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INTRODUCTION: In nuclear decommissioning of
Fukushima Daiichi Nuclear Power Plant, monitoring of
the dose rate of irradiation is necessary. The present study
proposes use of solar cell as dosimeter [1]. To monitor
the output of the solar cell, it should be confirmed that
the signal is not modified by some external circumstances
such as electric noise or radiation induced current. In the
previous report [2], the current induced on a coaxial cable
was investigated, but exact evaluation of the gamma-ray
induced current as a function of the dose of irradiation
was not possible. The reasons were: lack of the infor-
mation on dose rate distribution of the space where the
cable occupies, and difficulties in fixing the cable to a
pre-determined position due to large length of the cable.
In this study, these problems were overcome in a follow-
ing manner. The cable was wound on a wooden frame to
identify the position of the cable. The dose rate was
measured with the solar cell dosimeter that is currently
under development. With these improvements, the cur-
rent induced on the triaxial cable was investigated.

EXPERIMENTS: Gamma-ray irradiation was per-
formed at the Co-60 gamma-ray irradiation facility, In-
stitute for Integrated Radiation and Nuclear Science. A
solar cell dosimeter was prepared in a small can made of
stainless steel in which an InGaP solar cell with an area
of 1 e¢m? [3] was placed. Prior to the measurements, the
sensitivity of the dosimeter was calibrated at the position
where the dose of irradiation has been measured. The
cable used in the present study was a 1.5D type triaxial
cable. A 15 m-long triaxial cable was wound on the
wooden frame with the height of 20 cm and the width of
40 cm. The cable was placed at 60 cm away from the
gamma-ray source to achieve uniform dose rate for the
entire cable. The obtained values of the dose rate of irra-
diation was 60 Gy h™! at the front face of the wound cable
and 40 Gy h™! at the back face. One end of the cable was
open and the other end was connected to a pico-ammeter
located at the outside of the irradiation room to measure
the gamma-ray induced current. Unlike the common us-
age of the cable, the signal transfer was made with the
core wire and the outer shield of the cable; inner shield
was either floated or grounded. Since it has already been
known that the cable shows a transitional current when
the irradiation starts, the induced currents were observed

Evaluation of Gamma-ray Induced Current on Triaxial Cables

for more than 20 hours. To check the current induced at
the cable connecting the sample cable and the pi-
co-ammeter, another triaxial cable was put aside of the
sample cable.

RESULTS: Observation started with the inner shield
floated. When starting irradiation, the cable showed a
large positive transition current as observed so far. Figure
1 shows the variation of the induced current as a function
of time of irradiation. The peak current was about 300 pA.
It decayed within several minutes, but showed a negative
value of -5 pA. The current gradually decreased, but after
21 hours radiation, it showed -3.5 pA, as shown by the
dot in Fig. 1. Considering that the induced current once
decreased to less than -3 pA, the current would increase
again. Connecting the inner shield to ground, the current
increased to approximately -10 pA, followed by a rela-
tively rapid decay (time constant of decay, less htan 10
min) to -8.2 pA. Opening the inner shield, the current
approached to zero, but rapidly came to -3.8 pA.

It was concluded that the cable showed the cable
showed the gamma-ray irradiated charge of 0.14 — 0.21
pC Gy! cm! when the inner shield was floated, and 0.33
—0.49 pC Gy cm™! when the inner shield was grounded.
These values are lower than the reported values [4].
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Fig. 1. Observed current under gamma-ray irradiation.
The dot shown in the right-hand side is the current ob-
served after 21 hour irradiation.
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INTRODUCTION: It is accumulated an attention that
a damage structure in neutron irradiated metals differs if
the temperature is varied during irradiation [1]. Especial-
ly effect of lower temperature irradiation on the devel-
opment of damage structure in metals which are irradiat-
ed subsequently at higher temperature was reported to be
remarkable because the point defects nucleate at lower
temperature more frequently during an irradiation. Re-
cently the temperature controlled irradiation devices were
developed at KUR [2]. It becomes possible to irradiate
continuously at two stage of temperature. In the present
work, effects on damage formation in neutron-irradiated
copper for the temperature variation were examined for
an irradiation at low fluence regime.

EXPERIMENTS: Copper disks of 3mm in diameter
were prepared with 99.999% nominal purity specimen.
Before an irradiation, they were annealed for 5 hours at
1273 K in vacuum of 10~ Pa. Specimens were irradiated
by fission neutrons in a temperature controlled irradiation
device in KUR-SSS. In the previous temperature varying
irradiation, specimens were irradiated at first at 473K and
573K. After a radiation cooling, they were observed by
electron microscopy. A TEM observation was carried out
using g = (002) reflection with (g, 5g) condition for the
specimens of (110) configuration. Voids were observed in
a bright field image by taking a slightly under forcussed
image. A triangular image was taken as stacking fault
tetrahedra (SFT) and diffused dot image was tentatively
taken to be an interstitial cluster.

Present temperature varying irradiation, specimens were
irradiated at 473K-6hrs/573K-40hrs, 473K-23hrs/
573K-23 hrs and 473K-6 hrs/573K-20 hrs at IMW. TEM
observation are carried out recently.

RESULTS: In 473K-10hrs/573K-10hrs irradiation at
5MW, the number density of voids and SFT was smaller
than those of constant temperature irradiation at 573K.
Especially the decrease of number density of voids was
significant [3]. shows dislocations in the specimen. Dis-
locations were not decorated by interstitial clusters. The
number density of SFT was smaller than the value in
copper which were irradiated at constant temperature of
573 K. Only one void was observed in specimens as in
this picture, which means the formation of voids was
suppressed significantly by the present temperature ele-
vation irradiation.

Neutron-irradiated copper at 573K for 10 hours at SMW,
the dislocation structure show no decorated interstitial
clusters around dislocation. Interstitial clusters, which

were accumulated along dislocation lines, were unified to
grow to dislocations. This makes development of com-
plicated structure of dislocations as reported by Mukouda
and Shimomura [4].

The suppression of void formation in temperature-varied
irradiation suggests that the nucleation of voids during a
constant temperature irradiation at 573K in copper occurs
during the period of dislocation decoration by interstitial
clusters.

In 473K-6hrs/573K-40hrs irradiation at 1MW, the num-
ber density of voids and SFT was significant smaller than
those of constant temperature irradiation at 573K, some
voids were observed. In 473K-6hrs/573K-40hrs irradia-
tion at IMW as shown in Fig. 1(a). In 473K-23hrs/
573K-23hrs irradiation at IMW as shown in Fig. 1(b).
Total dose were same as Fig. 1(a) and (b). The suppres-
sion of void and small clusters formation in tempera-
ture-varied irradiation.
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Fig. 1.Damaage structures were observed. The irradiation
was carried out at first at 473K and subsequently at 573K
at IMW. Only one void was observed in white circle.
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INTRODUCTION: Equal channel angular
pressing (ECAP) has been proved to be an efficient
approach to obtain ultrafine-grained materials, and can
produce huge plastic strain without changing the
section shape of ob-jective materials. Large quantity of
investigations about ECAP (Fig. 1) process applied to
various materials have been carried out [1-3]. Severe
plastic deformation (SPD) has been used to produce
ultrafine-grained materials.[4] Equal-channel angular
pressing (ECAP) is a processing technique used to
achieve SPD. It has been reported that the lattice strain
and dislocation density initially increases to a saturation
level and then decreases with repetition of ECAP cycles.
In this study, we investigated the lattice strain of Al
after ECAP process by neutron diffraction.

EXPERIMENTS: NPD data were collected by using
the step-scan mode of a diffractometer (B-3) [5]

with 1.0294

A wavelength. Data analysis was carried out by
Rietveld refinement program RIETN-FP [6]. The size of
ingot Al is 10x10x5 mm.

RESULTS: Fig. 2 shows the Rietveld refinement pat-
tern of Al before ECAP process. The calculated data fit-
ted well to the observed data. The refined lattice parame-
ter was a = 4.06504(12) A. Fig. 3 shows the Al block
sample after ECAP process, which indicates similar
pattern in comparison with before ECAP process. The
intensity of Bragg peaks of ECAP sample was smaller
than that of Al before ECAP. The refined lattice
pa-rameter a was 4.06391(15) A, which was almost
same as before ECAP sample. We determined the full
width half of maximum (FWHM) of 111
reflection. The FWHM value is affected on the
lattice strain and dis-location density. The FWHM of
Al and Al after ECAP was 0.8° and 1.0°, which
suggests that dislocation density increases by ECAP
process.

Fig. 1 ECAP process.
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Fig. 2 Rietveld refinement pattern of Al.
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Fig. 3 Rietveld refinement pattern of Al after ECAP pro-
cess.
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INTRODUCTION: It is known that metal nanoparticles

(NPs) have some specific properties, which are
not appeared in bulk materials such as catalytic
activities, magnetic properties, electric conductivity

and light absorption. These properties depend on its
size, shape, structure, chemical composition and so
on. They have many possibilities to applied for various
industrial fields. However, it is not easy to fabricate multi
elemental alloy NPs controlling with their structure.
Almost fabrication method of NPs with commercially is
based on equilibrium chemical reaction in ionic solution
with reduction additive. Recently, some reports show that
it is possible to fabricate metal NPs under irradiation
reduction fields such as ultrasonic, solution plasma,
electron beam, ion beam and gamma-ray [1]. By using
this radiation reduction method, we have been trying to
synthesize various kinds of metal nanoparticles with
size and shape. So far, we have successfully
synthesized pure Cu and Cu-Au alloy nanoparticles
in water by gamma-ray reduction method. In this study,
we have studied the reduction rate dependence for the
synthesis of various alloy nanoparticles by the
reduction under electron and gannma-ray irradiation.

EXPERIMENTS:

Aqueous solutions with various ternary combination of a
given concentration of copper complex
((CH;COO),Cu'H,0),  AgNOs,  NiCl,  Na[AuCl]

and PdCL,NaCl;H,O with an additive of polyvinyl (PVP)
and 8.5 vol% ethylene glycol were prepared. The ratio
of all ion concentration was adjusted to the same in the
solution. The solution was argon gas purged and sealed
into polystyrene vessels. They were irradiated at about
300 K with 1.17 and 1.33 MeV gamma-rays from *°Co
radio active source at gamma irradiation facility in
KURRI, Kyoto University. The total dose was fixed to
10 kGy with the dose rate of 1.0 kGy/h. Also, same
solutions were irradiated 8 MeV electron with total dose
of 10kGy in about 60 sec by linear accelerator at same
facility. After irradiation, the samples were measured
for UV-vis absorption spectra. The structures for all
colloidal  products were measured by X-ray
Photoelectron Spectroscopy (XPS) measurement at

KEK-PF BL-27 and X-ray diffraction.

Synthesis of complex nanoparticles in water by y-ray irradiation reduction

RESULTS:

Fig. 1 shows the photograph of before and after electron
and gamma-ray irradiated samples. As is seen in this figure,
the color of all samples was changed after irradiation, but
different it between electron and gamma-ray irradiation.
This result reveals that the size and/or state of synthesized
particles depend on the reduction rate clearly. Fig. 2 shows
the light absorption spectra of AgCuNi and AgAuCu
ternary solutions after electron irradiation reduction. No
clear characteristic peak of surface plasmon absorption
corresponding to pure Au, Cu and Ag nanoparticles was
obserbed but broad peaks appears in both samples. The
origin of these peaks can not be determined, but the
possibility is deduced as mixtured the elemental atoms in
formed nanoparticles. XPS results show the formation of
some metal bonds, such as Ag-Ni and Ag-Cu. More
detailed state of nanoparticles are now examining other
methods.

REFERENCE:
[1]. N.Taguchi ef al., Rad. Phys. Chem. 78, (2009) 1049-1053.
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Fig.1 Photographs of electron and gamma-ray irradiation
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Fig. 2 UV-vis absorption spectra of electron irradiation
reduction solutions including Ag, Cu, Ni and Au complexes.
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INTRODUCTION: In general, it is well known that
intermetallic compounds have good properties such as
specific strength to weight ratio, oxidation resistance and
strength in elevated temperature. In addition, some of
them can be applied for hydrogen storage material by
production of hydride such as Mg and Ni based
compound alloys. On the other hand, it found that
hydrogen absorption properties in some compound alloys.
It is reported that novel Ni- based alloy including defect
type free volume can be used as hydrogen permeation
membranes to separate H» from CO: and other gases
obtained from water. We also found multi hydrogen
atoms trapping at vacancy in B2 ordered FeAl alloy. It is
important to clear the interaction between hydrogen
materials for example hydrogen
hydride

induced transformation in hydrogen storage material.

and metallic

embrittlement, formation and hydrogen
However, the nature of defects in various intermetallics is
not cleared essentially. We have been studied vacancy
type defects in various type of intermetallics. In this study,
electron irradiation for Ni-Zr intermetallic alloy have
performed in order to examine the defects and their

properties.

EXPERIMENTS: NisoZr7o and Nis3.7Zr363 alloys were
prepared by arc melting method in argon gas atmosphere.
Sliced samples with the thickness of 0.5 mm were
annealed at 1073 K for 3 h. These specimens were
irradiated with 8 MeV electron up to the fluence of
4x10'® /cm? at KURRI, Kyoto University. Irradiation was
carried out at about 330 K with temperature controlling
water cool system. Before and after irradiation samples
were measured by X-ray diffraction (XRD). Also,
micro-Vickers hardness test was performed for before and

after irradiation.

