 | £ £
E i \\— !g. 03500 §
@ RS T p—— 2
E 100 r m E 03125 5
r 02750
0 e 02375
0 01 02 03 04 05 06 0.7
0.2000
True strain Log,(strain rate)
i °CiZk . . H o1« _ N I AN R
F%g.l 840 S\c iow‘%z%\% Fig.2 Processing map(EBM #1, £=0.6) Fig3 840°C 15 (en 50%)@&%3317&&%/%&%&
Ti-6A-4V &4 O ERE) R (QEBM 3tk (b)7 # 7 fHkatht

4. ¥ ® (Conclusion)

AHFFETIX PREP MR Z 7k L7z Ti-6A1-4V-EBM #4 & LLigH & L CORERD T A Z 5k (Widmanstitten #H
fR) ok UTEIRSEEER 217V EBM #4 & EBM #f & [AER72 T A Z (o PRk A 237 A 7 Btk CHOEReE - fH
WD ZAT > 72, KIR-mEN TR ISRV TT A T CIEBB R o7 — 32 RIER & R — B8 (58
WIRALBIG)MBIEE S L, —F TEBM M TIZ IO OBRBFEM S, K 0 B e ssE) - #sisela
B L7, FMTHZOEMICEN TS EBM MIZBWT T & Aefbihlicin 2 £9° 5 0 BV 7o S b in g 2
BELTWe, ZHUE EBM #1230 T EBM i#fe CIER-EMEEERIC~ VT A NERBEZ R L, EDHOTEL
W T~ /LT 7 o M(6variants) A HERF LT B AHDSHRIZHTE L72 T A Z (at Byl A 29772, Widmanstitten
kA BT T A TH & HER L TR BB iR R MEE S oo LR S D, BT EBM TARL
T MK 2 v =— L EENN T EMEEN 3 USEATICELA T 5 729018, ZAUAN8E L CHEARMIC & R — 20
Pl S - FERHEER SN D, 2 LY EBM M2 %A & U2 SBMIN TORRFZE CrisksE)ic sy, #tkn o 2 7
B & b UC & 0 BT 7 BB R - MR L A R TR B E o T,
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Optimization of orthodontic devices using metal additive manufacturing
Shinji Takemoto, Tomofumi Sawada, Keiko Fujisawa!, Yukinori Kuwajima!, Kazuro Sato!,
Kenta Yamanaka?, Akihiko Chiba?
Department of Biomedical Engineering, School of Dentistry, Iwate Medical University, Shiwa-gun, Iwate 028-3694
!Division of Orthodontics, Department of Developmental Oral Health Science, School of Dentistry,
Iwate Medical University, Morioka, Iwate 020-8505
?Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: orthodontic bracket, additive manufacturing, cobalt-chromium alloy, titanium

Metallic additive manufacturing is available method for shaping the complex devices. In dentistry, the various sizes of
prosthodontic devices are custom made for each patient. In this study, we examined the possibility of manufacturing a small-
sized orthodontic bracket device by additional manufacturing. The orthodontic bracket was designed by computer aided design
software, and were made of cobalt chromium alloy and titanium alloy using metal additive manufacturing. Consequently, both
brackets made of cobalt chromium alloy and titanium alloy were constructed, but their accuracy was inferior to already-products.

We will optimized the brackets by design of CAD data and change of manufacturing condition.

1. ¥E

— IR FBHRIR T, BFEE L O OENICHES T D it E-CEEm 2 ST 5, 2 E TldsR SRR
ThHOEREIRNT Uy LEEETLE LIEERZHOWZHEEENHAN G TR, ITF, a2y Ea—X
—ERREF Y AT L (CAD) & B a—F —HREE (CAM) SOOI SN TVWD, LavL,
BRMEETO CAM TPV a =T R A FULRATAET I v 7 AL S REmdEt T I v 7 A& UlH|
BRETDHENRETH D,

—J7C, WA CAD/CAM B O INELEIZ DU T, R & OERMEIE IR R 0 TR 2 s & L
TFNRIOY I 2 b= g o=Vl A RICHOBR TN D, SBMEIOMIIERIZIR-> TH 5 &, Ak
BUFMEOBLE NS 2L T v bG48, ATV LAIRT X U AEINSHORTREME S I  CE 5, ERE— A
R —Y—FEfEIC X 2 Aa0REEREA 2 E TOHEMN TIZ L 0 #d S /- 64 & OWEMEERTEE O
IZOWTORFHID e, 612, WRMEE COIRAES 2 5B, RIS CO/RBER LA ENEE e
KF-L7eoTnD, LinL, £, fifEEECEEMICERISH TE 2721 OERECHE AR LS DAL T
IRVDNBURTH D,

AWFZE T, AHDIMER 2 S REI ST 2 -0 O ERIZE & LT, WRMEERLERE, Bio 7 I 47 v MC
HHL, ZOMEDEHEILEZX D Z L2 BINE Lic, WEMEIEH 7 77> MIBB L% 5~6mm FREOKE I T
WIS ) L. BEATA Y =205 2 L THEBBISE 720 0EETH S, il chsniz
B, AEBAFHHEE MIM) (12X 285ERRATH D0, BLE TR CTORIIRIC L 28&E03H 2 OBk TH
Do AHETIE, WABEHRY 77 v OB EEOFIOATREM AR T 572D, BT 7 7 v kL [EkR
DIEREEE L, ZOREICOW TR ZHED 7=, £7o, S E@-E IR O B 23 Ml 5 72, HRkHE
TRHEE DO —FECd DHIRE R D 7 T AT ZBIE L, £ OB OV TRGEEZTT - 72,



2. EBTIE

RO 7 7 /7> Rinb CAD 77— Zikat LTz, &EEIEE T — L EREE (Arcam EBM A2X, Arcam)
ZRVT, R 45-105um O 20 R 7 v AR (ASTMF75, Arcam) 35 KON Ti-6A1-4V AR CE £
— LA TEHESIE TS - A T o7, BONIERW % 3D AF% ¥ —Cutrly . EhdbEa o7,

3. BRBLUER

B 112 CAD 7 —H# B L WERAED 3D A ¥ 7 —H %md, 27UV M7 0 AGEM R CER L7 77 v K
DAX X T =2 TIETT77 v NDOY 4 7 EIZERPRDO BN, — T, FX U GE&TER LT 77y
FTIEVA VP—08085 A1y MIHEAE O THY | FFEEDO KLY 777> b & LTOISHD RN
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Application of additive manufactured cobalt chromium alloy for porcelain-fused metal crown
Tomofumi Sawada', Shinji Takemoto', Kenta Yamanaka?, Akihiko Chiba?
"Department of Biomedical Engineering, Iwate Medical University, Shiwa 028-3694
’Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: cobalt chromium alloy, additive manufacturing, dental porcelain, metal-ceramic restoration, bond strength

The aim of this study was to investigate bond strengths of the veneering porcelain on Co-Cr alloy which were prepared using
electron beam melting (EBM) with different built directions via three-point bending test in compliance with ISO 9693:2019
(Metal-ceramic restorations). Co-Cr alloy specimens (25 mmx3 mmx0.5 mm) were fabricated with three build angle directions
(0°, 45°, 90°) by EBM and blasted with 50 pm Al,O; particles before layering. One commercial veneering porcelain material
was then fused on the center of the Co-Cr specimen (8 mmx3 mmx1.1 mm). The debonding/crack-initiation strength (bond
strength) of the specimens was evaluated by three-point bending tests using a universal testing machine with the porcelain layer
positioned on the side opposite to the applied load. The bond strengths of the specimens showed in the range of 39.7 MPa to
40.7 MPa, which were higher than the minimum requirement (25 MPa) of ISO 9693:2019. There was no significant difference
among the specimens, irrespective of the built angle directions. In conclusion, it was suggested that different built directions by
EBM did not affect the bond strength of the porcelain to Co-Cr alloy, and the manufacturing of EBM for Co-Cr alloy was
suitable for clinical application.

1. ¥#65 (Introduction)

RS CILAFPH OBERL, SMERRIE (I~2 ) 1Sk LT, ZTOEREBICHEEEOEEMiEER (777
PRTY v V) BEEIND, O OMRIEE ORYEIIZA B, AR B AR ARV
NS, BCKTIIIERD D OFFERIICINZ T, a2 B a—2 EkG - & (CAD/CAM Hifff) 12X > THEHE
BRTHLTZ R0, Ur b7 a bi4d (Co-Cr &) M Lo lEmifiEng Rk L Tngd ), —F4, BART
FERRE (B8R N7 VY AEE) FHWIEERERINE RICH Y | Rk e SREt s LI 2R IR SR O
HIEERO 7 L— LT =7 R E IR ST 5, oL, B8RO CAD/CAM HIFOREIZL D |
FEEBBIT L 5 AR EEE ORUEBINT HEMICH 5, 2020 4 6 AIZITHREREH T % v Ae0ORHEAK 7 7
7 2 OB DMRBEINE ST\ D, —F, BWEHER CIET VX UEOIUTREIZIER L TR, KRERARTH
A LT 7 MIERE L TWD, #E CAD/CAM BRI K 2 dasfifeeE o fEIE, UIHIINTIC X 2 BREITIEN S
ITLTUSHSNTOA D, BIEI TEOHEREMEIOIRENZ N2 LD, A —4— 2 A R CTHEHHEREZ L7-thif
F T % BEC & 2AIEREIR N ER ST b,

T rE L U CHSRENE L B A BT AT T 2 v/ BENER S NS, BT v/ EE TR,
ABVF TLARATT AT I v I7R0LBoNa=T|\ZEDE ) )y 7 EESCEROEREY T I v /D7 L —
LU — 7 Fifi BICHRBARIM 2 BT 53 LA v— MEE CTHiEE N ES D, BIRTIEA— 1B T Iy
JEBOFTENREIML TWDEN, AXNLVT L—LU—T ERHN A X NY T 2w ZIEEO DG ORI DA
Z L CREERM O F v B 7T, MRS E ORI X D IS IHESMEN O & AR THRE SN TWD 2,
LIcio T, AHXNVET Iy 7 EE THOZ AR &8 CIEe s B RO AIIRE & @il & o Bk
DR RIS D, B 2R3 210H720 BRSO S LT X AR RRETH L Z L2b 9, =
SNV RT B AEENE RS L TEF LTS, L, MRS ceBmREE T REIZL—
—E— A THERE T DBROKMRE (SRR - T - JEA5E) 3 R BHHFRAEE 18 & R BECBaRA DBERS
FRE, TN AT T RENIRIZITIH SN > TR,

Z ZCAMIFE TR, AINEEIRO—2>Th 28 £ — LHEEERE  (Electron beam melting: EBM) TR L
7o a0 N7 a NEARIRAMBEN AR & BRI 9 7o O O FEERIRGET 21T 5 B L LT, EAROFEE J7 1)
DIENIBERTT 2 Bt O BERTRIE 1 M IET B SOV TRET 21T - 72,




2. EBJ5¥ (Experimental procedure)

Bkt > Co-Cr G4 ~DRERTTRE X 1SO 9693 : 2019 (Dentistry — Compatibility testing for metal-ceramic and ceramic-
ceramic systems) [ZHERLL T, otk 25mm X 3mm X 0.5mm) @ Co-Cr &4 EICFakf 2 5epk Losgak S 87
BHC 3 R FRBR 2T B L7,

Co-Cr A& BN ENIE T b — LS EE  (Arcam EBM A2X, Arcam) % FH T, kifk 45-105 um @ Co-
Cr-Mo &4& 8K (ASTMFT75, Arcam) JRICHE - — L & ARHESAE TGS - iR 21TV, AFERREEE (35 mm X 10
mm X 10mm) ZREL, BEMTIZI VG L, BEEEAEIL07 ,45° ,90° & Lz, dER&ITE#R
1 2 MHKRFEERR (#2000) CTHFEEZAT 72, KT, BT RO BE T 8mm X 3mm) (27 VIF7 T A

NMOEE (R 50 pm) . B EBHEA RIS TR A 212 < v 7 Hiftt (ZEO CE LIGHT, Yamakin) % A —7% —§/R
IZLTZiio T, R = A= BIOT U F UM OIRCT 7 A MAFEIZZ S 1.1 mm (27225 K 9 124
L., EXJF (Single Mat, Shofu) (2 THERRATT o7 (n=8), BUE L 7-BURH IR BRI 4 519k & L CRest
FratReg (EZ-test EZ-LX, Shimadzu) (2°C 3 iR a21T>72 (7 v A~y FAE— F: L5 mm/min), FakF & O
Beft iR S 1RO R & HmIRE (HART 27 2 772 JB) ZHWTHRLNTCHERN NG R LT,
WRHFR TR, —JChLES BT (RF @ Co-Cr B&DORIEIEIEI71E) 36 ZUF Tukey DL HHLEIE 21T > 7=,
3 TR BRI OREHIE E IS AR R L Mk R A2 R L, 7 2 VSR (ViTiny UMI12, MicroLinks Technology)
[ TBIZE AT T2,

3. BREB X UEE (Results and discussion)

3 ABTRBRIC L D Co-Cr A& ~DFab OBEfHH S % Figure. 1 1239, BEMTTR 1T 39.7~40.7MPa TH VY,
RTOFRERS 25 MPa UL ETH Y IS0 9693 : 2019 THIE SN/ A XNt T I v V7 EEOBEMRES 2 Eal-72 (&
EAH : $FIETIL 34.1 MPa), — L@ T DA IE TIEIC X 2 B8 TR S O Z B TR it/ o
7= (p>0.05),

HIFE L 72307 U 2 VB R A Figure.2 (1 : @B, T : Mghm) (279, EBM4AS” TIdBEECRYEL
7okl & RIRRIZIBE ORI & B 2 G D REORRLEEFRO 555, EBM (0° ) & EBM (90° ) Tid#lgx
2o T,

ZDZ LD LIEEIEFIAY Co-Cr B4~ DR OBEF IREEIZFEITERD e b DD, 13 < B CIImz b
DIEVHBDOONDZEND, ELRLGTIDBLETH D,
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) ) Figure.2 Digital microphotographs on the interface
Figure.1 Bond strength of the specimens of the specimens after the bending test

4. £ ¢ ¥ (Conclusion)

AMFFECIE, EBM THRYE L 72 Co-Cr 4 CORM DOBER IR 1, FEIER EICBIRR < WRHIRIR (X 21k
T v 7ER) TROLNDABEMNTRS AR LTz, UL, (X< BEL7ZSim Cld EBM45S° Cld#hd CHRUYE L7250k
T BRI HER S T2 2 LD, Co-Cr A OFEE S 7 IEM M ANEOBLR ) DRSNS (HMEER) O
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Effect of microstructure on Ti-Nb alloy

Eri Miura-Fujiwara !, Hiroki Ogi?, Naoki Nishimura?

Department of Science, Sendai University of Technology, Shiroishi 989-9001

"Department of Materials and Synchrotron Radiation Engineering, Graduate School of Engineering, University of
Hyogo, Himeji Hyogo 671-2280
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Abstract: Ti alloys have excellent mechanical properties, corrosion resistance, and biocompatibility, and are used as
alternate or support material from hard tissues such as implants as biomedical alloys. However, micro sliding wear
(fretting wear) could occur at between parts of implant consisting of multiple parts. In this study, the fretting wear behavior
of Ti-Nb alloys was investigated in pure water and Hanks’ balanced salt solution, which is a typical alloy composition of
low-elasticity B alloy, and various equilibrium and non-equilibrium phases are appeared by alloying and heat treatment.
The relationship between the microstructure and mechanical properties of the Nb-added Ti alloy was investigated, and
the relationship between the composition and hardness on the fretting wear of the alloy will be clarified from the results
of the wear volume and surface analysis of wear track.

1. ¥#&= (Introduction)

EMENC I DRI 28 um ~ Ft u mAEE ORUINRIRENC X % BERE(fretting wear) (X, M DO E RS
RWHEDIRR & 72 5. 2O X 5 REEBRGIISREKOM B OMAG OE%E, SEROERICEEIN DM
RETHD. TiBLUOTIERITEAEMEN R, BMRERMERNTZD, MHEFREMEME AR L L TR O S.
Fio, TOMEMED RS LERERICET 58 REFEBLG(Tribocorrosion wear)lZ DWW TiXd £ W BE I
TZheholz., —IICATAT 4 » ZEERETIE, BE L MERMEICEOHBAR S L L D3, ZhHET
\ZHEEE DT o T Ti-Nb A O EURIR I 1T 2 7 by 7 o o VBEFECIIE B BRI L
7o, Flz, MERERESCTZ RIS O D 2RI 578, BERRIZITZ AU 2 THAH DBESE TR L D35
BERIFTZENRBENTND. FFIZ, BERERF OB TE TR S D Mol b8 23 B i 22 BEFE 7 I BAfR
LTWDAREMEZ RIE L TV DAY, FIHIREE DB T A T kL EA AR OE Y, INLIME D IS NS~
VT A MO E OMEHLRRTAE O E1E D720, F72, CPTiRTI-6ALINDGBD AT A T 1 v
JEEFEIZ BT HMFZERE R DI, MUKPNTLHERR, 7 R EOWRFEIC KV ERERN R,
tribocorrosion DB bR L HFET L2 MENH 5.

Z ZTCAHGERETIE, Ti-NbEE&Z/ER L, off L SO RO 7 Ly T ¢ o T EEFEIC
BIFTRBCOWTHAELTWS. SFE T e, B, atBEEOIERZEZITY, b OMLALEE DGR
DB L, EHERBR L OBIRAMET D720, insitu 7/ — RophakER & BEFER O F 72 5 Ti-10Nb & Ti-28Nb
DEBACALIRFA T SN T O W TEMBIZE 21T > 7.

2. EB51E (Experimental procedure)




Ti-10, 28 mol%Nb &4 % 7 — 7 VEfRIECERL L, S oA
YAy MIFETHET5%FE THRHH 2 WITENEELE L7z, [EIEH
(AR #h)IX, HCIRICOIEtR, A A —UHFICTEZEHF T 1123 K T
5.4 ks DA TRALALER % Jiti L 7= 30BHST #4), 1273 K T 3.6
ks REFI%, 773 K T 14.4 ks Reh# )5 v L 72 30EH(STA #4) % 1E Y
L7 A E40OMFEEIE XRD IZL V1T 72, B LALERE DR
FHIH RS £ 7213 310 K @ Hanks i CR—/LVA T 4 A
o RIEERERBRERIC C T Ly T o T EERERBR AT o 2. HHFH
IX¢5Smm D ZrO, & L7z, farE X 100 gf, #EENELA 20 Hz, £k
BRIFFRENT 5 ks & L7z, SBROIMI & 1 ks RIS FHBEBIREL
ZRME L, FBFCT /) — RoMia 7> 7=, TEM Wi EHE FIB
IZTH AV 7L, TEMBIEEZITo 7. SUBHERL L OMBIZ2IC
EHRAER T 7 7 @G Bl B o 2 —(CINTS)IZ Z 30
7272z,

3. BREBEIUEE (Results and discussion)

Fig. 1 & Fig. 2 |Z Ti-10Nb & O* Ti-28Nb @ in-situ 7/ — R/47Hiifh
BEZTNEIRT. Ti-10Nb TIE, EREN Eor XL X
ST ST<AR<STA DIETEMIZT 7 b T 5D, ZODIEIF-0.3V ~
0.4V R & A0 ST, ITITHA O Ti-28Nb TIX, o4t
H Eeor IZIEIE —TED Eecon=-04[V]E 72572, 5T, 10Nb DfE)>
RIBEENOEIT, o FHOMBEICER T2 - sng.

Fig. 3 (2 W7 TEM {4 Ll BRI E 4718 (SAD) 2R 3. BEFER 1T
E 1 um JEOBHILIE SN T8O RS HeRB ST, e i Ok
AL L, BEREM OB EEEAE KBRS NI EBE A DND.

10" - . .
—- 10Nb AR B
E (b — 10Nb ST et
-—- 10Nb STA Vel
3 10° P S
= \ - /
g N\ / / |
= \
2 10" N\ P L hM
% ‘\I\‘ - v
s VAT
g7 Vi
5 [
=
&) f’ 1\
10° “

1 05 0 05 1 15 2 25 3
Potential, E / V vs.Ag/AgCl

Fig. 1 in-situ potentiodynamic polarization
curves of Ti-10Nb alloys measured during
fretting test in Hanks solution at 310 K.
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Fig. 2 in-situ potentiodynamic polarization
curves of Ti-28Nb alloys measured during

fretting test in Hanks solution at 310 K.
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Fig. 3 Cross-sectional TEM images of fretting wear scar of Ti-10Nb STA (left) and Ti-28Nb STA (right) samples.
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W7o, N LB ITHT ARG 70 Tlk, BEREFEEI G Il 5 o FHMBLEES, BRI KD o T
HHEEZ DIV, BHMEIEE L CIRERAICIERL, AT _DEERENHD T E 2 OND.
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High-temperature oxidation behavior of Co—Cr—W—based dental alloys
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In this study, we investigated the high-temperature oxidation behavior and surface oxide film characteristics of
Co—29Cr-6W—28i—0.05C-based (mass%) dental alloys. Ingots, which were prepared by vacuum induction melting, were
subjected to hot forting and hot rolling to produce plate specimens. The results of thermogravimetry in air revealed that adding
Si improves the high-temperature oxidation performance of the alloys significantly. The transmission electron microscopy
(TEM) analysis revealed the formation of the SiO: layer at the interfaces between the surface Cr20s layer and Co—Cr—W
substrate, both of which would protect against oxygen diffusion and prevented the oxidation reaction of the base material at
elevated temperatures. The thickness of the SiOx layer formed during high temperature exposure at 1000 ‘C for 5 min was

determined to be approximately 100 nm.

