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1. Introduction 

Main objective of our research division is to real-
ize advanced energy systems for the sustainable de-
velopment 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 CO2 
in the atmosphere by a carbonization process. Our 
research section focuses on development of hydrogen 
isotopes fuel circulation system, breeding blankets, 
fusion material R&D, feasibility study for fu-
sion-biomass hybrid power system, conversion of 
biomass waste, and fusion neutron genera-
tion/measurement. The following are main research 
achievements in the fiscal year of 2023. 
- Accomplishment of the highest efficiency for fusion 
fuel extraction from lead lithium eutectic alloy using 
the droplet system in the fusion study field. 
- Electrochemical purification of nitrogen in liquid 
lithium using chloride molten salt. 
- Elucidation of corrosion behavior on reduced acti-
vation steel F82H. 
- Development of the water-cooling system for the 
cathode in the glow discharge type of fusion neutron 
source. 
 
2. Fusion fuel (hydrogen isotope) recovery system 
development from liquid lead lithium droplets 

Lead lithium eutectic alloy (Pb-17at%Li, Pb-Li) 
is a promising liquid material for the efficient fuel 
(hydrogen isotope) breeding on a fusion reactor. Ef-
fective recovery of the bred fuel is a key issue of liq-
uid blanket fusion reactor. 

We developed the vacuum sieve tray method, fu-
sion fuel recovery from liquid Pb-Li droplets falling 
in vacuum. This fiscal year, on a collaboration work 
with National Institute for Fusion Science (NIFS), 
the continuous fuel recovery campaign was per-
formed. We obtained fuel extraction efficiencies be-
tween 0.6 and 0.7 (Fig. 1). The long blue line shows 
proof-of-principle results performed in our division 
in 2013 [1]. Red circles show the results performed at 
NIFS this year. The two results are almost identical, 
showing the consistency of this method. This is the 
highest efficiency record in the fusion field. 

 
3. Electrochemical purification of nitrogen impu-
rities in liquid lithium using chloride molten salts 

Fusion-relevant neutron sources, such as Ad-
vanced Fusion Neutron Source (A-FNS), are neces-
sary for neutron irradiation experiments for the fu-
sion material development. Liquid lithium is the 
flowing target of A-FNS, and easily absorbs nitrogen 
impurities which may cause corrosion of the structure 
material. Therefore, nitrogen extraction technology is 
essential for the A-FNS development. 

We adapted an electrochemical method using 
chloride molten salt to extract nitrogen. In this ex-

 
Fig.1 Obtained extraction efficiencies as a function of the
droplet falling period. Blue long dash line shows a 
proof-of-principle result obtained in 2013 [1]. Red circles 
are results in 2023. Both are almost identical, showing the 
consistency of this recovery method. 

 
Fig.2 Temporal change of N concentration in liquid Li 

and the required potential for 2mA current. 
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periment, an electrochemical cell filled with chloride 
molten salt (LiCl 58.5 mol% – KCl 41.5 mol%) was 
prepared, and Li supported by a stainless-steel tube 
was placed in the chloride molten salt as the counter 
electrode. The working electrode was coil-shaped 
nickel wire. The temporal change of nitrogen con-
centration in liquid lithium was monitored at a con-
stant current of 2mA (Fig. 2). This purification sys-
tem sufficiently extracted nitrogen impurities. 
 
4. Corrosion of reduced activation steel F82H steel 
by solid breeder material (LTZO) pebble 

JA-DEMO plans to adapt lithium zirconate titan-
ate (Li2+xTiO3+x+Li2ZrO3; LTZO) pebbles as the solid 
blanket breeder material, and reduced activation fer-
ritic/martensitic (RAFM) steel F82H as the blanket 
structure material. The corrosion characteristics of 
F82H by LTZO pebbles are crucial because corrosion 
on F82H may degrade the strength of the structure. 
We experimentally investigated the formation of the 
corrosion layer on F82H to find the activation energy, 
which is required to predict corrosion behavior. 