RESULTS: Figure 1 shows the XRD spectra of NizoZr7o

alloy before and after electron irradiation. Before

Defect structure and characterization of electron irradiated intermetallic alloys

irradiation, some peaks correspond to Zr2Ni, NiZr and
pure Zr phases appeared. On the other hand, NiioZr7,
Ni7Zr2 and Ni21Zrs phases observed in Nie3.7Zr36.3 alloy. In
figure 1, a peak at 36.5 corresponding to Zr phase
disappeared after 4x10'® /cm? electron irradiation, but
another peak at 39.5 corresponds to Zr2Ni phase still
remains after 4x10'® /cm? electron irradiation. Originally,
Zr phase is not thermally equilibrium phase in this alloy.
Therefore, it is considered this Zr phase disappeared by
the atomic diffusion using defects introduced by
irradiation. Fig.2 shows the micro-Vickers hardness
change with electron irradiation fluence. It shows that this
difference is originated from their phases included in.
Also, it found that the trend of hardness change by the
irradiation slightly different for each alloy. This is
considered to be due to the difference in the nature of the
hardness change of the phase including the defects
introduced by irradiation.
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Fig. 1 XRD profiles of NisZrey alloy before and after
irradiation.
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INTRODUCTION: We have been studying the for-
mation mechanisms of nano-structures on Ge wafer sur-
faces by ion irradiations using the positron annihilation
methods. A peak of the S (line shape) parameter of the
positron annihilation was observed by 25 or 50 keV Ar*
irradiations at ion fluences of 1 x or 5 x 10'® cm™ [1] and
0.5 or 4 keV Ga" irradiations at a fluence of 1 x 10'> cm™
[2], indicating the formation of the atomic vacancies
and/or voids formed inside regions of the Ge surfaces by
the Ar* or Ga' irradiations. On the other hand, no such
peak of the S parameter was observed for the 0.5 keV
Ga" irradiation at a fluence of 1 x 10'* cm2[2], indicating
that the ion irradiation with such lower energy and/or
lower ion fluence induces no damage on Ge surfaces. To
study the influences of the lower energy ion irradiations,
the effect of the plasma treatment on the surface was in-
vestigated as an example of the lower ion irradiation.
Ions, as well as radicals, are the main components of
plasma, therefore the sample surfaces might be influ-
enced by ions during the plasma treatment. In the present
study, we have measured the S parameters for the Si sur-
faces treated by oxygen plasma.

EXPERIMENTS: Chips of a Si (100) wafer with a size
of about 18 mm x 18 mm were exposed to the RF (ra-
dio-frequency) plasma at a power of 5 or 100 W with the
oxygen gas pressure of 5 or 20 Pa for 30 min. After the
treatment, the thickness of the oxide films was measured
by an ellipsometer. Table 1 shows the results for the Si
samples treated with different plasma conditions, as well
as un-treated Si sample as a reference. From this results,
thin oxide films were formed for plasma treated samples,
indicating that the Si surface was surely influenced by the
oxygen ions, as well as oxygen radicals. We have meas-

Table 1.
measured thickness of SiO,. The oxidation time was

O, plasma conditions for Si oxidation and

30 min. The sample #7 is a Si wafer with a natural
oxide film as a reference.

sample || RF power | O, pressure SiO, thickness
#1 100 W 20 Pa 5.33 nm
#2 100 W 5 Pa 4.92 nm
#3 5W 20 Pa 287 nm
#5 5W 5 Pa 3.68 nm
#7 - - 1.57 nm

ured the influences of the damages (S parameters) in-
duced by oxygen plasma using the KUR slow positron
beam system.

RESULTS: Figure 1 shows the S parameters for the ox-
ide films as a function of the positron energy. It is found
that no peak in the S parameters was observed in these
samples, although the oxidation was surely occurred, as
shown in Table 1. This indicates that the oxygen plasma
might influence on the damage of the oxide films during
the oxidation process, but the amount of the damage was
small enough for the detection limit of the S parameter.
The value of the S parameters of the oxide films formed
by larger RF power (100 W) was larger than those by
smaller one (5 W), indicating that the acceleration energy
of the ion was smaller for smaller RF power. For sample
#3, it is observed that the value of S parameter was
smaller than that of un-treated Si. The reason of it is not
clear at present.

L ®#1 (100 W, 20 Pa, 30 min.)
A #2 (100 W, 5 Pa, 30 min.)
K *#3 (5 W. 20 Pa, 30 min.)
o ®45(5W, 5 Pa, 30 min.)

¢ ~ #7 (Si wafer)

0.48
0 10 20 30
Energy (keV)
Fig. 1. S parameters for O, plasma treated (#1 - #5)

and un-treated (#7) Si wafer samples as a function of
positron energy.

CONCLUSION: To investigate the effect of damage on
surfaces induced by lower energy ion irradiation at lower
fluence, oxygen plasma-treated (that is, including low-
energy oxygen ion irradiation) Si surface was used in the
present study. From the observed S parameters, it is
found that almost no damage was induced inside the ox-
ide films by such plasma treatment.
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INTRODUCTION: Spinel oxides exhibit various
physical properties depending on the constituent metal
elements and on their residential positions: the tetrahedral
A site and octahedral B site. Among numerous spinel
compounds, iron-based oxides are most promising for
application to future spintronic devises; it is therefore
very important to obtain microscopic information on their
local fields which directly affects their bulk physical
properties. In the course of our previous work to
measure the local filed in a cadmium ferrite (CdFe,0O,4) by
means of perturbed angular correlation (PAC)
spectroscopy with the '"™Cd probe, we obtained an
unexpected spectrum without a defined oscillatory
structure as shown in Fig. 1(a) [1]. In general, this kind
of spectral pattern is ascribable (1) to spin relaxation of
the probe nucleus induced by dynamic perturbation from
extranuclear field and/or (2) to damping of the oscillation
by a wide distribution of the frequency of the nuclear
spin precession. In order to provide insight into the
phenomenon, we have further investigated the local fields
in cadmium ferrites having intermediate cadmium
content between Fe;04 and CdFe,04, Cd,Fe;.,04. Here,
part of a preliminary result for Cdg,sFe, 7504 is reported.

EXPERIMENTS: Neutron irradiation was performed
for cadmium oxide (CdO) enriched with ''°Cd in Kyoto
University Reactor to produce radioactive '''™Cd by a
neutron capture reaction. The radioactive Cd('''"™Cd)O
powder was mixed well with stoichiometric amounts of
CdO and Fe;04 in an agate mortar. The mixture was
then pressed into a disk, sealed in a quartz tube in
vacuum, and sintered in air at 1373 K for 45 min.

PAC measurements were carried out for the
Mmcd(—""Cd) probe on the 151-245 keV cascade y rays
with the intermediate state of / = 5/2 having a half-life of
85.0 ns. In the present work, we obtained the perturbed
angular correlation as a function of the time interval of
the cascade y-ray emissions by the following expression:

2AN(m,0) - N(7/2,0)] 0

A,.G,, (1) =
20 () N(m,t) + 2N (7 /2,1)

where A,, denotes the angular correlation coefficient,

PAC Spectra of the "'"™Cd Probe in CdysFe; 7504

Gx(f) the time-differential perturbation factor as a
function of the time interval ¢ between the cascade y-ray
emissions, and N(6, t) the number of the delayed
coincidence events observed at an angle 6. The
measurements were performed at different temperatures.

RESULTS: The PAC spectra of ''"™Cd(—'"Cd) in
Cdg,sFe, 7504 are shown in Fig. 1(b) and 1(c). The
spectrum obtained at room temperature (Fig. 1(b))
exhibits oscillatory structure reflecting static interaction
with supertransferred magnetic hyperfine field from Fe
ions, which is analogous to those observed for Fe;O4 [2].
The gradual damping of the oscillation could be
attributed to distribution of constituent Cd ions. What
should be noted is the spectrum in Fig. 1(c) obtained at
773 K (> Tc = 753 K). It was analyzed by assuming a
widely distributed electric quadrupole frequency caused
by the electric field gradient produced by extranuclear
charge distribution. The spectrum is similar to that in
Fig. 1(a), leaving a possibility that the damping arises
from the distribution of Cd ions. However, a distinct
difference is that hard-core like anisotropy still remains
in the spectrum in Fig. 1(c), whereas that in Fig. 1(a)
hardly does. The cause of the the relaxing trend is still
unknown; however, higher-temperature spectra possibly
provide a clue to this intriguing phenomenon.
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INTRODUCTION:  Cuprate superconductors, RE-
BaxCuz07-5 (REBCO), exhibit high-temperature super-
conductivity and is expected to be useful for magnetic
coils. Critical current properties in magnetic fields are
improved by introducing lattice defects using
ion-irradiation techniques. Positrons are sensitive to va-
cancy-type defects, and they are useful for characterizing
irradiation-induced defects. In this study, GdBa,Cu3O7-s
(GdBCO) coated conductors (CCs), which were industri-
ally produced with a roll-to-roll process, were irradiated
with Au ions at 2 or 10 MeV and probed using a slow-
positron beam.

EXPERIMENTS: The GdBCO(500 nm) CCs were
irradiated with 2 MeV Au®* (5.0x10", 4.0x10'> cm™) or
10 MeV Au** (7.3x10'", 5.5x10'2 cm™) ions. The 2 MeV
and 10 MeV ions stop in the GABCO film and penetrate
the GABCO film, respectively. The unirradiated and irra-
diated samples were probed by the KUR slow positron
beam and the Doppler broadening of annihilation radia-
tion (DBAR) spectra were acquired with incident posi-
tron energies E+ varying from 0.03 to 25 keV. The sharp-
ness of the DBAR spectra is evaluated by a value called
the S-parameter, which becomes generally lower when
positrons annihilate in a perfect lattice, and higher when
positrons are trapped into vacancies [1].

RESULTS: Figure 1 shows the S-parameters of the
GdBCO samples before and after irradiation as functions
of the incident positron energy. The S-parameters for all
irradiated samples show a clear reduction, compared with
that for the unirradiated sample. This reduction is oppo-
site to the generally expected tendency of the S-parameter
change caused by ion irradiation. Figure 2 shows the co-
incidence DBAR spectra for the unirradiated and the
high-dose samples normalized to the calculated de-
fect-free GABCO spectrum. Vacancy clusters were de-
tected in both samples. These results suggest that the size
of the newly-formed defects induced by the irradiation is
smaller than that of the vacancy clusters initially con-
tained in the samples.

The relation between the S-parameter of the GABCO
layer obtained from the VEPFIT analysis and the value of
T¢ is plotted in Fig. 3. We found that irradiation-induced
vacancy-type defects cause a reduction in 7, demon-
strating that a slow positron beam can be a useful tool for
characterizing the effects of ion irradiation on commer-
cial superconducting CCs that contain vacancy clusters.
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INTRODUCTION: Strontium titanate (SrTiOs) is a cu-
bic perovskite compound of ABO; type. SrTiO; doped
with metal ions as impurities exhibits a wide variety of
electronic properties. Especially, SrTiOs doped with tri-
valent metal ions at Ti*" site has attracted much attention
because of their excellent photocatalytic activity [1]. For
a practical use of SrTiOs, it is necessary to obtain more
microscopic information on the impurity site. Therefore,
we investigated the local structures at the In** site in
SrTiO; by means of the time-differential perturbed angular
correlation (TDPAC) method using the '"'Cd( < '''In)
probe. In our previous TDPAC study of "'Cd(<'""In)
probe doped in SrTiOs, three unique quadrupole frequen-
cies were obtained. We proposed three site model of
doped ""In** sites; (i) for first components, EFG value was
zero suggesting that the '"'Cd(<—'""In) probe reside at de-
fect-free substitutional Sr*>* or Ti*" sites in cubic SrTiOs,
and (ii) for second and third component, well-defined EFG
values were observed, which suggests that second and
third component is assignable to '''In at the Sr>* and Ti*"
site associating with defect like oxygen vacancy. Be-
cause there are a wide variety of the site occupation of
MCd(«< ""In) probe, information about structural and
electronic properties at the impurity site is uncertain. In
order to obtain further information on the local fields at
Sr?* or Ti*" site individually, we then adopt the ''Cd(<
"mCd) probe with the same valence to Sr*" expecting re-
place only A site in SrTiOs. We here report part of the
result of TDPAC measurements for the ''Cd(<!""™Cd) in
CdySr14TiO3

EXPERIMENTS: Stoichiometric amount of SrCOs,
CdCOs, and TiO; powders were mixed in the mortar.
The powders were pressed into disks. For TDPAC meas-
urements, about 3 mg of CdO enriched with '°Cd was ir-
radiated with thermal neutrons in a pneumatic tube at In-
stitute for Integrated Radiation and Nuclear Science, and
radioactive "'"™Cd was generated by ''°Cd(n, y)'"'™Cd re-
action. The neutron-irradiated CdO powder was dis-
solved in 6M HCI and added in droplets onto the pre-sin-
tered CdxSr«TiO3 disk. The disk was sintered in air at
1373 K for 90 min. The TDPAC measurement was car-
ried out for the 151-245 keV cascade y rays of 'Cd(<
HmCd) probe with the intermediate state of / = 5/2 having
a half-life of 85.0 ns.

