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1. Introduction

Main objective of our research section is to realize
advanced energy systems for the sustainable develop-
ment under global environmental constraints. We have
shown a Zero-emission energy scenario based on fu-
sion 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. Followings
are main research achievements in the fiscal year of
2022.
- Finding electronic descriptors for predicting defect
formation properties in Be intermetallics.
- Development and successful operation of liquid lith-
ium lead droplet system for efficient recovery of hy-
drogen isotope using a heat and mass-transfer loop.
- Development of diffusion pump using sodium vapor
for the divertor exhaust in a fusion system.
- Electrochemical purification of Bi in Li-Pb eutectic
using chloride molten salt

2. Electronic descriptors for Be intermetallics

The use of an electronic descriptor is a high-
throughput approach for predicting the chemical reac-
tivities of various materials that has the potential to
significantly facilitate the material design of Be inter-
metallic neutron multipliers for nuclear fusion appli-
cations. Herein, we perform first-principles calcula-
tions on 42 existing binary Be intermetallics to find an
effective electronic descriptor. We demonstrate that
the occupied Be p band center relative to the Fermi
level is a bulk descriptor, correlating with the Be va-
cancy formation energy; a positive and linear correla-
tion with R? = 0.85 was observed for Be;X (X: tran-
sition metal) as shown in Fig. 1. The upward shift in
energy of the occupied Be p states with early or middle
transition metals can reduce hydrogen solution energy,
which could be attributed to the less filled anti-bond-
ing state of interstitial hydrogen atom. It is confirmed

that the bulk descriptor is an experimentally measura-
ble scale, having the strong linearity (R? = 0.97) with
the calculated.

Fig. 1 Plots of vacancy formation energy in
Be12X with occupied Be p band center

3. Development of hydrogen isotope (deuterium)
recovery from liquid lithium lead droplet system
Lead lithium eutectic alloy (Pb-17at%L.i, Pb-Li) is
a candidate liquid breeding material with low chemi-
cal reactivity and good tritium breeding ratio. Effec-
tive tritium recovery method from the liquid must be
developed for the blanket system with minimal tritium

Fig. 2 The deuterium recovered from Pb-Li droplets
while falling in a vacuum.



loss. The vacuum sieve tray (VST) method, tritium re-
covery from the liquid droplet surface falling in a vac-
uum, is a promising candidate developed in this sec-
tion. This fiscal year, on a collaboration work with Na-
tional Institute for Fusion Science (NIFS), the contin-
uous operation campaign was performed. One of the
recovery results is shown in Fig. 2. The deuterium dis-
solved in the Pb-Li loop system was successfully re-
covered at the VST test section.

4. Development of diffusion pump using sodium va-
por for the divertor exhaust in a fusion system

Vacuum pump for the fusion system is quite im-
portant regardless of the confinement style, which
must have high efficiency and resistance against trit-
ium contamination and radiation. Additionally, it
should work in strong magnetic field, without the re-
lease of high-Z element depending on the fusion sys-
tem.

The diffusion pump which usually utilizes oil or
mercury vapor to transfer the momentum, can be a
candidate when the vapor source is replaced to the
light alkali metal (such as Li or Na) which is free from
radiation degradation. In this work, we tried to modify
a commercial diffusion pump and the pumping speed
is investigated. As the modification, the oil was re-
placed by sodium of the same volume, a voltage con-
troller was added to the heater, and a cooling fan for

Fig. 3: Evacuation speed of Na vapor diffusion
pump, changing the bottom boiler temperature
(upside) and cooling fin temperature (downside)

the radiator-fin was replaced to a speed controllable
one. Thermocouples to monitor the surface tempera-
ture of the pump were also attached.

Evacuation by Na vapor was obviously observed
when the boiler temperature was close to or above 950
K. The heating of the boiler and the cooling of the ra-
diator-fin showed a positive effect on the pumping
speed (Fig. 3). So far, evacuation against He gas
achieved 30L/s with Na vapor which is a bit slower
than the one with oil vapor (~120 L/s) in the as re-
ceived pumping system.

Considering these results and our past works on
the purification of liquid metal, liquid alkali metal will
be applicable for the vapor diffusion pump for fusion
system.

5. Electrochemical purification of Bi in Li-Pb eu-
tectic using chloride molten salt

Liquid lithium lead eutectic alloy (Li—Pb), a can-
didate of tritium breeding material in a fusion blanket,
is easy to contain bismuth (Bi) as an initial impurity or
transmutation product from lead (Pb). In neutron
fields, Bi is transmuted to polonium (Po), a radioactive
element. However, the extraction method for Bi has
not yet been established.

In this research, an electrochemical method using
chloride molten salt was employed to reduce Bi. This
method has been suggested to have the potential to re-
duce several kinds of impurities. In this experiment,
an electrochemical cell filled with chloride molten salt

(LiCl 59.2 mol % — KCI 40.8 mol%) was prepared,
and Li-Pb in an alumina crucible was placed in the
chloride molten salt as the counter electrode. The
working electrode was the liquid lead in a glass tube.

As a result of chrono-amperomety (CA) and ICP-
MS analysis of the lead working electrode, transport
of Bi into the lead electrode was confirmed when the
potential of the electrode is around 1.5 V vs Li-Pb po-
tential as shown in Fig, 4.

Fig. 4 Concentration of Bi in Pb electrode after
chrono-amperometry (CA)
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