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INTRODUCTION:  Space-wood project (LignoStella 
project) is performed by Kyoto University collaborating 
with Sumitomo forestry Co Ltd in order to challenge to 
use wood-material in outer space. Firstly, possibility to 
use wood material in outer space has to be confirmed 
because a small wooden artificial satellite is going to 
launch until 2023. Space exposure test of wood specimen 
started on ExBAS at ISS in March 4, 2022. The wood 
specimen was exposed for about 1 year and came back to
Earth in March, 2023. They were affected by atomic ox-
ygen and cosmic ray. In this study, effect of gamma-ray 
irradiation on cell-wall of wood material was studied on 
the ground in parallel with the exposure tests in outer 
space.

EXPERIMENTS: The sample was Honoki (Magnolia 
obovate), which is 100 mm (length) 10 mm (radial) 

0.6 mm (tangential) in size. They were conditioned in 
20 °C and 60%RH (dry wood) or 20 and 97%H (wet 
wood) for a few weeks before the doze test. They were 
wrapped in polyethylene film to prevent moisture content 
changes during irradiation. They were irradiated for 24
hours, and five types of doze was performed, which is 50
kGy, 16 kGy, 10 kGy, 4 kGy adn 1 kGy. After irradiation,
ultra-micro structure of cell wall was observed using a
Wide-Angle X-Ray Diffraction (WAXD) (Shimadzu,
XRD-7000s). X-ray diffraction (wave length 0.154 nm) 
was measured under the conditions that the scan speed is
1°/min and the sampling width is 0.02°, and scanning 
range is 2 =10~30°. Crystallite size or the degree of 
crystallinity were measured using diffraction profiles.

RESULTS: As shown in Fig. 1 and Fig. 2, the degree
of crystallinity were obtained using integral intensity 
values of crystalline and non-crystalline peaks. They did 
not change by irradiation. Aoki et al. [1] state that the 
degree of crystallinity of wood remained almost un-
changed up to 300 kGy of gamma rays doze, but 
started to decrease rapidly at about 1000 kGy. This 
result corresponds with that of Aoki et al. As shown in 
Fig. 3 and Fig. 4, crystallite size was obtained using 
Scherrer’s equation. The size was identified as diame-
ter of cellulose micro fibril (CMF), so we consider that 
the WAXD measurement results is appropriate. In the 
case of dry wood, diameters of CMF increased slightly 
by 50 kGy irradiation (statistically significant differ-
ences, based on t-test, p < 0.050). We believe that this 
may be due to the decomposition of the hemicellulose 
surrounding CMF by high-dose irradiation, but we 
need to consider about this reason.

Fig. 1. Change of the degree of crystallinity of wet wood
by gamma irradiation.  

Fig. 2. Change of the degree of crystallinity of dry wood
by gamma irradiation.  

Fig. 3. Change of diameter of CMF of wet wood by
gamma irradiation

Fig. 4. Change of diameter of CMF of dry wood by 
gamma irradiation
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Fig 1. CDB ratio spectra of 16 and 160 hr hydrogen injected
Fe-Al alloy after electron irradiation.

Fig 2. TDS spectra of Fe-Al alloy electrochemicaly
implanted with hydrogen after electron irradiation.
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INTRODUCTION:  As an advanced blanket concept 
of a DT fusion reactor, the self-cooling liquid blanket has 
been proposed. In this concept, primary cooling media 
plays two important roles of tritium transport and heat 
transport. Fluoride molten salts such as FLiNaBe and 
FLiBe are a promising liquid blanket material due to high 
stability at high temperatures, low reactivity with O2 and 
H2O, and low MHD pressure drop. Tritium is produced in 
the molten salts by the nuclear reaction between neutrons 
and Li. Since fluoride molten salts have a low solubility 
for hydrogen isotopes, the produced tritium tends to re-
lease from the molten salt. This property means that trit-
ium can be easily recovered from the molten salt but also 
parts of tritium is lost to the outside of cooling tubes by 
the permeation on the way to the tritium recovery system. 
For suppressing tritium loss by increasing effective solu-
bility for tritium, the addition of Ti powder was proposed 
[1]. However, few studies on molten salt materials con-
taining Ti powder have been performed. In order to dis-
cuss the design of tritium recovery system, it is necessary 
to understand the fundamental behavior of tritium in the 
molten salt mixed with Ti powder. Since FLiNaBe and 
FLiBe contain highly toxic beryllium and is not easy to 
handle safety, FLiNaK is usually used as a simulated flu-
id. In this study, the solid state sample of FLiNaK mixed 
with Ti powder was irradiated by neutrons at Kyoto Uni-
versity Research Reactor, and the chemical form of trit-
ium released from the free surface of the molten salt by 
heating was observed in Kyushu University. 

EXPERIMENTS:  In the powders of LiF, NaF and KF 
were mixed in a Ni crucible under Ar atmosphere. The Ni 
crucible was put in the stainless-steel heating pot and 
repeatedly heated to 600 ℃ with Ar purging to remove 
impurity water vapor. The heating was repeated to ho-
mogenize the FLiNaK and the plateau region of temper-
ature change was confirmed at 454 ℃ which is melting 
point of FLiNaK. A part of FLiNaK was sampled for the 
measurement of water vapor by heating in Ar gas flow. 
  Ti powder was added to the part of FLiNaK with 2.5 
wt% and it was heated with Ar purging. The prepared 
sample of FLiNaK was packed into quartz tubes in vac-
uum and it was installed into a polyethylene capsule. The 
thermal neutrons irradiation was performed by at pneu-
matic tube 2 (Pn-2) with the fluence of at Pneumatic 
Tube 2 (Pn-2) of the 1.7×1015 cm-2. 