RESULTS: Figure 1 shows the TDPAC spectra of (a)

MCd(«"1In) in SrTiOs from our previous work, and (b)
Med(«""mCd) in Cdy.15SrossTiOs at room temperature
from this work. The directional anisotropy on the ordi-
nate, A,,G,, (1), was deduced with the following simple
operation for delayed coincidence events of the cascade:
2[N(7,0)~N(x/2,0)]

4,Gy, (1) = .
2Gull) N(z,t)+2N(x/2,1)

M

Here, A,, denotes the angular correlation coefficient,
G5, () the time-differential perturbation factor as a func-
tion of the time interval, ¢, between the relevant cascade -
ray emissions, and N(6,f) the number of the coincidence
events observed at angle, 6. The spectra in Fig. 1 can be
reproduced by a fit with three unique quadrupole frequen-
cies. The parameters of quadrupole frequencies between
the two results of Fig.1(a) and (b) were the same within the
fitting error range. These observations show that local
fields at the "' Cd(<—'""™Cd) probe in Cdg 15Sr0 85 TiO3 com-
posite oxide is identical to that at the '"'Cd(<—'""In) probe
in SrTiO;. It is suggested from these result that the
MCd(«"mCd) probe also reside at three unique site; (i)
for first component of zero EFGs, the "'Cd(<'"™Cd)
probe substitutes defect-free A or B sites in cubic perov-
skite structure, and (ii) for second and third components of
non-zero EFGs, defects were associated with the '''Cd(<
MmCd) at the site of substitutional A and B site. In addi-
tion, the Cdo15Sro3sTiO3 has a crystal structure of cubic
perovskite of SrTiO; despite high doping concentration of
Cd. Formore information on the extranuclear field of the
HCd(«""mCd) probe in Cdo.15SrossTiOs, doping rate de-
pendence of TDPAC pattern for CdSr«TiO3 is now in
progress.

(a)"In(—111Cd)

AnGx (1)

o Ts we 10 2o
Time (ns)
Fig. 1. TDPAC spectra of (a) ""'Cd(<—'""In) in SrTiOs,

and (b) "'Cd(<—"""™Cd) in Cdo.isSrossTiO3. The meas-
urements were perfomed at room temperature.
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INTRODUCTION: Radiophotoluminescence (RPL)
or radiation-induced photoluminescence phenomena are
due to emissions from luminescent centers that are gen-
erated in materials by exposure to ionizing radiation. Re-
cently, we have found that Cu-doped aluminoborosilicate
glasses exhibit remarkable RPL [1]. The mechanism for
the RPL was proposed as follows. First, ionizing radia-
tion generates electron-hole pairs in the Cu-doped glass:

Glass > h" + e~ (1)

Then, the electrons are captured by Cu?" ions, which are
converted to Cu" ions:

Cu*+e — Cu' ()

The Cu’ ions emit bright luminescence in the visible re-
gion by ultraviolet excitation. The reverse reaction, in
which holes are captured by Cu™ ions, can occur:

Cu'+h" — Cu?** )

However, in the aluminoborosilicate glasses, the copper
ions mainly exist as divalent ion, Cu?’, therefore, the re-
verse reaction hardly occurs. In addition, because of the
small amount of copper incorporated in the glasses, the
luminescence of Cu’ before the irradiation is strongly
suppressed. In other words, the increase in the photolu-
minescence is enhanced after irradiation.

In the last year, we reported that a silica
glass doped with Cu exhibits RPL. The Cu-doped silica
glass was prepared from a porous silica glass derived
from a phase separated sodium borosilicate glass. In this
research, we investigated the behaviors of the RPL in the
Cu-doped silica glass in detail.

EXPERIMENTS: The Cu-doped silica glass was pre-
pared from a porous silica glass by sintering. The method
was described in the previous report in detail. The
Cu-doped silica glass (abbreviated as Cu-SG, hereafter)
was cut and optically polished to 1 mm thickness. The
Cu-SG was exposed to y-ray or X-ray radiations. The
y-ray irradiation experiments were performed with °Co
y-ray at the Co-60 Gamma-ray Irradiation Facility at In-
stitute for Integrated Radiation and Nuclear Science,
Kyoto University. The irradiation dose was represented as
absorbed dose for water. The X-ray irradiation was per-
formed using an X-ray source with a Rh target.

RESULTS: Figure 1 shows the photoluminescence
spectra for Cu-SG measured before and after the X-ray
irradiation. A luminescence band peaked at 2.5 ¢V was
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Figure 1. Photoluminescence spectra before

luminescence (open circles) and after (closed circles)
X-ray irradiation. Brocken lines are two
changed from components of the band after the irradia-

tion. Inset: y-ray dose dependence of the

blue to yellow : ray o
luminescence intensity.

by the irradia-

2.0 , .
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.. [ J [ ]
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©
revealed  that £ .t ° °
the lumines- 2 -
cence consists
f two bands 00— : 2 2
ot two  bands 200 300 400 500

peaked at 2.5
eV and 2.1 eV
and the latter
newly appeared
after the irradia-
tion. Both bands
are attributed to the transition of 3d%4s' to 3d'* in Cu*
ions. The inset in Fig. 1 shows the dose dependence of
the luminescence intensity for the y-ray irradiation. The
intensity proportionally increased with the irradiation
dose up to approximately 700 Gy of irradiation dose.

Figure 2 shows the variation in the photo-
luminescence intensity with heat treatments for the
Cu-SG glass after the X-ray irradiation. The intensity
increased with the heat treatments up to 300°C. This may
be caused by the capture of electrons which are trapped at
relatively stable sites, such as boron E’ centers. Then the
intensity gradually decreased with the heat treatments and
returned to the initial intensity before the irradiation by
the heat treatment at 500°C. The decrease in the intensity
was consistent with that of the ESR signal intensity of the
boron oxygen hole centers (BOHCs). This means that the
decrease in the luminescence intensity was caused by the
capture of holes which may be supplied from the BOHCs.
The thermal stability of the photoluminescence up to
300°C and the prominent RPL in the Cu-SG are owing to
the stability of the defects such as BOHC, which are gen-
erated in the glass by the exposure to radiation.

Temperature (°C)
Figure 2. Normalized intensity changes of
photoluminescence (circles) and ESR signal
assigned to BOHC (squares) with heat
treatment temperature after X-ray irradia-
tion. Inset: ESR spectrum of Cu-SG after
irradiation.
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INTRODUCTION:

We have been investigating dynamical and interacted
structures between iodine and polymers. Here, the term
of "iodine" indicates not only simple I, but polyiodide
ions ( I,”, m, n: integer, n > 1 ) as charged molecules,
which suggest concealed potential and diverse availabil-
ity. [1,2]

Experimentally, while polyiodide ions ( and their coun-
ter-ions: ex. K' ion which exists within [,-KI(aq) ) are
prepared as solutes in aqueous solution, both polyiodide
ions as anion and counter-ion as cation can be simulta-
neously diffused into various polymeric matrix without
deformation nor melting in macroscopic scale. Espe-
cially, diffusion of polyiodides and their counter ions
("iodine doping") into hydrophilic polymers advance
drastically at room temperature. However, while prep-
aration procedure can be easy operation with aqueous
solutions at room temperature, there may be often ob-
served unexpected and paradoxical behavior; for example,
in PA6 (polyamide-6) matrices, "modified orientation of
PAG6 chain" or "diffusion and intercalation of doped ele-
ments into PA6 crystallite" can be observed. [3,4]
Additionally, polyiodide ions and counter ions behave as
introducers for other following (posteriori diffused) ions
and novel structure, including modification of original
(non-doped) polymer itself. Or, in some cases, both
paradoxical results, such as elimination vs. adsorption
(dynamism by and among iodine), or softening vs. hard-
ening (interaction between host polymers and "iodine"),
or ordering vs. disordering (mobility of ions or polymer
chains at each stage of hierarchic structure), can advance
simultaneously.

Furthermore, even though interaction between polyiodide
ions and hydrophilic polymers is explicit and drastic,
there are many suggesting results observed in interaction
between polyiodide ions and hydrophobic matrices which
do not always indicate significant iodine doping quantita-
tively. [5]

Such interacted mobility of both guest ions and host
polymer and complicated results in various polymers
with polyiodide ions (or their diverse behavior in struc-
ture of host polymeric matrices) should be estimated con-
sidering "hierarchic structures" of polymer; it shall sug-
gest potential generality penetrating polymeric structures,
which are dominated by essential anisotropy destined
through "polymer chains".

DISCUSSION:

Starting fundamentally, ionic diffusion as elemental
transportation of solved solutes and diffusion through
solvents requires two factors: independency of each ions
and free mobilization.

Solving ions in microscopic scale means that molecules
or ions are released from bulk solids in micro scale; oth-
erwise, they turn back to aggregation. Such independ-
ency depends on affinity (chemical potential) between
ions as solutes and solvents.

On the other hand, mobility of ions which are hydrated or
solvated in (aqueous) solutions is guaranteed by dyna-
mism of (hydrated or solvated) solvents. Generally,
since solvent environments is implicitly regarded as (low)
molecules in their liquid phase with activated mobility,
solvation is hardly an obstacle against ionic mobility or
diffusion. Then, affinity with solvent can be neglected
as the obstacle for ionic mobility.

However, affinity with solvents is also viscosity for the
solutes which may be the obstacle or a hurdle against
mobility of the solutes. If so, affinity of ions as the so-
lutes with the solvents and mobility of them in the solutes
are opposed each other.

Then, affinity between "iodine" and polymers should be
fixing the ions and should be the obstacles against mobil-
ity. Nevertheless, "iodine" or polyiodide ions indicate
general affinity with polymeric matrices whereas their
coordination also induces enhances mobility of (primary
and following) doped ions or chain orientation in some
cases (PA6). Here may be hints to explain logics of
ionic diffusion through polymer in co-existence with "io-
dine". We suppose unneglectable suggestion applying
generality of polymers behind the "iodine-doped" poly-
mers, which may be regarded as particular cases. [to
be continued]
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INTRODUCTION: From the viewpoints of the feasibil-
ity and safety of the fuel cycle of a fusion reactor, it is
important to understand trititum behavior in the blanket.
Tritium release behavior from solid tritium breeding ma-
terials has been investigated by neutron irradiation in
previous studies [1,2]. However, the influence of
long-term high-temperature heating expected in a fusion
DEMO reactor on tritium release are not sufficiently un-
derstood. In our previous study [3], it was observed that a
certain amount of Li was evaporated from the Li,TiO;
pebbles by heating to a high temperature of 900 °C and
the grain size was increased by the sintering effect. These
changes by heating pebbles may affect tritium behavior.
In this study, Li;TiO3 pebbles were heated at 900 °C in
Hy/Ar flow for 720 hours at most and that was irradiated
by neutrons in the Kyoto University Research Reactor.
And then, tritium release behaviors from the pebbles by
heating were observed in Kyushu University.

EXPERIMENTS: The sample pebbles of Li>TiOs (Li/Ti
ratio:2.00) were kindly provided by National Institutes
for Quantum and Radiological Science and Technology. 4
samples were prepared by heated at 900 °C in 1000 Pa
Hy/Ar flow for 0, 72, 240, 720 hours, respectively. Each
sample was packed in a quartz tube sealed under vacuum
and neutron irradiated with the fluence of 1.65x10'° cm™,
The irradiated samples were transported to Kyushu Uni-
versity and taken out from the quartz tube in a glove box
filled with Ar gas. Each sample was packed in a quartz
tube and heated to 1000 °C in 1000 Pa H»/Ar flow to en-
hance tritium release as HT by the isotope exchange reac-
tion. The time variation of tritium concentration in the
outlet gas was observed two ionization chambers, IC1
and IC2, which were connected in series. Water bubbler
was installed between IC1 and IC2 to collect HTO. Total
trittum concentration (HT + HTO) was monitored by IC1
and HT concentration was monitored by IC2.

RESULTS: Fig.l1 compares the inner structure of
Li,TiOs pebbles as received and that heated at 900 °C for
720 h. It seems that the particle size increased slightly,
and the pores decreased. No considerable changes were
seen in the structure after heating for 720 h. Fig.2 and
Fig.3 show tritium release curves from Li,TiO3 pebbles
as received and pre-heated for 720 h. For the sample
heated for 720 h, the tritium release rate around

Tritium release behavior from long term heated Li>2TiO3 pebbles

200-300 °C became slightly slower, and the broad peak
at the high temperature was not observed. It can be
said that the influence of long-term heating on tritium
behavior cannot be ignored.

