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INTRODUCTION:

Fig. 2 Hardness chage with wlwctron irradiation fluence for 
NiZr alloys. 
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EXPERIMENTS:  

θ
θ

REFERENCES: 
[1] W. Sato et al., J. Radioanal. Nucl. Chem. 316 (2018)

1289-1293.

R2053 

A22G22(t) =
2[N(π ,t) − N(π /2,t)]
N(π,t) + 2N(π /2,t)
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(a)111In(→111Cd)

(b) 111mCd(→111Cd)
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Tritium release behavior from long term heated Li2TiO3 pebbles 

K. Katayama, A. Ipponsugi, T. Hoshino1, T. Matsumoto,
and Y. Iinuma2

Interdisciplinary Graduate School of Engineering Sci-
ences, Kyushu University 
1Breeding Functional Materials Development Group, 
Fusion Research and Development Directorate, Quantum 
and Radiological Science and Technology 
2Institute for Integrated Radiation and Nuclear Science, 
Kyoto University 

INTRODUCTION: From the viewpoints of the feasibil-
ity and safety of the fuel cycle of a fusion reactor, it is 
important to understand tritium behavior in the blanket. 
Tritium release behavior from solid tritium breeding ma-
terials has been investigated by neutron irradiation in 
previous studies [1,2]. However, the influence of 
long-term high-temperature heating expected in a fusion 
DEMO reactor on tritium release are not sufficiently un-
derstood. In our previous study [3], it was observed that a 
certain amount of Li was evaporated from the Li2TiO3 
pebbles by heating to a high temperature of 900 oC and 
the grain size was increased by the sintering effect. These 
changes by heating pebbles may affect tritium behavior. 
In this study, Li2TiO3 pebbles were heated at 900 oC in 
H2/Ar flow for 720 hours at most and that was irradiated 
by neutrons in the Kyoto University Research Reactor. 
And then, tritium release behaviors from the pebbles by 
heating were observed in Kyushu University. 

EXPERIMENTS: The sample pebbles of Li2TiO3 (Li/Ti 
ratio:2.00) were kindly provided by National Institutes 
for Quantum and Radiological Science and Technology. 4 
samples were prepared by heated at 900 oC in 1000 Pa 
H2/Ar flow for 0, 72, 240, 720 hours, respectively. Each 
sample was packed in a quartz tube sealed under vacuum 
and neutron irradiated with the fluence of 1.65×1015 cm-2.
The irradiated samples were transported to Kyushu Uni-
versity and taken out from the quartz tube in a glove box 
filled with Ar gas. Each sample was packed in a quartz 
tube and heated to 1000 oC in 1000 Pa H2/Ar flow to en-
hance tritium release as HT by the isotope exchange reac-
tion. The time variation of tritium concentration in the 
outlet gas was observed two ionization chambers, IC1 
and IC2, which were connected in series. Water bubbler 
was installed between IC1 and IC2 to collect HTO. Total 
tritium concentration (HT + HTO) was monitored by IC1 
and HT concentration was monitored by IC2.  

RESULTS:  Fig.1 compares the inner structure of 
Li2TiO3 pebbles as received and that heated at 900 oC for 
720 h. It seems that the particle size increased slightly, 
and the pores decreased. No considerable changes were 
seen in the structure after heating for 720 h. Fig.2 and 
Fig.3 show tritium release curves from Li2TiO3 pebbles 
as received and pre-heated for 720 h. For the sample 
heated for 720 h, the tritium release rate around 

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

Fig. 1. SEM images inside pebble as received and 720 
h pre-heated. 
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Fig. 2. Tritium release curve from Li2TiO3 pebbles as 
received. 
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Fig. 3. Tritium release curve from Li2TiO3 pebbles 
pre-heated at 900 oC for 720 h. 

REFERENCES: 
[1] T. Kinjyo et al., Fusion Eng. Des. 83 (2008) 580-587.
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(ߠ)ܹ = 1 + തതଶଶതത(തത∞തത)തܩଶଶതܣ ଶܲ(cosθ)ܣଶଶ തܩതതଶଶതത(തത∞തത)ത
± തതଶଶതത(തത∞തത)ത+0.088ܩଶଶതܣ

0.012 തതଶଶതത(തത∞തത)തܩଶଶതܣ
ଶଶܣ തതଶଶതത(തത∞തത)തܩଶଶതܣ (4.15 ± 0.67) × 10ହ

The present result coincides with the result of ାଶ.ଷ × 105 Pa.Yamakura, 3.4ିଵ.ଷ
തതଶଶതത(തത∞തത)തܩଶଶതܣ

(4.5 ± 3.2) × 10ଶ

Fig.1.

Fig.2.