The corrosion on F82H by the LTZO pebbles was 
induced at 693, 833, and 993 K under sweep gas (Ar 
+ 0.1% H2) flow. The temperature dependence of the 
diffusion coefficient is shown in Fig.3. ① is plotted 
based on the corrosion layer formed up to 380 hours, 
while ② is based on the corrosion layer formed up 
to 190 hours. The activation energies in the cases of 
① and ② are calculated to be 1.67 eV and 0.94 eV, 
respectively. The red line in Fig.3 is the result of a 
similar study that investigated corrosion between 
Li2TiO3+excess Li2O and EUROFER (another type 
of RAFM steel) [2]. The difference between ① and 
② will be due to the “breakaway behavior” which is 
also reported by the work [2]. The activation energies 
in the present study are higher than that of the prior 
study on EUROFER. This may be due to the differ-
ence in the contact area between the solid breeder 
specimen and the structural material, and the supply 
rate of the Li2O vapor. Therefore, it is expected that 

the mechanism of corrosion and diffusion of Li and 
O that contribute to corrosion is not significantly dif-
ferent among the different types of solid breeder ma-
terials and structural materials. 
 
5. Upgrading of the glow discharge type fusion 
neutron source by cathode cooling 

The fusion neutron source of glow discharge type 
emits neutrons by inducing nuclear fusion reactions 
between deuterium and/or tritium. Fusion reactions 
in this device mainly occur on electrodes, especially 
on a cathode. This neutron source is expected to be 
used not only for fusion research but also for indus-
trial applications and medical applications.  

The device generates ions by applying an electric 
input (several tens of kilovolts and several tens of 
milliamperes) to induce a glow discharge. Although a 
neutron production rate (NPR) has a positive correla-
tion with a current, an NPR tends to stagnate at a 
high current operational regime. This stagnation of 
NPR is caused by the decrease of deuterium concen-
tration on a cathode due to deuterium desorption.  

We constructed the water-cooling feedthrough 
system to solve the issue caused by deuterium de-
sorption. The present study aims to evaluate the 
cathode cooling effect on NPR. The diamond-like 
carbon (DLC)-coated cathode was employed in the 
neutron production experiment. Fig.4 shows that the 
cathode cooling prevents the stagnation of NPR in 
the high current regime (> 30 mA) and enhance the 
NPR. This effect means the cooling system surpasses 
deuterium concentration on the cathode. At 50 kV 
and 60 mA (the maximum electric input of this ex-
periment), the NPR in the case using the wa-
ter-cooling system achieved more than twice as high 
as the NPR in the case without the water-cooling 
system. The water-cooling system is expected to ex-
pand applications of fusion neutron sources.  

References 
[1] F. Okino et al., Fusion Sci. Tech. 64 (2013) pp. 549 
[2] K. Mukai et al., Nucl. Mater. Energ., 15 (2018) pp.190 

 
Fig.4 Comparison of NPRs between the cases 

with/without the water-cooling system. 

 
Fig.3 Temperature dependence on the diffusion coef-
ficient of the corrosion layer on F82H or EUROFER. 
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ウム回収に関する研究 
 
 
Financial Support 
 
1. Grant-in-Aid for Scientific Research 
八木重郎, 基盤研究(B), 機能性被覆の劣化診断手
法と修復技術の開発（分担金） 
 
八木重郎, 基盤研究(B), 高強度中性子環境におけ
る電気絶縁被覆機能材料の反跳原子による特性変
化（分担金） 
 
向井啓祐, 基盤研究(B), 事故耐性ハイブリッドセ
ラミックスの創成 
 
向井啓祐, 基盤研究(B), リチウム 6 同位体濃縮の為
のハイブリッドカスケーディングシステムの開発
（分担金） 
 
坂部俊郎, 特別研究員奨励費, 放電型核融合中性子
源の実用化に向けた自己制御システムの構築に関
する研究 
 
 
2. Others 
八木重郎, 量子科学技術研究開発機構, 液体リチウ
ム流動ループ中での窒素トラップの健全性評価 
 
八木重郎, 京都フュージョニアリング（株）, 核融合
炉内機器及び付属システムの開発研究 
 
向井啓祐, 量子科学技術研究開発機構, 固体増殖材
による低放射化フェライト鋼の腐食と機械的強度
への影響評価  
 
 
Publications 
 
K. Mukai, One‐step fabrication of Li2TiO3 ceramic 
pebbles using pulsed YAG laser, Journal of the American 
Ceramic Society, 106, 10, 5581-6377, 2023 