Fig. 1. SEM 1mages inside pebble as recelved and 720
h pre-heated.
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Fig. 2. Tritium release curve from Li;TiO3 pebbles as
received.
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Fig. 3. Tritium release curve from LixTiOs pebbles
pre-heated at 900 °C for 720 h.
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INTRODUCTION:  Alloy design has traditionally
been done by selecting the base material and adding the
appropriate elements to achieve the desired properties. In
the last decade, a new type of multicomponent alloy
called "high entropy alloys" containing equiatomic /
near-equiatomic ratios of constituent elements was pro-
posed by Yeh et al [1-3]. These alloys often exhibit
simple solid solution structures at high temperatures due
to the high constituent entropy of random solid solution
mixtures. High entropy alloys have been reported to have
promising properties for practical use, such as high
strength, high fracture toughness, excellent oxidation
resistance and corrosion resistance combined with ductil-
ity. A major factor in these properties is thought to be the
kinetics of "sluggish diffusion". Therefore, the diffusion
kinetics of high entropy alloys has been actively studied
by diffusion logarithms and tracer diffusion methods, as
the atomic diffusion in a multiprincipal element matrix
has also been of interest. We have previously investigated
the vacancy migration behavior during isochronous an-
nealing after electron irradiation in CoCrFeMnNi
high-entropy alloys and their subsystems and reported
that the vacancy transfer energy does not change signifi-
cantly with the number of constituent elements. In this
study, we investigated the vacancy migration behavior in
Alp3CoCrFeNi high-entropy alloy and discussed the ef-
fect of Al addition on the vacancy migration behavior.

EXPERIMENTS: Arc melted ingots of an
Alp3CoCrFeNi alloy was purchased from Koujundo
chemical laboratory (Japan). The ingots were homoge-
nized at 1373K for 24 h in silica tubes under Ar atmos-
phere and were then machined into 10 x 10 x 0.5 mm
plate pieces by electric discharge machining. The speci-
mens were subjected to strain relief annealing at 1373K
for 10 h and then rapidly cooled to prevent secondary
phase precipitation and to stabilize single-phase FCC
structures. The specimens in water flow were exposed to
8 MeV electron beam irradiation for 3 h in
KURNS-LINAC. The irradiation damage was evaluated
at (1.3 - 1.8) X 10™ dpa. In order to investigate the ther-
mal stability of vacancies, the electron irradiated speci-
mens were subjected to the subsequent isochronal an-
nealing at 373-673 K for 1 h.

Positron lifetime measurements were carried out by using
a digital oscilloscope system with photomultiplier tubes
mounted with BaF, scintillators, having a time resolution
(FWHM) of 185 ps. The positron lifetime measurements
require data acquisition for approximately 18 hours with

Vacancy migration behavior in an Alo.3CoCrFeNi high entropy alloy

a Na-22 positron source of 0.4 MBq activity in order to
acquire 3 million counts in the positron lifetime spectrum.
The measured spectra were analyzed using the programs
RESOLUTION and POSITRONFIT Extended.

RESULTS: The mean positron lifetime after isochronal
annealing of the electron irradiated samples is shown in
Fig.1. The positron lifetime spectra of as-irradiated sam-
ples show a clear separation into two exponential com-
ponents of positrons with a long lifetime of 185 ps. This
indicates that a part of positrons is trapped by monova-
cancies or relatively small vacancy clusters introduced by
during the electron irradiation. After the subsequent
isochronal annealing, the mean positron lifetime is found
to decrease sharply around 175°C. This can be attributed
to the decrease in vacancy concentrations triggered by the
free vacancy-migration. This result indicates that the va-
cancy migration energy in an Alp3CoCrFeMnNi
high-entropy alloy is lower than that in a CoCrFeN:i alloy.
This result is in contrast to the fact that the vacancy mi-
gration energies in an CoCrFeMnNi high-entropy alloy
and its subsystems did not show any significant differ-
ence.

150
’g 0 CoCrFeMnNi
— 140 | | A A, A Al0.3CoCrFeNi
) 8 00 4
£ 2
)
[}
& o130 | f a
c o
o A
2 120 |
%) [}
S o
= o
o 110 | 3 o
o ) s °© %o
> A 5 A A A
100 L— ‘ ‘
BB 100 150 200 250 300 350 400
T = . o,
é 2 Annealing temperature ("C)

Fig. 1 Mean positron lifetime of electron irradiated
CoCrFeMnNi and Alp3CoCrFeNi high entropy alloys
after isochronal annealing.
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INTRODUCTION: In recent years the THz-TDS has
been widely used in the THz spectroscopy. The merit of
the system is direct observation of the electric field. The
conventional spectroscopic system using a bolometer can Tiwindow  Silica grass -

P pie > s (t=30um)  (t=5mm) Alevaporated

detect only the power of THz wave. Therefore the
Kramers-Kronig analysis is necessary in order to
calculate the optical constant. One of the detection
system in the THz-TDS is the Electro-Optical (EO)
sampling in which the induced birefringence by the
Pockels effect is used. In the coherent THz radiation
beamline [1] at the KURNS-LINAC, the bolometer has
been used to detect the coherent radiation for a long time.

L . Fig.1. The schematic layout around the radiation source.
In recent years, the application of the EO sampling to the

detection of coherent transition radiation (CTR) in this
beamline has been planned. Usually an ultrafast laser is
used as a probe light in the THz-TDS. The strong point in

ITOgrass
this report is the usage of Cherenkov radiation in the FD
.. . . . .. ZnTe Polarizer /4  ‘lollaston

visible region as a probe light. There is no jitter between prism "
CTR as the excitation light and Cherenkov radiation as - — kt. ‘ |i Ly
the probe light. These are perfectly synchronized each THeCTR : '
other.

Fig.2. The schematic layout of the EO sampling.

EXPERIMENTAL PROCEDURES: In AY2020, the
beamtime of the linac was not enough to perform the
experiment due to the covid-19 related confusion and
some renovation work in the linac. In this report, only the
experimental setup has been reported. The sub-THz
radiation is the superposition of the forward CTR from
the Ti-window and backward CTR from an
aluminum-coated silica grass as shown in the Fig.1. The
visible light for a probe of the EO-sampling is the
Cherenkov radiation from a silica grass 5 mm thick. A
ZnTe plate 1 mm thick is used as the EO device. The
visible light is passed through a ZnTe plate, polarizer,
a A/4 retarder, and a Wollaston prism as shown in Fig.2. It
is finally detected by a balanced detector which consists
of two photo-diode detectors and amplified by a lock-in
amplifier.
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INTRODUCTION: Ultrafine bubble (UFB), a bubble
smaller than 1 pm, attracts so much attention because of
its various applications, e.g., promoting the growth of fish-
ery products. On the other hand, a fundamental study is not
well extended because of the difficulty in the optical ob-
servation due to its smaller diameter than the wavelength
of radiant-ray. Basic physical quantities of UFB are not in-
vestigated such as inner pressure, temperature, and life-
time.
Yamakura succeeded in measuring the pressure of UFB
directly by the angular correlation measurement [2] based
on the dependence of the anisotropy of cascade y-rays of
125] towards carrier-gas pressure [3].
In this paper, the extended studies of UFB by using the
angular correlation measurement on the internal pressure
and lifetime of UFB are introduced.
EXPERIMENTS: The pure water containing UFB of nat-
ural Xe gas with an average diameter of 100 nm was gen-
erated via the pressurized dissolution method. 4.0 ml of
UFB water and saturated solution of natural Xe were sep-
arately packed to 4.5 ml polypropylene tubes and irradi-
ated by thermal neutrons with the total dose of
6.9 X 10 n/cm? at the slant exposure tube of Kyoto
University Research Reactor (KUR) to activate '*°Xe
through the reaction of '**Xe (n, y) '»Xe. A different pair
of samples was irradiated every few days to evaluate the
time dependence of the remaining Xe in the samples. y-y
cascades of 55 - 188 keV from !2°I obtained as the decay
product of '»Xe were detected by a CdZnTe detector
(CZT) and one of two BaF, detectors. These two BaF, de-
tectors are placed at the fixed angle of 90°, and a CZT on
a turntable moves around the sample tube. With this con-
figuration, the angular correlations of both 90°-6 and
180°+0 are measured at the same time. The correlation
function of y-y cascade under the existence of hyperfine
interaction is given as,

W) =1+ A,,G,,(0)P,(cosb)
where A,, is a constant of angular correlation, G, ()
is a perturbed constant and the attenuation factor caused
by hyperfine interactions.
RESULTS AND DISCUSSION: A,,G,;() for 55-
188 keV cascade in 2] was determined to be +0.088 +

Measurement of the Internal Pressure and Lifetime of Ultrafine Bubbles

0.012 from the obtained angular correlation (Fig.1). The
pressure dependence of A,,G,,(00) for the 203 keV state
in %7l in Xe gas was well studied by Berek [3]. The result
of '?7I can be converted to that of '?°I by simply applying
the A,, for these states. From the obtained pressure de-
pendence of A,;G,,(0), the internal pressure of UFB is
tentatively determined to be (4.15 + 0.67) x 10° Pa.
The present result coincides with the result of
Yamakura, 3.4%%3 x 10° Pa.

The time dependences of y-y cascades for both Xe-UFB
samples and saturated Xe solution showed similar trends
(Fig.2), and the A,,G,,() of saturated Xe solution cor-
responds to that of Xe-UFB. These results strongly imply
the existence of Xe-UFB in the samples of saturated Xe
solution. Terasaka recently reported the production of Xe-
UFB by vibration or pressurization/depressurization of
aqueous solutions of the gas [4]. Xe-UFB were possibly
produced in the present experiment during the sample
preparation or the transportation. Therefore, the lifetime of
UFB is tentatively determined to be (4.5 4+ 3.2) x 102 h
from both time spectra. Additional lifetime measurements
in a longer time span are expected.
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Fig.1. A typical anisotropy of the angle composed of
the two 55-188keV cascades from '?°I in ' Xe-gas.
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Fig.2. The time dependence of the 55-188keV
cascade events of 21,
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INTRODUCTION: Sintered silver has attracted much
attention as a die-attach material for the power
electronics, owing to its high heat dissipation capability
[1]. On the other hand, the coefficient of thermal
expansion (CTE) inevitably does not match each other of
the materials used in a power system. Thus the heat-cycle
oriented mechanical stresses deteriorate die-attach
materials, and therefore the mechanical properties of
sintered silver impinge on the reliability of electricity
systems.

However, nobody can predict how long sintered silver
sustains, because the material is porous and its
mechanical properties heavily depends on how porous it
is. Accordingly, the research is highly demanded to
measure the porosity.

The porosity rate (p) of sintered silver is reported by

some papers [2-3], where p is measured by using cross
sectional scanning electron microscopy (SEM). These
studies focus only on estimates the um-order pores of
sintered silver materials, not nm-order pores such as
crystalline defects. Positron lifetime spectroscopy has
advantages for this purpose. In this study, therefore, the
authors evaluated nanometer-order pore sizes embedded
in sintered silver with various p’s by measuring the
positron lifetime of the bulk material.
EXPERIMENTS: The fabrication process of sintered
silver films is described as follows. Paste including
silver nm-particles was stencil printed on a metal plate,
and the containing organic solvent was dried at 140°C for
1 h. These dried films were sintered at 200 - 300 °C for
10 min with uniaxial press via a carbon buffer sheet with
0.5 — 120 MPa pressure. The film shape was 5 mm square
and 50-um thick. Positron annihilation lifetime
spectroscopy was performed to evaluate bulk lifetimes of
the samples by using a ?>Na source sealed with 12.5 um
Kapton foils. Four sample plates were stacked and
measured together to stop all the positrons from the
source inside the sample. The measured samples are
summarized in Table 1.

Porosity Measurements of Sintered-Silver Bonding Plates

The spectrometer consists of two scintillation
gamma-ray detectors with BF, crystals and a
spectrometer based on digital circuits. Total counts for
each measurement were approximately 10° counts.
RESULTS: The data from the first and second sample
sets to investigate pressure dependence was analyzed as
follows. Measured lifetime spectra were decomposed into
three components as shown in Fig. 1. It should be noted
that the second lifetime was fixed to the previously
reported value of dislocations in Ag (0.2 ns). The
intensity of the second lifetime component changed in the
range of 0.5 — 10 MPa, while the intensity of the third
lifetime component corresponding to vacancy clusters
were almost constant. Average lifetimes calculated from
lifetime and intensity values were stable in the range of
0.20 — 0.23 ns (not shown) for all the samples. In
previous studies using secondary electron microscopy
(SEM), the porosity of the samples significantly changed
depending formation pressure in the same range. The
result of this study suggests that the information obtained
from the positron measurements is clearly different from
that obtained by the SEM observation.

In summary, nanometer-order porosity of sintered Ag
plates was characterized as a function of formation
pressure and temperature by conventional positron
annihilation lifetime spectroscopy. The intensity of the
second lifetime component corresponding to dislocations
changed depending on formation pressure, while the
average lifetime was almost constant.
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INTRODUCTION: Permanent magnets are essential
materials for particle accelerator components such as
beam optical devices, insertion devices, and so on. In
order to estimate the lifetime of the devices in a
high-radiation environment, the demagnetization effects
of permanent magnet materials were measured using
Kyoto University Research Reactor (KUR). While rare
earth magnets, such as NdFeB and SmCo, are known to
have radiation demagnetization [1], there is not enough
information for ferrite magnets, which are economical
but have less remanent field strength. Furthermore, the
demagnetization effect of NdFeB magnets is relatively
wide fluctuations in the previous research. In order to
acquire more precise insight into the demagnetization
effect of permanent magnetic materials, we carried out a
systematic experiment for measuring the demagnetization
rate of the materials.

EXPERIMENTS: Samples for our experiments were
anisotropic ferrite magnets, NdFeB magnets, and SmCo
magnets. The shape of the samples was cylindrical with
5 mm diameter and 1 mm length that have easy-axis par-
allel to the cylinder axis.