1. #= (Introduction,)

Co—Cr-W (CCW) 24T, FRECIAIEICEN, 1ERNLHANWLNTEZ AuSa L) bR THLZ LD
R B ELE LTI STV D, @BMEIIEEEOBLEN D, SEREIC MM 2SI THER S
TWDH, BEFFIE 1000 CREDEIRIZ 5-10 3R FFT 24 7 V240 iR Z & Thgik s s, L -> T, [
B E AT 24T 5 BRCFMIZ B DI TR WS B 03 b L, BB EIERREICHE O SHEZ b RE E 7o -
TW5, £z, Kb OB ERE 20 LS5 -0 B OBLAENMTON D BANH D . EiRE b 5
HfRIEECH D,

VIED X 5 7238556, A7 )V —7"ClddA i CCW A& D b 2 7= A4k o i ki
BOMHATEL Y, ZHETOWETIE, Si BELU B WINC L2 EIRBCEEOUGELZB G L TE, £
Too XBE T3 (XPS)& HIVT, CrOs & & HAR O FHEIZ Si DUV NE B IR(LHENFET A Z L2 R LT,
LML 6, XPS TIEANRy 2 Y 7 L— " BIEEYE 2 Wi e L TRINE LN DT, MEto
RSB o T, AW CILERE T BMEEE O 7B b8 OFHIICER D #LA T,

2. EBJ5tE (Experimental procedure)

1B JE R B 2 SR AR A2 PO T Co29Cr—6W—2Si-0.05C (mass¥%) Z FEAKARL & L7-Ba 2 iatl U=, 2uliiss
FOBHEAEIC L 0 VERL U 720001705 5 110 % 10 x 2mm?® OFCRERER T 2810 H L, 8001100 ‘CIZ TREHIZ 5-15
min 3 LY 12h 7355 L730B 2R U 7=, SR A 4o B —2 (FIB) Z VTR LB T 7> DB 2RI L, 1%
WEVE 7 IEMEE (TEM) (& CEMLA W 28152 Lo, F7o, =X —08 X #535% (EDS) 12Tt
1T 7,

3. BERBIUEE (Results and discussion)

Fig. 1 12 1000 “C. 5 min O TEREAL L7=REHI BT DB LA BRI > TEM Bk R4 4, kK
KEOBALIEILCr V v FTHY, Co DARIIMER SN 7eh o7, ZHUL S IINC LY CrOs Jg ORI
SINTZEBZZHND D, CnOsESIE200nm FRETS 570, —J7, R & B LRI IE Si AL L7 @ 03 Bigs
ST, FATAFZEIC CIEHE L 72 XPS JIEIC & 0 5 LIRS H O TLHRIAGIZIN T H R & ORI Sio,
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DR R BT AFERNME LN TWD D, AFFECTHEM L7 TEM IZ XV SiO: JEIZ#I 100 nm DEX&2HF LT
DI EDBRALNNI ST, Flz, ZO Si0: BITHEAE—IZEE L T2 o0, —E»EFE (Co U vF) I
X0 S SN T AR B ST,

4. ¥ L% (Conclusion)

ABFFETIE, 2 mass%® Si ZE T FHH Co-Cr-W &-& O miR LB OV T, FBHEREIEA L2 f2 k)
J& D2 RS A IR A T o 72, ZORER. BREIED CrOs J& & Co—Cr-W EEAF DS HIZ Si 23 100
nm FEEDE S THEA—FRIZIEL L TS Z L 2R L., SiO BOSMIZET 2MRAEGL Z ENTET, &K
KD CrOs FEEE & HIC SiO BITFHR L VIR A LTBRFE O OEE L 720 | SRkt am Esws 2
EDHABMNTIR S TNDZ b, ARITSIOEORES & MG OB ONTHRFTT 5 TETH D,
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High stress sensitivity by the synergetic design of combining the crystalline anisotropy and nano-interface
lamination morphology in rapidly solidified iron-based magnetostrictive alloys

Yasubumi Furuya' , Noriharu Yodoshi?, Chieko Kuji®, Shinn-ichi Yamaura*
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Keywords: Iron-based magnetostrictive alloy , laminated composite, multiferroic effect, nano- structure, rapid-solidification

An Innovative synergetic design of combining the crystalline anisotropy and nano-interface lamination morphology in rapidly
solidified iron-based magnetostrictive alloys is tried to develop high stress sensitive sensor/actuator and high performance
micro-power generating devices by vibration. Spark plasma sintering(SPS) was used to fabricate the multiferroic composite of
thin-laminated plate made by different three soft-magnetic alloys. The specimen is made by rapid-solidified magnetostricite
FeGa/amorphous FeMnSi/magnetostrictive FeCo thin plates. Crystalline structure by XRD and each magnetostriction value
are investigated. The evaluation of magnetostrictive device performance by magnetic Barkhausen effect and vibration power
generation methods were done. This nano-surface morphological designed composite having sensor/actuator is studied from
the view point of material science as well as application device possibility.

1. ¥ (Introduction,)

—RIZ, T aA v T ZAROERENE  BEEEMBFEIL, AN OIS I T, E ORI CORIX. (R
AA V) DI - B, BE - EHAMREERRSIERI LTI T, MRS EIRE ST HI /e - M
WRBUEMED D 5, Flt, HART, A ITFEROSIFEESE (2000 4, K[E FeGa Hiffdh, HA FeGa 2%
Fhdh U 2002, 2011~2015 4F HA FeCo ZiEdh 2) MBIR SN, SHic, RS FE. Wi, Mg, AR, &
FHEMR) 1, AR E o — U EOEE USRIERENN TAC K 5, AR # 0O 208 EEE FeGa, FeCo A/ f il iHI#HT
FHEDIEES t =50~100u m) OVERUCAREI L TETW5D, £ 2 T, AWFRREEOHIER < T S -k ste
REDSHHEL, VUL & L (0, ZNOOBEREIIRE <M ELTWS, o, ZOFKE LT, famiANE,
BT HIFE T OBEKIEFIN AL, X 7 m RIS TR BRS BHR L TV D Z L 2RECTREMO Z &) LTnD,

T T ARG IR AOA T, R EEERCTRIN T U 7= 8k A4 FeCo,FeGa i, B L UVBEMT T
VT 7 AT ) Fblh - RN FeMnSi 52 O BARFEE SV 7 LIRS 5, T/ 7 2F /) FeMnSi EHAENC
WL BEEDV NS WS, (I (Yo 7ER) MEL . Todic, 3TEEO BRI R4 L CRIR DO A - B
BIREREE (=vATFT7xuA v 7 ZAF) PHBT L LTINS, DXIT, B, B, M, 82865
SRR & BB RREMEI TR Z 5, BT i T USRI K DR R A e U, SRR
DRIBIREEREFE « FiFd 5, 2k, ZOBER SV HEMOISHANEE LTX, 1) BRshty
T 2) REVEET A A~DREMNPHIFFCX 5,

2. EBH1: (Experimental procedure)
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ABFFECORGERIEM BT ~ORE (77 a—F) 1 ZKBIT5 L, 1) B - EOHFEMIER, 2) 27
aAE R (SRSEERESM) | 3) Ak - BEME T m e A BRO4) IR - T3 AREE
I (F 7 BEMERRRTEIOFE BAER ., BAESRAM OBRER S LRGSR ZE T 5,

2021 AEBEIE, AR CIC/ERL U7z SFROBEEMEL (BIATIAEER FeGa, FeCo 4T, 58T FeCo A4Biiti,
BT ENT 7 A T/ fE5 FeMnSi) OFpER E (BERSZRT v 7) D, LT, ZhbO#EK
() FM &N, HENERE SPS (= IRIRILEHES) 1EIC L 2RI R 2 (ERL U7, (ERUBTRI O MEREREA &
LT, VSMTRBSR~REEERE, M S X XHAT (XRD) | EhRYZemEXHgE - BENEMEES O RARD & L
T, 1) BRIV 8y /A4 X (BHN) sHEEEED | 2) ISHAT A AGHlE L LT, IREEET 1
A REPERHIAE E A AL AL Tz,

3. RBXUEE (Results and discussion)

[BEEMERY - RpMERTAT] 1B ZR RS Fe85GalSat% 4 (Galfenol, [lIlPE E=120GPa ) #ify ClX, #IHF#] 0.5hr

BESIZ LV | BOWAEITR<100> 5 R GVEE AT DHRRZ GRS b, BRHEE &ITSMmH (as-spun) O
1.8 f% (=150ppm) (ZHAK L7z, @HREME CHNT. L7z Fe30Co70at%EM (F/NEX t =50um) %, ZLEE

(1093K, 1hn) & I ZHEE &I 1.3 5 (=5120ppm) %< L7z, FeCo A4t bR Dk dh AR BRI I<1 10> Ar D MEL

T, HiPE E=205GPa Tho7c, IKEHT BN T 7 A « F / flidhiEh FeMnSi (7 0 % AR5 51 © E=

130GPa)ld, BEEEIT D72 (=20ppm) 7273, #REEMEIR CREZ 7B (FeGa 2O 21%) - LT-, ZiHd
WiZEFEM SFOREE AR VL7 KTk, B 7 - F 7 REH CONEIGHFH R OBIX IR, T 7ebb,
BEZEBE IR EI I B RO CTE D, TDA D =X LORFEDT20DIC, WALERRE CORIX OB 2E) %
MHTE 5, WKW By /A4 X (BHN) L7z, S 5HI2, MHREIC X 2 0REEZF 5 IREEE
PERE & EFAM L 72,

[EFafEfE 7 b7 e ZAB%] 7807 7 ARPERIIMBRE IS R\ & NER &S OFER-CRE L i 2 0 |
EET HfEBIERH D 0T, HR D IR CHEIRFRIEE S FIENLFE LWO T, 77 X~ ifEREREE (Spark
Plasma Sintering, LA T SPS) ZH:H L7z, SPSIETIL, HAEEAIBORMEBR G A E > MEFEE B Z v | FEEHO
BT D EREM B ROEEZ T 28RN &5, SPS L (R 510-600°C, FFfHE] 10min. J£7) max=200MPa) T
X, FEREHE T L BRI COBANEI L TV D Z & 2iiik/-, 2o SPS JFH L Y- 7V EH AKX 1
[ I

[VERERTAR « /3o A%GET] SPSIETIERLE /- L7 BGETERREREIR (22 Ry v b)) OREMHRE (HIEEL S
I) | BEEHRRARAE L, BEEEMEERAA DN, ZOHEA = X A~O/RBGEEE LT, X OBhI)ZE
B2 IEEMICERIICE 5, BRIV B ) 4 X (BHN) | 3HAE (2021 4R O s
O, BIELIEE T 7 UTIBW T, IS TAMRHIREX B B DRI K D672 10 AR O BRI 7okt
(K2 2M) N TETz, BFEOMESSHENOMRB IR COBRFMNEEACME D, IMNBAMICHE D . EORIX S
A - B - BENEOHBRPBEETX 2 b DO E B LT, Tk, MHRFFOMER LS IARICEES . BE»o0
BRI R (EREEZNIR) ZFFiE 3 2 DT, IREVEET /A AOFRHER L3R Z 5 Z L ICER L E T L
77

4. £+ (Conclusion)

AWFFETIE, BREEESCHIN L L7z, 3 FOSERER @, FeCo, FeGa iy, SRT E/LT 7 AT/ fitifh -
HEPE FeMnSi WA 2 & &1, MIERET N 2 (S, IBERESR ) BEOHIC, Zhbo
STEOEARREE LV 7 Gk U7, i, RO HERERS - #2515 (SPS) 15, NIE T T FLrE ik &
b - VI EBIRICAERZR 2 L 2B BT kT,

20 2 1L TOMFERRN G, SRR EEENE Thbdb il U 7o B B COBIRIREIX. (KA A
V) BBEEORIK, S BICIE, BIOAELE LT, WRIE 7 0 - ) MRS S b B T ORET N
AR (Sheot, IREIEESR %) OMREN LE2ME &, b, REEEE TOMIEARREN G, T
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L. &5I2, ZhbRIEREEIET A 2 TORIREELITEE D 7SV 7 TP RO R ERGHECEX -0 T, B
FEL U7-. BARRE COBENAREE (RAALY) BHEO [ F Ty A« o FO—WROGFE] DHERT

R

#fE  (Acknowledgement)
AREBRCHEH Lo MEASASOME UTEM T2, RO TEEFIH LE Lz, JILK - &oTIERZ

Bk, MHEPEEER. AT RTHEACREBINIER) o KL ONEE S ARG HH CRBRTE 7o IR R
GEBRE - KA N N7 Z2—W5EH) &L bITHE#LET,

SIFSCER (Reference)
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Development of targeted alpha therapy using Actinium-225
Atsushi Toyoshima, Yoshifumi Shirakami, Kojiro Nagata, Takashi Yoshimura, Tadashi Watabe', Yuichiro Kadonaga', Kazuko
Kaneda?, Kazuaki Tsukada®, Hidetoshi Kikunaga®, Kenji Shirasaki®
Institute for Radiation Sciences, Osaka University, Toyonaka 560-0043
!Graduate School of Medicine, Osaka University, Shiroishi 565-0871
2Graduate School of Science, Osaka University, Toyonaka 560-0043
3Advanced Science Research Center, Japan Atomic Energy Agency, Tokai 319-1195
“Research Center for Electron Photon Science, Tohoku University, Sendai 982-0826
SInstitute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: targeted alpha therapy, actinium-225, theranostics

Actinium-225 (**3Ac), alpha-particle emitter with a half-life of 10 days, is known as one of the promising radioisotopes for
targeted alpha therapy. We previously reported that [?Ac]FAPI-04, a small molecule of fibroblast activation protein inhibitor
labeled with 225Ac, can significantly reduce tumor volume in mice with pancreatic cancer. In the labelling process, however,
25 Ac labelling yields were varied sample by sample. In this study, therefore, we analyzed an aqueous aliquot containing > Ac
after column separation (milking), which is usually supplied for the ?Ac labelling, using an ICP-MS to identify impurities
which could prevent 2’ Ac labelling. As a result, it was found that Ca, Sr, Ba, and Pb are particularly contained in the aqueous
sample. In the future, we will carry out further purification of the Th generation source and will examine impurities from

separation columns.

1. #= (Introduction)

rOSEV(LI%) RS S
| > 25Ac generates 4 o-particles

per decay

T U F =7 5225 (BAc) VR, a A B DA SR rﬂa

1o.0d

PERZHRR (CHBHT 10 A) TH 2D, K 1ITRT LT, PAc»
D OEIERYTIL P Ac D—FEOHELEH TV IZ4 DD a s
BT 2720, T7 7 BEZIEFIRR CTEv IR R 2 R
THEREREE LTS T 5,

A F D2Th R0 RY, U A bk 2 RAREERST | e |
BENR, TDT2H, P2Th R 2Ra 2 EEMFEIE LIZE  xomevios
A RRIER, PTh 1 HOINF L ZIc L VS rewor
b, H1. 7 7 F =7 A-225 (B5Ac) DL RS

Ter iz nE o, HALKFEESBMEIZEET T V7 7 IGHAERENMEE T2 Th OILF 72k ->TH
72 2Ac RV, TIVT 7 BEEIEFIRR O I 2 D C & 1, RIS L & 7 B (FAP) 2 FE) & 3
HEEM TH D FAPI-04 % 25Ac THEH LT [PSAc]FAPL-04 28R L. TUVIEAS ABIE~ 7 2 ICEELIZ & 2 A,
FES R OB Z B35 Z L 2B 502 L72[1], Lov L s, 200 FHICaE &35 DOTA (FL— M)
~OEFIBRICBN T, X7 TEZ PAc B D L ITHERERNRE S R L VWHMESN ST, 2
TAMFZETIX, 2Th L% > 712 Ko TETC 2 Ac sUEKIEIR %2 ICP-MS Z W CHIE L, 25Ac D F L— M
ZIHET D LB X OND M DIREEIT -T2,

# The drug product must be a
mixture of 7 radio-nuclides

|
|
1
v:218keV(11%) 1
|
1

:
B

2.16m
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2. EB 5 (Experimental procedure)

A A ARHEIZ LD 2Th 775 2Ra & PAc #0BEL7=D 6, DGA 517 L% T 25Ac & 2Ra Z57HfEL |
25Ac % 0.05 mol/L fHIATAIR & L CHIBE L 72, KRR T AT A Y b—Tiat o # —IRHAAREIC I S (BA)
L7cDb, RBREI 2 SYfEliR /K TAR L T ICP-MS 217> 72,

3. ERBLEEE (Results and discussion)

ICP-MS Z3#T OFER, /0Bt OFENARIZIE Ca, Sty Ba, Pb 23 ~%H ppb @ EN TN D Z L ¥bhnoTz,
INBITERA AL THDHTD, PAc fEHKIZRBWTIEL DOTA & X L— MNST D, ED, ZHHLAHMP D
GHBEOEWEREL AT HRKE RV ED, OO RMPOFAERE LT, PTh ¥ =k L—& —H#uR7E
JTRL, SHRIAWDREA AU RBBIEC DGA B 7 AR E LB bV, DD, Stk PTh#E»HE
A ZBRE L CLOIFSFRY =R L—F—2T D & & blo, AT 2 ERIECIRA A4 L 22 HufiiiE, DGA 7
7 LAHIZE N D A OWTORESLHBERE R OG22 D 5,

4. £ L% (Conclusion)

DACHEIROWGE L 72 D AW 2 [FIET D128, P Ac i ICP-MS 7#71 % 5t L 7=, & DfER, Ca, Sr. Ba,
Pb WL EENTND Z ENDNoT, A%, PTh #HRN O ER A EZBRE L TRV FHRY o xL—HF —
9% & & BIERT 2 FRBEFITE EN L MOV T O EED L ERLETH D,

BEE (Acknowledgement)
2Ac 1 B A OMF T BR S HAE & I KA B A B ZE AT O JERIFSE (17K0204) 12 & 5 U-233 LRIFIH 7 v &
=7 MIESWTEEENE LT,

5 FASCHER (Reference)
1)  Watabe T, Liu Y, Kaneda-Nakashima K, Shirakami Y, Lindner T, Ooe K, Toyoshima A, Nagata K, Shimosegawa E,

Haberkorn U, Kratochwil C, Shinohara A, Giesel F, Hatazawa J. Theranostics targeting fibroblast activation protein in
the tumor stroma: #Cu and ?*’Ac labelled FAPI-04 in pancreatic cancer xenograft mouse models. J Nucl Med 61 (2020)
61:563-569. doi: 10.2967/jnumed.119.233122.
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Development of a targeted alpha therapy for refractory and recurrent cancer
Kohshin Washiyama', Mitsuyoshi Yoshimoto?, Yukie Yoshii?, Tomoo Yamamura*
'Advanced Clinical Research Center, Fukushima Medical University, Fukushima 960-1295

2Exploratory Oncology Research and Clinical Trial Center, National Cancer Center, Kashiwa 277-8577
3Institute for Quantum Medical Science, National Institutes for Quantum and Radiological Science and Technology, Inage 263-8555
“Institute for Integrated and Nuclear Science, Kyoto University, Kumatori 560-043

Keywords: aminopolycarboxylate chelators, free 2’ Ac, targeted alpha therapy, unexpected radiation exposure

Actinium-225 (***Ac) is a promising radionuclide used in targeted alpha therapy (TAT). Although **>Ac labeling of bifunctional
chelating ligands is effective, previous in vivo studies reported that free 2Ac can be released from the drugs and that such free
225A¢ is predominantly accumulated in the liver and could cause unexpected toxicity. To accelerate the clinical development of
225Ac TAT with a variety of drugs, preparing methods to deal with any unexpected toxicity would be valuable. The aim of this
study was to evaluate the feasibility of various chelators for reducing and excreting free 225Ac and compare their chemical
structures. Nine candidate chelators (D-penicillamine, dimercaprol, Ca-DTPA, Ca-EDTA, CyDTA, GEDTATTHA, Ca-TTHA,
and DO3A) were evaluated in vitro and in vivo. The biodistribution and dosimetry of free > Ac were examined in mice before
an in vivo chelating study. The liver exhibited pronounced ***Ac uptake, with an estimated human absorbed dose of 4.76
Svrees/MBq. Aminopolycarboxylate chelators with five and six carboxylic groups, Ca-DTPA and Ca-TTHA, significantly
reduced ?*Ac retention in the liver (22% and 30%, respectively). Significant ?>>Ac reductions were observed in the heart and
remainder of the body with both Ca-DTPA and Ca-TTHA, and in the lung, kidney, and spleen with Ca-TTHA. In vitro
interaction analysis supported the in vivo reduction ability of Ca-DTPA and Ca-TTHA. In conclusion, aminopolycarboxylate
chelators with five and six carboxylic groups, Ca-DTPA and Ca-TTHA, were effective for whole-body clearance of free**’Ac.

This feasibility study provides useful information for reducing undesirable radiation exposure from free 2*°Ac.