K. Mukai, J-H. Kim, M. Nakamichi, Measurement of 
thermal expansion anisotropy in Be12Ti and Be12V, 
Nuclear Materials and Energy, 36, 101473, 2023 
 
Y. Ogino, S. Kenjo, T. Sakabe, K. Mukai, M. Bakr, J. Yagi, 
S. Konishi, Measurements of Thermal and Epithermal 
Neutron Spatial Distribution Using Activation Foils 
Inside a Fusion Blanket Mock-Up, IEEE Transactions on 
Plasma Science, 1-7, 2023 
 
R. Ito, F. Nomoto, Y. Ogino, K. Mukai, J. Yagi, Lithium 
Isotope Enrichment Effects in Liquid Metal/Chloride 
Molten Salt System, Fusion Science and Technology, 
2229673, 2023 
 
T. Sakabe, Y. Ogino, K. Mukai, J. Yagi, M. Bakr, 
Influence of the Hydrogen Isotope Affinity of the 
Cathode Coating Material on the Neutron Production 
Rate in the Glow Discharge–Type Fusion Neutron Source, 
Fusion Science and Technology, 2227821, 2023 
 
T. Matsuo, S. Kenjo, K. Mukai, J. Jagi, S. Konishi, Gas 
composition change during operation of a compact 
discharge fusion neutron source with a closed deuterium 
supply system, Fusion Engineering and Design, 195, 
113979, 2023 
 
Y. Ogino, M. Kobayashi, K. Mukai, J. Yagi, S. Konishi, 
K. Ogawa and M. Isobe, Evaluation of Gamma-Ray Dose 
Distribution in the Toroidal Direction of LHD Vacuum 
Vessel from Radionuclides Generated in Deuterium 
Plasma Experiments, International Journal of Energy 
Research, 2024, 1550582, 2024 
 
Y. Urano, K.I. Fushimi, K. Hata, Y. Kawai, S. Konishi, K. 
Kotera, S. Kurosawa, K. Mukrai, Y. Ogino, R. Orito and 
T. Sakabe, Quenching factor measurement of low-energy 
Na recoils in ultra-pure NaI(Tl) crystal, Proceedings of 
Science, 441, 2024 
 
F. Okino, Y. Hamaji, T. Tanaka & J. Yagi, Axial 
Concentration of Dissolved Deuterium by Dispersion in 
a LiPb Experimental Loop, Fusion Science and 
Technology, 2024 
 
R. Ito, S. Aratani, K. Mukai, J. Yagi, Gas analysis in 
electrochemical extraction of hydrogen from liquid 
lithium, Fusion Engineering and Design, 200, 114192, 
2024 
 
S. Kenjo, M. Oyaidzu, K. Obata, K. Ochiai, S. Sato, 
Assessment on liquid Li fire risk under humid air 
condition and with heat insulator, Nuclear Materials and 
Energy, 38, 101569, 2024 
 
 

– 27 –



Presentations 
 
H. Tamiya, J. Yagi, K. Mukai, S. Takayama, Effect of 
Fe3O4 grain size on Microwave Pyrolysis of Cellulose, 
57th Annual Microwave Power Symposium (IMPI 57), 
The Curtis Hotel, Denver, Colorado, USA, 2023.6.27-29 
 
八木重郎, 液体金属とその利用-核融合・原子力分野
での高伝熱性流体-, 第 46 回京都大学宇治キャンパ
ス産学交流会, 京都大学宇治キャンパス, 2023.7.5 
 
T. Sakabe, E. Edwards, A. Lanzrath, J. Ball, S. Mackie, S. 
Segantin, R.A. Tinguely, K. Woller, Feasibility Study of 
Real-time Neutron Measurement using a Diamond 
detector for the LIBRA experiment, The 30th IEEE 
Symposium on Fusion Engineering (SOFE2023), The 
University of Oxford, England, 2023.7-9-14 
 
T. Wallace-Smith, M. Bakr, T. Sakabe, K. Mukai, T. Scott, 
T. Firestone, Fusion Rate Enhancement through 
Deuterium Enrichment of Plasma-Facing Component 
Surfaces, The 30th IEEE Symposium on Fusion 
Engineering (SOFE2023), The University of Oxford, 
England, 2023.7-9-14 
 