We compared the magnetic field strength before and
after the irradiations. In the measurement, Since the
measurement using the Hall probe was sensitive to the
positioning error of magnets, another measurement
method was developed. In this method, the small mag-
net samples were rotated in a coil and the amplitude of
the induced voltage was taken. This method is less sen-
sitive to positioning errors.

The irradiation times were up to 4 hours at | MW op-
eration (for Pn), 46 hours 1 MW operation and 6 hours at
5 MW operation (for HYD), and 4 weeks (for Long term
irradiation plug). In these three irradiation conditions,
estimated values of thermal neutron fluence on the sam-
ples are 7.0 x 10'® [n/cm?], 5.7 x 10'® [n/cm?] and 8.6 x
10'® [n/cm?], respectively. ~After the residual radioactiv-
ity of the magnet and capsule decayed sufficiently, we
took out the magnet samples from the capsule and meas-
ured the magnetic field.

RESULTS: For the results of NdFeB magnets, which
have the highest residual magnetic field among the per-
manent magnet materials, the demagnetization rate
leaches down to 80% with the neutron irradiation dose of
8.8 x 10" [n/cm?]. In this dose region, no demagnetiza-
tion effects were detected for SmCo and ferrite magnets.
SmCo magnets indicated no demagnetization effect up to
7.0 x 10' [n/cm?].  For the ferrite magnets, Fig. 1 shows
the ratios of the magnetic field strength before and after

Demagnetization Measurement of Permanent Magnet Materials Against

the irradiation. The error bars show the standard devia-
tions of measured data for each magnet. The broken
vertical green line in Fig. 1 denotes the neutron dose at
which radiation demagnetization becomes significant for
NdFeB magnets as a comparison. According to the data
taken so far, the characteristic radiation demagnetization
dose is estimated at about 1.4 x 10% [n/cm?]. Because
of the regression function form, the data points at fewer
radiations have almost no effect on the fitting result.
The magnetization will be degraded to half at a dose of
about 1 x 10?° [n/cm?].

PERSPECTICVE: The radiation hardness level of
ferrite magnets close to those for SmCo magnets is im-
portant information for communities handling radiations.
The ferrite magnets would be widely used in such appli-
cations. In our experiments, irradiation of ferrite mag-
nets with 8 weeks and 12 weeks was performed. Since
residual radioactivity was high for magnetization meas-
urements, the measurement will be performed in 2021
after the radioactivity decays sufficiently. The results
will show more information for the demagnetization of
ferrite magnets.
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Fig. 1. Ratio of radiation demagnetization of ferrite
permanent magnet.
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INTRODUCTION:

The vitrification technique is used to immobilize
high-level radioactive liquid wastes, which are yielded
during reprocessing of nuclear fuels[1]. The high-level
wastes are mixed with melted borosilicate glass, that re-
sults in forming an oxide. Among the constituents, mo-
lybdate tends to precipitate, that cause lowering of dura-
bility[2]. The segregation of platinoids is also problemat-
ic on fabrication[3]. In order to realize a long-term stabil-
ity, deep understanding of the vitrification process be-
comes important.

Neutron diffraction is powerful probe to study struc-
tures of glass as it can access to high-Q range. In addition,
its high transmission allows to investigate the vitrified
waste as it is, namely, without crashing into powder re-
quired for x-ray. The latter could be essential to obtain an
actual form of the waste. On the other hand, one of diffi-
culties of neutron scattering arises from the fact that one
of main constituents, boron, is strong neutron absorber.
To avoid this issue, we prepared sample using ''B en-
riched boron, and succeeded to observe neutron scatter-
ing pattern from the borosilicate glass without wastes. We
extended the study for the sample with simulated wastes.

EXPERIMENTS:

The borosilicate glass with and without simulated
radioactive wastes were prepared with an enriched !'B,
and to have cylindrical form with diameters for 5 mm and
10 mm, respectively.

Neutron diffraction experiments were performed on
the versatile compact diffractometer installed at the B-3
beam port. Neutrons with a wavelength of 1 A are pro-
vided by a Cu monochromator. An array of the *He de-
tectors which covers 25° in the scattering angle enables
efficient measurements.

RESULTS:

Figure 1 shows neutron transmission images of the
borosilicate glass with and without simulated radioactive
waste measured on the B-3. Whereas the borosilicate
glass itself has sufficient transmission over 85 % as in
Fig.1(a), almost no neutron can pass through the sample
with simulated waste (Fig. 1(b)). By carefully check de-
tailed composition, we identified that the simulated waste
contains small fraction of Gd, being known as one of
highest neutron absorber. To suppress absorption with
keeping chemical characteristics, we replace Gd20s by
Laz0s. This substitution succeeded to increase transmis-
sion over 48 %. Neutron scattering pattern for this simu-

Neutron scattering study on microstructure of vitrified radioactive wastes
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Fig. 1.

Neutron transmission image of the borosili-
cate glass (a) without and (b,c) with simulated radio-
active wastes. One of the constituents of simulated
waste, Gd20s, in the sample (b) is replaced by La:0Os
in the sample (c) to avoid strong neutron absorption of
Gd.
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Fig. 2 Neutron scattering pattern of the borosilicate
glass with and without simulated radioactive wastes.

lated waste glass sample is plotted in Fig. 2, together with
the same borosilicate glass without wastes. The clear
scattering patterns are successfully obtained for both
samples. In addition, the data allow to identify that the
mixing of waste gives rise to peak shifts and broadening
from the raw glass, as clearly seen for peaks around 15°
and 50°. This result confirms that a part of wastes is in-
corporated into a network structure of the glass.

The present result proves that neutron scattering can
offer further insights into the structure of the borosilicate
glass and impact of wastes for it. Further study on the
simulated waste with different compositions and fabrica-
tion conditions will enable us to optimize the vitrification
of the radioactive waste.
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INTRODUCTION: Controlling the size of nanoparti-
cles (NPs) in a polymer matrix is important for fabrica-
tion of nanocomposites with foreseen properties for their
applications in nanophotonics, electronics, biomedicine,
etc.. In particular, the nanocomposites containing Ag-NPs
dispersed in the polymer matrix by low-energy (< 100
keV) ion implantation with high ion fluences (> 10'°
ions/cm?) can be used for fabrication of plasmonic
waveguides [1] and diffraction gratings as well as for
anti-microbial applications.

Positron annihilation spectroscopy (PAS) employing a
variable-energy slow positron beam is a versatile tech-
nique for characterization of defects in thin films, allow-
ing depth-profiles from tens of nanometers up to several
micrometers. This technique has been successfully uti-
lized as a major experimental tool to understand carbon
nanostructures kinetics during high fluence B ion im-
plantation into polymethylmethacrylate (B:PMMA) [2].

In our previous studies [2,3], usage of both Doppler
broadening and positron lifetime methods in combination
with other tools (e.g. UV-Vis absorption and Raman
spectroscopy) allowed successful verification of the for-
mation of carbon nanostructures in B:PMMA samples. A
key point for such conclusion in the case of
ion-implanted B:PMMA was positron annihilation life-
time spectroscopy (PALS) data at the positron energy
corresponding to a depth of implanted range of the sam-
ple with maximum radiation damage, showing no or-
tho-positronium (o-Ps) yield at high ion fluences (> 10
ions/cm?); the same, there is no o-Ps yield in carbon
based materials such as, for instance, fullerene C*® cage
and carbon molecular sieve membranes. Thus, taken this
o-Ps yield feature in carbon based materials into consid-
eration, it is expected that similar important information
should be obtained for investigating the ion-synthesized
silver nanoparticles in polymer matrixes containing car-
bon clusters or carbon nanostructures formed upon ion
bombardment.

EXPERIMENTS: The positron pulsing system of the
KUR slow positron beam system have been developed
for PALS of thin films or near-surface layers. It is con-
firmed that the pulsing system is effective for samples
with relatively short positron lifetimes (t < 1 ns) such as
metals and semiconductors without o-Ps formation. In
this study, we examine the validity of the PALS meas-
urement system of the KUR slow positron beamline for
samples with o-Ps components. Acceleration energies

of 2 - 3 keV was used for PALS measurements.
RESULTS: Figure 1 shows the Kapton spectrum
(closed circles) with simulated spectra (solid and broken
lines) after background subtraction. The simulated
spectra assumed two lifetime components with the Kap-
ton lifetime and longer lifetimes (2, 5 and 10 ns with 10%
intensity). One of the problems with PALS measure-
ments in the KUR system is higher background signals.
Indeed, unwanted satellite peaks originating from a ra-
diofrequency-driven-buncher exist on the background
signals with a period of the buncher signal as shown in
Fig. 1. Such signals prevent appropriate o-Ps life-
time/intensity determination in PALS measurements.
The simulated spectra in Fig. 1 suggest that relatively
shorter 0-Ps components (<5ns) are acceptable. But, for
the longer o-Ps component, appropriate fitting or back-
ground-subtraction procedures are required. Figure 2
shows the lifetime spectrum for a polymer thin film for a
trial measurement. In this case, an o-Ps component can
be observed but its lifetime is sufficiently shorter to avoid
the influence of the satellite peak.

In summary, the PALS measurement system of the
KUR slow positron beamline was applied for polymer
materials with long lifetime (o-Ps) components. The
result suggested that the PALS system was effective for
relatively shorter o-Ps components.
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INTRODUCTION: The aim of this research is to es-
tablish an inexpensive method for dosimetry in high dose
environments. We consider the use of the change in pie-
zoelectricity of piezoelectric elements due to irradiation
for dosimetry in high dose environments. For this pur-
pose, we have investigated the mechanism of radia-
tion-induced change in piezoelectricity by experiments.
As in the past, this year we conducted another experiment
to investigate the change in piezoelectricity caused by
electron beams.

In a previous experiment conducted at HIMAC/NIRS,
we irradiated a piezoelectric PZT element with 400
MeV/n Xe particles and investigated the decrease in the
electromechanical coupling coefficient & [1]. It was
shown that the energy imparted was proportional to the
decrease in the coupling coefficient of the irradiated PZT
element.

In this study, we have conducted an experiment using
electron beam to investigate the effect of electron beam
on the decrease in the coupling coefficient of the irradi-
ated PZT element at KUR/LINAC. As a result, it was
found that the electromechanical coupling coefficients
decreased linearly with the absorbed dose in electron
irradiation, although the change was smaller than that in
Xe irradiation. Even though the absorbed dose is the
same, the change in the electromechanical coupling coef-
ficient is more than one order of magnitude smaller for
electron irradiation.

Over the past few years, we have been experimenting
with improved and modified experimental setups in order
to obtain more accurate values. We improved the align-
ment of the element installation and the air-cooling
method to stabilize the element temperature, thereby sta-
bilizing the accumulation of measured values. In addition,
we measured the PZT temperature during irradiation and
corrected the amount of change in k due to the tempera-
ture rise, which was measured separately using a thermo-
static bath. With these measures, the variation of the pie-
zoelectricity change was eliminated, and the piezoelec-
tricity change due to electron beam irradiation could be
measured accurately.

EXPERIMENTS: Although we found that the piezoe-
lectricity (electromechanical coupling coefficient k)
changes linearly  with the amount of electron beam
irradiation, there was an event where the value of &
changed discontinuously before and during the experi-
ment. Until last year, in order to measure &, we soldered a
cable to the PZT device and connected it to the imped-
ance analyzer. In other words, when the cable was sol-

Study of resonant frequency change with irradiation dose of piezoelectric PZT

dered to the PZT device, the temperature of 200°C or
higher was applied locally even for a short period of time,
and we could not eliminate the possibility of £ changing
due to this. To solve this problem, we used a phos-
phor-bronze plate spring to fabricate an electrode to con-
tact the cylindrical PZT device between them, and used it
as an irradiation jig. As a result, the discontinuous change
of k before and after the experiment was eliminated, and
the change of k& in response to the amount of electron ir-
radiation could be investigated more accurately.
FUTURE PERSPECTIVE: Based on the results to date
as described above, we are considering the following
experiments to be conducted in the future.

(1) Effect of PZT element shape: In our previous experi-
ments, we have used a cylindrical PZT element with a
diameter of 18mm x t12mm. To calculate the electrome-
chanical coupling coefficient k, we used an approximate
equation that can be applied to a disk-shaped element
(applicable to a diameter > 10 times the thickness), which
is probably fine for the purpose of knowing the relative
change, but may be problematic when discussing the va-
lidity of the approximate equation. Therefore, we would
like to investigate the adaptability by using a PZT device
with a shape that meets the conditions of the approxima-
tion formula (disk shape with diameter > 10 times the
thickness).

(2) Types of PZT elements (soft material, high tempera-
ture soft material, high temperature hard material): The
PZT devices used in our experiments so far are so-called
"soft materials" and have a relatively low Curie temper-
ature. By investigating the characteristics of other types
of PZT elements, we hope to clucidate the mechanism of
piezoelectricity change by radiation irradiation and to
apply it to radiation measurement devices.