1. #= (Introduction,)

COOH

T F=0 5225 (3BAc) 1E, ER o fIBR (TAT) (AW HiC, OHs H (
. H A( cogH LOH HOOG NN N"coon
BRDHLR o BOHECh D, THET 2Ac 2T %725 . o) e
0)%(%77 < OD:E_’ﬁléll\iﬂ? Lr— }‘ @Eﬁl?OD%WﬂﬁfPﬁ;bh’C % f:o : p-penicillamine 2.3-dirr(\:m$:—;r-g]r)opanol DTPA
B 25Ac BRRICHF AN BRTH DM, #ix 25 M oog oo
Z 2 23V E TO invivo AF5ETlE, TAT 3E#)70° 5 225Ac D3 iR HOOC/\)N/\/N\/COOH e I .t
HELEShD Z Lm0 £ 9 Lo 25Ac 137 Hooe
EDTA CyDTA

FEHEASIEEITZENME SN TWD, LN - T A%~
7R3 & D 25Ac TAT ORFRBIR 2 R S 5720121, TH

COOH

HOOCAN/\/O\/\O/\/N\/COOH

HOEFMEICLT D HiEEZEHT 5 Z ENEETH D, A5 Hooo”
TiX 9 M OF L — MESAL, 3725 D-penicillamine, GEDTA
dimercaprol, Ca-DTPA, Ca-EDTA, CyDTA, GEDTA, TTHA, (CO0H COOH  HOOC—, /\ /~COOH
Ca-CTHA. DO3A ® 9 FMED% L—¥ — (Figure 1) & 25Ac  woow~Mryteooon (]
O in vito COMEEFE L O 7 A COBME A DAERMNS o "
TTHA

T~DEBEER . 2N EDF L—F —|2 L Dl 225A¢ DK
Dx L OB O AN A FN U=, F7-. 225Ac (RFEFREDEKH &
& L— & — Db & o BEEE 2 5 L 7=,
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Figure 1. Chemical structures of the candidate

chelators. Possible ligating atoms are colored.



2. FEBa 5k (Experimental procedure)
2.1. JREHERRE L L — b O

AC(T12=9.92d) 1&. HALKFEBM BT T V7 7 BEHAIEERE D 2°Th (T12=7880y) #RFA> D 4y BERSH
L7zt D% M7z, Ca-DTPA & D-penicillamine (XK E /K IZ7AfE L 7=, Ca-EDTA, GEDTA, CyDTA, TTHA, DO3A

X, KERILT N U 7 ADOSEEIZ TIREAKICAE L, S5
I U T pH % 8~9 DO Tilf#& L7-, Ca-TTHA |%, TTHA
\ZHERED AL VT T L EPEEKTIZEIINL, Kb R
U 7 LR A IV TC pH & 8~9 O CTHis L ¢l L7z, ¥
ANH T = NI —F oY F AN (FHTAT AT 5H
M) THAIR L7z,
2.2. B IR

BALB/cAnNCIICrj # 2~ % (6 #fif, KE 18-22g) 1%
Charles River Laboratories 7>H AT L7-, 9 TOEMY) IR
X, ENHEE EEFOBGIE B R ORREZIT, MRk
A RTA ANE>THE LT,
2.2.1. 2B Ac A A v DARNGAG & R E AT

2Ac PG LTS5, 1L, 4 R, 24 RFfE], 72 BFfI2
\ZBIT B~ T ADAERNIATRERE e LT, ik, ~v
A DWERRM, g, A, PR, B, PR, BN, 4. AP
KERE 72 & Ofiies & FEER L Ok 25 L, EEAHIE
L7z, #BH —BihuE U CIREZFE D HUNREDS 2 Ac &
BHIZELTHD PAc OIMEFECTH 5 2'Fr O~ (218
keV) &y X EHER L CHE LTz, EERNST —
Vs & MR >\ Cide 58 (%ID) /g T, JREFEIZOW
TIE%ID T/RL, XHICE MIBIT D 25Ac OFEHURINHR &

(mSv/MBq) % :RK&7-,
222. FEBr2

25Ac (10kBg/~ 7 A) &~ 7 AZEIRNER G- L 1 BRI,
oy ha— VRBEERRE . BRECKRH L TREA O % L — MR
G LTz, PAc #£5% 4 R CREIEEH, 22.1. TR
L7271 TR MR Rl 24T - 7,
2.2.3. Ehr3

Ca-DTPA 3 J T Ca-THHA 1%, #BRL7=F% L — MHIOH T
B B A~ OIR Y ABIREIME T Lc7eth, EORhF4E LY
FEWEEFHIChle o TBIET HZ LM TE Tz, PAc &5

(10kBg/~ 7 &) & 1 Kf#IZ, @2 b — 2R, v v
A|Z Ca-DTPA F721% Ca-THHA DIE##E- L1z, Ac #
524 RIS~ U R B ZRI S, 221 TR L7 HIET
RN AT A 5T L 72, 4 WERE] S S ON 24 IERE D AR AR NS4 7
— & % U CHRFRRT U BRI A (ER L. 2 b 0% L— R
OhFEAEa L br—UREE e LT,

3. ERBIUEE (Results and discussion)
3.1, ¥ U AITRIT D PAc DERNIH &

WAL UTelidis . PRI L OEGE O BN OO IRFfRT i RE i 4
Figure 2 (27797, BIEBIH P, ITHRICBAZE 72 2 Ac DR
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Figure 2. Biodistribution of free 225Ac in mice. Data were

obtained at 5min, 1, 4, 24, and 72 h after 225Ac injection
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Figure 3. The effect of chelator administration

on the biodistribution of free **Ac.



g‘}g\y) %j’/l,‘ Yj_\’l/ \T%§Z§$§ﬁ§§§&) %ﬂf:o i ~Control +Ca-DTPA ~Ca-TTHA

Liver Heart
7o, B 54% 72 WEE TR G- 2D 5%LL T D Z | — 12 1
DED P Ac D HICHEIE S -, S 51T, 2 5| :4* 25 i\ggﬂmtﬁz‘,g
<UD ATIHREZN LTI bTroED = 204 Ca-DTPA : -22% § 0\04- \
ST p 10 4 Ca-TTHA: -30% § .
DA PRSI, D ORERIE, < . S
2B AHERE LT 25Ac O 7 VT T OTime afte1r0Ac-225 iijoeclion (hf’0 0Time afte1r0Ac-225 ii?ection (ha)o
Xﬁ”ﬁb\:&%ﬂi\‘bfl/\éo 7'71@95{1: 6 Lung 10 - Kidney
NAT —ZI2H3<, b MBI D 2Ac . 8 %
2 26
DR (mSv/MBq) OHEE Tl 2, TT—— PN —
JIFE & B2 35\ VT 5 Ac s M E B Cattim:ai%s 2] CaTTHA 360
e = e o 0 : : :
}\ lﬂ”yﬁii %—:ﬂ—\‘ LfLO 0Time afte1r(i\c-225 iﬁjgection (h:);0 0Time aﬁ;roAc-ZZS iﬁigzction (h?0
3.2. %Eﬁ 2 6 Spleen 3 Remainder of the body
31, 225Ac Fe 5% 4 RERILZIS1T %ot BRI 25
L L— 5RO BAc DEENAE T 5 = é
'91—0 Ca-DTPA. Ca-EDTA., GEDTA, TTHA. 21 Ca-DfI'PA:—14% NS o :/ *Ca-DTPA:—26%§
Ca-TTHA: -26% § 05 1 Ca-TTHA: -44% §
Ca-TTHA iZ. 225Ac DI ~DH Y AR % 0 o+
0 10 20 30 0 10 20 30
ﬁ% &:i@z/)\ é ,@;71—:0 ’E}H}ﬁ/@ ri Ca'DTPA\ Time after Ac-225 injection (h) Time after Ac-225 injection (h)
GEDTA‘ TTHA\ Ca-TTHA <, %ﬂu% 50 Un(r:]:-DTPA:+2290%§ 20 Fece:,a-DTPA :+32% NS
DL ﬁl 1% Ca-DTPA. TTHA. Ca-TTHA < 2 Ca-TTHA : +3952% § Ca-TTHA : +359% §
2Ae DAERBONR BN, RHA~O T~ '
25Ac OYEIE, Ca-DTPA, TTHA B LV 0 T2
Ca-TTHA CTHEIZRES T, 0 0 10 20 30 ° 0 10 20 30
""‘%ﬁ 3 Time after Ac-225 injection (h) Time after Ac-225 injection (h)
3.3, 35

9 FEOX L — F|OHF T Ca-DTPA & Ca- Figure 4. Time-activity curves of free **Ac after Ca-DTPA and Ca-TTHA

THHA (%, 25Ac OIFWHIT & i @YJ& s administration in major organs, urine, and faces. Time-activity curves were
BREHNZ LMD, ZOHRAEIICHT generated using the biodistribution of 22°Ac in control mice and mice with

- Téﬁ%g L7, 25Ac %5 1 HER#%I1C. B Ca-DTPA and Ca-TTHA at 4 and 24 h after 225Ac injection

2 Tiro7- & 912 Ca-DTPA & Ca-THHA %

< DRI L, PAc TEAL 24 BERIRRIZ~ U A B LRI S W T, Figure4 12, 2> b — L OF L—F —
FEDIEIR U - lgas ORI A RE IR 2 <37, IR, (O, 46 L OV ClE. Ca-DTPA 35 XU Ca-TTHA #ElZI
WCHEZR PAc b Zm L, i, B, s, 6 L OWENRAS, Ca-TTHA BEZIWTH ER ZAc i 273 2
&R Uiz, HlE o B BEmE OB 1% Ca-DTPA T 22%., Ca-TTHA T 30% CTh -7, KEFEIZHOWT
I, AR TRV, PAc FRRFEINED L7z, Ca-DTPA & Ca-TTHA 13 2’Ac DR HEIEOA /e N % 7~
L. Ca'TTHA iZ ®Ac O#P I EOAE /BN %R L7245, Ca-DTPA X 25Ac HHIE D)2 245 B 288N
LIRS TR0tz

4. ¥ L% (Conclusion)

ARFFEOFER, HVRF I NIEE SEB L6 HEF>T 2 /AR VR EF L — hTHD Ca-DTPA BLO
Ca-TTHA (X, P& CHBEIC 28Ac 2 L, &2F 7 VT 7 RACAHTHS Z &2 A LT, ARIOFR I,
225 Ac RERRSEER 20> & it S 7 AR 225Ac A BRET D720 O LVBRIS 2426k L, 510 225Ac TAT DOBR%E
EHRMLT 2D THD,

BEE (Acknowledgement)

AAFFERERIL, LR B BRI 31T 2 JLFEIIFSE (202012-RDKGE-0007) (X2 6D TH Y | A5t
BT DICHT THHTAEE £ LI AL R PRI TR T 7 F / A4 RWERIPFFERI O EAR KBRS &
O T V7 7 AR SRR D IR R UCEHAT I 1338 < B 72 L £
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Exploring the chelate ligand for Actinium and its related nuclei
Masahiko Nakase!, Miki Harigai', Tomoo Yamamura?, Chihiro Tabata? and Kenji Shirasaki’
'Research Institute for Innovation, Tokyo Institute of Technology, Tokyo 152-8550
2nstitute for Integrated Radiation and Nuclear Science, Kyoto University, Osaka 590-0494
3Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: Actinium, thermodynamics, solvent extraction, chelate, solution chemistry

Ac and its daughter nuclei are important isotopes for targeted alpha therapy, but the complexation chemistry of Ac>* is not
yet fully understood. To enable the experiments to acquire thermodynamics data of coordination chemistry of Ac>* in solution,
we proposed the technique of solvent extraction. To proof the concept, systematic extraction experiment were started. We could

confirm some of the important extraction behaviors of Ac with some types of extractants.

1. #= (Introduction,)

oafZfi A W23 AR R E LWERZZRIT TH D . %Tb, 2"At, 25Ac, *'Th, 2Bi, *Ra, ?Th, U,
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B U BRETHY, TAEICBOTREICHWERIIR#E CH L, 22T RRIZZAFHET D P2Th O
TR TH 5 28Ra 0 BA¢ 2 V5 = & Eﬁm ._, ....... xﬁﬁqﬁ ey, La, Ce, ..., Lu
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DINF L TREIEHTHY | PRa- L nELE T
DAc MR CHETTRCET D720, R 4 ' HORARD SO
SHRERMNERE L 25, Tk nE ¥ — / . "
PERISRITITIE 71 =& 9785 / g o ERLEFERCHL—MIOTENE
ADb L, Figure HIIRT L IUCFL—F o @ S W SEL—LofIE, &Y ERLHIECEEHE

Ao mEL L sEmatEomEs SN & S PIFMEEORI. L2 DT RO
Aisd W4 R LT 5 \.. ) ‘,0‘ SHEFOIFIXFEELLZLRaDFL—M
WEEEEE D RERRIFITRZ I, 22Th 4> ' Figure 1. ABFFEOM & R

5O 2Ra, PAc O 1 LA

L. PIRFEREAT 7o, AEEIIEISRHNAME T — 2 285 5720, RIS THER Toffit

L, I RIETIRE 5 BRI EORE 21T o7z, £/, ASHTEFREED AR I AT tiE L Vo T

— AV IR TFIESFACE T, FL L= —RETOERTLH L 2 L DEARESEEIZ O
Tikam 9 DITIIFRNIRON D720, H—JRBFHHE ZBA LT,

2. EBiHE (Experimental procedure)

FEEL U7z 28Ac AR O, IR L CTHt A oK E LTz, £ AR & L CidmmshibiAlo
HDEHP (Di-(2-ethylhexyl)phosphoric acid)72 & ONE H:ff 4> T2EHDGA (Tetra-2-ethylhexyl diglycolaminde) Tt
EAToT, HRE DWEIE 30 Sy & L, filHIBEA MR & KM Z LY 7310 C GE 8K s CRUERmE A2 MIE L7,
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28Ra M 28Ac AFRL L T D O T OEMEITRZ 2 5tek L, 1 2 BB L CRIEEOMIEZTT 72, F—Ji
FRZFE,. Gaussian % V7=,

3. ERBLUEEL (Results and discussion)

FhHFEBRDO—B & LC, Figure 2 ([ZAHEARIZH51T % HDEHP(100 mmol/L, KT 1 NZ X5 Ac i &IiEd pH
D¥E% 79, HDEHPA IXEMHhHHAICTH D | AP & OSERRHC H 2 i35, - T, BMIRENE L HI1FE
(pH B TFRDIEOH D SN2 <720 EH(D = AHAHP O AGRE / AFTh D ASTRE)IIKR T 572
O, BEMH LT — XN TE L, £72. ACIA AV FEERBPKREW=DZDOMOEL DT % ) 4 Ko X
D BB AMEN ERRE SN, TRRIE D OBRCEIIE ) o 72, £72. DGA TO AT Tl HEERD T H3MH
R L0 BILHDNTEOIELE DM BT, e B ARNFSE B I OSELAI & Act & OSSR BT 28157 — 2 1%,
A & AN ORI I ARSI EAI 2 N2 D 2 & TRBND A, TIRRET IR T4 2R 856 TR |
WA A S DICHETT 5, WRIZ Figure 3 |2 DGA & Ac* & OSSRDFE S OMEE % # I RIEZ F(DOS; Density
of State) &= #/R L7z, MENMELIL TV A EEZ BILD Labt, Ev¥', AP IZ oW CH RIBEDFHE 21D TR Y |
T La* & B ot T —# b EG T CH D, TR DIXERRELZHMGE L T D[14], it & RO R

WHRETT 2 2 LIk o Tl A=A LR LY LT RAIORENFREE 0D EEZ BILD,
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Figure 2 HDEHP TD A flitiZ & IE 3" pH %8

4. £L ¥ (Conclusion)

Figure 3 Ac-DGA D&{AD DOS R
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Analysis of hyperfine structures for advanced functional materials by Mdssbauer spectroscopy
Masaaki Doi', Rie Y. Umetsu?, Asao Yamamura®
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The Mn-Fe-Ga alloys are one of the attractive materials with tunable multifunctional properties and huge potential for
various applications from the view point of ferrimagmetic to ferromagnetic transition investigations. Because of there
have been few reports about their thin films, it is necessary to obtain the knowledge of their bulk’ behavior. In this work,
fce-FexMnGax (x = 0.8 ~ 1.2) alloys have been fabricated by using an arc melting method and their magnetic properties
were investigated. A rapid increase of the saturation magnetization was observed at the Ga composition range of x = 0.9
~1.0. The FeaMnGai 2 alloy shows maximum magnetization Ms = 118.7 emu/g. The rapid increase of saturation

magnetization suggests magnetic phase transition by the increase of the number of valence electrons.

1.

g&
il

EJ7 4D D0»-MnsGa (F 8 WBER I P (<107 erglem®) & 1RIET) (He > 10 kOe) & AT 5 7= OUEEH &
TEH, MalY A k& MnllY A FBCATICHREG T2 7 = Vg2 R~ 372, fafiii s’ 30 emu/g &KUY
RES 238 5 (1], FeaMnGa A4:2380 1T 400 °C 225 600 °C TiX DO Al TLET D Z L BRI TW 5D,
FexMnGa &4 23 BVLER FE Tu = 650 °C, t =48 h OFEFCIX 7 = vt A R L, faFié bt Ms = 94.7 emu/g %71
T2, RIS He=0kOe & DOw i D72 O ERE KT EITER S 72 [2], £ 72 FeaxMnGarn (x =0~ 0.5)5
BIZHONWT Ga DML EAHERT Z & T, BABITHR L TV E | FersMnGais T Msooe = 81.2 emu/g & fERE &
AL, FexMnGa 7% Mgokoe = 24.0 emw/g 124 L CKI 3 fFLL EORALR G DTz, A AT 7 —Zh R ORNTHE S
5 FeoMnGa &4 CIEHEMZ R L, NI 0kOe EfER SN2 E MO HRIR CTHEMEMETH D L BRI N
77. FeisMnGais & CIZIZAHL 7220 . & 1| A CTlX FeoMnGa &4 & [RIFRE O E MM AHER S, 2 /T
IXNERRESS 7Y 184.9 kOe T db 2 TRIEMEAR 23 ERR S 4172, FersMnGars TIXHREMEA DY 20 %, TREEMEFRDY 80 %
LD ORI, METFEROBEMZ LD Te WEIBLLTFO 7 = UEME)N D Te 23=IREL_E O GREBEME~ D
KA 2R LT D & B2 LT [3], & 2 CAMNIFE Tld 850°CLL LD BVLHLIR T FeaMnGax (x =0.8 ~ 1.2)
GaezfF L, Ga OMA T 2 2 & TRigHG, #&TE8d L OMlE D2 & XU DO BEMR 2 B
ODMITDHT L2 AME L, EEMBMEMEIOBRGHEH 2152 Z L2 AL LT,

2. EBFE

B OERUL T — 7 TR 2 AV T Ar T ASEBHAKR THEZZEEDS 2.3%102 Pa LU F CHENH—IZ 5 XD
WCRE 2 BT OT — IV IERE T T2, 728, FAMEHI Fe (4N), Mn (5N). Ga (6N) % /=, {ERIL7=3K
EHI FeaMnGax(x=0.8~1.2)A & ThH Y | AEEER LIk, A4 YT FT 0 THRIC L, AEFICAR,
HZERE7N 2.3%102 Pa LU N CHEZEEAZ(T 0T, D%~ v 7/VIFZ W TEMLEL 21T o 72, BMLBR A 132,
AP L Ta = 850 °C, BMLPRIGR] 1=24h TITo7c, v~y ZWFENLAREZROV I L7cBAKTRam L, 7
— 7 YSFRIF CHERL L 7o BT f L X — W0 X fdEiE (EDX) CTHBUMEA & OFREZ R L. T X Toik
BHZB W TREZEN 3 %LANORENE W THERZIT - 72, BULEE L2 ROREHT X #REHrEE (XRD) %
FAWTHRE G 21 E LT, BRI EERE  (PPMS-VSM) % AW CREG AR 2 I E LRI L 72,
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3. REBIUOER
Fig. 1 |ZFexMnGax (x = 0.8 ~ 1.2) &4 %850 °C T4
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IC & VBB A R L, x = L2 CIRBIRIRALIEMs = 1187 = xe10 LN JL J\_
emu/g & EEIAIREL 7R L7z, . BERIREL 2L A3 58 Xt o _
E75x = 0.9~ 10 TOM T ERDOEIIEHI0.3% & i T S = l L
HDHZEEGat L DEN RN K A lE o8 '
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WA ORIEZ B 5023 %, 7. FexMnGa 54 Fig. 1. FeeMnGay (x = 0.8 ~ 1.2)&54& DK XRD /<
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&
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4. ¥¢¥

Fig. 3. FeMnGax (x =0.8 ~ 1.2) &4 Db ihfR (=iR)

Fe:MnGay (x = 0.8 ~ 1.2) &4:850°C D EVILEE T X - TfecKEL 1L D it Fe,MnGa, HHIIA & O 1L
R, EORIFEALITEIRICB VO TM=116.8emu/gTH 5 Z L ZHHOL I L7z, T/, St Z(t
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DEEE 72X = 0.9~1.0 TCOIE T EEDELITHI03% L EDTH 5 Z & 55 Gafl K DD B hNC X % fiid
BOBEIMCER L 725 MHIEE 2 "B L b &E2 L5

AR THIENTCTEEE LEHFAR K (727 F A RYERSFIGEERT 2u%) Je B IR L L
FTET

5| F STHR
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Preparation of new uranium compound with zig-zag chain structure

I

Gaku Motoyama, Akira Yamaguchi', Yoshinori Haga?, Kenji Shirasaki’
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Ce;TiBis, which has the crystal structure P63/mcm with nonsymmorphic symmetry, is an antiferromagnetic ternary
compound. We have successfully observed a current-induced magnetization only under the antiferromagnetic state. CesMXs
has the same crystal structure type to CesTiBis, where M = Ti and Zr, X = Sb and Bi. Ce ion site is lack of inversion symmetry
and Ce ions form a zig-zag chain by a c-glide operation. Ce3MX; are also good candidates for magnetoelectric materials. In this

work, we have succeeded in growing single crystal samples of Ce3ZrSbs.

