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INTRODUCTION: Lubricants usually contain a vari-
ety of additives to improve lubrication properties. In the
lubricants, the additives form nanostructures such as mi-
celles, which play a key role in lubrication properties.
Small-angle scattering (SAS) is useful to characterize
such nanostructures in solvent. However, SAS has been
scarcely used in the field of tribology [1].

Therefore, we performed small-angle X-ray scattering
(SAXS) measurements of the additives in the lubricants
to determine proper experimental conditions and to ob-
tain fundamental information needed for nanostructural
analysis.

EXPERIMENTS: SAXS measurements were per-
formed using the in-house SAXS instrument with Mo Ko
radiation. Scattering patterns were obtained using a
two-dimensional detector (PILATUS 100k) equipped
with a 1000 pm-thick silicon sensor. The path of X-ray
between the entrance slit and up to the detector including
the sample area was in vacuum to eliminate background
scattering from air and vacuum windows. Oleic acid
(OA) and oleyl acid phosphate (OLAP) were chosen as
the additives. 1 mass% oleyl acid phosphate and 5 mass%
oleic acid were dispersed in poly-a-olefin (PAO), respec-
tively. The samples were sealed in sample cells made by
stainless steel body, X-ray windows of cover glasses, and
Viton O-rings. Two samples-to-detector distances (SDD),
0.4 and 1.8 m, were used to cover wide g range, where g
is the magnitude of the scattering vector. The measure-
ment times are 1 hour and 5 hours for 0.4 m and 1.8 m
conditions, respectively.

RESULTS: Fig. 1 shows the SAXS profiles of 5
mass% OA in PAO, 1 mass% OLAP in PAO, and pure
PAO. The scattering of an empty cell was subtracted as
background. A peak is observed at around g = 4.5 nm™! in
all the samples including pure PAO. This reflects the
nanostructure in pure PAO. The profiles of the 5 mass%
OA in PAO are almost similar to those of pure PAO.
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Fig. 1. SAXS profiles of 5 mass% OA in PAO, 1

mass% OLAP in PAO, and pure PAO. Open and
filled symbols indicate the profiles obtained using
SDD = 1.8 and 0.4 m, respectively.

Therefore, the scattering contrast of OA in PAO is proba-
bly too small to analyze. In contrast, 1 mass% OLAP in
PAO shows a significant increase in the scattering inten-
sity at g lower than about 2.5 nm-!. This increase is the
scattering of OLAP. The features of the scattering profiles
are similar to the scattering profiles of tri-n-butyl phos-
phate in organic solvent [2]. This suggests that OLAP
forms aggregate in PAO. In summary, we successfully
observed the nanostructure of OLAP in PAO. For OA in
PAO, denser sample is required to obtain reasonable
scattering intensity.
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INTRODUCTION: In general, 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 with controlling their size, shape and
structure. Generally, many kinds of metal NPs
commercially are synthesized by using chemical reaction
method, which is not necessarily in water solution.
Recent years, some reports show that it is possible to
fabricate some metal NPs under irradiation reduction
fields such as ultrasonic, solution plasma, electron
beam, ion beam and gamma-ray [1]. We have been trying
to synthesize various kinds of metal nanoparticles with
size and shape controlled by gamma-ray irradiation
reduction method. On the other hand, metal
nanoparticles with high electronic conductivity is
expected for the fields of printed electronics
technologies as a metal nanoink. Cu is the high electronic
conductivity and one of the most abundant resources
on earth. However, the fabrication of Cu
nanoparticle has a difficulty because its oxidation property.
So far, we have successfully synthesized pure Cu
nanoparticles in water by gamma-ray reduction method,
but it was not stable. In this study, we have tried to
synthesize Cu-Au alloy nanoparticles by two-step
reduction with one gamma-ray irradiation.

EXPERIMENTS:

Aqueous solution with a given concentration of copper
complex ((CH;COO),Cu-H,0) with an additive of sodium
dodecyl sulfate (SDS) and 8.5 vol% ethylene glycol was
prepared. 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 4gamma irradiation facility in KURRI,
Kyoto University. The total dose was fixed to 10 kGy with
the dose rate of 1.0 kGy/h. After irradiation, a solution of
1.0 mM gold complex (NaAuCls:2H20) was added with
different ratios of Cu:Au=1:1, 4:1 and 9:1 in a nitrogen
atmosphere. After irradiation, the samples were measured
for UV—vis absorption spectra. The shapes and the

structures for all colloidal products were observed by TEM
(JEM-2000FX and FEI-Titan) and energy dispersive X-ray
spectrometry (EDS). X-ray Photoelectron Spectroscopy
(XPS) measurement at KEK-PF BL-27 and X-ray

diffraction have also performed.

RESULTS:

Fig. 1 shows the light absorption spectra of each colloidal
sample. After adding of the gold complex solutions,
characteristic surface plasmonic absorption peaks of Cu
and Au are observed. This result shows that gold ions are
reduced in a Cu colloid fabricated by gamma-ray
irradiation. Fig. 2 shows the XRD profiles for all
samples. In this figure, it is confirmed that the formation
of pure Cu, CuO, Au, Cu-Au compound and their solid
solution. By analyzing of XPS results, it was found that
reduced Cu ions have metalic combination in a particles.
XRD result shows that after long period only in case of
Cu:Au=9:1 pure Cu particles remains stable, but in another
samples Cu and Cu alloys disappeared and only Au
nanoparticles were survived.

REFERENCES:
[1] N.Taguchi et al., Rad. Phys. Chem., 78 (2009) 1049-1053.
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Fig.1. UV-vis spectra of gamma-ray irradiated samples.
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Fig. 2. XRD profiles of synthesized Au and Cu NPs
by gamma-ray irradiation.
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INTRODUCTION: In general, it is well known that
intermetallic compounds has good properties such as
specific strength to weight ratio, oxidation resistance and
strength in elevated temperature. However, some of them
arises degradation of fatigue strength caused by hydrogen
embrittlement. The nature of their processes is not cleared
yet. On the other hand, hydrogen is nowadays receiving
a lot of attention for various kinds of materials
research. It is important to clear the interaction
between hydrogen and metallic materials for example
hydrogen embrittlement, hydride formation and
hydrogen induced transformation
storage material. So far, we have been investigated the
interaction between hydrogen atom and vacancies in

in hydrogen

B2 ordered intermetallic compounds. In that research,
we found radiation induced hydrogen absorption by
vacancies in B2 type of Fe-Al and Fe-Rh alloys.
However, this effect is not confirmed for other type of
intermetallic compounds. In this study, therefore, we
have studied the interaction between hydrogen atom and
in various type of intermetallic alloys,
especially ZrCuAl intermetallic compound alloy.

vacancies

EXPERIMENTS: Zr50%Cu40%Al10%
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

alloy was

irradiated with 8 MeV electron with water cooling
system to the fluence of 1x10'® /cm? at KURRI, Kyoto
University. Irradiation was carried out at about 330 K
controlled. Cathodic charged hydrogen implantation
have performed for before and after electron irradiated
samples in a potassium hydroxide solution with a current
of 2.621x103 A/cm?2. All samples were measured by

X-ray diffraction and positron annihilation Doppler
Thermal
spectroscopy (TDS) measurement have done for

broadening  measurements. desorption

Defects structure and characterization of electron irradiated intermetallic alloys

hydrogen implanted alloy samples annealing up to 600K
with heating rate of 1 K/sec.

RESULTS: Figure 1 shows the XRD spectra of ZrCuAl
alloy before irradiation, after electron irradiation and
hydrogen charged after irradiation. In this alloy,
irradiation induced phase transition and hydrogen
induced new phase was not observed. Figure 2 shows the
hydrogen desorption behavior from cathodic charged
ZrCuAl alloys with and without electron irradiation. This
figure clearly shows that hydrogen desorption behavior
changes by electron irradiation. That is the desorption
peak around 120 C disappeared and broad peak around
300-500 C appears instead. From these results, it found
that metal hydride is not formed but hydrogen trapping by
electron irradiation induced vacancies takes place.
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Fig. 1. XRD profiles of ZrCuAl alloy before irradiation, after
electron irradiation and hydrogen charged after irradiation.
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Fig. 2. TDS spectra of hydrogen desorption behavior for
hydrogen charged ZrCuAl alloys with and without electron
irradiation.
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INTRODUCTION: Magnetic scattering contribution is
one of the most unique features of neutron diffraction and
thus widely used for the investigation of magnetic struc-
tures. However, it is scarcely used in the research and de-
velopment of practical ferromagnetic materials, such as
permanent magnets and soft magnetic materials. Since the
magnetic scattering analysis can provide the information
about the directions of magnetic moments, it would be use-
ful to understand magnetization process, which is a key to
achieve higher permeability in the soft magnetic materials
[1]. Therefore, we carried out the neutron diffraction ex-
periments of the soft magnetic materials to confirm that
the magnetic scattering contribution can be observed in the
magnetization process.

EXPERIMENTS: An iron rod (99.9%) with the diam-
eter of 12.7 mm was selected as a typical soft magnetic
material. The neutron diffraction experiments were per-
formed using the Versatile compact neutron diffractometer
(VCND) at the B-3 beam port of the Kyoto University Re-
search Reactor (KUR) [2,3]. An electromagnet was placed
on a sample goniometer to apply a magnetic field to the
sample (Fig. 1). The maximum field is about 300 Oe.

RESULTS: Fig. 2 shows the diffraction patterns of the
iron rod and background. The iron rod shows clear Bragg
peaks at 31° and 44° corresponding to (110) and (200)
planes, respectively. Small peaks at 29°, 42°, and 50° come
from the background caused by the electromagnet.

The diffraction pattern with a magnetic field is also
shown in Fig. 2. The magnetic field was applied perpen-

Fig. 1. Photograph of electromagnet installed at
VCND. A magnetic field is vertically applied.

dicular to the scattering vector. In this condition, the mag-
netic scattering contribution must increase compared to a
demagnetized state. The results indicate that the diffrac-
tion intensity with a magnetic field is higher than that with-
out a magnetic field at the Bragg peaks, whereas the back-
ground intensity is not changed. This confirms that the
magnetic scattering contribution can be observed in iron.
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[1] M. Birsan et al., Phys. Rev. B, 53 (1996) 6412-6417.
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Fig. 2. Neutron diffraction patterns of iron and background. Filled and open circles denote the diffraction pat-
terns of iron with and without a magnetic field, respectively. Filled squares is the diffraction patterns of back-

ground.
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INTRODUCTION:  Molecular capsules and cages
provide a confined nano-space in which sensing, stabili-
zation, activation, reaction, and catalysis can be realized
based on the selective encapsulation of target molecules
in their cavity. Previously, we developed cube-shaped
molecular capsules (nanocubes), which are assembled
from six gear-shaped amphiphiles (GSAs) in water.[!!
One of the nanocubes, BM, shows high thermal"* and
kinetic™ stabilities, though the GSAs are not connected
by strong chemical bonds but only mesh each other. The
BM nanocube has a 1-nm-sized hydrophobic cavity, in
which various neutral and anionic species are encapsu-
lated.['* The thermodynamic parameters for the encap-
sulation of anions in the nanocube were previously de-
termined by ITC measurements, and the encapsulation is
enthalpically favorable but entropically unfavorable.
However, to correctly interpret the thermodynamic pa-
rameters, it should be clarified what exist(s) in the cavity
of the nanocube before the encapsulation. Considering
that the BM GSA is a dicationic molecule with CI™ as
counter anions, water molecules and/or CI~ anion(s)
would be trapped in the nanocube. In this research, SAXS
measurements of the BM nanocube with and without
NaCl were carried out, which enabled us to discuss what
exist in the cavity of the nanocube.