(3) Effects of Neutrons: After electron irradiation, PZT
elements radiate and emit characteristic gamma rays.
This is the possibility that the PZT element loses its pie-
zoelectricity due to inelastic scattering by neutrons or
nuclear reaction by neutron capture. To consider this, we
would like to measure the neutron flux during electron
irradiation at the LINAC.
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INTRODUCTION: In the fusion reactor blanket, trit-
ium is produced by (n, «) reaction with lithium. Solid
lithium ceramic is considered as one of candidates for
blanket materials. Especially, LixTiO; and LisSiOs4 are
regarded as one of the promising solid breeder candidates
due to relatively higher chemical stability and higher
lithium atom density. For LisSiOs4, lithium atomic density
is higher than that for Li2TiOs, but its chemical stability is
not good. Recently, LisSiO4-Li>TiO3; mixture materials
are proposed as advanced candidates to compensate for
shortcoming, and several mechanical properties have
been evaluated. However, the tritium recovery perfor-
mance was not still understood. In this study,
Li4Si04-Li>TiO3 mixture materials with various phase
ratios were used and their trittum desorption behavior
after neutron irradiation was evaluated using tritium
thermal desorption spectroscopy (TDS).

EXPERIMENTS: Two kinds of samples with different
phase ratios, namely LisSiO4-Li2TiOs (sample 1) and
LisSi04-2Li2TiOs (sample 2 and sample 3), were pre-
pared. These materials were pebble samples that domi-
nator 6 mm or less before neutron irradiation. These ma-
terials were installed into Kyoto University Research
reactor (KUR), and the neutron irradiation was performed
with the fluence of ~ 8.0x10" n cm™ or 8.0x10'° n cm™.
Only sample 2 was irradiated with higher fluence of
8.0x10' n cm?. Thereafter, trittum TDS measurement
was conducted from R.T. to 1113 K with the heating rates
of 5 - 20 K min!. The amount of desorbed tritium was
evaluated by a liquid scintillation counter.

RESULTS AND DISCUSSION: Most of tritium was
released as a water-form. Fig. 1 shows TDS spectra for
10 K min™!, Tritium TDS spectra for LisSiOs-2Li>TiO3
samples with different neutron fluence showed that the
release temperature for sample 2 was located at around
520 K and that for sample 3 was around 630 K.
Li4Si04-2Li12TiO; samples had single tritium desorption
stage, and its activation energy was evaluated to be 0.44 -
0.47 eV. This result was almost consistent with that for
LixTiOs sample.[1] The rate-determination step for triti-
um recovery can be explained by the diffusion-limited
process. LisSiO4-Li2TiO; had multi-tritium desorption
stages. The activation energy of the most significant trit-
ium desorption peak was estimated to be 0.72 eV. The
release temperature for mixture materials was lower than

that for Li2TiO3 or Li4SiO4. The amount of tritium that
LisSi04-2Li>TiO3 samples released was 1.40 MBq g! and
1.99 MBq g'. Lower fluence sample released more trit-
ium than higher fluence sample due to crack-up of sam-
ples during neutron irradiation. The amount of tritium for
LisSi04-Li>TiO3 sample was 0.79 MBq g!. Lower activa-
tion energy and amount of desorbed tritium,
Li4Si04-2L12TiO3 has lower activation energy for tritium
release, and it will be quite suitable for tritium recovery
at lower temperature.
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Fig. 1. Tritium TDS spectra for LisSiO4-Li>2TiOs (sam-
ple 1) and LisSiOs-2L12TiOs (sample 2 and sample 3)
with the heating late of 10 K min™’.
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INTRODUCTION: It is of a great importance to clar-
ify phenomena of implantation, retention, diffusion and
permeation of tritium (T) on surface of the armor materi-
als of the first wall/blanket and the divertor on fusion
device from a viewpoint of precise control of fuel parti-
cles, reduction of tritium inventory and safe waste man-
agement of materials contaminated with tritium. Refrac-
tory metals such as tungsten (W) is potential candidate
for the armor of the first wall and the divertor plate of the
fusion reactor because of its low erosion yield and good
thermal properties. The armor material will be subjected
to heavy thermal loads in the steady state or transient
mode combined with high energy neutron irradiation that
will cause serious material degradation. In addition, high
energy runaway electrons would bombard the armor ma-
terials along the equatorial plane in fusion device. It is
considered that these cause radiation damage and en-
hance tritium retention. In the present works, T exposure
experiments have been carried out on W samples which
were irradiated by high energy electrons to investigate
effects of high energy electrons irradiation on micro-
structure and tritium retention of W. In this fiscal year,
pure W and recrystallized W were irradiated by high en-
ergy electron beam. Before and after that, positron anni-
hilation experiment was carried out to identify the radia-
tion defect. In addition, EBSD (Electron Back Scatter
Diffraction Patterns) analyses has been carried out on the
specimens before and after the electrons irradiation. Trit-
ium exposure experiments have been carried out using a
tritium (T) exposure device.

EXPERIMENTS: W samples used were ITER speci-
fication W (ALMT-grade) (SR-W) and its recrystallized
W (RC-W). The SR-W was fabricated via a powder met-
allurgical route including cold isostatic pressing, sintering,
hot rolling, and heat treating to relieve the residual
stresses. Some of the machined SR specimens were sub-
jected to a full recrystallization treatment at 2000 °C for 1
hr in vacuum. Sizes of the specimens were 10 mm x 10
mm x Imm (10 mm x 10 mm : ND-TD). The surface of
the both samples were polished to be mirrored. High
energy electrons irradiation has been carried out using
LINAC in Institute for Integrated Radiation and Nuclear
Science, Kyoto University. An peak energy of electron
irradiated was 8 MeV and DPA was 5.8 x 10, Tempera-
ture during the irradiation was measured by thermocou-

Formation of radiation defects on tungsten and their influence on effect of

ples which was contacted with a backside of the W sam-
ples. Before and after that, positron annihilation experi-
ment was carried out to identify the radiation defect. In
addi-tion, EBSD (Electron Back Scatter Diffraction Pat-
terns) analyses has been carried out on the specimens
before and after the electrons irradiation. T exposure ex-
periments have been carried out using a T exposure de-
vice in University of Toyama. Pressure of the T gas was
1.3 kPa and T exposure was kept for 4 h. T concentration
in the gas was about 5 %. After the exposure to T gas, T
amount retained in surface layers of the sample was
evaluated by f3 -ray-induced X-ray spectrometry (BIXS)
and imaging plate (IP) measurements.

RESULTS: Figure 1 shows X-ray spectra observed for
the SR-W(a) and RC-W(b) which were not irradiated by
the high energy electrons. Temperature of T exposure is
350°C. In the case of SR-W, WM, ArK,, WL, and
bremsstrahlung X-rays are detected. These results indi-
cate that T exists deeper area than that of RC-W. This is
considered that T traps with the internal defects in the
SR-W. T exposure on the samples after the electron irra-
diation is undergoing.
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INTRODUCTION: Soybean has long been served as
dietary food because of its rich nutritional ingredients,
especially proteins.  Various kinds of soybean food
products such as miso, tofu, and tofu skin (yuba) have
been produced and eaten as well as unprocessed soybeans
themselves. Recently soybean proteins are utilized as
soy protein isolate (SPI) in food industries to be added in
other food products to improve their physical properties,
such as water retention, binding property, and gelling
property. Soybeans also play a crucial role in producing
mimic meat for vegetarians and vegans. Since soybeans
contain an exceptionally high amount of protein for a
plant, they are regarded as the most proper alternatives
for animal meat. The physical properties of those food
products are subject to those of soybean proteins.
Therefore it is important to understand the nature of soy-
bean proteins to produce high quality not only soybean
food products but also SPI-containing food products, and
mimic meat.

Physical properties of protein-containing food products
have close relationship with their assembly structure of

their component protein molecules in the nanometer scale.

In general, raw materials of foods are finely ground, dis-
persed in water, and then heated. Therefore structural
changes of the proteins in hydrates or solutions induced
by heat are a significant issue both from scientific and
industrial points of view. However, the nanostructural
analysis of food products is often difficult owing to their
disordered  nature, opacity, and  aggregation.
Small-angle X-ray and neutron scattering (SAXS, SANS)
are powerful tools for investigating nanostructure of
those kinds of materials. A great number of SAXS and
SANS researches has been carried out until now for
so-called soft matters, such as rubber, colloids, and pol-
ymer gels. By taking advantages of their feature, we
have been focusing on the nanostructural analyses of
plant food proteins of wheat and soybean by SAXS and
SANS. One of our studies is regarding the structure of
the assembly of wheat protein gliadins in a wide concen-
tration range of water [1].

In the present study, we investigated thermal denatura-
tion process of two major soybean proteins,
B-conglycinin and glycinin, which have been convention-
ally referred to as 7S and 118, respectively, according to
their sedimentation coefficients determined by analytical
ultracentrifugation.  Structural changes induced by
thermal treatment was investigated by SAXS as the
treatment temperature changing was changed, and the
difference of heat-resisting property between 7S and 11S
was revealed under the various conditions of buffer solu-
tions.

SAXS Analysis of Heat Denaturation of Soybean Proteins
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Fig. 1 SAXS profiles for 11S in KPi buffer solutions.
NaCl concentration was 0 M(left) and 0.4 M (right).

EXPERIMENTS: Soybean proteins 7S and 11S were
extracted from hexane-defatted powder of soybean culti-
var “Enrei” under a reducing condition with
2-mercaptoethanol. Isoelectric precipitation was applied
to isolation of each protein. By adjusting pH of the ex-
tract solutions, 11S and 7S was precipitated at pH 5.8 and
pH 4.5, respectively. SAXS measurements were per-
formed with a laboratory SAXS instrument (NANOPIX,
Rigaku) installed at Institute for Integrated Radiation and
Nuclear Science, Kyoto University. Each protein was
dissolved as to be a concentration of 3% in a 35-mM po-
tassium phosphate (KPi) buffer solution at pH 7.5 in
presence of 0 or 0.4 M NaCl. The solutions were kept
at a given temperature for 5 min and then cooled to 25°C.
After that, they were put into aluminum cells and set for
SAXS measurements. The wavelength of X-ray was 1.54
A, the sample-to-detector distance was 1300 mm and the
available g-range was 0.1 — 2.0 nm'.

RESULTS: The SAXS profiles for 7S and 11S showed a
peak around 1.2 nm’!, indicating trimer ring structure
composed of three subunits of the protein. The peak
was obvious for 7S and 11S both with and without NaCl,
but became vague for 7S around 75°C. This fact shows
that the ring structure of 7S is lost around this tempera-
ture due to denaturation of the protein. In contrast, as
Figure 1 shows, the peak indicating ring structure re-
mained until 80°C without NaCl, and even until 90°C in
the presence of NaCl. This result demonstrates that 11S
has higher structural stability than 7S against high tem-
perature, and also that NaCl has strengthening effect for
reluctance thermal denaturation.
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INTRODUCTION: Metallofullerene is well known as
one of the clathrate compounds which incorporates metal
atom inside fullerene cage [1]. The metallofullerenes
encapsulating lanthanide element (Ln@Ca, Ln: lantha-
nide atom, n > 30) have two or three charge transferred
electrons on the fullerene surface and their electronic
state are strongly affected by the number of the charge
transferred electrons [1]. On the other hand, it is known
that there is a slight difference in the High-Performance
Liquid Chromatography (HPLC) retention time of
Ln@Cs, metallofullerene including different Ln atom
despite the same number of the charge transferred elec-
tron because the HPLC retention time of the fullerene
species is strongly affected by the number of & electrons
on the fullerene surface [2]. According to the chromato-
graphic theory, HPLC retention time correlates with equi-
librium constant K of the adsorption/desorption and also
follows the van’t Hoff equation [3]. From this correlation,
the adsorption/desorption enthalpy can be obtained as the
slope of the function 1/7, which reciprocal of the temper-
ature. Since the adsorption/desorption enthalpy is related
to the parameters concerning about the electronic state of
metallofullerenes such as the polarizability and the dipole
moment, it is possible to obtain information about the
electronic states of metallofullerenes by studying the
temperature dependence of the retention time.

As mentioned above, it is found difference among HPLC
retention time depending on the condition in HPLC de-
velopment, such as temperature. Accordingly, it is neces-
sary to perform the simultaneous multi-elemental analy-
sis. However, since it is impossible to distinguish each
metallofullerene by ordinal detection method for moni-
toring UV absorption, it is strongly required to employ
for the radio chromatography in which y-rays are moni-
tored.

In this study, we tried to clarify the electronic properties
of lanthanide in the fullerene cage affected on the mul-
ti-stage adsorption/desorption equilibrium in HPLC sep-
aration by the radio chromatography.

EXPERIMENTS: Purified Tb@Csz> metallofullerenes,
which was produced by arc discharge method, was mixed
with roughly purified Cg as a radical scavenger and then
was sealed into polyethylene vials. This sample was irra-
diated by thermal neutrons at pneumatic irradiation facil-
ity of Pn-1 in KUR for 4 hours. After the irradiation, this
sample was dissolved into toluene and mixed with each
other. This toluene solution was injected into a HPLC
column of COSMOSIL Buckyprep with the flow rate of

Study on HPLC Elution Behavior of Metallofullerenes Encapsulating

3.2 mL/min at -50 °C employed ethanol/water mixed so-
lution (volume ratio of 80%/20%) with dry ice as a re-
frigerant. The eluate from the column were collected by
every 1 minute from 30 min to 150 min and y-rays emit-
ted from each sample were measured by Ge detector.