1. #= (Introduction,)

T2 1322 M B R DML T RIS IS 1T D A i E BEAER DM 3873 U 7 1 i BRF I Blk 4
FfoTWo, Ce Y77 8% & 28 LWIREEMEE\WE T R{EAY) CesTiBis IZ3VV T, Z OREEHEEIZHRT 5
ERBERNREOBIRNCEKE L T 50, £ Z T UsTiBis DIEkZRATZ & Z A, UsTiBiy &\ 9 ZivE Tloibints
EOHRET LRV LWD T ALEWDOFRIZE 729, UsTiBig 1V 7 ¥ A b CZERIEERIFRED I T D
Fia A L, 5D CesTiBis EHELL O FFo, Lo> L7235, CesTiBis 35 L OV UsTiBio IXFEH ICEA L LLT 0 &
SIOREND D, FexlLBi & SbICEW LIALAEWTIE, %< O UsMSbs{LAMIOME N H 5 Z LIZIER Lz,
INHDOIEMTIE, FR X# (FHF#D) ST OWMERHY | Bi 2 EibaW & ik LT, BMkLic< v
K o D EWIRF L. UsTiSbs X° UsTiGes 72 EOAERIZENWE 572, Zb U T 2 5F &1 ORKEFIRIEIZ B
THNY T o 2R RRFIRIED FIEEME 2R D . UsTiSbs 36 & UY UsTiGes 1235\ VT BT 2 BEK IR I LA
IRDBHIRFCE D K9 &) 7 4 2 HFIRIE A EBLT 5 O N2 5, WFEETTH T20I2idy 7 1k
EWMEWZ DR DB VAETH D,

AWGERETHE S U T AMLEWE, U7 v OV T 7 #HER LT D, Ce (bEMIZIWTHI S - Bk
RACBG B S N D HIFF21) T SEE I K DB B TR R B W CBEEN B S X, 43
T A SRR S X L 2BENWIf S D,

2. EB5¥E  (Experimental procedure)

UsTiSbs 35 X OF CesMSbs D HLfEFHFREHE Sn 7 T v 7 ZIEC K > TER SN D, VI ALEWMDT T v 7 AIEIT
KD ERMITHFEROEH Db & BARIFF IR I W CHFE BB R Z 1TV, UsTiGes i faatBHI DU
TIIHIE RGN T V7 7 BGHASEBRSE CIT 9 TFETH o723, AEEITILRFIHOMES N E LR -T2, O
TCOFTBOBIRRFICBNTY 7 ALEW TRIAIO TR & L T CesZrSbs DRI ERRR 21T o1z, f3bh
7o B SRt O AT 36 L OMEIERAT 1T — 1 /L& — /0B X #otis (EDS) 36 KUK X #EiEiTIc K-> T
17V AR & U CERERGTERIMESCHAERNE 21T o 7,

3. BEBIUEZ (Results and discussion)
CesZrSbs DHAESLFEHZ DWW T, Z3LE TIT- T& 72 CesTiSbs D Sn 7 7 v 7 AL L Rl U HETERRITAK
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Ih LT, HEERRHT ORE TS Pos/mem (B L. HEE/ T ———————————
A—%1E1a=95013 A, c=63197 A, Ce % 6g %A ~TI 0.15 i
FIIEIX 0.6170, 0, 1/4, Zr (X 2b ¥ FTO0,0,0, Sbix
4d & 6g A MTHV ZNEI1/3,2/3,0 & 0.2624, 0, 1/4
ThbHZ PP LN ST,

WALROREREZK 1 1R, KRBT D bRITIX
KRERBEFTHNRHD 50K ITBWTCTERFEAHESNTE
D | RORBEMRRF D & TV D Z 005, a b m o
BRI R X 72 cusp BFE DB TER Y | BPREBIZE T
HEERTE—A L POEEIL c MNTHD Z ENHERITE I
%o ZOREFIT CesTisbs & b L TH VO, I@DFH Y S V) R— 1'5]
RUT 4 SR RRFPIREEZ A LTV D Z EBHIfF T T (K)

o 1 CesZrShs Hifflsh st BIORE LR DR A7

y (emu/Ce-mol)
e

(e
(]
(9,
T
~,
L[]
[ ]
L[]
1

4. £ L% (Conclusion)

ARFFETHR L 72> TODILEMIREE CesMXs &R LT-E. BRAE M & B8R X OMASbErsL IhE
TITHE D72\ CesZrSbs DAFTENHIFF S, WEERRORER, BB LTz, T LY CaMXs (M=
Ti, Zr 3 X OV X=Sb, Bi) O 4 O HAEL BRI ER Sz,

I TNV TR Z Mo T L RIRIHFZEHIBR 4L, 7 7 ALEMOERER bl 7oy, Ak
35,
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Preparation of Th-229 target for photon irradiation
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For the study on the deexcitation process of Th-229m, we are planning to observe the variation of the deexcitation of
Th-229m for its chemical environments. The purpose of this study is to prepare a precipitate sample of Th-229 fluoride for
the irradiation by X rays. Lower emission rate of IC electrons or longer half-life compared with those for the other chemical
conditions of Th are expected for Th-229m fluoride. We have prepared samarium and thorium (Th-232) fluoride precipitate
samples with a diameter of 0.3-0.5 mm under various conditions; and in 2020, by using new suction filtration tools made
with PCTFE, we succeeded in stably preparing the fluoride precipitates of samarium and thorium with relatively high yields
(~50-80 %). In 2021, we prepared Th-229 fluoride precipitate sample with a diameter of 0.5 mm under determined
conditions. The sample was packed into a MgF, glass box and was indeed subjected by X-ray irradiation with a synchrotron
at SPring-8.

1. #65 (Introduction,)

Th-229 (Z1% 7.8 eV & W I BB DT /L F—HU A S 972 K 9 73R IR T 1L — ORZRh i L 3 7
TET 5, £lo, HOREOREEZF o TERAMIK L 22 Z L3RS TWD, ZOERMIR, Th-229m (2
BIL Cid, (LPRREIC X D EEE DL, RO L—F—fhile & ZIUT e S BEREFH~ DG 78 EIEH
WZEWELATFE LI TN D,

BUIE, MILKRFO 7 N —TBHul b 720 | SRR T D Th-229 ONEERHED Tl | [ 7 r—7
IXZORS & —7 Y FOFREZEY LT\ 5, ik, #1® TALANC Th-229m OER~OHEIZREI L, 414
ZOEEOBIANZMIT TRERIERZED T, Fx RFEPED 5L TWA[1], AEl, K7 LV—7TixZ
NWETHEA L TWERBHTED X — 7y kL3R H{bFREO X —5 ORIt E LT, 7 vk &
OUKBRA LI D 2 — 77 R Bk 5 2 L2 HME LT 5D, BIERO T L7 7 EBRETIE, LA S U233
5 Th-229 OSYHERELOFENEED SN TE Y . AFETIZZ O PTh ikto A2 # AT 5 2 L 2/ LT 5
HLOTHD,

2. EB5#: (Experimental procedure)

WEARRE, RBRRFIZIBW T, B2 —57 > h & LT TE 280N A X (B2 0.5 mm) OILEHRIEOIE
FEE NI T D12 D DIREERRE (T o7, XA 7u Mo AR EEERT 5 2 & T 7 vtk
BLTIE, =V U AZ5 & U A (Th-232) THLERICEKII L, #@UREREMHEZRETHZ ENT
T, AHEEIE, WEWE Th229 2 W2 EBRZ1TV, FEERORG ORI ZER Uiz, BRAERZFOREHT, Bk
DR ERURBRIERE ~OBE I REE R i o T2 7o, BIFD R VB KRR IRE 4TS Th-229 50k A
HAnaszZ bk,
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B EBRDERTNZREA 4 0 HIEIC X DRRAITO, IR E ARV, £, —E7 iz
Ttz BHC B L Tl v 2 N2 C7 oAt A A v R U RIES SETHLRA 4V ZBmEITH) ZETH
U AEFERUTZ, WEOAR, WS A7 ST IR CIRE L= &iE, SEE AW TITo 7,
INROMEIE Th-229 DA o~z 7~ =7 28k e CRIET 5 2 & TiTFo 7=,

3. fERBLUEEE (Results and discussion)

1 [8] B OFER CIIIERITIRBEICRIME L 72 o 72, Th-232 [ TREHATIRD Z< — &2 AW CHERZITH Z LN T
DM, Th-229 1 TEEZ AN DLENH D70, WHRIRE DR FR e ElIamO B & W o TeBER A
B, HOBIEICRIZT DITIXBEROZHR EPMEL R D AREERH OV | IENLE LN ERBE X L
Do —ERWREHCR VR E A TEA A AT 5 2 L/ 8T U AZERER L, 2 [BIH OB IR 21T
ol 2EEIX, 7 ALKFEBOBEEZ TR EOER LT 5 2 & T 5 FIRE DI TR 2 Ek T2 2 &
2R LTz,

Z O, BULFEHIZEETCVER LG R 2 B L, 7T ABERMIZER L, SPring-8 (27C X #Rro> FRET36R
WCHWD Z &N TE, BUE, T —X DR Th D,

7272 L. ALFIREEOEAIT I U728 Db A2 BRI 5 12T bl G & U KB I IGRRN 2 & D ARk
LI L2 D, KB EIEEGENI E MR RN RO b TE LT, 4%, TOMOLERELED T
Th-229 ORI OMERZED TH < SR B D,

4. £ L ¥ (Conclusion)

Th-229 @ 0.5 mm O/NAEE 7 ALILEGHRR OERIC R E) L7z, & 612, 7 CTIZ SPring-8 TOMG ERIZE -
TWD, 7272, ABfEM TE 72 Th-229 O&EIFTR L THIIZEZ W DI TiERw, RPIOIFFE 5 DI
HOBRNZ T T —5 > FREIOHECMO LR IE Y — 57 > MERRIZIZE | E X B A TO L LER &
Al

5IHSCHER (Reference)

1) T. Masuda, A. Yoshimi, A. Fujieda, H. Fujimoto, H. Haba, H. Hara, T. Hiraki, H. Kaino, Y. Kasamatsu, S. Kitao, K.
Konashi, Y. Miyamoto, K. Okai, S. Okubo, N. Sasao, M. Seto, T. Schumm, Y. Shigekawa, K. Suzuki, S. Stellmer, K.
Tamasaku, S. Uetake, M. Watanabe, T. Watanabe, Y. Yasuda, A. Yamaguchi, Y. Yoda, T. Yokokita, M. Yoshimura, K.
Yoshimura, Nature 573, 238-242 (2019).
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Crystal growth of the ternary uranium transition metal carbides
Masashi Ohashi!, Kenji Shirasaki?
Unstitute of Science and Engineering, Kanazawa University, Kanazawa 920-1192

2Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: uranium; nickel; ternary compounds; arc-melting method; X-ray powder diffraction

RTX: (R: Rare earth, T: transition metals, X: Si, Ge) has an orthorhombic crystal structure [space group Cmcm]. There are
not so many reports on single crystal growth due to the difficulty in obtaining single phase samples. In this study, we focused
on RTXz, which has not been reported for single crystal growth. At first, polycrystalline samples were prepared by arc melting
from starting materials at least 99.9 % purity. As for CeT.Ge2 (T=Mn, Fe, Cu), it was found that CeGe1.6s was formed, and it
was difficult to grow single-phase samples. CeTxSiz2 (T=V, Cr, Mn, Fe, Cu) also had CeSiz secondary phase, and it was difficult
to grow single-phase samples. On the other hand single-phase samples were obtained for RNi.Ge2 when x<0.8. Here, single-
crystals of RNixGez (R=Pr, Nd, x=0.2~0.8) were grown by the Czochralski method. The magnetization of PrNi.Ge> show that
there is a ferromagnetic transition at low temperatures, and no difference in the transition temperature or saturation
magnetization is observed. The fact that the measured magnetization does not exceed the saturation magnetization of Pr** ions
and the value of the effective Bohr magneton number obtained suggests that localized electrons affect the magnetism.

1. ¥= (Introduction,)

Y BLOSETEEUIEYDORIUTEF A ATERT 5 ERBESIEITRCERMEL B OLORHY | ZD
RESFENTHEGITHIETE 5. _Eﬁzw%ﬁ%’?mf MRV ClE RKKY HHASEHSOIERERI R, 36 KOS
SR DFEE N BV D, ARFSETIL RKKY FHANER L miighit, & U < ITIREMEFARE & SORBEMAR B A S HL
Lo RERRT D, ZOUETIRE « [E/) « BiG & W 72N R T A =2 — %45 Z LI > TH LWE
FISo, ENFHRE B ORERT2HNENTH .

Foz 1IHFC, T E THREFIOD 220 U-T-C(T=Fe, Ni, CollZ7EH L. sBHARRICE Y LA TV D, U ear
B AEFEIREWE T 5 RTXo(R: 7 HHE, T EBAE, X @ Si, Ge)DWERRICH WA, Z ORI 5
A {%Fﬁ'ﬁﬁf Cmem] DG 2 FF D, HAHREI 21525 2 & 238 L 72 DR B oMt 32 vz £ 4 < 72

. —7J7, CeT:«Gez (T : Fe,Co,Ni, Cu, 0<x<1) DZhEIOBEEREZ T ATR DRd 0, T O&Ex 26T
M/ED RTVMEADH D L9 ThD. £ZTIOD 1-12 FA HEEEMICONWTHALESEZ TR L, BAHRE
B E R T

2. EB51% (Experimental procedure)

S EHEIE /) 7 — 7 F 2 W Ar FEK N TR L CA v Ty MEERR LT A Ty FoffkE Y —{b
SHL7OIT, eI S &R DIEEA#R Y IR LTz, 48T EEIIHAR X MEFTRIEIC L k7. T
NUF ¥ —bEVRRATART b —IZTIEOL #:Hio SEM, Oxford Instrument #1540 EDX TRed7z. HAHAE HIL
TEBEHZOWTET 3 7 TV AF—EIC Lo CHEERERZIT o 7. SR S I3 Im 7 U TIEIC K> TRIE
L7e. WEIRAFIREE D T & I« T A 418 MPMS(Magnetic Property Measurement System)(Z 2 - TR L OIRE
KA (2~300K,0.1T) & WEGHEAFE(SK, 0T~ST)DRIE Z1T > 7=

3. FERIBLEE (Results and discussion)

CeTGex(T=Mn, Fe, Cu)iZB LTI T DAL &EZIR S L TH CeGeres 23 TE T L EWEAHRBIERITEHE LW
LMD oTo. Fio, CeFexGer D SEM IZ KV RO TAHALIT A TORRELT Fe 134 < é\iﬂfl/ iz BEHIE D
FERN IR CHAESENH D, x=1 DAORBHIBEMIIEE 2L 23 2 E3bh o7z, x ICX DIEBIEE D=
VR0, BRI L DIEW BRI S e o T, AL ORIEEAS Ce¥ A ﬂ‘/ﬂ)ﬁ’afﬂﬁm‘h%ﬁz@b\ &R0, WbIE
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MOERDTZFEHNR =TT p OIEND, CeFexGer TILRIER TNHMEICHEEL G2 TNWDHEEZLND.
CeTxSio(T=V, Cr, Mn, Fe, Cu)lZBI L TIE T DHIAZEA TS L TH CeSia 8 TE T L EWHAHREBIE AU LW 2
piLY PYiNoY

—75 RNixGe2 (R=Pr, Nd)IZ B L CIZHARRBI NG S N-DTF a 7 TV A F—RIC CHERB R 2R A7, R
X AREHTRIE D & RO TAG T EFNISCME S 1EIF—E L7z, X 112 Ni OfEARE: x=1, 0.8 OFERR L7zalkl 27~
T x VNS BRDEEVT AR REREFRELEONDIMENH 5.

X1  PrNiGe: (/) & U PrNiosGe: ()

X 2 |Z PrNiGe2 @ 1 kOe TORLE, LS5 K TORMLliRZ ~3. (KIR CIXIRBEIERD 72 1R 2 2O 25BN
Ao, WAL D ¥ = U —iRE TelX 13 K & RS bive. SRR RO IZFGNR— T4 p 1%
PrOFHEETH S 3.58 LV b REWV. FmbE, #bE HIZ (010)FDENRRKEV. SK TORMLHIFRIZIX
bt AT U VAR IO X B B S 7z, B0 (010) 5 1R OIZE0 T 50kOe F TORALOEIL Profia
i 3.2 L /hEu.

12 *%%00e 25 | s @
— 10 %o © ® *+
% 5
o o _— #/v
e °l & ° ®
Mm 23
26 M ©B//010 § R = ©B//010
° [ ]
= 0 B//10001001 ~ 22  @meseeese — @ B//1000r001
2 ' ® 2.1 .
®oees
0 2
0 5 10 15 20 0 10000 20000 30000 40000 50000
TIK] H[Oe]

2 PNiGe: DRHAEZR(E) 3 L OB LR

Wz, ¥ 312 PrNiosGez (2O T, 0.1T TORELHE, BLOSK TORMLIIFRE T, F= U —iRE Tl 13K,
Wl:a%i&rbx(mowmf&;é$ & PNiGex & 20 5720, Lo USRS OB BEF 13 X 0 i, fafoiiib b
PrNiGe> & W K& <, PR OEFIREAY 3.2 ICUTV MEIZ 72~ 7. IR LR B RO T-F DR — T 15513 P DF
BhAR—T B TR DFFAE 3.58 LTV . BHLORIEED Pt A 4> ORI L A2 B2 7202 LR, BHEsREE D
HRDIZERNR—T A E p DIENS, PrNixGer Tl PO RIE 4f BT DWHEICHEEL EZ Tnb B2 BN
2.
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x [emu/mol*Oe]
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X 3

4. ¥+ % (Conclusion)

£ 2 ®B//100
=15
= B//010
1
e 0o © 0 0 6 0o O Gy
0
0 10000 20000 30000 40000 50000

H[Oe]

PrNiosGex DRBHLIR(/E) ¥ Z O b il

AAEFITEIC 112 ZOH LA OB RS 21772 572, CeVSia, CeCrSiz 1% CeSiz 23 TE TV 5 AlREMED &
<, ZOHLOBRFE LRV EBDILD. CeMnX,, CeFeXa, CeCuXa Id CeSiz, CeGel.66 231241 second phase 73
R BB RITEE LW AR5 2 LT TE Ah o 72, PeNiGe: 1 Ni OfHAG & A 54 & BEARRE S sk
WOT, fE5AZED THRIC LY HiESE B RS AThE

5 FSCER (Reference)
1)

W ZERbhrol.

C.N.R. Rao. Solid State Communications, (1992).83(10) 765-770
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Development of Thorium-229 ion source towards a nuclear clock
Atsushi Yamaguchi, Hidetoshi Kikunaga', Kenji Shirasaki?, Yudai Shigekawa, Keisuke Nakamura®
RIKEN, Wako 351-0198
'Research Center for Electron Photon Science, Tohoku University, Sendai 982-0826
2Institute for Materials Research, Tohoku University, Sendai 980-8577
3Japan Atomic Energy Agency, Tokai 319-1192

Keywords: Thorium-229, Nuclear clock, lon trap, Laser cooling

Thorium-229 is an attractive element because it possesses an ultranarrow nuclear transition whose transition wavelength is
estimated to be in the optical region (149 nm). A nuclear clock — an atomic clock based on this nuclear transition — is expected
to have unprecedented frequency accuracy because the atomic nucleus is highly isolated from the environment.

One of the promising platforms for a nuclear clock is an ion trap where Thorium-229 ions are trapped in vacuum and thus
highly isolated from the environment. Also, laser cooling of trapped Thorium-229 ions enables precise control of their internal
and external quantum states, which is prerequisite for highly accurate and stable Thorium-229 nuclear clock. Thorium-229 ions
can be obtained as a decay product of a decay of Uranium-233. In this study, we develop a Uranium-233 source which will be

used as an ion source for a Thorium-229 nuclear clock based on an ion trap.

1. ¥ (Introduction)

AILFEFFABFFED B BIE, S8R O HS JE 4 A JEUE & 3 2 YR B U TR OFEBLAZ D S L,
MO L29AF L 8Ty TIHEEROA A REZHETHZ L THD.

SRR EAEAE &, R ONFIROESE R A e LB R ChH S, REHOBR L LU, 4F
THoELETERNMEDN TE . LnL, B TEBOIEEEEL, BREOBERSGOEELIC L R85 I H)
LTLES. Z2DOL D REENT, SEEEIFEEOMERE S ST 5720, FRRNED /NS RD X HHlES L
ITHEBICRHET 2N S 5. AT, HEREAEAEDREEL X 18 HTIZEE L TV D, TORREZRDTNDE
L, Z OBRBEERSGIC X D EEEEE#H TH 5.

ZHUCK L, BTER TII R TR OEBZIAEL LTl 213, BIE DRI RS X 0 RS 1~2
KT\ VB E RS GRS AE N TR TE 5 LR STV b, RER S, B OB E I IIE D —
)V REHERAT & 0 M BRSO BE IFFIZITIT S TH D, T OB O, BB O = 3L F—)E
WiLkeV °MeV LW ol —H—T, BEESHLITKLER L —F—END L )RR LF =TI\ &L Th
%. LinL, bU DA 229 720 HEFISMOIC, b——DMERATRE R B R = XV F— DB 2 £ D 2 LR H I
THEY(ZFRLF— 83¢V, WRICHR TS & 149nm)[1-4]. Z OEHER OB JE 1 HeZ et & U C Ry [
TR BED Z L SFRETH B[5).