The release behavior of water vapor from 
non-irradiated FLiNaK without Ti was investigated by 

heating at 600 ℃ in Ar gas flow with 400 cc/min. The 
concentration of water vapor in the outlet gas was moni-
tored with a hygrometer (MAH-50, SIMAZU Co.). The 
FLiNaK granules were put in a Mo crucible and it was 
installed in a quartz reaction tube. 

Tritium release experiment was carried out for neutron 
irradiated FLiNaK. The irradiated sample was put in a 
Mo crucible and it was installed in the quartz reaction 
tube. In order to melt the sample sufficiently, heating 
temperature was set to be to 600 ℃ or 700 ℃ with Ar 
purge. The chemical form of tritium released from the 
sample was expected to be TF, T2 and T2O, and these 
were separately quantified. Details of the quantification 
method were described in Ref.2. 

RESULTS:  The release behavior of water vapor from 
the FLiNaK is shown in Fig.1. Two release peaks were 
observed in the water vapor release curve. It is consid-
ered that the first peak is caused by the desorption of wa-
ter vapor adsorbed on the surface of FLiNaK granules 
and the second peak is caused by the desorption con-
tained in the bulk of FLiNaK. From the amount of re-
leased water, the concentration of water in FLiNaK in-
cluding surface adsorbed water was estimated to be 1.44 
wt %. 
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Fig.1  Water vapor release from non-irradiated FLiNaK 
without Ti. 

It was found that about 70 % of tritium was released as 
T2 and about 25 % of tritium was released as T2O, and 
about 5 % of tritium was released as TF. It can be said 
that since the FLiNaK sample used in this experiment 
contained a relatively high concentration of water of 1.44 
wt%, about 25 % of tritium was released as T2O. In the 
Ar gas purge during FLiNaK preparation process, if the 
water vapor concentration in the outlet gas is measured 
and sufficient water vapor desorption is performed, the 
release ratio of T2O is expected to be reduced. 
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In this study, neutron 
irradiation effects on optical elements such as lens and glasses used for 

and
were investigated, respectively. The effects of neutron irra-

diation onanelectronic device,
also evaluated.Considering the neutron condi-

tions at the installation locationof the electronic device, the irradiation test 
was conducted at CN-3. 
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INTRODUCTION: 
At TEPCO's Fukushima Daiichi nuclear power 

plant(1F), fuel debris removal began in December 2021, 
and full-scale decommissioning will take place over the 
next several decades. However, the location of debris has 
not been sufficiently identified, and sensors for debris 
exploration is required. The gamma rays emitted from 
fuel debris and the others are expected to originate from 
Eu-154, and Cs-134, Ba-137, Co-60, and Pr-144, 
respectively. Since debris-specific gamma rays are 
predominantly seen in the energy region above 1 MeV,
designing a detector that can roughly separate the 
energies above and below 1 MeV will enable us to 
determine the rough distribution of debris. Also, since 
Co-60 gamma rays present the noise in the Eu-154 signal 
above 1 MeV, auxiliary neutron flux measurements 
would improve the accuracy of the fuel debris location 
characteristics. We envision the use of solar cell 
dosimeters as dosimeters for debris exploration[1]. 
However, it is difficult for a single element to 
discriminate between radiation types and energies. 
Therefore, in this study, a new energy-separation method 
is proposed that uses a radiation low-cut filter that 
preferentially attenuates low-energy gamma rays below 1 
MeV by shielding. Using shielding materials of two or
more different elements, it is assumed to analyze 
debris-derived gamma rays from the difference in 
dosimeter signals resulting from the difference in the 
energy dependence of the attenuation coefficients of 
photoelectric and Compton effects.  
********************************************** 
RESULTS:

As shown in Fig.1, 18.1 mm beryllium and 2 mm lead 
were used as low-cut filters, and the filter characteristics 
above and below 1 MeV were obtained using Cs-137 and 
Co-60 gamma sources. The current signal of the solar 
cell dosimeter using amorphous silicon solar cells with 
Pb shield attenuated just the gamma-ray from Cs-137 
such as below 1 MeV gamma rays. Solar cells also can 
detect neutrons in the case of charged particle conversion 
film such as boron placed on the surface. The signal of 
with and without the conversion film installed InGaP 
solar cell under the condition of neutron irradiation using 
the small accelerator neutron source RANS[2]. The 
results show that RANS neutrons can be efficiently 

detected by the conversion film. Therefore, there is a 
possibility that information on fuel debris can be 
identified by scanning measurement of 
gamma-ray-energy-separation and 
gamma-ray-neutron-separation with multiple solar cell 
type dosimeter adjusted the structure of shield and 
conversion film installed at the same position, such as on 
a robot arm.
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Fig. 1. Signal attenuation factor of solar cell 
dosimeters due to the installation of shielding 

**********************************************
EXPERIMENTS:

The irradiation sample was amorphous silicon solar
cell. Irradiation source was 137Cs gamma-ray at Tokyo
Metropolitan Industrial Technology Research Institute
and 60Co at Institute for Integrated Radiation and Nuclear
Science. The sample was set at under the irradiation
environment and was connected with electrometer
(iDC13, Taieidenki co.) at the measurement room by
using BNC cable.
**********************************************
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