RESULTS: Figure 1 shows the HPLC chromatogram
monitored by UV absorption together with radio chro-
matogram of '°Tb. The y ray from '“Tb was only ob-
served in 114 min fraction. At the room temperature,
HPLC elution peaks of Ln@Cs, are found around 60 min.
Tb@Cs: is one of the species which has the largest HPLC
retention time among each Ln@Cs, from our knowledge.
It is expected that this tendency will not change even at
lower temperature, this result is very important as a guide
line for the future works.
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Fig. 1. HPLC chromatogram of fullerenes moni-
tored by UV absorption

dio-chromatogram monitored by y-ray emitted from
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INTRODUCTION: Pollucite which is one of cesium
aluminosilicate compounds have attracted attention as a
final storage material of **Cs and "’Cs. Pollucite is
able to synthesized by hydrothermal method in low tem-
perature below 300°C [1]. Pollucite has various proper-
ties that favor the immobilization of Cs ions.

However, the damage to the aluminosilicate framework
by radiation decay is concerned because it contains '*'Cs.
It has been reported that the effect of B-ray emission and
nuclide conversion by B-decay of *’Cs on aluminosili-
cate framework is minor [2, 3]. On the other hand, there
are few reports of effects by gamma rays on pollucite
framework. Therefore, we examined the effect of gamma
radiation on the aluminosilicate framework of Pollucite.
Pollucite samples were synthesized to investigate the
effect of gamma irradiation.

EXPERIMENTS: Sodium aluminate, sodium
metasilicate and cesium chloride were dissolved in so-
dium hydroxide solution. The solution was placed in a
Teflon inner cylinder pressure container. Pollucite was
synthesized by hydrothermal method, holding the con-
tainer at 180°C for 48 hours. The resulting precipitate was
washed. Thereafter, each solid was collected by filtration
and dried at 110 °C for 12 hours or more.

The powder samples were characterized by XRD, and
gamma-irradiated at 0 and 100 kGy by “’Co source. The
7 days leaching test by PCT-A method [4] was carried out
to evaluate the change of Cs retention performance by
framework damage. Concentration of cesium in solution
leached was estimated by atomic absorption spectropho-
tometry.

RESULTS: All the XRD patterns of powders prepared
were demonstrated that they were pollucite, and all the
patterns showed that they contained only single-phase
pollucite.

In our previous study, the irradiated pollucite sample
showed little difference from the non-irradiated one in the
amount of leached cesium. Then we concluded that
frameworks were not destroyed by ®Co-irradiation.
However, we found some questions about PCT-A method,
then the leaktests were studied again.

It was estimated that amount of leached cesium from
samples with and without “’Co-irradiation. Over 45 ppm
Cs were measured in most samples regardless of whether
irradiated or not, and these values of Cs concentration
measured were quite higher than those measured by other
researchers[5]. It is considered that the reason why the
concentration of cesium ions leaked from pollucite was
high to be insufficient washing and cesium adsorbed on
the ion exchange site.
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INTRODUCTION: The calculated positron lifetime
for a monovacancy in tungsten has been reported to be
193 ps—200 ps [1—3]. The positron lifetime of tungsten
irradiated with p* or *He" in a vacuum has been observed
experimentally to be 190 ps—200 ps [4—6]. However, the
positron lifetime of tungsten irradiated with electrons in
coolant water has been reported to be around 170 ps,
which is shorter than the calculated positron lifetime for a
monovacancy [3,7,8], and the reason for this is unclear.
In this study, positron lifetime measurements of elec-
tron-irradiated tungsten and first-principles calculations
of positron annihilation properties were conducted.

EXPERIMENTS: Tungsten samples with a purity of
99.999% (5N) were annealed at over 2273 K in a vacuum
before irradiation. After the annealing, 8 MeV electrons
were irradiated to the samples at around 373 K using the
KURNS-LINAC with total doses of 5x10' e7/cm?. Posi-
tron annihilation lifetime measurements were performed
at room temperature.

CALCULATIONS: The calculations were performed
using ABINIT 8.10.3 [9], a first-principles electronic
structure calculation code based on density functional
theory (DFT). The Perdew-Burke-Ernzerhof (PBE) elec-
tron-electron exchange-correlation functional [10] and
Blochl's projector augmented wave (PAW) method [11]
were used. Positron annihilation calculations were per-
formed with a two-component DFT calculation scheme
[12] using the Puska-Seitsonen-Nieminen (PSN) [13]
local density approximation as the electron-positron ex-
change-correlation functional. A computational cell size
of 3x3x3 (54 atoms of perfect crystal) was used, and the
cutoff energy of the plane wave was set to 408 eV.

RESULTS: In the present study, a positron lifetime of
about 170 ps was experimentally observed from elec-
tron-irradiated tungsten. On the other hand, the calcula-
tion of this work also indicated that the positron lifetime
for monovacancy (V) is 195 ps, which is comparable to
the previous studies. The calculated positron lifetimes of
the defect complexes such as V-2H, V-C, V-N, and V-O
were all around 170 ps. This is comparable to the exper-
imentally observed positron lifetime. In addition, the
calculated annihilation gamma-ray Doppler broadening
spectra of -2H and /-O showed different spectral shapes,
indicating that at least V-2H and V-O can be distin-
guished from the Doppler broadening measurements.

Defect Structure with Short Positron Lifetime in Tungsten
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Fig. 1. Annealing behavior of positron lifetime in
electron-irradiated tungsten. Lower and upper dashed
lines indicate positron lifetimes for perfect lattice
and monovacancy, respectively.

Fig. 2. Calculated atomic configuration and posi-
tron density distribution of the defect complexes.
(a) V-2H, (b) V-O.
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INTRODUCTION: Much attention has been paid to
the structural control of helical polymers owing to their
potential applications for asymmetric catalysts, chiral
stationary phase, and chiroptical materials. Recently, we
have reported that helical poly(quinoxaline-2,3-diyl)s
(PQXs) bearing chiral side chains exhibit sol-
vent-dependent helix inversions,!”* which can serve as
effective scaffold for chirality-switchable materials. *7 In
order to elucidate the mechanism of the screw-sense
induction and the helix inversion of PQXs, we have in-
vestigated the detailed structures of a PQX (100mer) with
right- or left-handed structures in tetrahydrofran-ds
(THF-dsg) or a mixed solvent of 1,1,2-trichloroethane-d3
(1,1,2-TCE-ds) and THF-dg (4/1, v/v) by using
small-angle neutron scattering (SANS) experiments, in
conjunction with theoretical calculations.® The obtained
structures of the PQX suggested that the right-handed
structure in THF-dg is well solvated, while the
left-handed structure in 1,1,2-TCE-ds/ THF-dg (4/1, v/v)
is less solvated.

() )
HyC: N Right-handed helix
H H, in THF
e =
HyCom CH,
P =
HC B 3
X Ch, Left-handed helix
N in 1,1,2-TCE/THF
L e B4 _Jioo (viv=411)
2oct (100mer)

Figure 1. (a) the molecular structure of the PQX bearing
(R)-2-octyloxymethyl side chains. (b) Solvent-dependent
helix inversion of the PQX.

Our recent interest has focused on the effect of the dy-
namics of the side chains on the screw-sense induction.
So far, we have carried out quasielastic neutron scattering
(QENS) measurements to elucidate the impact of the
molecular dynamics on the solvent-dependent helix in-
version of the PQX. In this study, we have carried out
QENS measurements and dynamic light scattering (DLS)
measurements for the detailed analysis of the results of
the QENS measurements.

EXPERIMENTS: A PQX bearing
(R)-2-octyloxymethyl side chains (100mer) was prepared

and the Quasielastic Neutron Scattering

according to our previous paper.> The QENS measure-
ments were carried out at BL-02 DNA in J-PARC. The
light scattering measurements were carried out with a
22-mW He-Ne laser, an Avalanche Photo Diode (APD,
ALV, Germany) mounted on static/dynamic compact go-
niometer, ALV/LSE-5003 electronics, and ALV-5000
Correlator (ALV-Laser Vertriebsgesellschaft GmbH,
Langen, Germany). The measurements were performed at
313 K and CONTIN analysis was used to obtain the
probability of decay rate at each Q.

RESULTS: The PQX was dissolved in THF-dg or a
mixed solvent of 1,1,2-trichloroethane-ds (1,1,2-TCE-d53)
and THF-dg (4/1, v/v), respectively, to carry out DLS
measurements. In both cases, the decay constant /™ and
the square of the wave vector ¢ showed linear relation-
ship, affording the diffusion constants in these solvents.
We are now working on the analysis of the QENS meas-
urements by using the results of the DLS measurements.
In addition, we are now trying to reveal the detailed be-
havior of the screw-sense induction and the helix inver-
sion using molecular-dynamics simulations using the
BIOVIA Materials Studio with the COMPASS 1I force
field.
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INTRODUCTION: International Thermonuclear Ex-
perimental Reactor (ITER) [1] is being built in France by
international cooperation. This study focuses on neutron
irradiation effects on optical elements and piezo-actuators
used in ITER. Expected 1 MeV Silicon equivalent fluence
is 10'-10'5 n/c m? depending on locations of components.
In order to investigate the effect of such high fluence on
the actual components in a short time, neutron irradiation
was performed using the slant exposure tube and the pneu-
matic tubes of the KUR. This report mainly presents effect
of neutron irradiation on piezo actuators for Poloidal Po-
larimeter (PoPola) system and briefly describes the tests
for other systems such as Edge Thomson Scattering sys-
tem (ETS), Infrared Thermography (IRTh) system and the
Microfission Chamber system (MFC).

The authors carried out the irradiation test of a piezo ac-
tuator. Piezo actuators will be used in various systems of
ITER and will be used for adjustment of mirror angle in
the case of PoPola. The previous study [2] assessed radia-
tion hardness of a piezo actuator for other system of ITER
and shows that the piezo actuator is operational in the
ITER radiological environment. However, since the piezo
actuator selected for PoPola is different from that used in
the previous study, the authors need to conduct an irradia-
tion test of the piezo actuator of PoPola to confirm whether
it can be used in the ITER environment.

EXPERIMENTS: At the place where the piezo actuator
was placed in the slant exposure tube of KUR, the neutron
flux is 9.6x10"" (n/cm?/s), the cadmium ratio is 34.0, and
the gamma flux is 50 (kGy/h). The duration of irradiation
was one hour in total, so the total neutron flux was
3.5x10" (n/cm2), which is equivalent to the expected flu-
ence at the position of the PoPola piezo actuator in ITER.
The tested piezo actuator was PZA 12 released by New-
port Company. The motion of the piezo actuator is as dis-
crete as that of a stepping motor. The driver of the piezo
actuator sends polyphase voltage signals to the piezo actu-
ator, and then the shaft of the piezo actuator moves in dis-
crete steps. The aims of this test are as follows;
—  To confirm whether the stroke force of the piezo ac-
tuator is over 25 N.
— To confirm whether the maximum stroke length of
the piezo actuator is over 7.4 mm.
The values of 25 N and 7.4 mm come from mechanical and
optical design of the PoPola system. It should be noted that
the stroke length per step is not important because the mir-
ror angle is controlled in a closed loop using both the mir-
ror angle sensor and the piezo actuator. Thus, what is im-
portant for PoPola is that the piezo actuator can travel the
distance of 7.4 mm or more with the stroke force of 25 N
or more after irradiation.

Neutron irradiation tests for ITER plasma diagnostics

Figure 1 shows the schematics and the photograph of
the device that the authors developed for this test. The test
device always applies axial load of 45 N to the piezo actu-
ator during the test by using constant force springs (Sunko,
model: NWS 1.5-1). The axial load can be changed by ex-
changing the constant force springs. The motion of the pi-
ezo actuator is monitored by a micrometer (Mitsutoyo Cor-
poration, model: 2050S, minimum scale division: 10 pm).

RESULTS: The functional test was conducted after the
neutron irradiation. By using the device shown in Fig. 1,
the authors confirmed that the piezo travel the distance of
10 mm or more with the stroke force of 45 N. Thus, it can
be concluded that the selected piezo actuator has radiation
hardness enough for PoPola in the ITER environment.

plate i constant force springs
Miro meter piezo (45 N in total)

constant force spring

micro meter

(b) photograph

plate
(a) schematics

Fig. 1: Functional test device of piezo actuator.

ON GOING INVESTIGATIONS AND PROSPECTS:

RETS will use a silica core optical fiber to transmit scat-
tered light from plasma to the spectrometer. If the silica
core contains a large amount of OH groups, it becomes re-
sistant to deterioration of light transmittance due to neu-
tron irradiation in the visible light, but absorption occurs
regardless of irradiation in the near infrared. Experiments
are on-going to investigate the relationship between OH
group content and spectral transmittance.

IRTh will use Au coating mirrors, AR coated sapphire
vacuum windows and several lens materials in the ITER
environment. In order to investigate threshold value of the
total dose for keeping their optical performances, irradia-
tion tests of several candidate materials for mirror, win-
dows and lens have been conducted since 2019. Then, the
they will be completed by 2021. In 2020, irradiation tests
for several kinds of materials for mirrors and windows
were conducted and threshold values of those materials are
being investigated.