EXPERIMENTS: SAXS profiles were measured with
a laboratory SAXS instrument (Rigaku NANOPIX) in-
stalled at Institute for Integrated Radiation and Nuclear
Science, Kyoto University. X-ray wavelength was 1.54 A
and the typical sample-to-detector distance was 350 and
95 mm. A sample of the nanocube was prepared by dis-
solving solid sample of BM GSA in Milli-Q water. The
concentration of the nanocube was determined by UV
spectroscopy before the SAXS measurements of the
nanocube in pure water and in 100 mM NaCl aqueous
solution.

RESULTS: The SAXS profiles and the Guinier plots
for the BM nanocube in pure water and in 100 mM NaCl
solution are shown in Figure 1. In our previous study of
the SAXS measurements, two prominent peaks were ob-
served for the nanocubes, which suggests that a discrete
structure is formed in water and that the discussion on the
precise structure of the nanocube is possible based on the
position and the intensity of the peaks. It was found that a
similar SAXS profile was observed irrespective of
whether NaCl (100 mM) is added or not but that the ra-
dius of gyration (Rg) of the nanocube determined by the
Guinier plot is largely affected by the salt. Ry of the
nanocube in 100 mM NaCl is 7.3 + 0.3 A, while that in

What Exists in a 2-nm-sized Molecular Caspule Assembeld in Water?

pure water is 9.6 + 0.3 A. As the peak positions of the
SAXS profiles of the two are almost same, the change in
the R, values with and without NaCl would arise from the
difference in the environment of the cavity of the
nanocube not from change in the size of the nanocube.
Indeed, the simulation of the SAXS profiles by changing
the size or the shape of the nanocube caused the shift of
the prominent peaks, and the SAXS profile of the
nanocube in 100 mM aq. NaCl could not be well repro-
duced by simulation. These results strongly suggest that
CI” anion(s) should be encapsulated in the nanocube in
100 mM aq. NaCl. In other words, the cavity of the
nanocube in pure water should be filled with water mol-
ecules. Therefore, the encapsulation occurring in the BM
nanocube can be described as the exchange of water
molecules filled in the cavity with the guest molecule(s),
so the release of unstabilized water molecules in the
nanocube contributes to the encapsulation of anions.
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Fig. 1. (a) SAXS profiles of a solution of the BM nanocube in

water with and without NaCl (100 mM). (b) The Guinier plots
for the SAXS data.
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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-23
hrs/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
SMW, 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 as
shown in Fig. 1. Only one void were observed. TEM ob-
servation of other irradiation condition specimens are
progress at the present.
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Fig. 1. Damages observed in neutron-irradiated copper
with temperature varying schedule. The irradiation was
carried out at first at 473K for 6 hours and subsequently
at 573 K for 40 hours at IMW.
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INTRODUCTION: Permanent magnets are used as
material of beam optical elements. While rare earth mag-
nets, such as NeFeB and SmCo, are known to have radia-
tion demagnetization [1], there is not enough information
for ferrite magnets, which are economical but have less
remanent field strength. In order to verify the resistivity
of ferrite magnets, we carried out a trial experiment on ra-
diation demagnetization of ferrite magnets irradiated by
neutrons at Kyoto University Research Reactor (KUR).

EXPERIMENTS: We acquired cylindrical anisotropic
ferrite magnets with 5 mm diameter and 2 mm length that
have easy-axis parallel to the cylinder axis. They are
popular off-the-shelf Y30H (Strontium Ferrite magnets).
Since they seemed to have common non-uniformity on the
easy-axis and they were randomly magnetized, they were
re-magnetized to have better magnetic uniformity. We
measured their magnetic field at both end surfaces with a
Tesla meter (SENIS 3MH3) using a magnet fixture jig pre-
pared for this experiment. The jig has a 0.5 mm thick
plastic plate between the Hall probe and the magnet end
surface to avoid a direct contact between them. Since the
Hall probe measurement is sensitive to the positioning er-
ror of magnets, another measurement method was devel-
oped. This rotates the small magnet in a coil and the am-
plitude of the induced voltage is taken. This method is
less sensitive to the positioning error.

The irradiation times were 46 hours at 1 MW operation
and 6 hours at 5 MW operation (HYD), and 4 weeks (Long
Term). Inthese two irradiation conditions, estimated val-
ues of thermal neutron fluence on the samples are 5.7 X
10'® [n/em?] and 8.6 X 10'® [n/cm?], respectively. A per-
manent magnet samples packed in aluminum sheets was
placed into a capsule together and sent to the reactor.  Af-
ter the residual radioactivity of the magnet and capsule de-
cayed sufficiently, we took out the magnet samples from
the capsule and measured the magnetic field. We com-
pared the magnetic field strength before and after the irra-
diations.

RESULTS: Fig. 1 shows the ratios of the magnetic field
strength before and after the irradiation. The error bars
show the standard deviations of measured data for each
magnet.

The broken vertical green line in Fig. 1 denotes neutron

Radiation Resistivity of Ferrite Permanent Magnets Against Neutrons

dose at which radiation demagnetization becomes signifi-
cant for NeFeB magnets [1]. Ferrite magnets were found
to be more resistant to the radiation than NeFeB magnets.

According to the data taken so far, the characteristic radi-
ation demagnetization dose is estimated about 1.4 X 102
[n/cm?]. Because of the regression function form, the
data points at less radiations have almost no effect on the
fitting result. The magnetization will be degraded to half
at dose of about 1 X 10?° [n/cm?].

PERSPECTIVES: The radiation hardness level of fer-
rite magnets close to those for SmCo magnets is an im-
portant information for communities handling radiations.
The ferrite magnets would be widely used in such applica-
tions.

More irradiation dose with improved magnetic field
measurement procedure clarified the demagnetization as a
function of the dose level. Measurements on other magnets
such as NdFeB and SmCo magnets with the same proce-
dure is planned for a systematic understanding on the ra-
diation demagnetization on practical magnet materials.
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Fig. 1: Ratio of radiation demagnetization of ferrite per-
manent magnet.
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INTRODUCTION: Increasing attention has focused
on the structural control of helical polymers owing to
their potential applications for asymmetric catalysts, chi-
ral stationary phase, and chiroptical materials. Recently,
we found that single-handed helical
poly(quinoxaline-2,3-diyl)s (PQXSs) bearing chiral side
chains exhibit a solvent-dependent helix inversion,!-
which can serve as effective scaffold for chirali-
ty-switchable materials. *7 To elucidate the mechanism
of the helix inversion of PQXs, we have investigated the
detailed structures of a PQX (100mer) with right- or
left-handed structures in tetrahydrofran-ds (THF-ds) or a
mixed solvent of 1,1,2-trichloroethane-ds (1,1,2-TCE-d5)
and THF-ds (4/1, v/v) by using small-angle neutron scat-
tering (SANS) experiments, in conjunction with theoreti-
cal calculations.® The obtained structures of the PQX
suggested that the right-handed structure in THF-ds is
well solvated, while the left-handed structure in
1,1,2-TCE-ds/ THF-ds (4/1, v/v) is less solvated.

Our recent interest has focused on the impact of the
dynamics 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 at BL-02 DNA in J-PARC. In this
study, we have carried out 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
according to our previous paper. 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 goniometer,
ALV/LSE-5003 electronics, and ALV-5000 Correlator
(ALV-Laser Vertriebsgesellschaft GmbH, Langen, Ger-
many). 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-ds or a
mixed solvent of 1,1,2-trichloroethane-ds (1,1,2-TCE-d5)
and THF-ds (4/1, v/v), respectively, to carry out DLS
measurements (Fig 1). In the both cases, the decay con-
stant /" and the square of the wave vector g showed line-
ar relationship, affording the diffusion constants in these
solvents. We are now working on the analysis of the

QENS measurements by using the results of the DLS
measurements.

100

O THF-dy
O 1,1,2-TCE-dy/THF-dj (4/1)

80

60

r(ms")

40

20

8x10°

Fig. 1 Correlation between the decay constant /" and the
square of the wave vector ¢>. The measurements were
carried out using solutions of the PQX in THF-dg (blue)
or a mixed solvent of 1,1,2-trichloroethane-d;
(1,1,2-TCE-ds) and THF-ds (4/1, v/v, red).

REFERENCES:

(1) Yamada, T.; Nagata, Y.; Suginome, M. Chem.
Commun. 2010, 46, 4914-4916.

(2) Nagata, Y.; Yamada, T.; Adachi, T.; Akai, Y.;
Yamamoto, T.; Suginome, M. J. Am. Chem. Soc. 2013,
135,10104-10113.

(3) Nagata, Y.; Nishikawa, T.; Suginome, M. J. Am.
Chem. Soc. 2015, 137, 4070-4073.

(4) Nagata, Y.; Nishikawa, T.; Suginome, M. Chem.
Commun. 2012, 48, 11193-11195.

(5) Nagata, Y.; Takagi, K.; Suginome, M. J. Am. Chem.
Soc. 2014, 136, 9858-9861.

(6)Nagata, Y.; Uno, M.; Suginome, M. Angew. Chem. Int.
Ed 2016, 55, , 7126-7130.

(7) Nishikawa, T.; Nagata, Y.; Suginome, M. ACS Macro
Lett. 2017, 6, 431-435.

(8) Nagata, Y.; Nishikawa, T.; Suginome, M.; Sato, S.;
Sugiyama, M.; Porcar, L.; Martel, A.; Inoue, R.; Sato, N.
J. Am. Chem. Soc. 2018, 140, 2722-2726.

31051

-155-



C04-9
K. Iwase and K. Mori'

Department of Materials Science and Engineering, Ibaraki
University

nstitute for Integrated Radiation and Nuclear Science,
Kyoto University

INTRODUCTION: Biomineralization, the process
through which living organisms form mineralized tissues
such as shell, bone, pearl, eggshell, exoskeleton, usually
takes place at ambient temperature and pressure. The
formed biominerals, nanocomposites made of inorganic
and organic substances,[1,2] are renowned for their me-
chanical properties[3]. For example, the shell of Strom-
busgigas is formed of 99% of volume inorganic phase
calcium carbonate with the aragonite structure and 1% of
organic phase. The nacre in this shell is 3000 times
tougher than single crystals of the pure mineral and
has a “crossed lamellar microarchitecture”[4,5].
Calcium car-bonate has three polymorphs: aragonite,
calcite, and va-terite. Calcite is the thermodynamically
most stable phase of calcium carbonate at ambient
conditions, whereas aragonite and vaterite are less stable.
The calcite phase is rhombohedral with space group R3c,
the aragonite phase is orthorhombic with the Pnma space
group, and the va-terite phase has the P6s/mmc space
group.