R 2 T 57201203, PY T A 29 A A 2B T v T L, ZTORAEESE L—T 4
T4, FIvTTDHRNI UL A AT, VT 233 BT INT 7 EET DO KA A AR D, ASLE
FIURARFZETIZ, A4 T THO N U 7L 229 A F o ZET 57T 2 233 BHRZ BT 5.

2. B (Experimental procedure)
AW TIL, RORBIEHOESEEAMBIZBE L, F4 S H#IE EOER 9em OFEEIZ, 600kBq D7 7
233 A Lo, 7, BAE 9em OFUCEA T %G, ZHLLEY 72233 2L ThH, R DA 298 Y
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F 2233 DIEHRTIED BB SRR T2 D ERA 220, L%, AWFFECIERR LT T 7 o 233 A EE O &
KTho. BETILIFX L~ A S AEMEBESE, 77 AEMEOBOMEEE 7T 233 DEENDA
V7R ) —)VIRIE T2 9. 0%, BRI 800V OEELZHIML, 7T 2233 2 F X UK FICES ST,

F4H2(50 pum) HVEIR
(800V, ~30 mA)
A A
| |
/ uo;™ uo,*
Ay 7O
J —ILER S
E#(100 pm) PEEKD AL4h

1 AW CIERL L= T o 233 AR, ~ A T %
B BEESEONT-TF X L EE EOER 90 mm D
fEklC Y T 233 HEAET S.

4. ¥ £ ¥ (Conclusion)

3. EBXUEEL (Results and discussion)

ERR L7272 233 BHEDA A—2 v 7T L— kK
EREERAROTRNE N RS MA FEE)Z TG L, ¥
72 233 PIRFH)ICEEINTWD Z L aHER L
7o, ZOMBROREN O, B 105 ERED, A
T > TUI TR ED N U 7 A 229 A A2 A3k
ENTND LR bk,

B, BHESTWDH MY T A 229 A A D5
2 %(T 72 B 2000 ERRED)IL, BT AV~
—IRREOA A THD, LIzB>TURRZOT A Y
~v—WREODA A% NT v T THT ENRTEIUR,
AAF U PERNT, FU DL 229 OT A V~—Ik
REDWFZE L AIREIC 72 D, To & IR, TA V~—IKEED
FHERS, T A Y~ KRB B EEIRE~ER T
LTSN DT DR X —ZHETH &
ICL2BEB XX —OFERER L, Rk
DIFFEIZ & > TEHEERPED FTREIZ/2 5.

AR TITAFE, U723 2F X HRICEE L. M UL 29 A AU REER LT, 5%, MUEBRE
BT E 2 YRR LT DATE D b U 7 4 229 A Ao AN SN TV A 02 ERANCETHET 5. £
RECZED DR EDO FY T L2299 A F U DNERSNTND Z ERMERSNTZL, KA A FREAF L T T
FEEIEAL, NI DULA29 A4 A D T v T BLRL—F =5 FBRICEHT 5.
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A A LT MR E2 52 CLIE& o, T2 F A FWERSAIZEEMN HA K HFIE# - L ET.
AFE G L7z U-233 1. BARJR T JIAFERE 58 & b K24 B B SERT L RIAFZE(17K0204)12 L 5

U233 EFEFIHZ a2 =7 bbb Z72 W= s 0T

5IFSCHR (Reference)
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Preparation of actinide compounds with the layered structure and their physical properties
Yoshinori Haga', E. Yamamoto', Kenji Shirasaki?
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Antiferromagnetic ordering of a new uranium compound U2PtsGais was investigated using single crystal samples grown
from gallium flux. A well-defined antiferromagnetic phase transition was detected as a specific heat anomaly accompanied by
anomalies in magnetic susceptibility and electrical resistivity. The enhancement of low temperature electronic specific heat and
quadratic temperature exponent of electrical resistivity characterize this compound as an antiferromagnet with a large density

of states at Fermi level.

1. 4= (Introduction,)

SrosFexSiao Bl it IEZ AT 2@ RLEMIE, A T <G ST 5, PO CTIdam 891 b (Sr
FA B ITHEDENDS B D LB 2 BTV, FEMARESIERATIC L 0 | A T =T 282 TER L.
ZOREOHIFIZEHND DD Z ERD>TND, U7 U A3A I A TREIBE O LN 0 3R E <, —fi%iC
FRUVNERGIR O E 2T 5, 20O &9 72K CIEZ AR L D FHBIR OR BN WIS 5, ABFFETIE,
&G A RO T 7 AbEME LT, FEFEE TIZ UsPteAlis, 3 L UOWE UPteGais D HLAE BB RIZEE Y |
Sl &REE 2 OYEIFE AT o T,

2. ZBRJ5EE (Experimental procedure)
WPERE IO 2 RS REH T, B ARR - IAFZEBsHsE 2NN C 7 T v 7 RAIEE 2137 — 7 TR K 0 FERK
U7e, FREIAT S OREERNTIZ K D50REHI 21T - 72 _E CoMERE 21T - 7=,

3. BRB I UEE (Results and discussion)

UsPteAlis, 35 KON UsPteGais I3 FEREE & LT SrosFexSiso BUREIMiE 2 & 5 2 L e Lz, — 7, HifS
i X ARSI CIEBABR e A N Y — 27 NI S, ¥ T TN OB FAEED B S, N2 MEEERED Z
EETTELARN,

EL LA 25K AT CHESILFF AT 50, ZOILEIRREIT R E < B2 b, UsPteGais 73 Lfiehy Hifli 7
SRR & R 2 D12kt U, UsPteAlrs 1386553 L ONRE OB & L TEEOFHEZ R~ Z L2 R LT,
INZ ) DS HOR S DMK BRI N Z OER DO—2 L Z 2 HiL, sElRMERIE & RS DUE
WAL DOETH 5,

51 H3CHR (Reference)
1) Y. Hagaetal., JPS Conf. Proc., 29, 013003 (2020).
2) Y. Matsumoto et al., J. Phys. Soc. Jpn., 90, 074707 (2021).
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Study on stability of urea precipitants with selectivity to uranium(VI)
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Stability of a cyclic urea compound, 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU), in an early stage of
decomposition was investigated as a part of development of selective precipitants for uranium(VI) species in nitric acid
media. It has been shown that cyclic urea compounds have a threshold where decomposition proceeds rapidly. In this study,
precipitation ability of DMPU for U(VI) and fission product (FP) ions before the threshold which had not been examined
was investigated by using samples irradiated by y-ray. As the result, the degraded DMPU was found to keep precipitation
ability for U(VI), although the samples after the threshold did not have the ability. It was also revealed that precipitation
ability for FP ions was not increased. The latter would be the benefit of DMPU the pyrrolidone derivatives which had been
studied earlier might not have. The above results indicate that DMPU can be a selective precipitant for U(VI) as long as it
is used before the threshold.

1. = (Introduction)

TRBAEC X D A REHE LB E, mRED T T & 7L b= ADIRIAS B 2K AR FBRER O FRLEL 2
FIARMAEED, BENETH 2 Z L BFRTH Y . BARIFBRERE O BRYARE 2 MFL & U7y iEndde R
PRI CE D ATREMED B D, A X TAVE T, BEIERRIEKIENR ) H+6 D 7 7 L (U(VI)) Z B IRAVICIL
BT DILBHIDBRFE 21T > TE TH Y | HTHEDMANE (MEWER KOV y #iiE) OFHmICIES L TE R, 5
LB & L COY NI HERMED ' r U N UFFERWNRP : M 1(4£)) [1]. KW TERIRBEEWITER L, %
FTIL TV E T 1,3-dimethyl-3,4,5,6-tetrahydro-2(1H)-pyrimidinone (DMPU)¥5 & O tetrahydro-2-pyrimidinone (PU)(IX|
1(97), ()2, 31D —DIZoN T, e oG @ﬁlﬁﬁmitﬁbu%&%ﬁ%ﬁ%ﬁ 5 LA, B - IEGREND U(VI)
RERBIZ DWW TR L, AERFIHORMR & L THEZ1T > T 5 [4), HiZilids Tlid, NRP D6 L 13# R0 |
DMPU KT PU OGRS THEIT T DBIMEDFEL TV D 2 EICOWTER LR, THET
S L C& 7= UVDILEREED T — Z 1%, SR iy e C - B OIREEREEHI R L T b D ThH -7, FEAN
RBLEDNBIE, TEEFN O D T R~ OBRNERL OO, RIS 2720034 C DRI 2 ULEF O
B UVDILERED T — X MEETH D B2 LD, & 2 CTAREEIL, DMPU O IR FRIZ DUV T,

(ZABJEA A AT DB RE DB HIRET LT,

R O

\ N7 HNT ONH
Q\/ v@) v

(a)
X1 NRP(/E (R: pRAb/KFERL)), DMPU(H)F L O PUR) DL A i
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2. EBJ5E (Experimental procedure)
(1) BRGHER

0.5 mol/dm® (= M) DMPU % & ¢ 3,4 M HNOs|ZFER, KBS F TR 24 BF#, ©Co 28R &35 v %
MRS U2 (B - fcK 71 kGy), WRSH% . #BRI A TH NMR THOtrd 5 &3, ZoKaleih o v — 7 mgkth»
5 DMPU OFEFREZHH LT,

(2) TR

FRE % OFBRIE & BRI EAR(FPY) 2 s & LT-&RA AU 1 mM 25T 3, 4 M HNOs 4542 cm’
ZIIAE TG, B L7254 30 Z0dfiE L7, 0tk 10 o008 L, BB AR O4 A A % ICP-OES
THE LT o N8B A 4 U BEN SRR EZ RO -, £728E.05M UV Z2E&Te 3,4 MHNO; Z# L,
FRE 1% OBRIRI 5 LA O RBR A1 T o 72,

3. ERB I UEL (Results and discussion)
(1) MR

'H NMR A7 hJUZHEWT, DMPU (Z 1.8, 27, 3.1 ppm IZZFNEFRE—2 2HF L, T b %), (b), (c)
& L7=(IX 1(H1)), DMPU @ﬁfﬁ%ﬁa)%ﬁ%ﬁ‘zﬁﬁ% 212779, 3M HNO; D(b) % B\ THEAFERITH 70~80 %%
R L72, NRP TiE, WEHCTOyMIBHICEY, OFE T RURMAHERT D Z &, ()HREZOIIHOE
BLRMRAERIT NRP B & L 0 b Bk Mm <. EBIT UVDESOEEDERA 4 LiEET D ATREMED &
DIEEEH LTINS Z L ()BTRS T AL A E TSN D Z & BB LIRS TW
5[1], £72-DMPU & NRP LR RBEDMEREIE AL 0 | (i) & [FERIS UV RS 2 38R DMK T3 2 "Rt
DR S NTVW5, DMPU “Cj:%é‘ﬁﬁfci MEDIE U 2 LFRAFHRIL 50%LL FIZ2MIZID 3523, 48 DMPU 0OF%
TFERDH) 70~80 %z R L7z Z L%, B HiRRiE Y Fﬁﬁﬁf&@ﬁﬁébﬂhé%%a‘za:a@% ®. NRP ThHiuE
()BT DHHDTH T J:#E?EJJ L7z, MiakBHE FP A A OIBGRER I HE L 7=,

—&—a(3M HNO3y)
1-eb
—A—C

100

gj_ —v— a(4M HNO3)
& 80 15
&
60 L L L
0 20 40 60 80

#REKGy]
2 yRRIREHC K D DMPU ZRAFR O EARENE

FIRE, 3,4 M HNO: DR FUENC, DMPU DFRAF3345 2 95, 85 % (FrEid4% 32, 31 kGy) & HEikAE v
HO, BLORERZEA % 10,15 % (BREIFIEIC 29kGy) & ARV S OO 4 S8 E LT, 2 b ZIEIZO
~@& L, UNVDDILEERERIZHE LTz, 7ed 4 BIOMR#ZORBRIRICHE W TIE, MELEFELOMICRE LS
STIVEEHER R LR, FEEIIIMERLZ OMOBER N EH LT D ATREMENRE 2 HILH A, HNEk
R A G, DIEETOBFEMENZ LW L2 T, 5% S HICHREEZED DL ERH 5,

(2) ThEGEAR

DMPU @ 3, 4 M HNO; (Z Jfé U(VDESNDBBJEA A OB ZFR 11T, RESRHCIEED 10 %
PLETH - 72 PAI) SRR ZITIZIEE 0% & 72 o7, BT D 3 M HNO; D Mo(VI) & MfHERNR D Fe(IID) D P
FX 10 %L EERH IS %)znfmb 579, ETORBHIB W THIR COWBRAERRDTBD b hr o7 Z &
O, @A A ORELZ A L TWRWEHEZRE LTz, s b OFHRIC & 0 1& b ibEesR & B ML
ZEFITDOUNVTIL ICP-OES O HTRAENHE L TWAH LD LB X bNLN, S%FEMCBRTHT 5 TETH S,
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# 1 DMPU O 3,4 M HNO; F COREHNZ X 200 COL B A 4 OILEER

LI 3R (%)
Zi(IV) Nd(IIT) Mo(VI) Fe(II) Re(VID) Pd(IT)

MEFREE | 3M | M [ BM [ 4M [ BM | 4M | 3BM | 4M | 3M | 4M | 3M | 4M

Feaue(4)]] ~0 [ 68 | ~0 | ~0 | ~0 | ~0 | ~0 | ~0 | ~0 | ~0 | 182 125
y RS 43 | ~0 [ 54 | ~0 | 148 ] 07 | 103 109]| ~0 | ~0 | ~0 | ~0

fih 5. UVDEA HNOs KK & 3B 4 i (D~@) ZIRAT 5 & IREEZITITNTIN D b IR ER
B9, ZOHONLRERSHTH L, OIZOR0BN TN bAITHBhE o7z, ZOF FREEFIR T 3 K
MEE L7z & 2 A B ERITFEORNG & @0 BITIRES LR Lieh o7z, £7-O L @DILEERITA 4 65.2,
64.4 %l FH STz, 26 OFEITARIEEL OTLEEE (4 44.0,30.6 %[4]) LV E<RoTWDHR, ZhUEk
BRI OFEFREI Y 1 R & S RIORBR L V- 72720Th L B2 oD, SRIOFRERL Y, REERD
BRER A L & 9% DMPU O I BTk, DMPU 78 UVD~DIEBHREZ#ERF L T\ D 2 & E724kT
B4R R DBUKIESE DAV LV . RALER DMPU X 0 & UVIIZxT 5 TR A RGEE MK LTV 5 A RE
HERDHDHZEBRALMNE 20T, THUBIZOWTITRIZZ S TT — X 2 ERT 5 & T, UVIKIFIK & T
il & OFEIR AR Z R L TS ER S D,

NRP (23T, AT O BRER EL#% (THH 24 9~ 2 S0 iRAE R DBRKMEDS NRP & K0 b Enold, K 1(£)D R
W n-TFNIERLL 7 o~ VD K9 AR R E E O RO A RBHICIE O ERL (-7 F ) R, TS
BN 1 B TH 23 BHRIRD 2 B~D55HE (7 a~F k) DWEUEZENLHLNER>TWD[1], =
D ESHIR R RIS UVDUSN DS DERA A EFEAT D AREEO B A HEEZ A LT\ D7, FEHlT
—Z LTS BREHAEA NRP 25 UV & FP A Ao 23500 L, 15 b2 BEIRARM O UVIZ KT 5 FRYEREDS
K T4 2 arREMEN RS S LD,

ZHE T, DMPU X° PU O3Bt TlEZ O X 5 @Bk GO ERIFBIE S ThZewy, E-T, 2
D BRIRIR T R IERETL A v BREBSHOINEMZ X 0 i L= & LT Rl fiEns A U 5 i LIy < &
AR, FP A A 2k &85 2 & 7e < UV 2 BIRAIC TR C & 2 AlREMED VR STz,

4. £ L ¥ (Conclusion)

THEATR M KSR D 0O U(VD)EIRAMERIILEA & U CB% L C& 72 DMPU IZB L., TERITARETTHR DORUEH
BT D@8 A A L IREERIZOW TR L7223, AN I O LRI AFE 03 m O EEHZ B L ARk O st
w70l ZOREFR, DMPU O EGIHIEFE Tld, LRI L TUve NRP THRB L2 X 9 e@mBuk M b a4 o
AR ST, BRIRIREE RILEH DS v BRIBEHOIIBC L 0 3R L7z & LT, A7 0@ U 2 Eio ki
HHIICHIUL, FP A A bS8 5 Z L7 < UVIIZXT D+ eibe s MR cx 52 Z L 6 e 72

-7,

35 (Acknowledgement)

ABFFEDOZATICHT=0 . AR ERE 240 & T 5T V7 7 EHAFEBRE ORI REBIERZ 2 £ L
7o FTARFEERT — X OBAFICEE L CE, m@KEL Lo H FTREBEOEBNIEFICRKTT, RERBRIIHE K
FHEBIRT R FITC CHEM L, EREMETE RIS R T hExWielEE L, Z2IEHOBEER
LET,
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Synthesis of uranium phthalocyanine complex and measurements of its electronic states
T. Yamamura', C. Tabata', K. Shirasaki?, M. Nakase?
nstitute for Integrated Radiation and Nuclear Science, Kyoto University, Kumatori 590-0494

?Laboratory for Alpha Emitters, Institute Materials Research, Tohoku University, Sendai 980-8577
3Laboratory for Advanced Nuclear Energy, Institute for Innovative Research,
Tokyo Institute of Technology, Tokyo 152-8550

Keywords: uranium complexes, nuclear medicine, quantum chemistry computation

Phthalocyanine, which is a highly stable n-conjugated molecule, forms complexes with various metallic ions. Due to their
high stability, phthalocyanine complexes hosting actinides as the central metal have attracted our attention in terms of their
application to alpha therapeutic nuclear medicine. In addition, the interaction between the 5f electrons of the actinides and the
pi-electrons of the ligands is an interesting topic from a pure basic science point of view. We have prepared the environment
for the synthesis and electronic structure elucidation of uranium phthalocyanine complexes by setting up a sublimation refining
furnace, which is essential for obtaining high purity crystals. We also determined the crystal structures of uranium
phthalocyanine complexes and their cationic salts that we synthesized in the past. In the next year, we will use these results as

a foothold to synthesize new uranium phthalocyanine complexes to clarify their physical properties.

1. #= (Introduction,)

TIF A RiTEGHE - STNEBGR GHEE L THTEC dEBRSE IR L BRDRAMA T2 2 L3 D
AWTWDED, EARINIRE (B §5K%) . F3EEMEYE (BRFEEYE) & OB TZ DR RIEN B
[Z72 B NTEBTIEARY, 2D K9 RIFITHEADN T, FRCERE R E OPEEDEIEIE, HURPEBEIE) O %
DISHIZED X HIZHFE LED NI OW T2 T b,

AL, ITFEYEER O TN DT 7 F =0 AORNAER (B &EER 225) ZFIH LB ORI BN T
HThD, Juke V) 7T 2LERMERORINZBIET O TH S, BHITITY 7 GEER) ORS SO
DIZ DOTA REEFAHEC L7 HEHA SHW B VD, —T7, Fx L, EENOLE B - Th DRV 7 4
U v ERBRICHLF v BT 0 NIZT b7 7 VRN A2 eiiiig 2 b Ol o RO 7 X n o7 = U AZER LT
N PEEIED T D DR A MR E L TOMREEIT> CE, ARETIL, v/ RETHLIZENTERWT 7 F
=0 (B A, A AP 1L128) Tide, ZhETWA AL EREETDH NI UL (H4 A, A A2 2P
1.058), U7y (H4fli, A A28 0 1.008) ZHulaJ@scsE & UCHIF L7 a4T-> T o,

2. FEB5¥ (Experimental procedure)

2021 AEFEITHT- T T 0 7 B2 a7 = AR OBRRICIANT T, 2020 AEEEICSEE FIF A FE M L 7o H ek s
DT T L—RElTolr, FTANBRLIZ/INAS—/LTOTZ 0T = UG ITEE TR, AR 2 B
HIZBIT D AHEIC L > THREZITO 7 ARNETH DL, ZOMNET o X3 A AL, FFEEE & i
HEFOSMEL (1072 8) DRAICE L COBRABIET 2 0ERH D, 2070, IMEIOELABIE LitskT
DI2HODII AT &R E LT,

3. BEBXUEE (Results and discussion)
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FAEEREREEEOIMALK | 1R, BAEEIATERDY
(HF, B AT OBET A N & FEh LTz, 2022 4R, HE A
EHICHE L, L0 iR CRRMZE L BREAEI L
T, UPe: $BAORE 2 323 5, F7o, B EFHEICLD
RS i L& O PRI IRIC L AT L TR Y b F A
WZOW TR TR Do 4 T & B O b L7
K& > CND Z EDVRENT,

4. ¥ L% (Conclusion)

V77 ZuyT = UHEOG K & ETIRREREIRIC M
T, EMERRERZSD DI AEOFIERERYF A2 |k
. ARROBREE A I LT, £7o. Ba PMEEICERL
U T 7 Euy T = ERE DT A ORI S
BRO TG Z JEBR & R OME N DIRE LTc, IREEIXZNLORE BN VIC L THiTRv T 741
T = RO G R & R 2 FE S D,

10 VR L 7 SRR O B

e (Acknowledgement)
ZOWFEIE. ABEMERZEET T V7 7 A SRR EE R O HIRHKGEN. FZEBOEBERK, KHMEKOW
b EEESNE L,

SIHASCER (Reference)
[1] A. Gieren and W. Hoppe, J. Chem. Soc., Chem. Commun. D 8 (1971) 413.
[2] L S. Kirin et al., Zh. Struk. Khim. 15 (1973) 486.
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New Aspects on the Border of Magnetism Order in Itinerant-Electron Uranium Compounds
Noriaki Kimura, Fumika Ito, Noriyuki Kabeya, Kenji Ishida', Kenji Shirasaki?
Graduate School of Science, Tohoku University, Sendai 980-8578
!Graduate School of Science, Kyoto University, Kyoto 606-8502
“Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: quantum criticality, itinerant-electron metamagnetism, Lifshitz transition

We investigated the origin of the complex magnetic phase diagram of UCoAl with a novel quantum phase. We found an
anomaly, which becomes prominent near absolute zero, in the magnetoresistance and Hall resistivity, which may indicate a
Lifshitz transition. The emergent phase between Hy;, and H,, is possible to be a strongly correlated phase. Such a complex

phase diagram is a property unique to UCoAl.