6.9 × 10ଵ଺ n/cmଶ
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1Waseda Research Institute for Science and Engineering, 
Waseda University 
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INTRODUCTION:  Controlling the size of nanoparti-
cles (NPs) in a polymer matrix is important for fabrica-
tion of nanocomposites with foreseen properties for their 
applications in nanophotonics, electronics, biomedicine, 
etc.. In particular, the nanocomposites containing Ag-NPs 
dispersed in the polymer matrix by low-energy (< 100 
keV) ion implantation with high ion fluences (> 1016 
ions/cm2) can be used for fabrication of plasmonic 
waveguides [1] and diffraction gratings as well as for 
anti-microbial applications. 

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

In our previous studies [2,3], usage of both Doppler 
broadening and positron lifetime methods in combination 
with other tools (e.g. UV-Vis absorption and Raman 
spectroscopy) allowed successful verification of the for-
mation of carbon nanostructures in B:PMMA samples. A 
key point for such conclusion in the case of 
ion-implanted B:PMMA was positron annihilation life-
time spectroscopy (PALS) data at the positron energy 
corresponding to a depth of implanted range of the sam-
ple with maximum radiation damage, showing no or-
tho-positronium (o-Ps) yield at high ion fluences (> 1016 
ions/cm2); the same, there is no o-Ps yield in carbon 
based materials such as, for instance, fullerene C60 cage 
and carbon molecular sieve membranes. Thus, taken this 
o-Ps yield feature in carbon based materials into consid-
eration, it is expected that similar important information
should be obtained for investigating the ion-synthesized
silver nanoparticles in polymer matrixes containing car-
bon clusters or carbon nanostructures formed upon ion
bombardment.
EXPERIMENTS: The positron pulsing system of the
KUR slow positron beam system have been developed
for PALS of thin films or near-surface layers.  It is con-
firmed that the pulsing system is effective for samples
with relatively short positron lifetimes (τ < 1 ns) such as
metals and semiconductors without o-Ps formation.  In
this study, we examine the validity of the PALS meas-
urement system of the KUR slow positron beamline for
samples with o-Ps components.  Acceleration energies

of 2 - 3 keV was used for PALS measurements.  
RESULTS:  Figure 1 shows the Kapton spectrum 
(closed circles) with simulated spectra (solid and broken 
lines) after background subtraction.  The simulated 
spectra assumed two lifetime components with the Kap-
ton lifetime and longer lifetimes (2, 5 and 10 ns with 10% 
intensity).  One of the problems with PALS measure-
ments in the KUR system is higher background signals. 
Indeed, unwanted satellite peaks originating from a ra-
diofrequency-driven-buncher exist on the background 
signals with a period of the buncher signal as shown in 
Fig. 1.  Such signals prevent appropriate o-Ps life-
time/intensity determination in PALS measurements. 
The simulated spectra in Fig. 1 suggest that relatively 
shorter o-Ps components (<5ns) are acceptable.  But, for 
the longer o-Ps component, appropriate fitting or back-
ground-subtraction procedures are required.  Figure 2 
shows the lifetime spectrum for a polymer thin film for a 
trial measurement.  In this case, an o-Ps component can 
be observed but its lifetime is sufficiently shorter to avoid 
the influence of the satellite peak. 
  In summary, the PALS measurement system of the 
KUR slow positron beamline was applied for polymer 
materials with long lifetime (o-Ps) components.  The 
result suggested that the PALS system was effective for 
relatively shorter o-Ps components. 
REFERENCES: 
[1] T. Kavetskyy et al., Phys. Status Solidi C, 9 (2012)

2444-2447.
[2] T. Kavetskyy et al., J. Phys. Chem. B, 118 (2014)

4194-4200.
[3] T.S. Kavetskyy, A.L. Stepanov, in Radiation Effects

in Materials, edited by W.A. Monteiro (InTech,
Rijeka, 2016), p. 287-308. 

Fig. 1 Kapton spectrum and simulated spectra with long 
lifetime components. 

Fig. 2 Spectrum of the measured polymer film. 
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INTRODUCTION:  It is of a great importance to clar-
ify phenomena of implantation, retention, diffusion and 
permeation of tritium (T) on surface of the armor materi-
als of the first wall/blanket and the divertor on fusion 
device from a viewpoint of precise control of fuel parti-
cles, reduction of tritium inventory and safe waste man-
agement of materials contaminated with tritium. Refrac-
tory metals such as tungsten (W) is potential candidate 
for the armor of the first wall and the divertor plate of the 
fusion reactor because of its low erosion yield and good 
thermal properties. The armor material will be subjected 
to heavy thermal loads in the steady state or transient 
mode combined with high energy neutron irradiation that 
will cause serious material degradation. In addition, high 
energy runaway electrons would bombard the armor ma-
terials along the equatorial plane in fusion device. It is
considered that these cause radiation damage and en-
hance tritium retention. In the present works, T exposure 
experiments have been carried out on W samples which 
were irradiated by high energy electrons to investigate 
effects of high energy electrons irradiation on micro-
structure and tritium retention of W. In this fiscal year, 
pure W and recrystallized W were irradiated by high en-
ergy electron beam. Before and after that, positron anni-
hilation experiment was carried out to identify the radia-
tion defect. In addition, EBSD Electron Back Scatter 
Diffraction Patterns analyses has been carried out on the 
specimens before and after the electrons irradiation. Trit-
ium exposure experiments have been carried out using a
tritium (T) exposure device.