In this study, we investigated the inner, and outer layers
of Abalone shell (AWABI) by neutron diffraction

EXPERIMENTS: NPD data were collected by using
the step-scan mode of a diffractometer (B-3) with 1.0294
A wavelength. The powdered sample was sieved to a
particle size of <20 pum for the NPD measurements. The
Abalone shell was measured as non-powder sample.

RESULTS: Fig. | shows neutron diffraction profiles of
synthesized aragonite, synthesized calcite and Abalone
shell (AWABI). The shell has two layers. The inner layer
and outer layer are aragonite structure and calcite struc-
ture, respectively. The peak broadening was observed in
aragonite and calcite of the Abalone shell.

Fig. 2 shows the Rietveld refinement of the Abalone
shell. The shell consists of 82 mass % aragonite and 18
mass % calcite. The refined lattice parameters of arago-
nite phase of the Abalone shell were a = 0.5667(8) nm, b
= 0.4962(6) nm and ¢ = 0.791 (1) nm, respectively.
On the other hand, the refined lattice parameters of
synthe-sized aragonite were a = 0.5736(4) nm, b =
0.4961(3) nm and ¢ = 0.7960 (5) nm. The aragonite
phase of the Aba-lone shell expanded anisotropically
along a and ¢ axes from the synthesized aragonite.
The calcite phase of the Abalone shell indicated lattice
parameters a = 0.490(1) nm and ¢ = 1.712(8) nm, which
is smaller than that of the synthesized calcite, a =
0.4988(3) nm and ¢ = 1.705(1) nm.

The lattice parameters of the Abalone shell are different
from the synthesized sample. The Abalone shell has the
anisotropic lattice strain both aragonite and calcite phases.

Crystal structure analysis of Abalone shell

The mechanical properties of Abalone shell is superior to
single crystals of the pure mineral [4,5], which may be
relate to the anisotropic lattice expansion.
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Fig. 1 Neutron diffraction profiles of synthesized aragonite,
synthesized calcite and Abalone shell.
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Fig. 2. Rietveld refinement pattern of Abalone shell.
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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,
7 method) from viewpoints of limited availability of
high-enriched uranium, no-proliferation and nuclear se-
curity, and disposal of nuclear fissile materials. It is es-
sential to improve the properties of Alumina (A1,Os) used
widely as Mo adsorbent for the “Mo/**"Tc generator.

In last year's study, four types of A1,O3 specimens were
prepared and their properties were evaluated by batch
adsorption (Static adsorption) which immersed AlOs
specimens in the sodium molybdate solution (Mo solu-
tion). In this study, Mo was adsorbed by column adsorp-
tion (Dynamic adsorption) which packed Al,Os speci-
mens in a tube and flown Mo solution in that. Then the
elution test of Tc-99m was carried out.

EXPERIMENTS: The MoOs pellets were fabricated by
the cold pressing and sintering method. Density of MoOs
pellets was about 60%T.D. The MoO; pellet pieces
(about 1.5g) were irradiated in the Pn-2 of the KUR for
20min. After the irradiation, the irradiated MoO; pellet
pieces were dis-solved with 6M-NaOH solution. Then,
the Mo adsorption tests of the Al,Os specimens were car-
ried out with the Mo solution (10mg-Mo/mL, pH4) at RT.
A column was prepared by packing lg of each AlO;
specimens into a PFA tube (I.D. 1.59mm). **Mo was ad-
sorbed by flowing in the column a Mo solution
(0.3~0.4mL/min) using a peristaltic pump. After this
process, the saline was flowed through in this column
about every 24h and the *™Tc was eluted from each
AL Os specimens. The activities of Mo and **™Tc in the
solution were measured by the y-ray spectrometer.

RESULTS: Table 1 shows the comparison results of
%Mo adsorption capacity by each Al,Os specimen in dy-
namic adsorption and static adsorption. In dynamic ad-
sorption, the Mo adsorption capacity was decreased as
compared with that by the static adsorption. It seems that
packing the ALl,O; specimens into an elongated tube im-
proved the washing efficiency and removed Mo weakly
adsorbed on the Al,Os specimens, remaining in the col-
umn.

Table 2 shows the elution rate of *Tc from the Al,O3
specimens, the pH of the *™Tc eluate and the “Mo/***Tc

ratio, which is an indicator of the Mo contamination
rate in the ®™Tc eluate, on the first milking. As a result,
the elution rate of *™Tc was over 100% at 1.5mL of
milking in dynamic adsorption, while the elution rate was
around 56-87% in static adsorption. It is thought that the
elution efficiency was improved by filling Al,Os speci-
mens into a long and thin tube, whereby the contact be-
tween saline and Al,Os; specimens became uniform. The
pH of the eluted *™Tc solution didn't depend on the
method of adsorbing Mo, and satisfied the standard value
of pH 4.5-7.0. This suggests that Al,Os specimens was
sufficiently cleaned by either method. The *Mo/*™Tc
ratio was greatly reduced in dynamic adsorption com-
pared to that by static adsorption. Therefore, the
PMo/?™mTc ratio is greatly affected by the method of ad-
sorbing Mo, which means the column shape and the line-
ar flow rate during elution may affect that.

In the future, the effects of column diameter and linear
flow rate on *™Tc elution and Mo desorption will be
investigated.

Table 1 Results of Mo adsorption capacity of ALO;
specimens

%Mo adsorption capacit
Items P pacty

(mg/g-Al203)
Specimen-1 Dynamic 51.9
(D-201-300) Static 574
Specimen-2 Dynamic 48.7
(V-V-300) Static 55.4
Specimen-3 Dynamic 63.8
(V-B-300) Static 388
Specimen-4 Dynamic 27.0
(Medical) Static 390

Table 2 *™Tc elution rates from ALO; specimens and the
pH, the **Mo contamination of *™Tc solution in 1% milking

9mT¢ elution rates Mo contamination

Items at 1.5mL in Milking oonr pH Of_ . at 1.5mL in Milking
(%) Tc solution [°Mo/”™Tc (%)]
Specimen-1 Dynamic 104.2 486 0.080
(D-201-300)" gatic 56.8 5.06 0.58
Specimen-2 Dynamic 105.4 4.77 0.500
(V-V-300)  gpatic 79.5 4.50 3.46
Specimen-3 Dynamic 110.0 521 0.132
(V-B-300)  gpatic 68.4 4.69 2.69
Specimen-4 Dynamic 108.0 4.48 1.108
(Medical) ™ g iic 86.6 4.41 8.77

* in 4.5mL (Dynamic), in 9.0mL (Static)
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INTRODUCTION: Radiophotoluminescence (RPL) is
a luminescence phenomenon in a material induced by
exposure to high-energy radiation. Silver-activated
phosphate glasses are well known as a material exhibiting
the RPL phenomenon, and these glasses are applied for a
personal dosimeter [1]. However, only a few materials
have been found to have a prominent RPL other than the
silver-activated phosphate glasses. Thus, extensive ex-
ploration is performed to obtain materials having high
performance RPL behavior. We have reported that in
aluminoborosilicate glasses doped with an extremely low
content of copper, intense photoluminescence is induced
by the exposure of the glasses to X-ray and y-ray irradia-
tion [2]. The mechanism of the RPL phenomenon for the
Cu-doped glass is considered to be as follows [2]:

Copper in the glass mainly exists as divalent Cu?* or
monovalent Cu* ions. The former, Cu?* ion, has no lumi-
nescence while the latter, Cu* ion, has a bright one
around 500 nm by the excitation at 240 nm. When the
glass doped with copper is exposed to high-energy radia-
tion, electron and hole pairs are generated in the glass as
expressed by (1) and a part of them are captured by Cu?*
and Cu* ions, respectively as equations, (2) and (3).

Glass — h*t +e” 1)

Cu?** +e” — Cut )

Cu* + h* — Cu** ?3)

When the electron capture process (2) is more predomi-
nant than the hole capture process (3), the concentration
of the luminescence species, Cu*, increases and as a re-
sult, the luminescence will increase.

We have investigated the RPL behaviors of
copper in other glass systems. Here, we report the photo-
luminescence behaviors of Cu-doped silica glass that was
prepared through the immersion of a porous silica glass
in a Cu(NOs3), aqueous solution using the glass as a start-
ing material [3].

EXPERIMENTS: The porous silica glass used as a
starting material was prepared from a phase-separated
borosilicate glass with a composition, 9.0Na,O -
26.6B,0;3 - 64.45i0,. The porous silica glass was im-
mersed in 0.0005 to 0.005 M Cu(NOs), aqueous solution
to dope copper into the porous silica glass. The Cu-doped
porous silica glass was sintered at 900°C for 2 hours, and
cut and optically polished to 1 mm thickness. The
Cu-doped silica glass (abbreviated as Cu-SG, hereafter)

was exposed to y-ray or X-ray radiations. The y-ray irra-
diation experiments were performed with %°Co y-ray at
the Co-60 Gamma-ray Irradiation Facility at Institute for
Integrated Radiation and Nuclear Science, Kyoto Univer-
sity. The irradiation dose was represented as absorbed
dose for water. The X-ray irradiation was performed us-
ing an X-ray source with a Rh target.

RESULTS: Figure 1 shows the photoluminescence
spectra of the 0.0005 M-Cu-SG silica glass (prepared by
the immersion in 0.0005 M Cu(NOs3), solution) measured
before and after the y-ray irradiation with the intensity of
approximately 800 Gy and the appearance of the glass
under the UV-radiation. The spectra and the appearance
of the 0.005 mol% Cu-doped aluminoborosilicate glass
(abbreviated as Cu-ABS25) was also shown for compar-
ison. Both spectra after the irradiation are normalized
with the intensity of the spectra before the irradiation,
respectively. The photoluminescence intensity for the
Cu-SG increased approximately two times by the irradia-
tion (see the solid line arrow) while that for the
Cu-ABS25 increased four times (dotted line arrow). The
spectrum of the Cu-SG shifted to the longer wavelength
direction after the irradiation and the color of the lumi-
nescence varied from blue to yellow. This is due to the
difference in the coordination environment of the Cu*
generated by the electron capture from that of the Cu*
existing before the irradiation as the glass prepared.
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Fig. 1. Emission spectra of Cu-doped glasses
(Cu-SG and Cu-ABS). The spectra were normalized
with the peak intensities of the spectra before irradi-
ation.

The intensity of photoluminescence after
the irradiation was proportionally increased with the ab-
sorbed dose. The ratio of the intensities after and before
the irradiation decreased with the concentration of copper
incorporated into the glass.

REFERENCES:

1] R. Yokota, et al., J. Phys. Soc. Jpn., 23 (1966
[ ]1038_ kota, Y. p (1966)

[2] H. Hashikawa, et al., J. Am. Cer. Soc., 102(4) (2019)
1642-1651.

[3] D. Chen, et al., Appl. Phys. Lett., 86 (2005) 231908.