1. #= (Introduction,)

W< O D IEE R TlE, TETEING X - CRIEIREED RGN ED SHERMEIZEL T 5 Z EF s T
Wo, 2O "SREEMEICITN %M@ﬁ 3, WSZHINT % 2 S K - TS 72 BiREEICHER . 3 70b b
A GRS 2™ d, A Y TMEL 1 IROMERRE T, BIREE CREASZMZ 200, X SIZHEZEINZ % AR

P T EIC VR BiAdG, WHOW A ETEEHRAICEET HEEZ 6N Thb, ZOmEEREED & TR b5
mig%m%ﬁﬁﬁ%fi TV F v VIR e Em TIREOEG E D 2 ENMIRETE 5, Frid
ZNE THAEET A ¥ MR UCoAl DH:TT 105 T DHig A8 MIE A Sl L - TI-1685 DI 3 e ZFR L,
WELTEI1]e L LRSS, ALD Y IV— T TIEELHHEIVRENTE V2], ZDEVDIREEL K < O -
T >Tce ZDT, FRIILD 7 )V —TF L8] Ul AT & AR — VEHLOMIE D 5, UCoAl DA X D
A TS C&E T2,

ZORER, FATHTREIZN LS OO DR TR L DA Db AHD, WXKIRTLOLE NZL ORI HE L, FeAThH7E
#;TMﬁﬁf%é&iﬁbt1&?¢t%@%6%%#ﬁb o2 R LTz FIREIZ, 2O TE oy

DBEIIBIORLFENPIENT HZ EHHOENITHEEHIT, K3 THNAINETEZ SNTW=ED
i@%@%f%é:&%%%#tbf%tmo&@bﬁ\ummuL@%ETf@xyﬁﬁtuiﬁéﬁﬁﬁﬁ
HEN, & FEA LB CHN A A E THTH LTS DL ZENnD, KVFLIKET 52 & &
L7,

2. EBRFEE (Experimental procedure)

HEERL UCoAL IZ 7 V7 v —HUHARFERZE DT N 57 — 7% W TCF 3 7 TV 2 F —5| & HIFEETIER Lz,
G1& B 7S ERNT T 7 mikIC K - TRES IR 298 UL ST il Na iz il e U7z 5 (ARIZE L,
ENORECIZTEREZ L v ) vy —RIE NV ER O, BRSNS X ORI, A— VBT R %
Rl mlzie Uy el 5 a2 igds 2 Fon U7z, MPEIRENT 4 s FiEz O 7z, R VNICSIT AilE & Lo st
FNZE%E LR OB USIREAEZ ZRE L, EaT — 7 13T XT 02K L EodDx A,

3. BRBIXUPEZE (Results and discussion)
112 1.5GPa DA _EIZEBV) AWERIEPT & A — VRIS IR 2R, AL Z i 572512, &id
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26 T I T
(c) 2.93GPa !

Pc (p€2-cm)

Pyx (1€Q-cm)

6 7 8 9 10 11 12 6 8 10 12 14

HoH (T) tigH (T) HoH (T)
X1 UCoAl DI E A— VKL,

17K I E SR D 02K DT — ¥ R L Tdh 5, 1.88GPa Tld, WKL TIE A ¥ igEiIi E— 2 & LT
BN A, A 221GPail/eb b, E— 7 OFAICHEAIESUCITNIA D 2EBHIEN A KD 12D, X561
0 2.93GPa Tl g /e B — 27 OHBlE & B ICHERF > 7 0 BT %, L Z DX H 72855 F0IE 17K
HI=D T - &V BN, MERFE I ECHEE b, ZOREIHN DWW Hgm & # ¥ BEERRH,,
OINZREZEA L <. ZhdA— VB TOHN TS, Zhud, miEIcs N lD ISR T A &
ST HMMBIIRETH D Z L ARB LT b, E7o, MFEIFETCHNAREIE, 72 )VIHEDO ROy
WV THDH ) 7 v ViEBE R X8 5,

R Y MR ORI K > TET AR T RN F — AT H2EFOEH TRV F—DfEHIc L > THEL S &
EZBNAD, FEERREOZEWIZIEIX BIZZAE VDRSS EE L EEZ R -T &2 bb, —AWRET
R E L7z UCoAl Tl A E NI E VIEM AR BN R 2@ U TR R E v &0 I HIZEBD 7 =
WD B EN DT IVF /N EOR - T, bI D RBE TREIRENZE DL XD el EREETH R
BEETCIIWwWeEEZz6N5S, VT7y vy VEBPN ) T—El > TA YHEHERBEIRET S, HAHWIE, £ vk
BEBOBEHETIE) 72y VEBO KD 27 2 )V IHOEBIEE T VRIIZH L [REELRH D, 2N 62
UCoAl OB 7etts KM% & 72 5T ERIZ 72 > T D DO0 s Litiel,

4. ££¥ (Conclusion)
AWFFETlE UCoAl DB 7tig S K DS S O & 7 s T ORGIEZ AT - 720 Z ORER, R L5 T
BN A EZF Hgm 2 it L. SN 72 v VERBORIRENDY A Z E 2 iE Lice £70. Hgne EHn IZHEN
THEET OB E TR A TH LML DD T DK D et e HX D UCoAl IZFFEDEETH L Z &%

E%fi;ﬁﬁ [./ f:o

HEE (Acknowledgement)
AWFZEIE. HAREF IWFZERAREEE O 7 B 5 EIG, HRTERNL R O EEEG, WKy (B EERD) @
BT HFRREEC & OHFIWFTETH 5,
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Fundamental Study on Interaction of Calcium-Silicate-Hydrate and Radionuclides
Taiji Chida', Kenji Shirasaki?, Yuichi Niibori'
"Department of Quantum Science and Energy Engineering, Tohoku University, Sendai 980-8579
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Keywords: europium, calcium-silicate-hydrate, fluorescence, immobilization, cementitious material

Calcium-silicate-hydrate (C-S-H), which is the main component of cementitious materials and forms as a secondary mineral
around the repository, is one of the most notable materials for the immobilization of radionuclides. This study focused on the
interaction of Eu and C-S-H containing Mg, assuming that C-S-H alters with the incorporation of various metal ions. In the
sorption experiments, C-S-H containing Mg samples were handled without drying process in consideration of the underground
environment saturated with groundwater. The (Ca+Mg)/Si molar ratio of C-S-H containing Mg was set to 1.6 and Mg content
to the sum of Ca and Mg were set to 0, 10 and 20%. The sorption behaviors of Eu onto C-S-H containing Mg were monitored
by the fluorescence spectroscopy. In the experimental results, the fluorescence spectra of Eu coexisting with C-S-H containing
Mg showed Stark effect which appears when Eu is affected by the crystal field, and the fluorescence lifetimes remarkably
exceeded that of Eu(OH)s. These suggest that C-S-H containing Mg will immobilize Eu, in other words that the migration of

Eu will not be accelerated by the formation of colloidal species underground.

1. &S

TS PEBE R ALy > AT D OREGUZ I W THEEM PR DB LA L L TREITHRE L 2 58 A o FRME
OYERE L OMEFERREZ KELT 5 00, ERD TH DI ALY r— I KFI#)(Ca0-Si0-H0, LT C-
S-H)E THD. o, BAV FRMEHZER T2 CaoNa 25 K-> THI R KD E T vl VAT 5 Z LTk, &
HER D A7 A FREEHE NS I A BRNEH T 5. Z OB, &AL MHKED Ca &7 A Bt LT C-S-H 28 —REEY)
E LTS GEDIZ AR T 5 Z LR TFREND. ZOX I AT KBV TEIET 5 C-S-H & U MAZfE
L OFAAEINEREBATE T 2 L B2 b b, AEFL, FALKRFE BB O LR AL LCTIY
Tl LY r— SRR O BRI BT S 58] (2018~2020 4F ) A2 5E0E L, U H3H FERBE(pH 8 LA
NCBD TSR X 0 IS 5 D& 53, C-S-H & OMEMERIZ L > CHEE(LESN S e AR LTZ. =
NBITkEE 2021 £, C-S-H M T /KT O~ D&JRA 4 2B AL TEE L ST 5 REEZBRE L,
i FEREEICAFAET D Mg 23 L7 C-S-H & Bu O AMEHZETT 5. Bul3BEHEREEM GG T 5 =D T
YR IARTHFETHDEE BT, BB ol E 722 Am (LT s LTV LS.

2. EBRGE

Mg &f C-S-H ~® Eu OIUEFERIT ANy FRIZL VITo70. FEBREBIEIZRBW L, T OrKERRELZHE L
T, TR SHTIHET D £ T C-S-H BB 2 /8D 2 E RNV E D ICHE L. Mg &4 C-S-H 131k
TN DRR(Ca0)B LT ENLT 7 22U BR(E 22— R U 7, Si0y), it~ 7 % 3 7 L RMg(NO:s))
iRk L IRE LTI L7z, Mg &A C-S-H OFRGAHE, (CatMg)/Si E/LEL 1.6, 51T Ca: Mg =100 : 0,
90 : 10, 80:20 & L, ¥&& L 20 mL/g(@MHART 30mL, [EAHGHFH 1.5g) & Lz, £ LT, Mg &A C-S-H OFf# &
RIREIZAEEA 7 & B AAIK(EUNOs)s, ZERNA)ZE 1mM 27225 K ORI LT, REED VL T BODOAERK % i
F 57201, Mg &A C-S-H OFTUILERFIHK[OMS /v —T7 Ry 7 ANTITo72. £ LT, 25CHBEIVIRE
9 B 120 strokes/min (ZFXE L7 EIRAR & O BN T 1 HE[HFEA L7212 300 pm C 10 77z OO BEZITVY, B
ZoyBELTo. BRSOV TIE, Ot o thic Lo TEMICEA T 5 Eu DEE AR R L, K 592nm (236
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T AEOIEREFE AT Lz, £72, T~ U mobtic & v ERORSEZE L 2T, IOV TE, 0.20 pm
AT VL7 4 VA2 — 2T L7214, ICP-OES (2 X W IE AR 2 E LT Y, Bu NETHEF L TN &
W2z, Eu DAL D Mg =<°Ca, Si DIF(FEOAELIIMHER I NIRRT,

3 BRBIUER

[ 1 AR 1B, (CarMg)/Si VI 1.6 O Mg &4 C-S-H 1 Bu DI A7 M L%, [X1212 592 nm
\Z31F 5 Bu OGBS E 2R3 D, i LT, Mg & C-S-H 2347 L2V Kb 7 & £ A(Bu(OH);) D
HDOT—H Ve ORLTND. K1 050035 £ 512, EuOH); DAY hLE LT, Mg &4 C-S-H &
HAFT 5 Bu DAY MUTELIGRTER CTh 5 "Di—"F, BREIZ L 5 618 nm (TED B — 2 O5AD R S
7o AU, Bu OB FNEIRT-OE T L 7 —a AREER LT fUEOHGRENRT 2 2 Ll kv Bigsnd 2
RT ME—T DORF(T 2 Z VTR EZ 2 B, FATRICEB N TS Mg 25 AH L7220 C-S-H IZEDiAE
72 Eu DALY MVIZBII STV DD £, K228V T, Mg &4 C-S-H L1532 Eu OFEREN
Eu(OH); & il L TRERNC 2> TRV, K1 O =2 2L 7 BEOFRH L H T, REREKMAIZIBOTIL Eu 250
RGP L > T L TS V) L 0iE, Mg A C-S-H L OMAEEMAICL Y BRENCFEL WD EEZZD
nn. —4, K2 DX 912, Mg BAEIE OISR OE & 75 Bu(OH)s (S-S < A3 R S 47z, &
FAD Z ~ 03 30T Tk, Mg &R EIG OBIMIHE C-S-H 0 Si-0 M HADEANERT LERNELNTE
D, Mg &f C-S-H OREIEZALD Bu DELY JAFT & 588 % ] X IReMED VR STz,

——Mgo

—Mg0
—Mg 10
—_— —Mgl0
- ——Mg20 Mg 20
2| - = Eu(OH)3 &
'S o — = Eu(OH)3
c - \
[J] o \
E 2 0.1 »
£ g <
g E \\ \\
& v .
] = N
o K] \
()]
- - - / ~ / \ e« \\
- \
0.01 2
560 580 600 620 640 0 250 500 750 1000
Wavelength [nm] Time [ps]

M1 Mg&Aa C-S-H EHAFT 5 Bu D A~<7 hub M2 Mg a#A CSH & AT % Bu OEOGIREEZEE) D
4. ¥+

Mg &4 C-S-H ~® Eu DILEFEER LV, Eu &7 0 ) BT Mg &4 C-S-H SFHEEA LTV
T EDNEA NN LV ARE SN2, Bu 13 FERBEICE W TR MRIZ L > TR 2 £ B2 b Qb —J7
T, NKSEFEN 2w A RBREL o> CRBITBATT 5 Z ENBEShTEY, AROFELY Mg &4 C-S-H
2 Eu OEEGICEHGT5 2 LRI ESN5. 2720, Mg &HEIE) Bu OB AR B E RIFTHER bR S
nNTEY, 5%IIMg GHEEGRC Ca/Si TNILENRT A—2 L Lizitatd b LERDD.

L Fis
ALK BA R FERT O ILRFI RN H 720, EXHISTEW T RBAEIIIERT T 7 F /) A KBRS EIFEE P
HHAR R BEOICEHH L LTS, £, AWEO IR IARIITE(A)21H04664 DR TH 5.

5| F TR

1) KJ5e fill, NDEC-7 #E4E, A3-2, pp. 19(2022).

2) K. Suto et al., Proceedings of WM2020, Paper No. 20172, 1-10 (2020).

3) Y. Niibori et al., Mechanical Engineering Journal, 1(4), No. 14-00004, 1-7 (2014).
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Preparation of a stock solution of thorium-229
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Keywords: Th-229, Ac-225, stock solution, chemical separation

Recently, Ac-225 (T : 10 d) and Bi-213 (71 : 46 min) have attracted attention in the field of nuclear medicine as
alpha therapeutic nuclides. Basic research using Ac-225 is being conducted in Japan, and a stable supply of Ac-225, even in the
order of ~ several MBq required for labeling experiments and animal experiments, is desired. With Th-229 stock solution, these
experiments can be performed efficiently. Approximately 3.5 MBq of Th-229 was isolated from 5.5 g of U-233 material in FY
2019, however, the chemical yield was low at 36%. In this study, we recovered Th-229 from the waste solution of the previous
experiment and obtained 7 -10 MBq of Th-229 stock solution. We were also able to separate about 3.5 MBq of Th-229 from
1.9 g of newly obtained U-233 material.

1. #&E

I, Ac-225 (Tip:10d) <°Bi-213 (Tip:46min) 2% o VRIEAAE S U CRIES D CHEH ST\ %, PSMA
(2 Ac-225 Z A U 7= 385 CHaf I O BB IERIN RS A TR LT DO %13 U GRS L C o aThEM:
ZaRTIZo, HRRRFEEIIE X TE 0D, BIfE, Ac-225 Oflks L TRbIGENZ WV HDIX Th-229

(T12:7932y) D A THD, ZOFETELEIC (GBqA—F—/F) Ac-225 #HaCTE DERIT T A U A, R
A, avTIZHD 3RO THDHN, TOMMEEITEAL TEY Ac-225 D AFIIREEZ /2D >oH D, Ac-
225 Z A L7 B8 EEN THITON TR U, iR lE LB TR LB e~ MBq A — % —Th->ThH
LENRHHENEEN TS, Th-229 JFik S 2 HUEZ NS O A L% 7 X 0 EFcibdE4+ 25 2 &0
TEDHM, 28D Th-229 ZWEAT D Z LITH LV, 2072, AFTT 572D R AGE L kg2 kR S
72 U233 (T10:1.592X10°y) OB 268 & 5,

Foz 132017 FEEED B 2020 LT HNT T B AR - 7IWFFEBAS B TR L T 5K 630 mg 38 KUY 5.5¢ D U-
233 /5 340kBq (~47ug, LAT Th-229 JfiED) 35 LU 3.5MBq (~480 ug, LAT Th-229 J5iiR@) @ Th-229 %
TNENBELTZ 29, MR, £5.5 g O U-233 ik U-232,/U-233 [FfEikLL, 38 KO ofisfEo Th-228,
Th-229 FINAREEDNBHH9 5.5 g D U233 225458 L 7= Th-229 (]9 3.5 MBq) DEIERZRDIZE Z 5, K 36%FRE
ThdEHESNIY, ZhuE, U233 3B Th-232 BNEEICE TN TE Y, Th-229 OREA A4 L AZHah T Koy
BEZE L0 EZ BN,
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Z ZCABIETIE, #95.5¢g D U-233 DALFESBERFICENC & TR o 72 Th-229 %, Th-232 DIFEABE L
T T BEA o — DA AR EN A AT, ET2, BRI DAFERR T B D D FT721C U-233 1 1.9 DR Z =T 720
T, ZOSBELH YT 7,

2. EBOGIE

2019 42 5.5g D U-233 5 Th-229 D53 ETo 7= & & OBERO—EBICHR LT, BA AL ah T DEE
ViKY Z & T Th229 AL L7z, Z OFFORET-ZIX 11273F, 20 Th-229 VI35t MBq @ Th-228 A& £h
TWAH72, ZOIZHE Rn-220 (T1,:55.68) BB END, THEHET 5720127 7 U VF = 73— K Rn
a—)L R b v T EERR LT, TOR HEERIERTT 572, Th-229 Offi 5 ERICOW TIEIEME Ge -84k H
e W T T o7,

U-233 9 1.9 g 1220\ TiE, AFLT=Y T Ve
P05 HHERRIIRIR L C, FaA A2t 7 2iEx M
T U-233 253895 2 & C Th-229 MOy BIER I % FH il
L7c, ZORRIZR U CTHICEEA A AZHw N T K5 2
Al 0K L, K58 Th-229 I§#k (Th-229 JFUR®) % it
Uiz, ZO—H% T AMIZEIEHLE L C o B2 7
BT Th229 DERE(T-oT-, £z, —EbzEKEELY

< U % AR N LY o SIEA T L ORI TE — ) )

% Th-228 (Tin: 19y) OERESFo, a A2 hm el

A V=% ORTECSOLOIST A~%7 huA—s—icsi X1 Th-229 BRQOEA A 22l 7 SoHOk T

BRI (300 mm?) %455 LT 7=, Al Rn 22—/ K v F w7 CRn-220 ZHE L
TR EIT> TV D,

3. f&

BER/ 5L L7z Th-229 @Dy A~ hv%, Th-229 FiR@OZN L L TS ER L& 25, ARlDsy
BEC XV RIBUESEONTWA Z EMERTE 72, 20 Th-229 IAiEIE Th-229 i@ % &bH T, S%FENIAL
HERTEESE 21T > TV FETH D,

Th-229 JFiE@ D a A2 b A U —|ZL Y Th-229 B ER L= E 2 A, K3.5MBq D Th-229 A& T
B EWNyDoTn, F72 Th-228,/Th-229 [FNCARIIE 2021 4F 12 ABEA T 22.7ppm TH o7, AT Th-229 ik
@& KT Th-228 JFHERDS 1/100 F2ETH Y, Rn 2—/L K b7 v 7E 2 An7a< E IRV IO ATEETH D,
AR ITHIERL L 72 D U-232,U-233 [RNEIR I 23K 6D C, U-233 75 Th-229 23k L 7-BF38 K OV Th-229 D[RR
ZRODLTETH D,

4. L0

AR O—EDOSFEEIC LV, Th-229 FE@IZE £45 Th-229 ENELILE L 720 7-10MBq & 7272, £72, Hi-IC
3.5 MBq @ Th-229 JFiE@DFHE 24TV, Th-229 JFE@IZ T Th-228 HHERDS 1/100 FEE DA & ThH
% Th-229 IRl Tl 5 Z L SR T E 12, Fx 3FTA LTV 5 340 kBq O Th-229 kD & H>ET, 5% OIS
R L TV ERZV,
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Synthesis and characterization of uranium complexes with chiral crystalline
and magnetic structures
Chihiro Tabata
Institute for Integrated Radiation and Nuclear Science, Kyoto University, Kumatori 590-0494

Keywords: uranium complexes, chiral compounds, f~electron systems

In magnetic materials with chiral crystal structure, a peculiar magnetic order state can be realized reflecting the modulation
of the electronic state due to the violation of the inversion symmetry. The aim of this project is to expand the research target of
such chiral magnetic materials to (5f)! configuration uranium complexes and to explore the new possibility of complex
compounds as chiral magnetic materials. In the fiscal year 2020, electroreduction of uranium in hydrochloric acid and synthesis
of uranium (IV) and uranium (VI) complexes were carried out outside the glove box, which are preparatory experiments of
synthesis of chiral magnetic complexes of uranium with (5f)! configuration and characterization of their crystal structures and

magnetic properties.