EXPERIMENTS: W samples used were ITER speci-
fication W (ALMT-grade) (SR-W) and its recrystallized 
W (RC-W). The SR-W was fabricated via a powder met-
allurgical route including cold isostatic pressing, sintering, 
hot rolling, and heat treating to relieve the residual 
stresses. Some of the machined SR specimens were sub-
jected to a full recrystallization treatment at 2000 ºC for 1 
hr in vacuum. Sizes of the specimens were 10 mm x 10 
mm x 1mm (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 10-3. 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 %. After the exposure to T gas, T 
amount retained in surface layers of the sample was 
evaluated by -ray-induced X-ray spectrometry (BIXS) 
and imaging plate (IP) measurements.

RESULTS: Figure 1 shows X-ray spectra observed for 
the SR-W(a) and RC-W(b) which were not irradiated by 
the high energy electrons. Temperature of T exposure is 
350oC. In the case of SR-W, WM , ArK , WL and
bremsstrahlung X-rays are detected. These results indi-
cate that T exists deeper area than that of RC-W. This is 
considered that T traps with the internal defects in the 
SR-W. T exposure on the samples after the electron irra-
diation is undergoing.

Fig. 1.  X-ray spectra for SR-W(a) and RC-W(b)
by BIXS
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A study on destruction of cesium aluminosilicate compounds 
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INTRODUCTION:  Pollucite which is one of cesium 
aluminosilicate compounds have attracted attention as a 
final storage material of 134Cs and 137Cs.  Pollucite is 
able to synthesized by hydrothermal method in low tem-
perature below 300oC [1]. Pollucite has various proper-
ties that favor the immobilization of Cs ions. 
 However, the damage to the aluminosilicate framework 
by radiation decay is concerned because it contains 137Cs. 
It has been reported that the effect of β-ray emission and 
nuclide conversion by β-decay of 137Cs on aluminosili-
cate framework is minor [2, 3]. On the other hand, there 
are few reports of effects by gamma rays on pollucite 
framework. Therefore, we examined the effect of gamma 
radiation on the aluminosilicate framework of Pollucite. 
Pollucite samples were synthesized to investigate the 
effect of gamma irradiation. 

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

The powder samples were characterized by XRD, and 
gamma-irradiated at 0 and 100 kGy by 60Co source. The 
7 days leaching test by PCT-A method [4] was carried out 
to evaluate the change of Cs retention performance by 
framework damage. Concentration of cesium in solution 
leached was estimated by atomic absorption spectropho-
tometry

RESULTS:  All the XRD patterns of powders prepared 
were demonstrated that they were pollucite, and all the 
patterns showed that they contained only single-phase 
pollucite.  
 In our previous study, the irradiated pollucite sample 
showed little difference from the non-irradiated one in the 
amount of leached cesium. Then we concluded that 
frameworks were not destroyed by 60Co-irradiation. 
However, we found some questions about PCT-A method, 
then the leaktests were studied again. 
 It was estimated that amount of leached cesium from 
samples with and without 60Co-irradiation. Over 45 ppm 
Cs were measured in most samples regardless of whether 
irradiated or not, and these values of Cs concentration 
measured were quite higher than those measured by other 
researchers[5]. It is considered that the reason why the 
concentration of cesium ions leaked from pollucite was 
high to be insufficient washing and cesium adsorbed on 
the ion exchange site. 

REFERENCES: 
[1] Y. Yokomori et al., Sci. Rep., 4 (2014), 4195
[2] J. Fortner et al., Argonne National Laboratory,

Argonne, Illinois 60439 (2001).
[3] N. J. Hess et al., J. Nucl. Mater., 281 (2000), 22-33.
[4] ASTM C 1285-02 (2008).
[5] Z. Jing et al., J. Hazard. Mater., 306 (2016), 220–229.
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This study focuses on neutron
irradiation effects on optical elements and piezo-actuators 
used in ITER. Expected 1 MeV Silicon equivalent fluence 
is -  n/c  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. 

the slant exposure tube

- 134 -



- 135 -



- 136 -



R2172 

0.04

0.08

0.12

0.16

0.2

400 500 600 700

- 137 -



- 138 -