31066

-158-



CO4-12

M . Kobayashi, T . Miyachi , S . Takechi!, Y. Morita',
A. Umehara?, Reo Kunimatsu? and Ryo Sasaki?

Planetary Exploration Research Center, Chiba Institute
of Technology

!Graduate School of Engineering, Osaka City University
’Department of Engineering, Osaka City University

INTRODUCTION: In the previous years, we have
found that when irradiating high intensity heavy ions to a
piezoelectric element (400 MeV/n Xe beam at HIMAC of
the National Institute of Radiological Sciences [1][2]), its
resonance frequency and anti-resonance frequency are
shifted and also the impedance at the resonance frequen-
cy and anti-resonance frequency are changed by beam
irradiation and then the electromechanical coupling coef-
ficients of those piezoelectric elements were decreased.

There are two types of radiation damage to general
materials, due to ionizing and non-ionizing dose effects
(or displacement damage). Since the piezoelectric ele-
ment is a crystalline material, it is considered that the
crystal is damaged by the beam irradiation and thus the
characteristic parameter such as the resonance frequency
has changed. However, detailed mechanism such as its
mechanism is not known.

Therefore, in this study, we investigated the response

of the piezoelectricity against energetic electron beam
irradiation which has dominantly ionizing effect (less
non-ionizing effect) to compare with the previous results.
EXPERIMENTS AND RESUTLS: In this year, we
had two experiment campaigns for electron beam irradia-
tion to piezoelectric PZT elements in KURRI-LINAC.
(1) The first experiment on May 27 to 31 in 2019: In the
experiments up to the previous year, we found that the
decrease in piezoelectricity due to electron irradiation
was smaller than that due to xenon irradiation. Therefore,
we devised an experiment setup to improve the quality of
the experiment in order to have more quantitative discus-
sion. The setup of irradiation target holder and position-
ing mechanism has been improved for more precise posi-
tioning against the electron beam because results were
sometimes varied even if the beam condition was the
same. As the results, the change of the electromechanical
coupling coefficients of irradiated PZT targets against the
current of electron beam became less variable.

We have monitored the temperature on the surface of
the target piezoelectric elements which were cooled by
forced air cooling during electron irradiation to the ele-
ments because the piezoelectricity can be lost or reduced
by heat when the temperature becomes close to its Curie
point. We estimated the internal temperature of the target
piezoelectric elements with a thermal analysis taking into
account of the forced air cooling and noticed that the in-
ternal temperature can be higher than the surface one. We
performed how the piezoelectricity is reduced by temper-
ature by using a thermostatic chamber and obtained a
function of “piezoelectricity loss” of the piezoelectric
element as temperature.

Study of resonant frequency change with irradiation dose of piezoelectric PZT element

(2) The second experiment on January 27 to 31 in 2020:
We performed the second electron irradiation experiment
so that the internal temperature may not become over the
point at which the piezoelectricity begins to be reduced,
by monitoring the surface temperature of the target ones.

As the results, we could measure the net reduction in
piezoelectricity due to electron beam irradiation. An ex-
periment was conducted in which one specimen was irra-
diated with an electron beam for 15 hours or more, which
we had never done previously because it was difficult to
ensure the reproducibility of the experiment before this
experiment.

We confirmed that the electromechanical coupling
coefficient changes in the experiment of electron beam
intensity, which is considered to be the effect of radiation
only. For more better measurement, we used the other
cable to connect the target piezoelectric with the meas-
urement devices of impedance analyzer to exclude the
effect of the capacitance of the cable and then we found
that the measurement results vary depending on the cable
attached to measure the piezoelectricity of the piezoelec-
tric element. We will improve the situation in the future.

In this experiment campaign, we measured gamma
rays emitted from radio-activated target piezoelectric
material. That radioactivity may be produced by neutrons
created by energetic electron. In order to determine the
net effect of electron irradiation, we will evaluate the
effect of radiation damage by neutron by analyzing the
gamma ray spectra that we obtained in the experiments.
SUMMARY AND FUTURE PROSPECTS: In the ex-
periments up to the previous year, we had difficulty to
ensure reproducibility such as the alignment of the target
with respect to the electron beam, but we were able to
establish an experimental setup for high-precision meas-
urement. As a result, we were able to specify a certain
temperature point distinguish only the effects of radiation
irradiation to piezoelectricity decrease. There is a prob-
lem with the cable for measurement, but we will solve the
problem for experiments in the next experiment cam-
paign for more further accurate measurements.
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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
energy eclectron beam. Before and after that, positron
annihilation experiment was carried out to identify the
radiation defect. In addition, EBSD (Electron Back
Scatter Diffraction Patterns) analyses has been carried
out on the specimens before and after the electrons irra-
diation. Tritium 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, sinter-
ing, 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-

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 %. Temperatures of pre-heating
and T exposures were 100 °C and 100 °C. After the ex-
posure to T gas, T amount retained in surface layers of
the sample was evaluated by f -ray-induced X-ray spec-
trometry (BIXS) and imaging plate (IP) measurements.

RESULTS: As shown in Fig. 1, mean lifetime from
RC-W is smaller than that from SR-W. After the e irradi-
ation, mean lifetime of both increases. 1; and 1, from the
SR-W is bigger than that from RC-W. In addition, I, from
RC-W is bigger than that from SR-W. Because 1, of
RC-W after the e irradiation is 266.1 ps, defects are con-
sidered to aggregate by temperature increase due to the
irradiation.
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Fig. 1. Positron life time(a) and intensity of I» (b).
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INTRODUCTION: FLiNaBe, which is a mixed mol-
ten salt of LiF+NaF+BeF,, is a promising liquid blanket
material for a fusion reactor [1]. Tritium is produced in
FLiNaBe by the nuclear reaction between neutrons and
Li in the blanket. In the self-cooling system where the
tritium breeding material itself transport heat to the heat
exchanger, FLiNaBe plays two important roles of tritium
transport and heat transport. Since FLiNaBe have a low
solubility for hydrogen isotopes, the generated tritium
tends to release from FLiNaBe. This property means that
tritium can be easily recovered from FLiNaBe but also a
part of tritium is lost to the outside of cooling tubes by
the permeation on the way to the tritium recovery system.
In order to control tritium safely and to design tritium
recovery system, it is necessary to understand the fun-
damental behavior of trittum generated inside FLiNaBe
by nuclear rection. In this study, the solid state sample of
FLiNaBe was irradiated by thermal neutrons at Kyoto
University Research Reactor, and tritium release behav-
ior from the free surface of FLiNaBe by heating was ob-
served in Kyushu University.

EXPERIMENTS: In the powders of LiF, NaF and
BeF, were mixed in a Ni crucible under Ar atmosphere.
The Ni crucible was put in the stainless-steel heating pot
and repeatedly heated to 500 °C with Ar purging to re-
move impurity water vapor. The heating was repeated to
homogenize the FLiNaBe. The prepared sample of
FLiNaBe was packed into polyethylene bag with Ar gas
and it was installed into a capsule. The thermal neutrons
irradiation was performed by at pneumatic tube 2 (Pn-2)
in Kyoto University Research Reactor with the fluence of
at Pneumatic Tube 2 (Pn-2) of the 1.7x10' cm™.

Tritium release experiment was carried out in Kyushu
University. The schematic illustration of experimental
apparatus is shown in Fig.1 The irradiated sample was
put in a Mo crucible and it was installed in the stain-
less-steel reaction tube. The sample was heated to 600 °C
with Ar purge. The chemical form of tritium released
from the sample was expected to be TF and HT (T») and
HTO (T20). In this experiment, since HT and T, HTO
and T>O cannot be distinguished, here these are repre-
sented as HT and HTO, respectively. HTO was collected
in a cold trap, which was a spiral cupper tube immersed
in ethanol with dry ice. TF was collected in a first water
bubbler, and HT were collected in a second water bubbler
after conversion to HTO by a CuO bed. The water of

Tritium release behavior from neutron-irradiated FLiNaBe

each bubbler was sampled periodically to observe the
changes with time in release rates of TF and HT. After the
experiment was finished, the temperature was increased
to room temperature and cumulative HTO in the cold trap
was purged by Ar and it was collected in a new water
bubbler.

Heater
— [0 H2>H20

for water vapor purge

I
Y

Crucible

Heater TF

Cold-trap
(Ethanol with dry ice)

9| T20
3| or
3 | HTO

T2 - T20
HT - HTO
1< Heater

T2 or HT

Fig.1. The schematic of experimental apparatus.

RESULTS: Fig.1 shows cumulative HT and TF re-
leased from neutron irradiated FLiNaBe in the initial
heating to 600 °C. As shown in Fig.1, most tritium was
released as HT. After cooling the temperature below the
melting point, the heating at 700 ° C was performed again.
As a result, the release rate of TF gradually increased,
and the rates of TF and HT reached the same degree. Ini-
tially tritium would be presence as TF in FLiNaBe but
after melting TF was considered to react with Mo on the
crucible and Fe on the reaction tube and converted to T».
It can be said that as the fluoridation on the metal surface
progressed, the reduction reaction of TF decreased, and
the release rate of TF increased. This result suggests the
possibility of redox control of TF by Mo. The release
ratio of each chemical form was approximately TF: HT:
HTO = 30:64:6. The majority of tritium was released as
HT (or T2). This result indicates that corrosion of metals
by TF occurred in tritium release process. In the next
experiment, the effect of H, purge on the suppression of
corrosion will be investigated.
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Fig.2. HT, T» and TF release from irradiated FLiNaBe.
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CO4-15 Positron Age-Momentum Correlation Mesurements of y-rays Irradited Polystyrene

H. Tsuchida'?, S. Konishi?, Q. Xu® increases linearly with dose, and there is a clear correla-
tion between the S parameter and y-rays radiation dose.
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INTRODUCTION: ~ Studies on the irradiation-induced g 045yt LTI Pt
damage in polymers are of technical importance for de- S oaat '5; : o
veloping radiation-resistance materials. In this work, we :; FRL I LTI ! t
investigate microstructure changes of free volume in 0434 @ !; i + % T
polystyrene induced by y-rays irradiation at high dose. 9; .# 2 * 4 +
The free volume affects materials properties. The result- 0.424 + 1
ant damage was analyzed by the age-momentum correla- 0 1 5 3 45 6 7
tion (AMOC) positron annihilation technique. The AM- Time [ns]
OC is a correlated measurement of the positron lifetime
(positron age) and the momentum of the annihilating pos- ) )
itron-electron pair. We study the radiation-induced dame Fig. 1. Time dependent S-parameter of the o-Ps
near free volume of polystyrene via the annihilation pro- pick-off annihilation for before irradiation (w) and
cesses of ortho-positronium (o-Ps). after Co-60 y-rays irradiation at different dose: 30
kGy (@), 200 kGy (¢), 300 kGy (e), and 400 kGy
EXPERIMENTS: The experiments were performed at (®).
the Co-60 y-rays irradiation facility of KURNS. Polysty-
rene was used as a target specimen. The specimens with a
thickness of 2-mm were irradiated with Co-60 y-rays 0.46 . T T T T
with energies of 1.17 and 1.33 MeV at various doses of
30, 200, 300 and 400 kGy. The irradiation experiments =
So045{ © ]
were performed at room temperature. The dose rate was 5] §
10 kGy/h. In the specimens after irradiation, we analyzed §
the resultant damage using B'—y based AMOC measure- = 0.44 L -
ment system with Ge-68 positron source. : .
f; 0.43 1
RESULTS: Based on the observed AMOC spectrum, "
we obtained variation of S parameter as a function of 0.42 , , , , ,
positron age (¢), where S corresponds to the positron an- 0 100 200 300 400
nihilation Doppler Broadening, which is defined as the y irradiation dose [kGy]
ratio of the counts in the central position of the annihila- ) o .
tion photopeak to the total counts in the peak. Figure 1 Fig. 2 Variation of S parameter for the o-Ps pick-off
shows typical results. In this figure, S parameter at time annihilation as a function of dose. The symbols de-
region ¢ = 0—3 ns corresponds to annihilation of free pos- note data observed for before (o) and irradiated
itrons or para-positronium (p-Ps). S at £ > 3 ns corre- specimens (m).

sponds to the pick-off annihilation of o-Ps formed in the
free volume of polystyrene. The behavior strongly de-
pends on the radiation dose, and the S parameter signifi-
cantly decreases with increasing dose.