1. #= (Introduction,)

TIA TNV RRE AT DREMEATIE, BRI FRE ORIV K3 % BB TR EE O 550 4 S U 7= 45 B2 RER
FRFRIRIEN BT 5 2 L 3b 5, REMNRBOLE LT, MRAE UMM IR Uiz MR e &0 L7k
RETHIMRAXNIA VN, BHOEBERILEM TR O > TEY, HEIN TS, ZhbHORRFNEE
LR, PR P HAR—VNERA X)L I A OWE R OERENERS 1 O AR EOBLE NS . Bii-7e
WRT NA AE~DISADFRME B HIFRF STV D, AIFETIE. ZhE TRRELEY L BEITIR b T
7oy ERRD X D72 A T NREHEAROBFFERt G 4 SR LIRS . A T IENER & L COSERILAEDFTT- 72
AIREMEARRT D 2 L2 B ET D, I A TG Z R OBEEEEIRIZ DWW T 2V E TIC SO 5153
HDOHN[12], VT R TOWEFIITSIROENTNWD3), VTV REEWTILY T D SEEFDWMEZ FITH S
N, EEMUEAHTIEXY 7 34 lHDWVE 3l (X722 OFMOME) 2L D2 EMFEAETHY, SFE
FHECE & L CIRSH? & (51 DDA LML ST IR 72720, e b FANZ(5H BlE COMBIX 055
TV, AFRETIE, D ELEZ & D 5D T T DA TIVIREEHESMAD B R EITV, & Oft iR &
OWESRFREA RIS 2 2 & T, Zh b REEkICT Ve —F9 5 Z L 2 BT

2. EBJ5tE (Experimental procedure)

2021 I 2020 FEETFad{b A FEHE L 72 FRRS I & DU IE SO TSRS R B, FHEREUC XL 2
RSN AR E REREE DR 2 FEha L 7=, TIREBRE LT, By 7 U RE W E L LTEH L, 2
NS 72 | IRSR AR S 7- 1%, B TR3E (TReFATE ) LIRASHEZ, ZHUTKERET Y L
KRR A T35 2 & T pH fiEEZITV, SSRETH S
Wi, AT L7288 dn 2. IR ABL A 3T 7o BRSPS
AL (B 1), KoBrEDTZH 90°CT 1 H Pl Lz
%, 140°CC L@EFMEA L 7=,

3. ERBLUELE (Results and discussion)
6 filiv 7 A TH D Z L ARmd A Lo PEaDRERD :
FAHENBETHTH L, K 7% DI TRENE LT 10 HIERRHORIAF
(K2), E£7o, FRROBREEESIOR > N7 RITHAL
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B LT, Zn 7 X a o7 = RTINS A N 2T L,
KR O Bz (1X3),
IHIT, B LTESEIRO ST « FHICE BT 5720,

7 T U R & U CEFEOHT (CHN o35
Hr. SEM #1%%, XRD. TGA) %3 L7-, CHN & TGA
DOFERENZB DT EI O EEZ FEEICHET 5 LEN
HDTD, BEWN D~ A 7 a0 RIFEFFHIAA TRIER
TR L, 0T & 550 L7z, A0 HTicds T 2 i 72 ekt
B, PURlERETIE, WERREZRE LD T, RAEELL
FEOEERE R TIZ IS 2 E X Tt & FEid 5,

4. 1% (Conclusion)

(SO EFEUEZFFO ST 7 DI A T IVEEERERIT
T CL PEEER & L CRR CHRATREZR 4 flighik &
6 fligtADGRcAZ LT, MREFIEDO b A1T > 72,
AT LT AR DT « FHITFED R L 1T > 72,
WHEELRE, 20N E b LlcLTrr—7 R
v 7 AR CORELER L, 5 MEARDO A EZ D, DT

3% (Acknowledgement)
Z ORI, BRMEWFIEETT V7 7 BEHASERR E R o AIHGERT, FI=EBOEEREK, AHmFRKOW
Hob EEHmINE Lz,
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Improvement of mechanical properties in Ni-base intermetallic alloys by multi-scale microstructural control
Yasuyuki Kaneno', Keitaro Nishiyama!, Toyohiko Konno?, Satoshi Semboshi®, Kana Takenaka®
‘Department of Materials Science, Graduate School of Engineering, Osaka Prefecture University, Sakai 599-8531
“Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: heat-resistant alloy, intermetallics, dual two-phase microstructure, tensile property, deformed microstructure

TEM microstructural observations were performed before and after tensile deformation of dual two-phase NizAl (L1,)-NizV
(DO0y) intermetallic alloys with simultaneously excessive Ni content and transition metal element additions to improve the
balance between strength and ductility at room and elevated temperatures. There hardly exist disordered Ni solid solution phase
in the dual two-phase microstructure before tensile deformation. Nb was present in both the primary L1, phase and channel
regions, but was enriched on the channel regions near the interface between the two. Numerous plane defects, which were not
present before deformation, were observed primarily in the channel regions of the deformed microstructure after 900 °C tensile

test, suggesting that deformation may have occurred over both primary and channel regions.

1. #5 (Introduction)

FFEARER 1L, A 2 WIS D 72 2 &R EE W & R — R THTHROMER G & DB 21T > T& T
WD, TOHT, HIPROMINT NizAl (L1,) FHE . WINTHORIBICAE S5 NisV (D0») FHE NizALAH & Dt
BTkl DR D T RV TR S 4L 5  EAARRERR 2 8 & 972 Ni R HEEHG R LA A e (N i~
B4 13, @R COMBRZEN R L OEERHEICEN D720, SRS T ES~OEHARHRF I TN 5,
UL USEAICER U Cid, SR « GESMPESOMPEERENE 72 & OMIEHED X 572251 ERKETH Y | 207, ik
5y« R OFGELIZ & DR OBBHIME L A EDm B0, T 2 B4 H 8 2\ NSRS OBFERL - & DB
fbEEE I LT « 27— /LRGN BT S AFRICI D A TV D, ZAVETIC, FHRM & 70 5 " HEH
FAARICBA LT b Emmiia (NI EBRIHLA) & @mlicRiNINC L0 | @i COIREE « IEMERMES M 13 5
T EMRWHENTED, ZOBEIZ OV TIARTH 5, & Z TARIFFETIE Ni BA b Eamfiakn» il & L,
S DA EITRZ TN L7z Ni i 2 &8 05 |RETERIT# Ok TEM I X 0 FEICHRA L7,

2. EBH: (Experimental procedure)

75Ni-10A1-15V (at.%) (2B % 50 ppmw ¥AN L7 AR &4 (75Base) (kLT Al &V OEHERFFLI-E F
MR ZW L, Ni % 77at% £ CHIMSE/-A4 L. T, Nb, Ta 22N 2at%imilT 5L EHITALEV
EUSNoE#E (Ti, Nb, Ta) OUA—ELRDHLHIINIEE 7TTat%E THEM LA ER LT, £64I1EN =
(at.%) &IRNMITHEIZE T 7INi-Nb D L 9 IZRKFLT D, FERITT — 7 BAHEIC TR L, E229T 1280 °C-
Sh OIEEEVUE AT > 7145, fFm LT, RO EIE (900°C) THlHERBRZ1T > 72, TEM #gilkhy, 2
HEE GIERAERAD &olRABREOREZ, FIB 2 HW TN L TEgicf L7z,

3. EEREB I UEEE (Results and discussion)

FIIRRBROFER, IR TILNb, Ta IRIIAE THENRKE S EA L, @ik (900°C) Tl Ni i@F LA & Nb @l
DOMAEDEIZLY | L ZHER LoD, MR COEMMNR L., ZofEMER EOKFIA L LT, Ni &2 iRl
W2 L7 Ni 2 58T, v RVEICABEFECTH 5 Ni BIEEAR Al (fec) FEMWTHIT D AIREMEDNE 2 H i

— D49 —



i

Fig.1 TEM bright field image of 77Ni-Nb alloy Fig.2 TEM bright field image of 76Ni-Nb alloy tensile
before tensile test, showing the regions of L12, D0 deformed at 900 °C. The incident beam was parallel to
(vl and v2), and A1 phases. <11 0> for L1; structure.

7oy, BlEERATRUEFD TEM TOFEMZR N Y 7 o MgTOfER (Fig.) . 7 v > /U8 & ORI O340 & R
{ELTHEY ., AVRIRIE E A EFEEET, HARBIZ LA THEER 72 AR BIFB OFT 2 EE ) EO ER TRV &3
Syotz, £72,900°C THIEZEIEE OFEN S ITERALITEE ST, K & B2 R OBHIRELRE ST
T v U RVERICEERTICBIER S - (Fig2),

51 IRBRATEEF O STEM BIERAAT S 7 fE R, Nb 130T LL M & F v RV ORFIAFET 2 H DD, D
SUEAHEDOT v o FAANZIR{E LTz, TEM-EDS IZ L A5 E &M 21T 2 A, Nb &Eif, Fv 1L
NOYINTITEERHT & T, T & DFRE D B EBIC A 5 72 F ¢ o L D AT Tldds L 220 £ T
LTCWe, Lo T, Fx U RANTIE Nb IREDOHMIIAE—THY . ZDZ LNRF v N TOME L
D HE FHAEDOZE() 25 EI L TWDAREERE X b,

TEM % VT 77Ni-Nb @ 900 °C 5| sRZE T MHRREIZE 21T o 7o R, EAEH S Z —AIF I A R Y
— 7 BBz, ZiUE (111} HIZEXEAAE T TND Z EE2RLTEY,, U E F v o RV TRERMmIC A9
DKM SRR S, (111} I AL CLL, OBBROT RV ETH Y | AEGEIZBWTHRBROTRY H
NS L7 FTREME D B X DD, AL SN2 o7z, T O X D ZeilZeim Kok, LRl 72 ol
TiFe< WEMTHLTF v o RNCE < A bz, UbX Y| RESITEEEAFOBICEH KA EL D Z &
DS . BRIIHOIZT v RV TEL, Z 20D~ L LR > T2 mlReME R e STz,

4. £+ ¥ (Conclusion)

AMFFETIX, Ni 2 Be0E RIS L OEIR TOME LIEED /T 2 %10 E4 BHE9IZ, Ni EiEgib & E%
ERICHRIINZ FRHIHE LA ER L, SIIREFEAI#O TEM MBI 21T o7z, BIIREF IO _HEHM
IR R NI EVARFRIRIE & A EAHE L7273 > T2 Nb ITHNT L A & F % o AV O BFITHFIET 5 b DD,
W& OFREHEDOT ¥ o RUANZIR(E L T e, 900 °C ZETAERERRIZIE, EFEATNCIIAAE LD > 1o 24D R
MaSEEE S, T A T ¢ RV OEHBIZ T2 DT A U TV B AIREMED VR ST,

#iEE (Acknowledgement)
AWFZED T JSPS BHIFE FAZIFFE (B) (No. 21H01656) DEIpkZ321F 72 H DT,
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Analytical electron microscopy for directional vapor growth of eutectics in alumina-hafnia system
Akihiko Ito, Toyohiko Konno'

Graduate School of Environmental Information Sciences, Yokohama National University, Yokohama 240-8501
Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: chemical vapor deposition, alumina—hafnia system, eutectics, nanostructure

This research aims to elucidate mechanism of nanostructure formation in directionally grown alumina—hafniana nocomposite
films synthesized by chemical vapor deposition (CVD) using advanced electron microscopy (AEM). In alumna—hafnia
nanocomposite films grown on sapphire single-crystal substrate, hafnia fibrous and lamellar structures were developed
throughout the alumina matrix. AEM observation reveals that nanostructure formation began at the initial stage of the film

growth and confirms no indication of melt formation during CVD process.

1. #= (Introduction)

Bt T I v 7 ADOEREEEIZ R O 0 AR, AR ORERAE DY TS A E 72380
YT oEE A B L, BN SRR ERC L R R B R R T, L L, BT X v 7 AR W T
1% 2000°C LA LD EIRALH ) O OREFEIEFES M TH D Z Linb, bz a—7 0 7L LTHWED |
FERERE & U CEM RICEREG AR LT 972 2 LIFBIFERN TR o, 2O X DTG ARIZ, RHD D DRl
FERBRRRIZBWTEIERIND Z ENFRIIAS BN TWD, HFFRIESRIL. 2O ANBE2ET KI5 DOHAL
FEEAHLIEET I v 7 20 B OMMMGICBET 282 D T D, b LET I v 7 AMEEAZ KD b EEES
FRCE IR, MEBRFEOMMBEGIO B ER®E E D | ZRRERARS LIt T I v 7 Aa—7 ¢ 7 OMREM:
fhimnz FEBTE D,

WMFRAREET, TAIFT— T =7 HERITER L, B AP ENEICEN D o FE7 02T, #Eay
BIMEICEN DN T =T BT EE L TRELEH LW ET I v 7 Ra—FT 4 V7 RBEL TS, D ZhE
TIZ—H T AR O GRUZEEI L, B0 HMcE F L T D, LarL, KUENS O—Fmitk
T AL, TEROEREEE L2 e gk O TR L © RV NS T/ A— VDA —F—Th
0. T BEEERRO =Wt e ERREUT. —A07 SEM X° TEM & H W =W @izE ), Hix -+ 72 i s 6
AN GAVAIAN

AMFZETIL, KA D OIEREAFROMAHZ B L. 7T T =7 iR o—H kT EEMEE
Selm TRl Al U Crdb T2 2 LA BN E T 5,

2. EBR51E (Experimental procedure)

REFER  JFEHZIX, TR =0 ABRUONT =0 A0 B-2F R Uk E R, ALFRFFTHIEIC LY . AT
Y7 7 A T BRI Bl EAEMEAE AT LTV T =T IR A G LT, ARk L7
OFAFEZ . X BREHTEERE (Bruker D2 Phaser) % FHWNTITUV, RO PRI 72 AEEBIZCIE, BRI RS
FEAMRET (HITACHISUS010) % MV 7z, BRIERFIZ 30 725 600s & L7z & & OfEIE, 30nm 75 8.6um T
Holz,

WTETIBIES - EATEEE OB, A Ao B — 2T L 0 @A L7 %1250 E T el e
(Topcon EM-002B) Z3#T&EEAEI %% (JEOL JEM-ARM200F) 217\, FmfEiEs L OV EeiE % el L=,
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3. BRBXUEL (Results and discussion)

112, BRIERE 30 s B L TN600s TERR L= T V2 7 =7 HERIE (2 natE4 HA25 3 K UVHA23)
DOWriE FE-SEM 14, BI#%F TEM (BF-TEM) . HIfREEFE 1Bt (SAED) K23 L O STEM-EDX %2 <4,
BFHA25 1. Wit FE-SEM 47> b IXHIHRR I X1Z & A EBIE2C& 3, BF-TEM 4226 b — A PET / #A MO
FERUTRED Hieinodz, UL, SAED KEA O, AEY 7 7 A 75 B2, (110) HEIZEM L7z 0-ALOs 35 &
O (422) HCECA) L7237 8 HEO, (c-HFO,) 23R L CUV5 2 E 3oz,

Cross-sectional FE-SEM Cross-sectional BF-TEM SAED STEM-EDX

Gl P
0200

t M10/200,
110,

»

[001]n
170},

Fig.1  Cross-sectional FE-SEM images, cross-sectional BF-TEM images, SAED patterns, and STEM-EDX images of the
AlLO3-HfO, nanocomposite films (HA25 and HA23) prepared by laser-assisted chemical vapor deposition. Deposition time
for HA25 and HA23 were 30 s and 600 s, respectively.

{110) a-Al,0; (422) c-Hf0, (110) t-HfO, (100) m-Hf0, (110) m-Hf0,
[001]a [T11]e [170}t [001]m [001]m
oo A

0Po %000 0
“oRofe %0
0% %e®0%
“o® o %0®
9,000 .9
o 0
S0, %s0u0
06" R
ﬂ’d? Afb‘ﬂ’é‘o
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oﬁé’d" P 0000 0P 0% 0000006 % 0006 %0006 %0 P00
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(110) a-Al,0; (A-plane sapphire) [001]a "~

Fig. 2 A schematic of crystal orientations between a-Al,Os, c-HfO», t-HfO,, and m-HfO, phases indexed in the SAED

patterns taken from Al,O;—HfO, nanocomposite films grown on A-cut sapphire substrate.
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—J5, #EFHA23 (X, Wil FE-SEM #2085 b —Flaitk ) SRR O TERR A TR L7238, BF-TEM &k L O
STEM-EDX 14725, 7/ X FRABIC, T/ B A XD HIO, HERREE R TEE L T\ D 2 & 2l T 7=, SAED
BN G, a-ALO; FEFRIZ, A Y7 7 1 7 A EIZ (110) EIZE R L T2 X X2 v LE L TWA Z L b
0 . HIO, #iHERAEIE X, (110) [HIZECLA L 72 E5 & HFO, (t-HFO,), (200) EIZHEL M L 7= BALS HO, (m-HfO,), (110)
ZELA L7z m-HfO, ThH Z EHEE Sz, —J7. SAED KIEHFICHBUEBRELA O Hil, t-H L <IE m-HfO,
O AT DG 2P S RNC L B b D L #HEE S D,

X 2 12, SAED HE LV RIE LTV F— 7 =T 30— FratET 2 AT O o-ALO; 35 L OF HfO,
OGS N RERE L E DD, (110) 0-ALO; FHHIZ, A W7 7 A T EZEX XU v LBRICH D, —H, WT
AL HIO #8 H O TN FS KON BT 1A O FESR R OELHIH3, (110) 0-AlLOs REAHFS KO &3 LW BIFRIZH D
HfO, D—JFEET  EAMRIE, ALO; B L BRIt Z X X v LUREL T A b0 L HiER SN D,

4. £+ ¥ (Conclusion)

EEERRANTHEE W TARRK LT TV 2 F— 7 =7 iR — it EEHkE . oot EiRgisE 2@
C Ttk LTz, &k, tOBEAFF ST L I F— 7 =7 Rl B O el R BB E S R A AT L. D& By
BT DT/ HIETERL OB 1 &b TAEAfR & & BT ﬂ MTTHZET, ZAND DI ED A 1 =X A
B S7223 D Z LI S LD,
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Crystal growth and structural characterization of In-based compound semiconductors
Tomohiro Yamaguchi'?, Yuka Hayakawa”, Akito Tokushige', Toyohiko Konno®
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Keywords: InGaN, MBE, In,0;, mist CVD, TEM

The epitaxial crystal growths of In-based compound semiconductors, which include group-III nitride semiconductors of
InN and its alloys and group-III oxide semiconductors of In,O; and its alloys, have been studied in our laboratory. In this
study, microstructural analyses of InGaN/InGaN multi-quantum well (MQW) structure on InGaN underlayer grown on
GaN template by radio-frequency plasma-assisted molecular beam epitaxy (RF-MBE) and corundum-structured o-In,O;
sample grown on sapphire substrate by mist chemical vapor deposition (mist CVD) were carried out by transmission
electron microscopy (TEM). In InGaN sample, it was found that InGaN underlayer had columnar growth with lots of
dislocations. It was also found that MQW region had higher In composition than that of underlayer, but clear interfaces
between well and barrier layers were not observed. In o~ In,O; sample, specific diffraction spots of 0002 and 0004, which

are typically unobservable in corundum structure, were observed.