Y. Ogino, K. Mukai, F. Araki, S. Kusaka, T. Matsuo, J. 
Yagi, S. Tamaki, I. Murata, Evaluations of the neutron 
flux and the tritium production inside a fusion breeding 
blanket mock-up, The 30th IEEE Symposium on Fusion 
Engineering (SOFE2023), The University of Oxford, 
England, 2023.7-9-14 
 
S. Takayama, K. Mukai, J. Yagi, Development of a 
method for compsiting Li2TiO3 and nanocarbon by 
microwave irradiation, 第 14 回エネルギー理工学研
究所国際シンポジウム, 京都大学宇治おうばくプ
ラザ, 2023.8.30-9.1 
 
K. Itagaki, R. Kasada, K. Yabuuchi, K. Mukai, 
Development and evaluation of Fe2M type bulk Laves 
compounds, 第 14 回エネルギー理工学研究所国際シ
ンポジウム , 京都大学宇治おうばくプラザ , 
2023.8.30-9.1 
 
K. Sasaki, Y. Shindo, K. Mukai, I. Takahashi, R. Kasada, 
Study of the surface modification layer of lithium ion 
electrolyte for electrodialysis, 第 14 回エネルギー理工
学研究所国際シンポジウム, 京都大学宇治おうば
くプラザ, 2023.8.30-9.1 
 
J-H. Kim, T. Hwang, Y. Sugimoto, K. Mukai, K. 
Yabuuchi, R. Kasada, M. Nakamichi, Hydrogen 
absorption and desorption properties of beryllium 
intermetallic compounds, 第 14 回エネルギー理工学
研究所国際シンポジウム, 京都大学宇治おうばく
プラザ, 2023.8.30-9.1 

I. Takahashi, E. Kaji, R. Yoneyama, T. Watanabe, K. 
Sasaki, K. Mukai, Analysis and Design of 
Electrode/Electrolyte Interface for All Solid State Battery, 
第 14 回エネルギー理工学研究所国際シンポジウム, 
京都大学宇治おうばくプラザ, 2023.8.30-9.1 
 
興野文人, 浜地志憲, 田中照也, 八木重郎, リチウ
ム鉛液滴からのトリチウム連続回収能率 その２高
回収率の検討, 日本原子力学会 2023 年秋の年会, 
名古屋大学, 2023.9.6-8 
 
伊藤諒, 荒谷舜, 北川柚葉, 向井啓祐, 八木重郎, 
塩化物溶融塩を用いた液体リチウム中軽水素の電
気化学的抽出における発生ガスの分析, 日本原子
力学会 2023 年秋の年会, 名古屋大学, 2023.9.6-8 
 
荒谷舜, 伊藤諒, 北川柚葉, 向啓祐, 八木重郎, 塩
化物溶融塩を用いた液体金属リチウム中窒素不純
物の電気化学的抽出における発生ガスの分析, 日
本原子力学会  2023 年秋の年会 , 名古屋大学 , 
2023.9.6-8 
 
向井啓祐, ベリリウム金属間化合物の熱膨張異方
性の評価, 日本原子力学会 2023 年秋の年会, 名古
屋大学, 2023.9.6-8 
 
J. Yagi, Y. Matsunaga, M. Tabuchi, S. Kajimura, K. 
Mukai, S. Konishi, Alkali metal vapor diffusion pump for 
fusion reactor evacuation, 15th International Symposium 
on Fusion Nuclear Technology (ISFNT-15 ), The 
Auditorio Alfredo Kraus, Las Palmas de Gran Canaria, 
Spain, 2023.9.10-15 
 
F. Okino, Y. Hamaji, J. Yagi, T. Tanaka, Continuous 
tritium extraction from falling LiPb droplets in a vacuum, 
15th International Symposium on Fusion Nuclear 
Technology (ISFNT-15 ), The Auditorio Alfredo Kraus, 
Las Palmas de Gran Canaria, Spain, 2023.9.10-15 
 