The S parameter of o-Ps is attributed to interactions of
0-Ps with low-momentum electrons near free volume. We
defined an average value of S parameter at time region 3
ns < ¢ <7 ns as the S parameter for o-Ps pick-off annihi-
lation. Figure 2 shows its dose dependence. One can see
that the S parameter decreases with increasing y-rays
radiation dose. In this case, the measured lifetime of o-Ps
annihilation (t; = 2.03 ns) remains unchanged after irra-
diation. We found that radiation damage near free volume
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INTRODUCTION: We have reported that the for-
mation of swelled nano-porous structures can be formed
on Ge surfaces by Ga, Au or Si ion irradiations at the
energy of 100-200 keV, but no such structures were ob-
served by 15-30 keV ion irradiations [1]. We have also
observed the formation of nano structures on the 25-60
keV Ar*-irradiated areas of the Ge (110) surfaces, and the
measurements of S parameters from the Doppler broad-
ening of annihilation gamma-rays as a function of inci-
dent positron energy by the KUR slow positron bean
system were performed [2]. The increases of the S pa-
rameters were observed for the ion-irradiated surfaces by
the 25-50 keV Ar" with the ion fluences of 1-5 x 10'¢
cm?, showing the formation of atomic vacancies and/or
voids on the ion-irradiated surfaces. On the other hand,
we have found that nano-scale bumps on both Si and
SiO; surfaces were formed by Ga* irradiation at an ener-
gy of 0.5 or 4 keV. In the present study, such Ga* irradia-
tion was performed on Ge (110) surfaces and the S pa-
rameter was measured.

EXPERIMENTS: Ga" ion irradiation on the Ge (110)
chip surfaces (each size of 1.5 x 1.5 cm?) was performed
using a needle type liquid-metal ion source at the accel-
eration voltage of 0.5 or 4 kV with the ion fluence of 1 x

Fig. 1. AFM images of Ga'-irradiated (using ion en-
ergy and fluence of (a) 0.5 keV and 1x10'* cm™2, (b)
0.5 keV and 1x10" cm?, (c) 4 keV, 1x10" cm™, re-
spectively,) and (d) un-irradiated Ge(110) surfaces.

10 or 10" ¢cm™. S parameters were measured using the
KUR slow positron beam system.

RESULTS and DISCUSSION: Figure 1 shows the
three-dimensional atomic force microscope (AFM) im-
ages of the Ga'-irradiated surfaces. Figure 2 shows the S
parameters as a function of positron energy for the corre-
sponding samples as shown in Fig. 1. It is found that the
behavior of the S parameter for the 0.5 keV, 1 x 10'* ¢cm™
Ar" irradiated surface was almost the same as that for the
un-irradiated surface, although the values were unnatu-
rally different each other. This can be supported from the
similar AFM images, as shown in Figs. 1(a) and 1(d),
although the density of the bumps was different. For the
larger Ar* fluence and irradiation energy, however, the
surface morphology was drastically changed, as shown in
Figs. 1(b) and 1(c). This might be relevant to the drastic
increase in the S parameters for them.
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Fig. 2. S parameters for low-energy Ga*-irradiated and
un-irradiated Ge(110) surfaces as a function of positron
energy.

CONCLUSION: Effect of the low-energy Ga ion irra-
diation on Ge (110) surfaces was studied using S param-
eters of the slow positron beam measurements. It is found
that Ga" irradiation at lower energy (such as 0.5 keV) and
lower fluence (1 x 10" ¢m?) makes almost no effect on
the formation of atomic vacancies and/or voids on the Ge
surfaces.
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INTRODUCTION:

The thermodynamically stable Al-based icosahedral
quasicrystals, which contain transition metals, have the
anomalous electrical-conductivities, such as semicon-
ductor-like properties [1]. However, there is no evidence
for a gap as in semiconductors, and the structure is highly
orderd, although it is no periodic. Mayon et al.[2] pro-
posed a possible explanation for the unusual transport
properties of Al-based quasicrystals in terms of hopping
processed between wave functions mainly localized in-
side icosahedral clusters. Kimura et al.[3] have discussed
the importance of vacant centers of the icosahedral clus-
ters in the anomalous transport properties and stabilities
of Al-based quasicrystals. They have shown that
12-atoms Al icosahedra with a vacant center have a co-
valent bonding nature, while 13-atoms with a center atom
have a metallic bonding nature. Kirihara et al.[4] per-
formed an electron density distribution analysis for 1/1
AlReSi approximant crystal and 1/0 AlRe approximant
crystal by the MEM/Rietvelt method, which induced me-
tallic-covalent bonding conversion in Al-based quasi-
crystals and approximant crystals. Positron annihilation
method is powerful one for detecting structural vacancies
of icosahedral quasicrystals[5]. Recently Kimura and
coworkers [6] have done positron annihilation measure-
ments of the positron lifetime, coincidence Doppler
broadening(CDB), and depth profiling by slow positron
beams for 1/1 AlReSi approximant crystals. They showed
that 1/1 AlReSi approximant crystal has structural vacan-
cies in the order of 10, which are identified to be center
sites of the first shell of icosahedral clusters, and then
found that the structural vacancy density of metallic 1/1
AlReSi with less Re is lower than that of non-metallic
AlReSi with more Re. These results accelate further in-
vestigation of the relationship between structure, bonding
nature, and electrical properties for 1/1 AlReSi approxi-
mant crystals with different Re concentrations, leading to
better understanding of physics behind quasicrystals and
approximant crystals in terms of the proposed metal-
lic-covalent binding conversion which occurs according
to the occupation and vacany of the center sites of the Al
icosahedral clusters. Tamura et al.[7] have measured the
electrical-conductivities of AIPdRu quasicrystals, 2/1
AlPdRu approximant crystal, and 1/0 AIPdRu approxi-
mant crystal. They found very interesting resuls. That is,
quasicrystal AIPdRu and 2/1 AIPdRu approximant crystal
have non-metallic properties, while 1/0 AIPdRu approx-

imant crystal have metallic properties. It is of signifi-
cance to investigate AIPdRu quasicrystal and, AIPdRu
approximant crystals, from the standpoint of structural
vacancy density. In this study, we have measured the
Doppler broadening of quasicrystal AlPdRu, 2/1 ap-
proximant crystal AIPdRu, and 1/0 approximant crystal
AlIPdRu by the slow positron beam, and also measured
coincidence Doppler broadening(CDB) of 2/1 approxi-
mant crystal AIPdRu and 1/0 approximant crystal AlP-
dRu.

EXPERIMENTS and RESULTS:

By using the slow positron beam, we have estimated
the change in S-parameter with positron-incident energies
in 2/1 approximant crystal AIPdRu, and 1/0 approximant
crystal AIPdRu. In the case of 1/0 approximant crystal,
S-parameter increases from ~0 to ~ 1 keV. While, in the
case of 2/1 approximant crystal AIPdRu, S-parameter
increses remarkably from ~0 to ~0.5 keV. This means that
the density of structural vacancies in 2/1 approximant
crystal AIPdRu might be higher than that of 1/0 approxi-
mant crystal AIPdRu. These results are consistent with
those of positron lifetimes of approximant crystals 2/1
AlPdRu and approximant crystals 1/0 AIPdRu by slow
positron beams (unpublished data). Furthermore, the pre-
sent results seem to be reasonable from the standpoint of
the metallic-covalent bonding conversion which occurs
according to the occupation and vacancy of the center
sites of the Al icosahedral clusters. Unfortunately, we
could not prepare the sample of AIPdRu quasicrystals. In
order to investigate the relationship between structure,
bonding nature, and electrical properties, in Al-based
quasicrystals, positron annihilation measurements of
AlPdRu quasicrystals have been required.

We have done the coincidence Doppler broadening
spectra of 2/1 approximant crystal AIPdRu and 1/0 ap-
proximant crystal AIPdRu. To identify the positron trap-
ping sites in 2/1 approximant crystal AIPdRu and 1/0
approximant crystal AIPdRu, the core electron momen-
tum distribution of samples were measured by the coin-
cidence Doppler broadening spectra. Experimental results
suggest strongly that the trapping sites of 2/1 approxi-
mant crystal AIPdRu and 1/0 approximant crystal AIPdRu
seem to be Similar.
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INTRODUCTION: Coherent radiation emitted from a
short bunch of relativistic electrons is useful as a bright
light source in the THz-wave and millimeter wave
regions for the spectroscopic purpose. Coherent transition
radiation (CTR), which is emitted from a boundary

between two media, is one of such a coherent light source.

CTR is usually utilized as a non-polarized light source,
because the electric vector of transition radiation (TR)
emitted from a metallic screen is axially symmetric with
respect to the trajectory of an electron beam. In this
wavelength range, it is difficult to generate the circularly
polarized light because of the property of the optical
device. In my previous reports [1] the circularly polarized
CTR using a pair of wire-grid radiators with the different
polarization has been developed with a new idea. The
significant point of my new technique is the use of
linearly polarized CTR with the wire-grid radiator. With
this technique the polarization degree is able to be
controlled precisely. Circularly polarized light has been
useful in the circular dichroism spectroscopy. Before
using the light, spectra of some kinds of amino acid have
been measured using linearly polarized CTR [2]. In this
report absorption coefficients of them are compared.
EXPERIMENTAL PROCEDURES: The experiment
was performed at the coherent radiation beamline [3] at
the L-band linac of the Research Reactor Institute, Kyoto
University. The energy, the width of the macro pulse, and
the repetition rate of the electron beam were 42 MeV, 47
ns, and 60 Hz, respectively. The average current of the
electron beam was 2.3 pA.