1. ¥4 (Introduction,)

MIFFEE T, In REAW 18R (InGaN 72 EOIUEZE LY 18R, 15 LN Ing0; 72 & O KRR L
HR) OFEAREKE 2 PO 21T > T D,

In REDEEMRIT, FH - fk - ARREH A 4 — RLED), 400nm 28K L —FLDWIIGH S
TWDMETHY | IEFETIE~A 70T 4 AT AL —F R~ R Z RLE 2. R LED X
LD ~DOFEH b EE > TV D, JA< GaN [T THEE L 7= InGaN/GaN & 1A§iE CHFEAHED HIL TV D 238,
WHFFEE TIE, B InGaN FHUE 2881 L. £ InGaN _E~0 InGaN/InGaN Bk 4 &k 32y
TR X & —ERF-MBE)E 42 AW TRYEEZ R TN D,

In R -EIRIE, T T 7 AITO ZHl & LI2BIEBERI A B Sh, BHERE T oA
Z (TFT) 72 E~DEHHHEA TS, FalTIE, fifh n0s Z W o @mBENEEH N7 PR Z 7 8~
LR S EE > TS, BIFEETIE, IO ODFTH AN REX v v IBILL, £V 7 7 4 T HEM & R UFG
G Z AT 2 27 X2 LS IpOs(a-ImO3)iZE H L, I A MEFEUHRE (mist CVD)iEZ W THRUES
1T>TW5B,

LBl OWFZE CTIE MBE 15Tt L7z InGaN & X A | CVD £ Tl L7zo-InyO; O & - BEE (TEM)
Z DTSRG R 21T > 72, MBE F%& InGaN (%, GaN/sapphire 7 > 7' L — k _E|Z InGaN FHiifg % =
EX XX ARR L, & HIZ InGaN/InGaN & H PG L iR S 87 7V 2 ¥ L=, Mist CVD A%
Foa-In,03 1%, sapphire AR FiCo-InyO; & = E X X v Ll L7z 7V 2% i LTz, 20O X 9 7ehify
EEE A mE L, XA (XRD) TS CTlIomn bWV ZaE 2 B 5 Z LIk v fEREE A
H =R LR « BTS2 L2 HE LTS,
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2. EBJ5¥: (Experimental procedure)

InGaN H > 7 /WX T A RRUHRRE (HVPE) 14 FWEE S 7172 GaN/sapphire 77" L— k_EIZ RF-MBE
W% AV InGaN FHEfEZ = B4 % U LR L, & 512 InGaN/InGaN -1 i & plif S &7/ Th 5,
o-In,O3 % > 7 /Ui, sapphire ZARK EIZ mist CVD £ AN E X XU v Lk E SE - Th b, Znoodr
TNk ERA F =5 (FIB) IZTE Y 7 7y 7 LT Wi Akl 2 ARM200F (2 C TEM BI52 21T > 72,

3. RBIXUEE (Results and discussion)
(31 MBE ﬁiﬁ InGaN THUE k InGaN/InGaN & FFH:FHrE ORI )

X 112, %57z LAADF-STEM 4% 7~7, InGaN JEEJE IR RE L TWA Z L 2B Lz, 72
FEEEAL **3% u&?ﬁ@%ﬁﬁﬂiﬂf fE5 5 Z & &R L7-, InGaN/GaN St 21X 5D R A KB ST
LT LRIz, X212, 5517 EDX %777, InGaN JEfRAEIRCIx, plEdT Ml st U-CHLak
NBBLI—HETHD 2 L 2R LIz, £7-. InGaN FHUBHEIRIC A~ R D InGaN/InGaN &7}
FHEEC IR EL o TWA Z MR LT, ZHULERGHEY Th D, 7277 L, B S0 L 9 7l
[t 72 A AR AR ZS TR SRR S e o 7,

1 MBE k£ InGaN F#iiJg I InGaN/InGaN & 2 MBE i InGaN FHE I InGaN/InGaN =
FH D LAADF-STEM f4. +H D EDX 4.

(3.2 mist CVD & a-In,0; D& )

3 |Za-InyOs/sapphire FEIHDN & DRI/ F — 2 ZRd, a7 V& DEEIZHE D a-Iny05 & a-ALO; D[R
ARy FEEBIT, Aka T U H LMEETIIFE L7220 0002, 0004 2> 5 Do-IngOs DEIFT AR » k3SR
STz, X3 D0004ADEHT AR > MKW Y & AU BT REH R 2 X 4 17T, #EfR KD\ iR
W GEEPCHTeEER) 23R a s h T R R o THNL, 2 OFEEN 0002, 0004 DOEHT AR~ MERIC
tl LTWDZ AR LTz, Z OfEEa RG2Sk C R srfifhe STEM-HAADF B2 U5 L7z & 2 A,

DA FEE KGR DTFEL TWD I & & LT,

10, nm™!

X3  o-InOs/sapphire fEIE ) & D[EFT & — 2. X4 0004(ZxHK Y %Ah#ﬁf%n?_ﬂiﬁ%ﬂ%

4. ¥ &% (Conclusion)

MBE ¥ ChliE L 72 InGaN & mist CVD ¥ Tl L72a-In,05 D TEM % FV = Wi s 247 - 7=, Mgt
EEIZE AL, XRD HIEE TS0 5 R WM R 72 E-ORE fh R B8 A BiR T2 Z L T&E Tz, T b DA
RZTEN L7253, MBE X° mist CVD {EIZ K D RGEhAE A U = X LD H IR D] - Sl 85 S s,
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Evaluation of Microstructure around As-healed Cracks in Self-healing Ceramics
Makoto Nanko', Dozo Aoba?, Yu Akiu?, Sakura Hirose?, Toyohiko Konno?
!Graduate School of Engineering, Nagaoka University of Technology, Nagaoka 940-2188
’Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: self-healing, A2Os, Ni, NiAl2O4

Scanning Transmitting Electron Microscopic (STEM) observation of a crack of Ni-dispersed A2Os ceramics in self-healing
process was conducted. Powder mixture of nano Ni particles and commercial a-AlOs powder was prepared by drying and
reducing the aqueous slurry of the AlOs powder and Ni(NO3)2*6H20. The samples of Ni dispersed ALOs ceramics were
prepared with a pulsed electric current sintering technique. Surface cracks with 200 pum in length were introduced by using the
Vickers indentation. ~ Self-healing process was carried out at 1200°C for 1 hin air. Surface cracks were partially filled up
with NiALO4 oxidation product. STEM observation reveals that growth of NiALOs4 layer on the crack surface is not
homogeneous. This inhomogeneous growth of NiAl:Os4 layer in the cracks would be caused by heterogenous distribution of

Ni particles in the Al.Os matrix and difference in grain boundary structure in Al2O3 matrix.

1. #= (Introduction,)

WIS BIOEEMEZ M L3 oM Ela 27 M e LT, BOREMERER SN Tn5, Bz A7)
AL L BRI MBI OFMEKEITIET T Z LN TE L7120 BRRAR OV I D Z &N TE D,
TR TED L L b, BEAMIDRWVET R LIMENC A 5 LI TE 5,

HOREE T X v 7 AT, RlCA BN CARMIC L mEsh, BMERENSEZ SO TH D,
HEEE I NiRI 720 L7z ALOs £ T 2 v 7 A (Ni/ALO3) "ERFTL W5, ZOHCERE 7 2 v 7 AL, H
TR0 Tl <, M Em b b @R T &, B LUWREEM B L CTHIR SN D, 2 OMElO B CiRiilE
ALOs FIZHH STz NURLFOBMIZ LD 726 S5, NiA A0 5 L, BN T NiALOs ZTERL L
TSTEFZEET 5, Lo, NiALOs & ALOs~ ~ U v 7 AD SIS & b5 S B CisiicBEb 5 b
DEBZBNDN, THET, £ WVoltimtdie S Tinzeny,

2020 AR, BAINERIIRE SN BROFREER S TIMEE (STEM) BlE82 k- T, ¥ N U v 7 2D ARO3
R0~ b U v 7 AL L T2 NiALOs K1~ % [RIFRE DK & XD NiARO4 R MR HITIER L TR ST
W5 Z &, BARmOMEHED DR L2 NIALOs JENBAFIAHETE21 Y, T MAKILIERTFT 5 &
Nbmot=. LnL, Z9WVo-BRNEO NiALOs 23 E ) ET D00, IREEF RN EHS Z L iXH A
WD AT = XL Z P FET 5 L CluD THEETh D, AL TIE, ZOBRAEZ D 5 NiALOs DERIHRIZEHR L,
STEM #1£2 & = LX — 5 H X #5508 (EDX) #1772,

2. EBJ5tE (Experimental procedure)

il Ni ZKF0#) & IR o -ALOs iR, ZREKEIRE LI AT U —% il - 850 LT/ NiRL 030 L7z ALOs
MARZVER U7, Ni I3 T Svol% & 972, EOMARE L R MENER TR L, Ni/ALO: 3kt & L7z,
Ni/ALO3 |2 By 71— A SFERIC LV HEZEA L TRAICHIS L2 200um O S OBAEZFRIT -, Z0ORE%
1200°C, 1h , R&HCEAMLALEE L CREORAZ A IRl S 72, HOIEE L T NiALOs 23 FRIE L 7o B 2
TR USRI K D BIEE Lz, FRIC NiALOs OO, K[ALOGE « S & 3kl L7, FafE - BEMEiosl
LBDT=DDOFRBHIERA A2 B — LEEE I L0 ERS 2, 1RO STEM BIEIZ DWW TIid, BALR S R AR
FEFTIC I\ T M L 7=,
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3. ERBIUEE (Results and discussion)

K1XH CREAsE T 9 DR10OBZYEFHOWIE STEM B X EDX IZLD R~y 7 and . Rl
3um <HWTEBANFERITHE S TUVRNIED STEM 8E O DILE~ v 76 TCHb. £, BHOE
L 200nm (FE TH-72. ZOMEIE ALOs RO I Teda <bBWDRES LS. Biifi STEM & FiilZis
T, Ni & Al, O ORI, BLER THS NiIALOs NERLL TWNDZEN D, BAINTEEIZIEN -
TV STEM 8 EEBICITA IO B EIZIE NIALOs B EVTEAL T VRN e NS, 2Ol
51X Ni A4 DAL HHIZH DS, FHAAOBRE RIS Ni A4 OGN Z LN a2 ERT D,
~ N7 2D Ni F R D 53T OGP OREEDIE Ve 128D, B LAY T D NiALO4 13—
FHSINDLRNEDEE Z DD, N w7 AR D NiALOs Ki 14 A CTH— TR BIORED LTS, B

DRI BT T EHZ LA T2 B,

1 Ni/ALOs T3y 7 AZRBITHIERIET OBZR DD STEM gL rHE~ o' 7k R

20 ym AK —————20pm

4. L ¥ (Conclusion)

NI/ALOs H CRHiE 7 X v 7 AIZHBIT DInaF OB OME % STEM & EDX (K-> THIZE L7-HRER,
BAFMN D TE D NIARO IR LT LB EITET, BEIICLATRH LI Enbhrote. ZiuL, =
U w7 AR S ND NiRLF DAL TR0 NI A A2 GRS D ALOs = b U 7 ADRIFAEE O
RPIZEL-oTHIEFRZEND bDEEZBND,

FIHSCER (Reference)
1) D. Maruoka and M. Nanko, “Recovery of Mechanical Strength by Surface Crack Disappearance via Thermal Oxidation
for Nano-Ni/Al2Os; Hybrid Materials”, Ceram. Intl., 39 (3) (2013) 3221-3229.
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Study of superconducting state of MgB» bulk superconductors by scanning SQUID microscopy
Tomoyuki Naito!, Tsutomu Nojima?
Faculty of Science and Engineering, Iwate University, Morioka 020-8551
2Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: MgB,, superconductivity, scanning SQUID microscopy

We have studied the distribution of quantized magnetic-field of polycrystalline MgB2 bulk samples by scanning SQUID
microscopy. We found that the position and shape of vortices were changed by applying current just below the critical
temperature. This originated from the fact that the vortices driven by the Lorentz force and that the magnetic-field created by
the applying current were super-positioned. The obtained results suggest that the scanning SQUID microscopy possibly reveal

the supercurrent path of the superconductors.

1. #= (Introduction,)

BB DI KFHEAD—>Th WK O Y LD RAFIT 5 L BEERITT A T ROGLUKARA 25,
£ B <#FEDFEHE T > 72 RE-Ba-Cu-O REBAER (RE : v ) 12N Z TERRBRER MeB,(tB =8
B T=39K) D EEZEISH OB D E/aza EIRONTW D, ZORRKOBEHITTHEE DN Z &6 SRR
THBHEWERREREE L T~T 2 LIh D, —FH, BJALIE MgB, ORJER & L THREEIMENGE 50%)
ZENFETOENDD, BN TIERICL > TR T 5 Z & THIIREIEN 3 T AT EBZD L9 ho Tz, &
7o, Tex DT N—7"TiI B EKKRIZ Mg Bk 212325 « RS S8 5 HiEE -V TRIE THER T 90%LL EOFIEE %
FEHLL, BT V7 LRAREOBIERIGZ ST\ 5, LhL, 2O 2R L Q) 2 RV EREE
VA U < 2305 TR S - SR T MRV ONBR TH 5, £7-, MgB, TITRRRSAENRE L /e
%, ABFZETIE, MgBy Zitih R ORIIFE A O EOWCIddienisy (BREREE) on Ea B L T,
BAPSERIC K DA REBIZE & SQUID SRR 22 IV o BB SELRRE D BIEZ DAL A ) %@fzéﬁém@ﬁ%ﬂlﬁl%%ﬁﬂ
LNITHZEEANET 5, SEEIIEFER MgB, Zifian, VL 7 ORIEFRERIZOWTHRET 5,

2. B (Experimental procedure)

MgB, bt/ L 7 13BN 5 AN RERE  GEBFR HIP) JECIERLL 7=, €/ MgB=1.1 : 2 T & - IRA
By L7 A~ L > R &2 AT 2 L ARSI CHEE L 700°C T 3 REfE] HIP JABE L7, $03 UAIZEID L7z
T TNV AT, £ ORICER Y — R Th Al 2 R—2 §CHE L7=t%, SQUID Bfs#EDH
TNAT =Dy F Ui, YT REY Y TNV AT = Eov /v 7 ZREGHCRIENIANY U LT AD
e b —F—|Z k- THIFE LT,

3. BEBIUELE (Results and discussion)

Fig.1 |2 HIP #: TYERL L 7= MgB, Zifiidh /L 7 0 SQUID SRS TEIEL U -0 23 (BIEDHIE 180X
180 um?), {TM%EUDD&A% Beo=0 mT CHYZEBIRELL FICH A L7 REETIE LTz, Figl.(dt > 7 ViRE

T=2.6 K \ZBITDWSESATH D, BEADARy MIE ZICHY; (kL C®RE Ln&E 2 ERmN (772D
) & ) DHHIEEBERLTEY, ZHUIHBRPE M LSNTBIRThD EEXLND, —T, B0
ARy NI (A FADME) OB TH 0TS »POBMERM OGFED B SND, LirL, AEMIEL
TSV O X BRI E — N8B NTED L D e MR S TN 2 & D, SQUID FE 1D EV R
FEEIZ L > T TR SN &S 25, BERAIMDREOBLEITERERIMEND TIPS EY THDZ D T,
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(@) Ts=2.6 K, Bex=0 mT, I=0 mA

(b) Ts=37.5K, Bex=0 mT, /=0 mA (C) Te=37.5K, Bex=0 mT, =10 mA

Figl: Distribution of magnetic-field in the MgB, bulk at indicated conditions by scanning SQUID
microscopy; (a) 7&=2.6 K, B=0 mT, I=0 mA, (b) 7=37.5 K, Bx=0 mT, I=0 mA, (c) 7=37.5 K, Bex=0 mT,
=10 mA.

(~38K) [H FD I=37.5K TESG/G 2822 Lz (Figl(b)lZEVINER IF0mA, (c)i F10mA), EEEICL D
KU 7 MZE D 26K 126 L TEHALBRDOAEN TN TN D, £, BHEBRENIERLT TWDA, 2R
FEEAIC R EUBR ORI LT Z S ITERT 5, EIROAEIZ L > TR RGN Z(L L THDH D
Worin% (B 10mA OBANERT TV D, Eio, BHERROME L ETELL WD), Ziudh 7 s
RALDERIMEARIENEE SN2 L, BB e—L Y ko THBISN-7-DEEZ b5,

4. £+ ¥ (Conclusion)

SQUID BEfSEE A VYT MgB #BRE L 7 (R OBRERABIZ 61T DB oA 2 Bl2 U7, FUINEER O A 2 X
> TEAAUBHRB O IEILT D Z Enynote, 72720, BN ERIIBESG M THY, K5O EKT
& D BRI DOINIL, A 2GS RE BRI BT LENH D,
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The 4th Symposium on International Joint Graduate Programs in Materials

Science and Spintronics
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Takahiko Sasaki', Kenji Kaibe?
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, spintronics international joint graduate program

e 2

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 on October 25 — 28, 2021.

1. #45 (Introduction,)

FALKFIE, 201746 A 30 H, HARTHRHD 3 5D
BEEN RFO—DITHINT, FREEN KFOFEL
LT, HAERFDRRAZ AT DMERY:, A hr=
7 A, ARRBER, KERFEO 4 SOW5Es 8 2 R -

> T Lo UL & U CEE i LAFSEHEEE L T D, F
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2mM£mH2&Q8H:%s@ﬁ&@él%V/ﬁy
T hEF T A AT LT, 7ok, ABRNIARFOH
by T L AOVRREHLE D BAZD 1 D Th HFEN DO H
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Development of spin science with polarized neutron utilization at two major neutron facilities (J-PARC and JRR-3)
Masaki Fujita
3Institute for Materials Research, Tohoku University, Sendai 980-8577

Keywords: neutron diffraction/scattering, structural analysis, spin and lattice dynamics, polarization devices

The research reactor JRR-3 was reopened in February 2021. We have welcomed a large number of users in the neutron
scattering instruments operated by IMR. Due to the reoperation of JRR-3, the simultaneous operation of the two major neutron
sources was realized together with the J-PARC, which was a long-cherished desire of the neutron science community. This has
made it possible to conduct materials science research that takes advantage of the excellent environment.

Taking this opportunity, we held a workshop to consider the promotion of research by using neutron beams. At the workshop,
we discussed the utilization of neutron beams, which will lead to the creation of results and the development of fields with the

participation of not only neutron experts but also potential users and other people who are interested in neutron utilization.
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Recent Trend of Ceramics Research and Development

Ryuta Kasada
Institute for Materials Research, Tohoku University, Sendai 980-8577

Keyword: ceramics

1.Introduction

Ceramics such as oxides, carbides, nitrides, and borides have high chemical stability, and their performance is demonstrated
in fields where metals and organic compounds are difficult to apply. Energy-related materials for power generation and thermal
storage, as well as bio-environmental materials, are also expected to be developed. The diversity of processing methods is also
highly applicable. The development of new materials and processing methods based on novel ideas, such as the development
of functional nanoparticles, is underway. This workshop was successfully held by ZOOM on October 29 with speakers who
are currently active at the forefront of a wide range of ceramics research. The attendees were satisfied to learn about the science

of ceramics as well as other materials.
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3.Statistics of attendees

Attendees: 61 persons (including 16 students)



16th International Workshop on Biomaterials in Interface Science
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Hidemi KATO!, Keiichi SASAKI?, Nobuhiro TAKAHASHI?, Osamu SUZUKI?, Yoshifumi SAIJO3

! Institute for Materials Research, Tohoku University, 2-1-1 Katahira, Aoba-ku, Sendai 980-8577, Japan
2Graduate 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
Keywords: international workshop, biomaterials, interface science, bioengineering, oral health

The international joint symposium 2021 was held online on September 28, 2021, which was co-
sponsored by the Institute for Materials Research (IMR), Graduate School of Dentistry, Graduate School
of Biomedical Engineering and Medical Science at Tohoku University. The symposium contains four
sessions, including the Oral Health Care, Bioengineering, Young investigators, and Biomaterials. During
the symposium, 20 oral presentations including 4 invited lectures and other 16 oral talks were given by the
researchers from Australia, Singapore, Indonesia, Finland, and Japan. Interdisciplinary discussions and
state-of-the-art research presentations on various types of materials were progressed by international
researchers and students from wide research fields such as material science, dentistry, and medical
engineering, which contributes significantly to the progress of research among both domestic and overseas

researchers.
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Inter mmer Seminar

- 3 X
The 16th International Workshop on Biomatk!in terface Science

™S F 3

T ool of Dentistry, Bi i i
3‘ i Tohoku Unii
edical and Dental University

tute for Materials Research Tohoku (GIMI

Sep. 28, 2021 (Tue.) 9:00 -16:30 ‘
Online meeting (held at Webinar)

@ Oral Health Care

@ Bioengineering

3 Biomaterials

@ Young investigators

Topics

Online registration
Please register by Sep. 26, 2021 (Sun.), Japan standard time.

3%We will send the URL for participating in the seminar to all the applicants by the date of the seminar.

https://forms.gle/ochavRgnbJnXxuerMé

Contact: Division for Interdisciplinary Integration,
Liaison Center for Innovative Dentistry, Tohoku University

Email: kanetaka@dent.tohoku.ac jp
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Exchange Meeting on Biomaterials Research in Tohoku Block for
Advancement of Biomaterial Studies Based on Theory Leading to Application and Vice Versa
Osamu Suzuki, Ryo Hamai
Tohoku University Graduate School of Dentistry, Sendai 980-8575

Keywords: biomaterials, metals, ceramics, polymers, theory and application

A workshop entitled “Exchange Meeting on Biomaterials Research in Tohoku Block for Advancement of Biomaterial Studies
Based on Theory Leading to Application and Vice Versa” was held online on September 29-30, 2021. The meeting contained
twelve lectures from guest speakers, and eighteen presentations from students in Tohoku block. The guest speakers lectured
their findings in the field of metals (Prof. Narushima, Tohoku Univ.; Prof. Ichitsubo, Tohoku Univ.; Dr. Yamanaka, Tohoku
Univ.), ceramics (Prof. Matsunaga, Nagoya Univ.; Prof. Yamamoto, Yamagata Univ.), polymers (Prof. Ishihara, Tokyo Univ.),
tissue (Prof. Yamaoka, National Cerebral and Cardiovascular Center) and dentistry (Dr. Yamada, Tohoku Univ.; Dr. Hasegawa,
Hokkaido Univ.). Students from Tohoku block had short oral presentations and poster presentations. The presenters of the top
two presentations were honored with a “Poster Presentation Award” and a commemorative certificate. In special session, Prof.
Hanawa (Tokyo Medical and Dental Univ.) posed the important issue in the research of metallic biomaterials and Dr. Tsutsui
(Kao Corporation) talked about the product developments of pharmaceutical based on the basic research in company. In panel
debate, the necessity of the educations and sharing roles of researchers was discussed for the connection between basic research
(theory) and practical application of biomaterials, after the keynote comment from Prof. Nakaoka (National Institute of Health

Sciences).
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