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1. Introduction

Main objective of our research division is to real-
ize advanced energy systems for the sustainable devel-
opment under global environmental constraints. We
have shown a Zero-emission energy scenario based on
fusion energy with biomass-based recycling system
where biomass waste is converted into liquid fuel or
hydrogen. And further we now propose an innovative
Negative emission scenario to isolate CO, in the at-
mosphere by a carbonization process. Our research
section focuses on development of hydrogen isotopes
fuel circulation system, breeding blankets, fusion ma-
terial R&D, feasibility study for fusion-biomass hy-
brid power system, conversion of biomass waste, and
fusion neutron generation/measurement. The follow-
ing are the main research achievements in the fiscal
year of 2025.
- Analysis of permeation wall structure for Li-Pb
breeding blanket
- Development of water-cooled hollow cathode for
IEC fusion neutron source
- Development of protecting layer on F82H against su-
percritical CO2 and liquid Li
- Quantification of N diffusivity in Fe-Ti alloy as ni-
trogen impurity trap for liquid Li

2. Fusion fuel (hydrogen isotope) recovery system
development from liquid lead lithium droplets
Lead lithium eutectic alloy (Pb-17at%Li, LiPb) is
a promising liquid material for the fuel (hydrogen iso-
tope) breeding on a fusion reactor. Efficient recovery
of the bred fuel is a key viable issue of liquid blanket.
We are studying the recovery method from liquid
Pb-Li droplets in a vacuum, named as vacuum sieve
tray (VST). This fiscal year, on a collaboration work
with National Institute for Fusion Science (NIFS), we
challenged the tritium permeation reduction. It is the
one of key issues which must be cleared for the fusion
viability. As a first step, we investigated the inside thin
layer which was deposited while LiPb flowing for two
thousands hours. This layer has caused adverse effects,
the diffusion coefficient degrades, on the deuterium
dissolving of experimental setup. It is a downside fac-
tor for experiments, however, it is a good tips for the
permeation reduction point of view. The GD-OES
(glow discharge optical emission spectroscopy) anal-
ysis was performed. As shown in Fig. 1, the deposited
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Fig.1 An ODS analysis result of the obtained surface thin layer
deposited on a LiPb flowing side of the deuterium dissolving
tube. The layer was consisted of the front side LiPb based one
and secondary Fe based one.

layer was consisted of two parts. The front one is LiPb
based one, and the inner side was Fe based chromium
one. The obtained layer diffusion coefficient was ap-
proximately 1x107'3 m?s~!, which is close value with
that of the lithium-deuterium hydride. This layer is
generated automatically while LiPb flowing without
any artificial treatment. So far, forming the reduction
layers inside of the piping devices, valves, flow con-
trol, etc., were issues for permeation reduction. This
obtained result has a guiding light. We continue to in-
vestigate this subject for the next years.

3. Cr Coating as an anti-corrosion layer for F82H
in Fusion Blanket Environments

RAFM steel F82H is a key candidate for fusion
blankets, but its compatibility with supercritical car-
bon dioxide sCO2 and liquid lithium (Li) is a major

_23_



concern. This study evaluates electrodeposited Cr
coatings (20 wm) as a multifunctional barrier to sup-
press oxidation and selective leaching.

InsCO2 (550°C, 17 MPa, 1000 h), Cr-plated F82H
(wet electrochemical plating in Surgent’s bath)
showed significantly lower mass gain (0.44 mg/cm?)
than bare F82H (5.09 mg/cm?) as Fig.2. SEM-EDX re-
vealed a protective Cr203-equivalent layer that inhib-
ited oxygen inward diffusion.

In liquid Li (§50°C, 500 h), GD-OES profiles
demonstrated that the Cr layer effectively mitigated Li
penetration into the matrix, whereas bare F82H
showed clear Li and N signals. The effective diffusion
coefficient (Dfs) for oxygen (107 to 1072% m%s)
quantitatively supports the coating's role as a robust
diffusion barrier. Cr coatings provide simultaneous
protection against sCO, oxidation and liquid Li cor-
rosion, offering a viable strategy for high-efficiency
fusion blankets.
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Fig.2 Mass gain of various specimens in sCO,
environment (550°C, 17 MPa).

3. Development of water-cooled hollow cathode for
IEC-type fusion neutron source

In glow discharge-type deuterium—deuterium IEC
fusion neutron sources, fusion reactions occurring on
the cathode surface contribute significantly to the neu-
tron production rate (NPR); therefore, cathode design
plays a crucial role in enhancing NPR. Although the
NPR generally increases with discharge current, it
tends to stagnate in the high-current regime due to
deuterium desorption caused by cathode heating. Wa-
ter cooling has been shown to mitigate this stagnation
for nontransparent cathodes, but its effectiveness for
transparent cathodes has not been clarified experimen-
tally. In this study, a transparent cathode with active
water cooling and a spherical geometry was designed
and fabricated using stainless steel tubing. Neutron
production experiments were conducted with and
without water cooling. With water cooling, applied
voltages of 2040 kV were investigated. Without wa-
ter cooling, the applied voltage was limited to 25 kV.
The results showed that the NPR increased linearly
with discharge current without stagnation when water

cooling was applied. A maximum NPR of (1.8 +0.02)
x 10%n/s was achieved at 40 kV and 50 mA. Compared
with our previously reported disk cathode and non-
transparent water-cooled cathode of the same diameter,
the transparent wa-
ter-cooled cathode
exhibited a signifi-
cantly  enhanced
NPR. These find-
ings indicate that
combining cathode
transparency with
active cooling is an
effective  strategy
for improving neu-
tron production in
glow  discharge-
type fusion neutron
sources.

Fig.3 Outlook of the water-
cooling hollow cathode made
of 3.2 mm-O.D. SUS316L tube

4. Nitrogen diffusion behavior in nitrogen getter
materials for liquid lithium

Nitrogen impurities in liquid lithium must be con-
trolled because they accelerate corrosion of structural
materials in fusion neutron source systems. However,
nitrogen diffusion behavior in candidate getter materi-
als such as Fe—Ti alloys remains unclear. In this study,
Fe-Ti alloy thin films were prepared by resistance
heating evaporation and pulsed laser deposition (PLD).
The films were exposed to nitrogen containing liquid
lithium to investigate nitrogen diffusion behavior in
the alloy. Nitrogen depth profiles were measured using
GD-OES. The nitrogen diffusion coefficients in Fe—
Ti films were estimated by fitting a diffusion equation
to the measured nitrogen depth profiles. The diffusion
coefficients were on the order of 107! m?/s at 550 °C
for films containing 8.7 at% Ti and 10.5 at% Ti. These
results provide basic data for nitrogen removal system
design in liquid lithium loops.

T

wET el
m AT Tanat
Rl THE ST PR

T Tl L]zl e
a0 Tt kL Gk.exd '|'
1

Lpaararnalraden cxs i en szl

&
-
1 1= - e

THaalin taniitrabcn v |

Fig.4 Nitrogen diffusion coefficient in Fe—Ti al-
loys as a function of Ti concentration at 550 °C.
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