Ti windaw  _—=——"""|  glactron
= wgen | gt

from
L-band Linac CTR

Azcn lerator Room

Shield Tall

Exper imental Room

terfaramana

Fig.1 The schematic diagram of the experiment.
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The spectrum of CTR was measured by a

Martin-Puplett type inter- ferometer and a
liquid-helium-cooled Si bolometer. The schematic
diagram of the experiment was shown in Fig.1.
Figure 2 is the photograph of the spectrometer and the
detector.
RESULTS: The thickness of these samples was 2 mm.
Calculated absorption coefficient of
Phenylalanine, and Tryptophan, are shown in Figs. 3.
Difference between L and D forms has been observed. In
order to investigate this discrepancy, it is necessary to
measure using the circularly polarized light.

o -Alanine,
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Fig.3 Absorption Coefficient of some kinds of
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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. In this work, we contribute to a
debate about hypothetical sluggish diffusion phenomena
in high entropy alloys by investigating the vacancy mi-
gration behavior in CoCrFeMnNi high entropy alloys and
their subsystems during the isochronal annealing after
electron-irradiation.

EXPERIMENTS: Vacuum induction melted ingots of
CoCrFeMnNi, CoCrFep2sMnNi, CoCrFeNi and CrFeNi
alloys were purchased from Koujundo chemical labora-
tory (Japan). The ingots were homogenized at 1373K for
24 h in silica tubes under Ar atmosphere, and were then
machined into 10 x 10 x 0.5 mm plate pieces by electric
discharge machining. The alloy ingots were cut into
square plate specimens with dimensions of 10 x 10 x 0.5
mm?. The specimens were subjected to strain relief an-
nealing 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 thermal stability of vacancies, the electron irradiated
specimens were subjected to the subsequent isochronal
annealing 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 180 ps. The positron lifetime measurements
require data acquisition for approximately 15 hours with

a Na-22 positron source of 0.5 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 185-195 ps.
This indicates that a part of positrons is trapped by mon-
ovacancies or relatively small vacancy clusters intro-
duced by during the electron irradiation. After the subse-
quent isochronal annealing, the mean positron lifetime is
found to decrease sharply around 473K. This can be at-
tributed to the decrease in vacancy concentrations trig-
gered by the free vacancy-migration. It demonstrates the
vacancy migration enthalpy in the CoCrFeMnNi high
entropy alloy is very similar to that in the CrFeNi alloy.
These results indicate that the “'sluggish diffusion”
hypothesis is not supported in CoCrFeMnNi high entropy
alloys and their subsystems at least in view of vacancy
migration behavior.
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Fig. 1 Mean positron lifetime in the electron-irradiated
CoCrFeMnNi, CoCrFep2sMnNi, CoCrFeNi and CrFeNi
alloys after isochronal annealing.
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INTRODUCTION: In nuclear decommissioning of
Fukushima Daiichi Nuclear Power Plant, observation of
the inside of the primary containment vessel (PCV) is one
of the key issues. For this purpose, many sensors includ-
ing image sensor and radiation sensor have been under
development [1, 2]. The data transfer from these devices
put into the PCV should be made by cable, because radio
wave cannot propagate out. The cable is also exposed to
the radiation field, and therefore some currents would be
induced by radiation. Such currents may cause an error in
the sensor output. Therefore, it is important to know how
large current would be induced at the cable, and to sup-
press the generation of the current. For this purpose, we
have observed the current induced at a coaxial cable by
gamma-ray irradiation.

EXPERIMENTS: The gamma-ray irradiation was
performed at Co-60 gamma-ray irradiation facility at In-
stitute for Integrated Radiation and Nuclear Science,
Kyoto University. The coaxial cable examined in this
study was 1.5D-QEV. A 15 m-long 1.5D-QEV cable was
wound with a diameter of 20 cm. One end of the cable
was connected to a coaxial cable of RG58A/U, which had
been lain for taking the signal out of the irradiation room.
The measurements of the current were performed with a
compact pico-ammeter. Another end of the cable was
terminated with a silicon diode installed in stainless steel
can equipped with the connector of the coaxial cable. Use
of the silicon diode was because it has similar structure
with the solar cells, but it generates photocurrent only a
little. For comparison, measurements were done with the
cable with the end open. For both cases, the outer shield
was grounded. Measurements were also made without
grounding the outer shield of the cable. The cable was set
at the position with different distance from the gam-
ma-ray source. It was not easy to estimate the dose of
irradiation to the cable accurately, the results were ar-
ranged with the dose rate at the center of the wound ca-
ble; the practical dose rate would be lower than this val-
ue.

RESULTS: Figure 1 shows the results of the observed
currents as a function of the dose rate at the center of the
wound cable. The data in Fig. 1 were acquired with the

grounded cable. When the one end of the cable was open,
approximately -40 pA was observed at the position where
the dose rate of irradiation was 200 Gy/h. When the end
was terminated by a silicon diode, the current increased
to about -110 pA at the same position. If the difference of
these results was attributed to the generation of photo-
current of the diode including radiation excited one, the
current should be shift towards positive. The reason for
the difference has not yet been clarified. The slope at the
lower dose rate region is steeper than that at the higher
dose rate, and this would be attributed to the fact that the
actual dose rate was lower than that at the center of the
wound cable.

When the outer shield of the cable was not grounded,
the observed currents showed positive value in most cas-
es. It was also shown that the observed current had a
gradual change. These phenomena would be due to the
charging of the cable. The present study showed the fact
that grounding the outer shield of the cable is important
not only for the cancelling the electric noise but also for
suppressing the radiation effects.

ACKNOWLEDGEMENTS: The present study was
supported by “Development of Dosimeter in Harsh Core
Radiation Environment”, through the Center of World
Intelligence Project for Nuclear S&T and Human Re-
source Development by Japan Atomic Energy Agency.
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Fig. 1. Observed currents of the 1.5D-QEV cables
under the gamma-ray irradiation.
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INTRODUCTION: Due to the higher melting point
and lower sputtering yield, tungsten (W) is considered as
a candidate for plasma facing materials (PFMs) in the
future fusion reactors. During the operation, W will be
exposed to 14 MeV neutrons produced by D-T fusion
reaction. The damages introduced by 14 MeV neutrons
are considered to enhance hydrogen isotope retention
compared to that for undamaged W. For the development
of the effective fuel recycling and the safety operation, it
is necessary to clarify the correlation between hydrogen
isotope retention and damage level in W produced by
neutron irradiation. In this study, irradiation damages
were introduced by neutron and damage level was con-
trolled by irradiation time, and the D retention behaviors
were evaluated by thermal desorption spectroscopy
(TDS). To evaluate the damage level by neutron irradia-
tion, positron annihilation spectroscopy (PAS) was also
performed.

EXPERIMENTS: A disk-type polycrystalline W (6
mm®x0.5 mm") purchased from A.L.M.T. Co. Ltd. was
used. To remove impurities and damages introduced dur-
ing the polishing processes, the samples were heat-treated
at 1173 K under ultrahigh vacuum (< 107° Pa). Thereafter,
the samples were damaged with damage concentrations
up to 4.6x10° — 4.6x10-° dpa (displacement per atom) by
the fission neutron irradiations under 323 K in Kyoto
University Research Reactor Institute (KUR) After the
damage irradiation, the 1.0 keV deuterium ion (D2") im-
plantation was performed on the W sample at Shizuoka
University. The D ion fluence was set to be 1.0 x 10?2 D"
m~2 with the ion flux of 1.0 x 10" D" m= s7!. The D de-
sorption behavior was evaluated by TDS at the tempera-
ture up to 1173 K with the heating rate of 0.5 K s7%.

RESULTS AND DISCUSSION: Fig. 1 shows D2 TDS
spectra for neutron damaged W samples and undamaged
W sample. Positron lifetime of these samples are shown
in Fig. 2. The D2 TDS spectra were assumed to consist of
four major D desorption stages located at 400 K, 550 K,
650 K and 850 K, respectively. Based on our previous
studies, the D desorption stages were corresponded to the
desorption of D adsorbed on the sample surface or
trapped by dislocation loops, vacancies, vacancy clusters
and voids, respectively [1]. In the neutron irradiated sam-

ple, D was adsorbed on the surface and/or trapped by
dislocation loops and vacancies more than undamaged
sample. Almost no D retention by vacancy clusters or
voids were observed. These results were consistent with
PAS results that long lifetime components which are con-
sidered as the existence of vacancy clusters or voids were
not observed. In our previous report [1, 2, 3], the damag-
es would suppress D diffusion according to the result of
HIDT simulation. It was considered that the D diffusion
was limited more for the sample irradiated up to damage
level of 4.6x10”° dpa than that of 4.6x10° dpa sample
caused by the increase of vacancies by neutron irradiation.
It was concluded D retention trapped by vacancies was
increased with increasing the damage level.
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Fig. 1. D2 spectra for neutron irradiated W and
undamaged W.
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Fig. 2. Comparison of positron lifetime for neutron
irradiated W and undamaged W.
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INTRODUCTION:

We have been investigating dynamical and interacted
structures between iodine (polyiodide ions, I,", m, n:
integer, n > 1) and polymers.[1] While polyiodide ions
( and their counter-ions, ex. K ion which presented
within 1,-KI(aq) ) are prepared as solutes in aqueous so-
lution, they can be diffused into various polymeric matrix
without softening nor melting. Such structures and
procedures are expected to introduce novel functionality
and wide applications to modify polymeric materials with
easy operation at R.T.[2]

Or, ionic diffusion of polyiodide ions and their counter
ions from aqueous solution of polyiodides ("(1st) iodine
doping") can advance not only into hydrophilic polymers,
such as polyamide-6 (PA6) or polyvinyl-alcohol (PVA),
but also into hydrophobic polymers, such as polyethylene
(PE) or polyethylene-terephthalate (PET); polyiodide
ions in the aqueous solutions can easily diffuse even into
hydrophobic matrices without melting.[3] Or, within
some hydrophilic matrix, modification of structure (ori-
entation of polymer chain, intercalated structure,,) can be
also observed.

Furthermore, posterior ionic diffusion on the previous
presence of polyiodides ("secondary doping") can also
advances for both hydrophilic polymers and hydrophobic
ones as ionic exchange process with the counter-ion pre-
viously introduced in "(Ist) iodine doping". As phe-
nomena, iodine-doped polymers can be regarded as
"pseudo solvents" for ionic diffusion.[4,5] Inner precip-
itation of inorganic fillers can introduce hybrid compo-
sites without melting nor softening process for matrix
and, occasionally, can be applied for electroless
plating on hydrophobic surface with aqueous solution.
Such unexpected behaviors of polymeric structures in
existence of iodine (polyiodide ions) may be suggesting
contradictive effects: activated diffusive environments
(softening, plasticization, disordering in matrix,) vs.
ordered structure (crystallization of crystalline polymer,
precipitation of inorganic fillers, modified orientation of
matrix).

On the other hand, structure of polyiodide ions can be
also modified vaguely; they are able to change molecular
structure and charge distribution not only in one molecule
but between the polyiodide ions, cooperatively and inter-
actively. Therefore, interactive dynamics and structure
between polymers and iodine should be explained by
extraordinary (also comprehensive and fundamental)
schemes specified for polymeric structure and polyiodide
ions.