The feedthrough of MFC plays an important role for
vacuum and tritium confinement of the ITER vacuum ves-
sel. However, ceramic material used in the feedthrough
may suffer damage due to high neutron irradiation and it
could cause leakage of vacuum and tritium. In order to
demonstrate radiational hardness of the feedthrough,
equivalent neutron fluence to that at the location of the
feedthrough in ITER was irradiated. The leak test of the
ceramic part will be carried out to confirm its confinement
function in 2021.
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INTRODUCTION: Various concepts of “en-
hanced-accident tolerant fuels and core components”
have been developed in many countries to improve core
safety under any operation conditions including severe
accidents (SAs), while maintaining or improving the
economic efficiency of light water reactors (LWRs). The
Central Research Institute of Electric Power Industry
(CRIEPI) has been developing the accident tolerant con-
trol rods (ATCRs) where the novel neutron absorbing
materials including rare-earth oxides (RE.O;) are ap-
plied! to prevent control rods (CRs) from damaging prior
to fuel rods in the early stages of SAs. Preliminary anal-
yses' revealed the ATCR concept improves the reactor
shutdown margin and neutronic lifetime. RE2O; (RE =
Sm or Eu) has excellent high temperature compatibility
with the stainless steel CR cladding and will not be dam-
aged less than 1200 °C. On the other hand, it is known to
have extremely high hygroscopicity and is unstable, but it
was experimentally confirmed that physicochemical sta-
bility is improved even under high temperature steam
atmosphere by mixing and sintering with MO, (M = Zr or
Hf)2. In addition, thermal neutron irradiation characteris-
tics of the mixtures of RE203-MO; are needed to be con-
firmed to evaluate the applicability as a control rod for
LWRs. In this study, dimensional stability of a candidate
material by neutron irradiation will be confirmed.

EXPERIMENTS and RESULTS

Sample Preparation: The powders of SmyO; and ZrO»
were mechanically mixed at a molar ratio of 1 : 1 and
sintered to form a pellet with a density of 6.55 g/cm?
corresponding to 93.7 %TD. Since the sintered mixtures
of any combinations of RE;O03-MO, (RE = Sm or Eu, M
= Zr or Hf) with a molar ratio of 1 : 1 is known to form a
fluorite crystal structure, it is considered that the irradia-
tion experimental results of Sm»>O3-ZrO; are applicable to
the other combination materials. For minimizing the ra-
dioactivation induced by the neutron irradiation, the sin-
tered pellet was cut into small pieces. The appearance and
surface microstructure of the cut sample pieces before
irradiation was observed with an optical microscope and
scanning electron microscope (SEM), and their weights
were measured.

Irradiation Conditions: Irradiation experiment has been
carried out using long-term irradiation plug in Kyoto
University Research Reactor (KUR). Three SmyO3-ZrO;
sample pieces were enclosed in an Al capsule dedicated

Irradiation Experiment of Accident Tolerant Control Rod Materials (2)

for long-term irradiation experiment and irradiated for
254.7 hours at a rated power of 1 MW and 55.2 hours at a
high power of 5 MW at 85 - 90 "C. The fast and total
neutron fluences at the end of irradiation experiment are
estimated to be 5.35X10'"® n/cm? and 2.38 X 10" n/cm?,
respectively, which is almost equivalent to irradiation
fluence for ~1 day in typical PWRs.

Postirradiation observations: After ~2 years cooling,
the appearances and surface microstructure of the irradi-
ated samples were observed, and their weights were also
measured. The weight change before and after irradiation
was within + 1.0% and not remarkable, as shown in Table
I. Figure 1 shows the appearance of each sample before
and after irradiation. No changes in the appearance and
the dimensions due to neutron irradiation were confirmed.
Furthermore, the microstructure on the surface of the
irradiated samples observed with SEM showed no sign of
change as compared with the unirradiated sample as
shown in Figure 2.

Table I Weight changes of Sm203-ZrO: samples before
and after irradiation’.

Sample No. (D) 2) 3
Before irrad. 1.95 mg 6.21 mg 5.15 mg
After irrad. 1.97 mg 6.15mg 5.11 mg

Before Irradiation
et 4

. Sample No.(1) Sample No. (2) Sample No.(3)
Fig. 1 Appearances of SmyOs3-ZrO; samples before and after

irradiation 3.

Uni

Tradiited Smpte-

z'oEm B
Fig. 2 SEM images of Smy0;3-ZrO samples before and after
irradiation’.

CONCLUSION: [Irradiation experiment of sintered
Sm,03-ZrO, samples in long-term irradiation plug of
KUR showed that the irradiation stability of the ATCR
neutron absorbers was maintained under a fast neutron
fluence of 5.35x10'® n/cm?.
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INTRODUCTION: The research and development
(R&D) has been carried out for the production of Mo-
lybdenum-99 (°?Mo) by the neutron activation method ((n,
») method) from viewpoints of limited availability of
high-enriched uranium, no-proliferation and nuclear se-
curity and disposal of nuclear fissile materials. The
amount of *’Mo to be produced by (n, ») reaction is very
low. Thus, the solvent extraction was applied as a Mas-
ter-Milker in order to increase the concentration of *™Tc
in the final product [1]. This method employs MEK to
extract *"Tc from “Mo. In this study, the extraction
property of *™Tc was evaluated using the Mo solution
with irradiated MoOs by MEK and characterization of
9mTc solution was performed by the column chromatog-
raphy after the extraction of %™Tc. Additionally,
high-density MoO; pellets irradiated with KUR were
transported to JMTR-HL, and the similar experiments
were conducted as a scale-up test.

EXPERIMENTS: The MoOs pellet pieces (about 1.5
g) were irradiated in the condition of 20minxSMW in the
Pn-2 of the KUR. After the irradiation, the irradiated
MoO:; pellet pieces were dissolved with 6M-NaOH solu-
tion (3.75 mL) and mixed with other Mo solution dis-
solved un-irradiated MoO3 powder (33 g) and 6M-NaOH
(85 mL). Two kinds of Mo solution samples were pre-
pared. One is the Mo solution (hereinafter referred to as
“MoSol-A”) containing water (8mL). The other is the Mo
solution (hereinafter referred to as “MoSol-B”’) contain-
ing water (6 mL) and saline (2 mL). MEK was added to
each Mo solution, only MEK was extracted after stirring.
The extracted MEK was purified using the basic alumina
columns, and **Tc in MEK was adsorbed using the
acidic alumina column. The *"Tc was eluted from the
acidic alumina column with saline of 10 mL. Radioactiv-
ity in Mo solution and Tc solution in each step was
measured by the j~ray spectrometer.

RESULTS: Fig.1 shows the *™Tc content in medium
of each step. The **™Tc content is the ratio of the amount
of "Tc contained in medium to the amount of *™Tc in
the Mo solution at the start of extraction. The *™Tc radi-
oactivity was corrected at the start of extraction. In the
experiment using Mo solution of MoSol-A, the *™Tc
content was stable until the adsorption step of acidic alu-

mina column. In the experiment using Mo solution of
MoSol-B, the *™Tc content was reduced at the extraction
step from Mo solution of MoSol-B at the first day. On the
other hand, the **™Tc content was stable until the adsorp-
tion step of acidic alumina column at the 2" and 3™ days.
It seems that the extraction of *"Tc by MEK is affected
by Cl™ ion contents in the Mo solution. At the elution
step from the acidic alumina column, %*"Tc elution
amount reduced in all cases. The cause may be the prep-
aration method and filling amount of the acidic alumina,
the elution rate, etc. The effects from them need to be
investigated and improved.
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Fig.1 ™Tc content in medium of each step.

Fig.2 shows *™Tc elution fraction from the acidic alumi-
na column. As a result, it was found that the elution
property was the same tendency in all cases and that al-
most 100% of *™Tc could be eluted with about 4 mL of
saline.
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Fig.2 *™Tc elution fraction from the acidic alumina column.
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INTRODUCTION:

Diarylethene (DAE) is one of the most intriguing pho-
tochromic materials which has a reversibly structure-
changed part by irradiating ultraviolet (UV) ray or gamma
ray. The DAE is colored by this structural change and
returned to original structure by irradiating visible rays.
Because of their excellent thermostability and reversibility,
the DAE has attracted much attention as radiation-induced
color dosimeter. In addition, for practical use of DAE, a
sensitizer such as aromatic compound is contained with
DAE to enhance sensitivity.

It was found from previous studies that a DAE contain-
ing aromatic compound was colored visually by irradiat-
ing gamma-ray of 100 Gy[1]. However, for practical use
of DAE as color dosimeter, it is necessary to obtain highly
sensitive DAE colored by irradiating gamma-ray of 0.1~1
Gy. Therefore, it is required to obtain more information
on suitable sensitizer of aromatic compound for DAE
color dosimeter.  For that purpose, we then study the sen-
sitizing effect of various aromatic compounds contained in
DAE solution, observing the absorption spectra of DAE
irradiated by gamma-ray.

EXPERIMENTS: A measuring sample is constituted of
a toluene solution containing diarylethene(concentration
of 2.6 X103 mol/L) and an additive(concentration of 2.6
X103 mol/L). Commercially available 1,2-bis(2,4-di-
methyl-5-phenyl-3-thienyl)-3,3,4,4,5,5-hexafluoro-1-cy-
clopentene (DAE) and additives such as naphthalene, an-
thracene, biphenyl, and p-terphenyl were dissolved in tol-
uene solution, respectively. The solutions were dis-
pensed into vials and irradiated at room temperature with
Co-60 Gamma-ray Irradiation Facility at Institute for Inte-
grated Radiation and Nuclear Science. The irradiation
dose of gamma-ray was 361 Gy. The absorbance meas-
urements were carried out with JASCO V-570.

RESULTS: Figure 1 shows the absorption spectra of ir-
radiated DAE samples. Table 1 summarizes the maxi-
mum absorption wavelength Amax of the DAE at 575 nm.
The absorption peaks of the samples are increased by con-
taining additives compared with sample without additives,
which exhibits that the additives of aromatic compounds
have the sensitizing effect. Especially, biphenyl and p-
terphenyl have a high sensitizing effect. Focusing on
Amax and quantum yield of additives, there are two com-

mon features for effective additives of aromatic com-
pound; (i) for one thing, Am. of additives is about 265 nm,
and (ii) for other thing, the additives show high quantum
yield. In order to corroborate this proposal, we per-
formed additional preliminary experiment measuring UV
irradiated DAE samples for examining the sensitizing ef-
fect of another additives (such as p-xylene, phenylacety-
lene, and anisole) which shows high quantum yield and
Amax at about 265 nm.  For the result of this additional ex-
periment, it is suggested that the sensitizing effect of ani-
sole is nearly equals to biphenyl which shows the best sen-
sitizing effect in this work.  This observation is consistent
with our proposal on the sensitizing effect of additives.
For more information on the condition of effective addi-
tives, additional experiments using gamma-ray is now in
progress.
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Fig. 1. Absorption spectra of DAE samples in toluene
solution.
Table 1 Measured absorbance at 575 nm of samples

irradiated by Co-60 gamma-ray

Absorbance Apax OF Fluorescence

Additives additives quantum yield
at 575 nm .

(nm) of additives
None 0.12 — —
Naphthalene 0.14 286 0.23
Anthracene 0.14 358 0.36
Biphenyl 0.19 247 0.18
p-terphenyl 0.15 276 0.80
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INTRODUCTION: EuSnyAs, is one of the
two-dimensional stacked van der Waals materials which
providing attractive platform to realize various properties
by changing the element, temperature and pressure [1, 2].
Recently, it has been reported that this material exhib-
its abnormal superconductivity, and its origin is ur-
gently elucidated. The point of particular attention is
that while the superconducting state in the ab direction
is realized, the resistance does not become zero in the
¢ direction, which is thought to be due to the Joseph-
son junction with the Eu layer as the insulating layer,
however, it is unclear [2]. This time, we focused on the
electronic state of the Eu layer and tried to identify its
valence state.

EXPERIMENTS: The sample was prepared by the
Sn-flux method [1]. Samples were evaluated using la-
boratory X-Ray Diffractometer (Cu-Ka) and Energy
Dispersive X-ray Spectroscopy. Since the crystallinity
and composition were highly dependent on the sample,
the one with the lattice constant closest to the previous
study[1] and the composition closest to Eu: Sn: As = 1:
2: 2 was selected from the measured samples, and the
single crystal EuSnyAs, sample was selected. Then,
magnetization measurement, resistivity measurement,
and specific heat measurement were performed using
PPMS and MPMS-5SH (Quantum design). We also
performed high energy resolution fluorescence detect-
ed X-ray absorption fine structure spectroscopy meas-
urements on SPring-8 BL39XU at T = 2.7, 300 K to
identify the valence state of Eu.

RESULTS: From the measurement of magnetization,
the effective magnetic moment was found to be 7.337
pe/Eu [Fig. 1 (b)] slightly lower than that of theoretical
value 7.94 pp/Eu?* (J = 7/2) and Meissner effect was
observed at 3.7 K (B = 0.5 mT). We also measured
Eu-L3 edge High Energy Resolution Fluorescence De-
tected X-ray Absorption Fine Structure
(HERFD-XAFS) spectroscopy for the EuSnyAs; single
crystal [Fig. 1 (c)]. Only Eu*" peak was observed at
both 300 K and 3 K and there was no Eu*". We would
like to discuss the difference between magnetic prop-

Synthesis and superconducting properties of EuSn;As;

erties and valence of Eu, and superconducting proper-
ties of EuSnxAs;.
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Fig. 1. (a) Magnetic susceptivity of EuSnxAs. (b)
HERFD-XAFS spectra.
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