S. Aratani, R. Ito, K. Mukai, J. Yagi, Electrochemical 
extraction of nitrogen impurities in liquid lithium using 
chloride molten salt, 15th International Symposium on 
Fusion Nuclear Technology (ISFNT-15 ), The Auditorio 
Alfredo Kraus, Las Palmas de Gran Canaria, Spain, 
2023.9.10-15 
 
R. Ito, S. Aratani, K. Mukai, J. Yagi, Equilibrium 
distribution of lithium isotope between liquid metal and 
chloride molten salt containing CsCl, 15th International 
Symposium on Fusion Nuclear Technology (ISFNT-15 ), 
The Auditorio Alfredo Kraus, Las Palmas de Gran 
Canaria, Spain, 2023.9.10-15 
 
 
 

– 28 –



田宮裕之, 向井啓祐, 高山定次, 八木重郎, セルロ
ースのマイクロ波熱分解における水蒸気添加と生
成ガスへの影響, 第 17 回日本電磁波エネルギー応
用学会シンポジウム, 2023.10.25-27 
 
八木重郎, 荒谷舜, 向井啓祐, 動環境リチウム中に
おける窒素回収 Fe-Ti 合金粒の挙動, 第 40 回プラズ
マ・核融合学会 年会, アイーナ・いわて県民情報交
流センター, 2023.11.27-30 
 
荒谷舜, 伊藤諒, 北川柚葉, 向井啓祐, 八木重郎, 
液体金属リチウムからの窒素不純物の電気化学的
除去, 第 40 回プラズマ・核融合学会 年会, アイー
ナ・いわて県民情報交流センター, 2023.11.27-30 
 
伊藤諒, 荒谷舜, 北川柚葉, 向井啓祐, 八木重郎, 
液体金属と塩化物溶融塩を用いた電気化学的酸化
還元によるリチウム同位体効果, 第 40 回プラズマ・
核融合学会 年会, アイーナ・いわて県民情報交流
センター, 2023.11.27-30 
 
片岡浩輔, 向井啓祐, 八木重郎, 固体増殖材 LTZO
ぺブルによる F82H鋼表面の腐食挙動, 第 40回プラ
ズマ・核融合学会 年会, アイーナ・いわて県民情報
交流センター, 2023.11.27-30 
 
藤井大輔, 坂部俊郎, 向井啓祐, 八木重郎, 酸化チ
タン表面の窒化による窒化/酸化チタン窒化による
二重被覆の作製, 第 40 回プラズマ・核融合学会 年
会 , アイーナ・いわて県民情報交流センター , 
2023.11.27-30 
 
北川柚葉, 坂部俊郎, 伊藤諒, 向井啓祐, 八木重郎, 
先進ブランケット液体増殖材 Li-Pb-Na の水素溶解
度, 第 40 回プラズマ・核融合学会 年会, アイーナ・
いわて県民情報交流センター, 2023.11.27-30 
 
美濃部治美, 伊藤諒, 向井啓祐, 八木重郎, 超臨界
二酸化炭素による F82H 鋼の腐食における酸素不純
物濃度の影響, 第 40 回プラズマ・核融合学会 年会, 
アイーナ・いわて県民情報交流センター, 2023.11.27-
30 
 
伊藤諒, 荒谷舜, 北川柚葉, 八木重郎, 核融合炉ブ
ランケット液体増殖材の高温電解合成, 電気化学
会北陸支部秋季大会, オンライン, 2023.12.14 
 
伊藤諒, 荒谷舜, 北川柚葉, 向井啓祐, 八木重郎, 
液体 Pb/Li17Pb83 電極におけるリチウム脱挿入挙動, 
電気化学会第 91 回大会, 名古屋大学東山キャンパ
ス, 2024.3.14-16 

興野文人, 浜地志憲, 田中照也, 八木重郎, リチウ
ム鉛液滴からのトリチウム回収 - 管内部分流によ
るトリチウム回収率向上, 日本原子力学会 2024 年
春の年会, 近畿大学 東大阪キャンパス, 2024.3.26-
28 
 
坂部俊郞, 石井嵩也, 向井啓祐, 八木重郎, 放電型
核融合中性子源における陰極水冷式フィードスル
ーの中性子発生率への効果, 日本原子力学会 2024
年春の年会 , 近畿大学  東大阪キャンパス , 
2024.3.26-28 
 

– 29 –