DISCUSSION:

In the previously reported application utilizing "iodine
doping" and following "secondary doping", the results
mean activation of ionic diffusion in inner space of pol-

ymers. Characteristic and dynamic structure of the pol-
yiodide ions show (almost general) affinity to both hy-
drophilic polymers and hydrophobic ones.

At first, we have to consider diffusion process of poly-
iodide ions into inner space of polymers, both for hydro-
philic matrix and hydrophobic one while the polyiodide
ions (and counter-ions) are solutes in aqueous solutions.
Even though diameter of iodine atom is c.a. 4A, they can
be spontaneously diffused in polymeric matrix at room
temperature; especially in some hydrophilic polymers
(PA6, PVA,)), their diffusion is rapid and deep into the
matrix. On the other hand, while iodine exist as
mono-iodide ion (I') or tri-iodide ion (I3") in each aqueous
solution for "(lst) iodine doping" process, polyiodide
ions doped and coordinated within polymers occasionally
exist as Is” or tetra-iodide ion, Is. It means that iodine
elementally exists as polyiodide ions which have ionic
charge and that counter ions (K*, Na*, NH4", ,,) also exist
simultaneously; they do not exist as "not-charged" mole-
cules, such as methanol.

Secondly, polyiodide ions which are doped and exist at
inner space of polymeric matrix is not ones as molecules
in the aqueous solutions prepared on "iodine doping";
even if I3 molecules exist in deep region of the matrices,
they are not the similar molecules solved as the solutes in
the solution for "iodine doping". Or, it should be re-
marked that Is which is occasionally observed in coordi-
nation with polymeric matrix is very minor components
in each aqueous solutions on "iodine doping"; Is- mole-
cules are not diffused from the solutions but in situ rear-
ranged at inner space of matrix. It is not diffusion of
unchanged molecules but diffusion of the molecules
modified through diffusion. Since polyiodide ions can
easily change their molecular structure and charge distri-
bution, they can be diffuse as different structure from
solute in the aqueous solutions and as efficient form for
diffusion and binding. And it does not matter whether
the coordinated form or molecular structure is different
from the solutes in the doping solution or not. [to be
continued]
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INTRODUCTION: Pollucite which is one of cesium
aluminosilicate com-pounds have attracted attention as a
final storage mate-rial of *’Cs. Pollucite is able to syn-
thesized by hydro-thermal method in low temperature
below 300°C [1]. Pollucite has various properties 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 p-decay of ¥7Cs 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
gam-ma radiation on the aluminosilicate framework of
Pollucite. Pollucite samples were synthesized to investi-
gate the effect of gamma irradiation.

EXPERIMENTS: The solution was prepared at the Al
concentration of 50 mmol L and the composition ratio
of Css Al Si, Og Nayg Clyp, Ky Cag, (OH )z, (HyO)n0,
and placed in a Teflon inner cylinder pressure container.
Pollucite was synthesized by hydrothermal method,
holding the container at 180 °C for 72 hours. The result-
ing precipitate was washed. Thereafter, each solid was
collected by filtration and dried at 110 °C for 16 hours or
more.

The powder sample was divided into four, three of
which were gamma-irradiated at 1, 10, and 100 kGy.
Characterization was performed by XRD. The 7 days
leaching test by PCT-A method [4] was carried out to
evaluate the change of Cs retention performance by
framework damage. The normalized release rate, NRCs
[g m? d"], was calculated by equation (1).

&
NRes = —<1 (1)

f%s'j?'t

Where Cg¢ [g L'l] was the concentration of Cs in the
solution, f-, was the weight ratio of the Cs in the sample
before leaching, S4 [m?] was the sample surface area, V
[L] was the volume of the leaching liquid, and 7 [day]
was the test duration.

RESULTS: Figure 1 shows the XRD patterns of
Pollucite sample before and after gamma irradiation, and
the diffraction peak of Pollucite was indicated by the
Miller index. All the patterns showed that they contained

only single-phase pollucite. None of gamma irradiation
sample did not shifted diffraction peeks compared to be-
fore irradiation one. This indicated that there was no
change in the crystal structure of Pollucite.

Table 1 shows the various parameters obtained by the
leaching test according to the PCT-A method, and the
normalized release rate (NRc,). In previous reports [5],
the NRc, of Pollucite was around 10° to 10® g m?d'],
and was similar to the all samples after gamma irradiation
at this study. This indicated NR;, was not increased by
gamma irradiation.

From the above results, it was considered that the effect
of gamma irradiation on the aluminosilicate framework
of pollucite was not mostly observed until 100 kGy.
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Fig.1. XRD patterns of (a) without irradiated, (b) 1 kGy,
(c) 10 kGy, and (d)100 kGy irradiated sample.

Table 1. Leaching test parameters in this study.
Dose [kGy]  fo,  SAV'[m’L"] NR¢,
without-irr. ~ 0.35 134 1.5x10*

1 0.35 141 1.5x10*
10 0.35 141 1.2x10*
100 0.35 141 1.3%x10*
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INTRODUCTION: It has long been known that soy-
beans contain abundant proteins. They consist of more
than 30% of dry matters of their seed. Thus, soybeans
have been eaten as nutritious natural food, not only as
unprocessed beans but also as soybean food products
such as fofu and fofu skin (yuba). Tofu is a kind of hy-
drogels composed of soybean proteins, and accordingly
its property and quality are subject to coagulation behav-
ior of soybean proteins. Aside from traditional soybean
food products like tofu, soy protein isolate (SPI) have
been industrially produced and provided to the commer-
cial market in recent years for improving physical prop-
erty of various food products by adding them to those
foods. Soybean proteins are also used for making mimic
meat products for vegetarians and vegans. World-wide
increase in health consciousness leads to growing im-
portance of soybean protein usage. From these reasons,
soybean proteins are one of key substances in the field of
food science.

In order to obtain high-quality soybean food products
or SPI-containing foods, it is necessary to deeply under-
stand the structure of soybean proteins at the molecular
level. In particular, structural changes induced by the
various conditions such as temperature change, salt addi-
tion and coagulant addition are of great significance to
elucidate the relationship between the structure of pro-
teins and the physical property of foods containing soy-
bean proteins. For structural analysis on opaque, disorder
and condensed soft matters such as gels, colloids, and
rubber, small-angle X-ray and neutron scattering (SAXS,
SANS) has been proved to be a useful technique, and it is
also expected to be effective for structural analysis of
foods, which has similar features to above soft matters.
Therefore we have been studying the nanostructure of
wheat and soybean proteins by SAXS and SANS. The
behavior of isolated and aggregated protein molecules in
aqueous solutions and hydrates has been investigated by
taking advantage of SAXS and SANS.

In this study, we conducted a SAXS analysis on two
major soybean proteins, B-conglycinin and glycinin,
which have been conventionally referred to as 7S and
118, respectively, according to their sedimentation coef-
ficients determined by analytical ultracentrifugation. Dif-
ference of nanostructure of 7S and 11S in pure water and
buffer solutions was examined by SAXS. Effects of NaCl
addition was also investigated.

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

KPibuffer +0.8 M NaCl KPi buffer + 0.8 M NaCl

KPi buffer

I(q)

e

0.1 . 1 0.1 1

q/nm’ q/nm”
Fig. 1 SAXS profiles for 7S (left) and 11S (right) in
0.5% pure water and KPi buffer solutions.

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 dis-
solved in pure water or 35-mM potassium phosphate
(KP1) buffer solutions at pH 7.5 in presence of 0 or 0.8 M
NaCl was 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 avail-
able g-range was 0.08 — 2.2 nm™'. Model calculation of
SAXS profiles from crystal structure was done with a
software, CRYSOL [1].

RESULTS: Fig. 1 shows SAXS profiles measured for
0.5% 7S and 118 solutions at 25°C. A small peak ap-
peared around 1.2 nm™ in KPi buffer solutions, which is
an indication of trimerring structure consisting of three
subunits. In pure water, however, this peak was not rec-
ognizable, suggesting that the subunits cannot form tri-
mer ring structure and exist as monomers in pure water.
When 0.8 M NaCl was added to the KPi solution of 7S,
the peak at 1.2 nm™ became weaker and the shoulder at
0.4 nm™' shifted to higher-g. However, such changes were
not observed for 11S. These profiles agree with the model
calculation results for crystal structure of monomer, tri-
mer and hexamer. Therefore it was demonstrated that
monomeric subunits in pure water are assembled into
hexamers in KPi buffer solutions by stacking two ring
trimers, and dissociated into trimers at higher ionic
strength conditions only for 7S.
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INTRODUCTION: Sintered silver has attracted much
attention as a die-attach material for the power electron-
ics, 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 mate-
rials used in a power system. Thus the heat-cycle oriented
mechanical stresses deteriorate die-attach materials, and
therefore the mechanical properties of sintered silver im-
pinge on the reliability of electricity systems.

However, nobody can predict how long sintered silver
sustains, because the material is porous and its mechani-
cal properties heavily depends how porous it is. Accord-
ingly, 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 estimates the pm-order pores of sin-
tered silver materials, not nm-order pores such as crystal-
line defects. Positron lifetime measurement method has
advantages for this purpose. To this end, therefore, the
authors used a conventional positron annihilation lifetime
spectrometer in Kyoto University to estimate the
nm-order pore sizes embedded in sintered silver with
various p’s by measuring the positron lifetime of the ma-
terial.
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 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-pm thick. Positron annihilation lifetime spectroscopy
was performed to evaluate bulk lifetimes of the samples
by using a 2Na source sealed with 12.5 pm Kapton foils.
The thickness of the samples was approximately 50 pum.
Four sample plates were stacked and measured together
to stop all the positrons from the source inside the sample.
The measure samples are summarized in Table 1.

Table I Summary of the measured specimens.

Sintering
Pressure .
Sample temp. Sample size
o (MPa)
(9]

A 120 Smm square

B 80 and

C 300 30 200-um

D 0.5 thick

The spectrometer consists of two scintillation gamma-ray
detectors with BF; crystals and a spectrometer based on

Porosity Measurements of Sintered-Silver Bonding Plates

digital circuits. Total counts for each measurement were
approximately 10® counts.

