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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 CO2 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 
2021. 
-Hydrogen permeation quantification through a struc-
ture material and the effect of the existence of ceramic 
breeding material. 
-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 hydrogen isotope pumping system 
using proton conducting ceramics for the divertor ex-
haust in a fusion system. 
-Upgrade of a compact fusion neutron source for ra-
diography 

2. Hydrogen permeation through structural material 
Understanding the permeation behavior of trit-

ium from a pebble bed breeding blanket is essential 
for establishing a self-sufficient fuel cycle in a nu-
clear fusion reactor. It is known that double corro-
sion layers forms on reduced activation ferritic-
martensitic (RAFM) steel surface by gas release 
from a ceramic breeder material, however, its effect 
on hydrogen permeation behavior has not been elu-
cidated. In-situ measurement of hydrogen permea-
tion through an F82H RAFM wall of a ceramic 
breeder pebble bed was performed using a new ex-
perimental set-up (Fig. 1). The corrosion layer 
formed on the F82H sample had a dense microstruc-
ture, which reduced hydrogen permeation flux at 

least by one order of magnitude. The permeation re-
duction factors were 20-50 at the water-coolant 
temperature of a blanket. A self-repairing ability is 
expected for the surface oxide layer as the corrosion 
occurs spontaneously inside a breeding blanket. 
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Fig. 1 Hydrogen permeation fluxes through 
the bare and corroded F82H samples. 
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3. Development of liquid lithium lead droplet system 
Lead lithium eutectic alloy (Pb-17 at%Li, 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 
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Fig.2: The hydrogen isotope recovery by VST. 
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loss. The vacuum sieve tray (VST) method, tritium re-

covery from the liquid droplet surface falling in vac-

uum, is a candidate developed in this section. This fis-

cal year, on a collaboration work with National Insti-

tute. ~o~ Fusio_n Science(NIFS)a VST test device 
(multiple nozzles system) was integrated to Oroshhi-2 

(Pb-Li test loop) at NIFS and the continuous operation 

campaign was performed in the next fiscal year. One 

of the recovery result for deuterium is shown in Figure 

2. The deuterium fed to the loop system was success-

fully recovered at the VST test section. 

4. Electrochemical transport of hydrogen isotopes for 

the diverter exhaust development 

Hydrogen isotopes pumping system using a proton 

conducting electrolyte (ceramic) is a candidate di-

verter exhaust pump for a nuclear fusion system, 

which can selectively exhaust hydrogen isotopes (D 

and T) without He, reducing the tritium inventory in 

the tritium fuel cycle system. 

BYCO (BaCeo.s Y 0.203-a) plate with Pt electrodes 

were fabricated and the hydrogen isotopes transport 

behavior through the plate was investigated. The ex-

perimental setup is shown in Fig.3. H2 and D2 contain-

ing Ar gas was fed to the outer surface of the BYCO 

plate, and the inner surface was wept by pure Ar gas, 

whose H and D concentration was monitored after-

ward. 

The mass flux result obtained at 500℃,changing 

the feeding gas concentration applying 1 V, is shown 

in the Figure 4. The current efficiency is assumed to 

be around 70%, and transport of D was found to be 

less than that of H. 

Fig.4: The experimental setup of the hydrogen 
isotopes pumping system using BYCO plate. 
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Fig.4: The H and D transport behavior at 500℃ 

trend (upper) and the quasi-steady state analysis 
(lower) 
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5. Compact fusion neutron source for radiography 

Development of a compact neutron source with a 

higher neutron production rate is of importance for a 

wide range of its application, including radiography 

and boron neutron capture therapy (BNCT). A three-

stage feedthrough system is employed in the 

developed compact IEC to address this contradiction. 

A feedback control system was developed and applied 

to the input and output parameters. Characterization of 

the developed system was performed by scanning the 

neutron yield as a function of applied voltage and 

cathode current. To date, a maximum neutron yield of 

9.2 x 107 n・s―1 at 6.4 kW (80 kV and 80 mA) has been 

obtained. Neutron images (Fig. 5) showed there was 

good a contrast between the sample and the 

background. The results suggest that optimization of 

the experimental parameters is needed to perform 

higher accuracy neutron radiography. 

Fig.5 Experimental layout and neutron images by 
direct method and transfer method. 
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遮蔽設計，日本原子力学会 2022年春の年会，オン

ライン開催， 2022.3.16-18

興野文人，浜地志憲，田中照也，八木重郎，小西哲

之，液体金属テストループ（オロシー2)によるリチ

ウム鉛からの水素同位体連続回収試験結果報告，

NIFS研究会「原型炉に向けた炉内機器 ・材料・シ

ステム統合研究会」「横断的研究のための COE共
同研究プラットフォーム・ Oroshhi-2の利用検討会」

共同研究会，オンライン開催， 2022.3.18

村田勇斗，八木重郎，向井啓祐，小西哲之，核融合

炉液体ブランケット材料 Li-Pbにおける Bi不純物

の溶解挙動に関する研究， NIFS研究会「原型炉に向

けた炉内機器 ・材料・システム統合研究会」「横断
的研究のための COE共同研究プラットフォーム ・

Oroshhi-2の利用検討会」共同研究会，オンライン開

催， 2022.3.18
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