RESULTS: The data from the 1st sample set to inves-
tigate pressure dependence was analyzed as follows.
Measured lifetime spectra were decomposed into three
components as shown in Fig. 1. The lifetimes and in-
tensities of the first and third components changed de-
pending on formation pressure, while the second lifetime
and intensity were almost constant except for the lowest
pressure sample. In fig. 1(a), average lifetimes calcu-
lated from lifetime and intensity values were plotted as
well. The average lifetimes were almost constant for all
the samples. The lifetime values obtained from a litera-
ture for bulk Ag and monovacancy in Ag were indicated
with broken lines in fig. 1(a). The second and third life-
time components can be attributed to monovacancies and
vacancy clusters. It is necessary to further investigate
the origin of each lifetime components to know the be-
havior of nanometer-sized voids (vacancies) that cannot
be detected in secondary electron microscopy.
SUMMARY: Porosity of sintered Ag plates was charac-
terized as a function of formation pressure by conven-
tional positron annihilation lifetime spectroscopy. The
third lifetimes corresponding to vacancy clusters changed
depending on formation pressure, while the average life-
time was almost constant.
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Fig. 1 Lifetimes and their intensities of the samples.
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INTRODUCTION: Since tungsten (W) is expected as
a plasma-facing material for fusion reactors, many stud-
ies on vacancy-type defects in W are carried out using
positron annihilation spectroscopy. Based on several
first-principles calculations, the positron lifetime of
monovacancy in W is expected to be 193—200 ps. On the
other hand, defects having positron lifetimes of
165—180 ps have been observed in electron-irradiated W.
In this study, the annealing behaviors of elec-
tron-irradiation-induced vacancies in two kinds of W
samples with different purities were observed by using a
positron annihilation lifetime spectroscopy in order to
understand the cause of the difference between the calcu-
lated and experimental values. In addition, positron life-
times in vacancy-impurity complexes consisting of sev-
eral possible impurity atoms were also calculated and
compared with experimental values.

EXPERIMENTS: Well annealed W samples having
purities of 99.999% (5N) or 99.9% (3N) were irradiated
with 8-MeV-electrons to a total dose of 5x10' e /cm?.
The sample temperature was kept at about 373 K during
the irradiation. The irradiated samples were isochronally
annealed at 50 K steps with a duration of 15 min. After
each annealing, positron annihilation lifetime measure-
ments were performed at room temperature. The acquired
positron annihilation lifetime spectra were decomposed
into two components. The longer lifetime component was
recognized as the component derived from the irradia-
tion-induced vacancies.

RESULTS: Figure 1 shows the changes in the longer
positron lifetimes and their intensities of both samples
during isochronal annealing [1]. The positron lifetimes of
both as-irradiated samples (~170 ps) are about 25 ps
shorter than the calculated positron lifetime of isolated
monovacancy (195 ps). This implies that the vacancies
introduced into W by electron-irradiation does not exist
as isolated monovacancies, but rather exist as vacan-
cy-impurity complexes. The positron lifetime calculations
revealed that the positron lifetime becomes shortened
from 195 ps to ~170 ps when a monovacancy binds with
interstitial-type impurity atoms such as carbon, oxygen,
and nitrogen. It was also found that the positron lifetime
of vacancy-hydrogen complex becomes only shortened to
185 ps, whereas it becomes shortened to ~170 ps when
two hydrogen atoms are bound to a monovacancy.

REFERENCE:
[1] M. Tanaka, A. Yabuuchi, and A. Kinomura, AIP Conf.
Proc., 2182 (2019) 050014-1-050014-4.
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INTRODUCTION: Since tungsten (W) is expected to
use as a plasma-facing material for fusion reactors, the
effects of hydrogen (H) and/or helium (He) ion irradia-
tion into W have been well studied. Recently, several
studies are carried out to reduce the heat load on W wall
by injecting neon (Ne) or argon (Ar) gas into the fusion
plasma. Positron annihilation spectroscopy is a useful
tool for characterizing vacancy-type defects in materials.
Thus, several positron-based studies of defects in H*- or
He*-irradiated W have been reported. However, few
studies have investigated the defects in Ne'- and/or
Ar*-irradiated W by using positrons. Irradiating heavier
ions than H" and/or He" may cause more serious damage
to W. In this study, He'- and Ne*-irradiated W samples
were prepared and investigated the differences in the de-
velopmental process of irradiation-induced defects during
annealing by using a slow positron beam.

EXPERIMENTS: The well annealed W samples were
irradiated with He* or Ne™ ions with an energy of 50 keV.
The irradiated and unirradiated samples were probed by a
slow positron beam to acquire the Doppler broadening of
the annihilation radiation (DBAR) spectra. The DBAR
spectra were characterized by an S-parameter which rep-
resents the proportion of annihilation events with a small
Doppler shift, and a W-parameter which represents the
proportion of annihilation events with a large Doppler
shift. In addition, R-parameters were also derived from
the S- and W-parameters [1]. The S- and W-parameters
depend on both defect species (defect size) and defect
concentration, while the R-parameter does not depend on
the defect concentration but only on the defect species.

RESULTS: Figure 1 shows the annealing temperature
dependence of S-parameters for both irradiated samples.
The increased S-parameters of as-irradiated both samples
are finally reduced to the almost unirradiated-state by
annealing at 900°C. Judging from the changes in
S-parameters, superficially, the irradiation-induced de-
fects appear to have been recovered in both samples.
However, the changes in R-parameters shown in Fig. 2
indicate that the developmental processes of irradia-
tion-induced defects in both samples are different during
annealing. Figure 2 shows that defect species in the
He*-irradiated W finally become the same as those in the
unirradiated W (i.e., the irradiation-induced vacancies are
fully recovered). In contrast, the changes in S-, W-, and
R-parameters during annealing indicate that irradia-
tion-induced vacancies aggregate and grow into larger
vacancy clusters in Ne*-irradiated W [2].
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perature obtained from He*- and Ne*-irradiated tung-
sten. All the S-parameters are normalized to that ob-
tained from unirradiated tungsten probed with positron
energy of 20 keV. The He*- and Ne'-irradiated tung-
sten were probed with positron energies of 8.5 keV and
6 keV, respectively. S-parameters obtained from the
unirradiated tungsten probed with positron energies of
6 keV and 8 keV are also depicted as dashed lines.
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INTRODUCTION: Superconducting materials, such
as GdBa;Cu307-5 (GABCO) investigated in this work, are
known to improve a high magnetic field resistance by
forming lattice defects using ion-irradiation techniques.
The Doppler broadening of annihilation radiation
(DBAR) spectra become sharpened by annihilating posi-
trons at vacancy-type defects, which enables us to char-
acterize the concentration and/or size of vacancy-type
defects [1]. In this work, tape-shaped GdBCO films irra-
diated with 2-MeV-Au?*" or 10-MeV-Au*" ions were
probed by a slow positron beam.

EXPERIMENTS: The GdBCO(500 nm)/CeO»(150 nm)
/Y203(150 nm)/Ni/Cu/SUS samples were irradiated with
2-MeV-Au?* (4x10"? Au**/cm?) or 10-MeV-Au*" (6x10'
Au*"/cm?) ions. The 2 MeV and 10 MeV ions stop in the
GdBCO film and penetrate the GdBCO film, respectively.
The unirradiated and irradiated samples were probed by
the KUR slow positron beam and the DBAR spectra were
acquired. The sharpness of the DBAR spectra is evaluat-
ed 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 vacan-
cies [1].

RESULTS: Figure 1 shows S parameters for the unir-
radiated sample as a function of incident positron energy.
The S parameters in the energy region of 5—12 keV cor-
respond to positron annihilation in the GdABCO film. Fig-
ures 2 and 3 show S parameters for the 2-MeV-Au?"- and
10-MeV-Au**-irradiated samples. Contrary to our initial
expectation, both irradiated samples show a reduction in
S parameters compared to the unirradiated one. This re-
duction in S parameters implies that the unirradiated
sample already contained vacancy clusters larger than
irradiation-induced vacancies. When a large number of
relatively small vacancies are formed by ion irradiation,
most positrons are trapped at the irradiation-induced va-
cancies rather than the pre-existing vacancy clusters. Pos-
itrons annihilated in small vacancies bring smaller S pa-
rameters than positrons annihilated in vacancy clusters,
and thus the reduction in S parameters was considered to
be caused by ion irradiation.
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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 10'2-10%° 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. Although there are similar studies
in Europe [2], they don’t cover all the components neces-
sary for ITER plasma diagnostic systems developed by Ja-
pan. This report mainly presents effect of neutron irradia-
tion on optical components for Edge Thomson scattering
(ETS) system. We conducted a neutron irradiation test on
radiation-resistant glasses that are guaranteed to withstand
gamma irradiation of 10 MGy. In addition, the tests for
other systems such as the Poloidal Polarimeter and Infra-
red Thermography systems are briefly described.

EXPERIMENTS: Three kinds of radiation resistant
glasses (BK7G18, LF5G19 and SF6G05) with anti-reflec-
tion coatings, products of Schott in Germany, were irradi-
ated with neutrons. By using one of these glasses together
with fused silica, chromatic aberration of the collection op-
tics the ETS is compensated [3]. The glass samples in this
study have diameter of 25 mm and thickness of 5 mm.
These glasses were irradiated at the bottom of slant expo-
sure tube for maximum 20 hours at 1-MW reactor output
power. Fast and total neutron fluences were 6x10'° cm™
and 6x10'® cm, respectively, considering neutron spectra
at slant exposure tube. Spectral transmissions of glasses
before and after irradiation were measured with spectro-
photometer (Hitachi U-2910) and compared.

RESULTS: Figure 1 shows photographs of radiation hard
glasses (a) BK7G18, (b) LF5G19 and (c) SF6GO05, respec-
tively, before and after irradiation. The values in figure de-
notes fast neutron fluence onto each sample. Degradations
on light transmission of BK7G18 and LF5G19 were
clearly observed with visual inspection. Figure 2 shows the
spectral transmissions of (a) BK7G18, (b) LF5G19 and
(c)SF6GO05, respectively. In the ETS, light within spectral
range of 590-1070 nm is analyzed for electron temperature
and density measurements in ITER. Before irradiation,
LF5G19 had the highest spectral transmission in the range
0f 590-1070 nm. It was clarified that SF6GO5 is the most
insensitive to neutron irradiation in that spectral range. In
contrast to the samples with thickness of 5 mm were tested,
ETS is expected to be designed to use thicker (20-50 mm)
radiation hard glass. That is, in reality, it is considered that
the influence of the degradation of transmission will be

Neutron irradiation tests for ITER plasma diagnostics

more remarkable. Regarding SF6GO05, drop of transmis-
sion around 800 nm (in total 4.3%) is mostly caused by
reflections on surfaces (3.8%) rather than internal absorp-
tion (0.5%). If the antireflection coating is optimized, the
initial transmittance may be improved to the same level as
that of other types of glass. At present, SF6G05 seems
promising as a glass for chromatic aberration compensa-
tion of ETS signal light under the neutron environment of
ITER.

(a) BK7G18 (b) LF5G19
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Fig. 1: Photographs of radiation hard glasses before and
after irradiation.
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Fig. 2: Spectral transmissions of radiation hard glasses
before and after irradiation.

ON GOING INVESTIGATIONS AND PROSPECTS:

Poloidal Polarimeter will be installed in ITER for meas-
uring plasma current profile and use piezo actuators in ra-
diological environment for adjusting laser beam position.
Irradiation test of the piezo actuator was started from 2019.
Target neutron fluence for the test is 9x10° cm. Func-
tional tests after neutron irradiation are planned on 2020.

Infrared Thermography system will use coating mirror
and lens in radiological environment. Irradiation tests of
several candidate materials for mirror and lens were
started from 2019. In 2020, the irradiation tests will be
continued to investigate threshold value of total dose for
keeping their optical performance.
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