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Research Subjects and Institutes  
for Tritium Issues 

Research Subjects 
- Fusion 
    (Processing, Blanket, First Wall, Safety, Licensing) 
- Fission Reactor (Heavy Water Reactor) 
- Waste Management 
- Environmental Behavior 
- Biological Effects 
- Fundamental Science 

Institutes 
- Universities 
- Japan Atomic Energy Agency 
- National Institute for Fusion Science (NIFS) 
- National Institute of Radiological Sciences (NIRS) 



 Tritium/Material Interaction 
    - Plasma Facing Materials 
    - Structural Materials 
 Blanket Engineering 
    - Breeding Materials 
    - Tritium Breeding Ratio 
    - Tritium Recovery 
    - Tritium Permeation 
 Tritium Processing and Safety 
 Tritium Behavior in Environment 

Key tritium issue  
for Fusion Engineering Researches 



Institutes and Universities where Tritium Related 
Studies are conducted in Japan 

Akita Univ. 
Hokkaido Univ. 

JAEA 

NIRS 

Univ. of Tokyo 

Ibaraki Univ. 

Univ. of Toyama 

Shizuoka Univ. 

NIFS 

Nagoya Univ. 

Kyoto Univ. 

Osaka Univ. Kyoto Univ. KUR 

Kyushu Univ. 

Tohoku Univ. 



Tritium Network in Japan 

JAEA Universities 
NIFS 

National  
Institutes 

Industries 

Academic Societies 
・Atomic Energy Society of Japan 
・The Japan Society of Plasma    
  Science and Nuclear Fusion  
  Research 
・The Japan Radiation Research  
  Society 

Conferences  
(International and Domestic) 
・Tritium Science and Technology 
・ISFNT, TOFE, PSI, SOFT 
・Joint Symposium, ・・・・・ 
・Pacific-Asia T WS (J-C T WS) 

Tritium 

BA collaboration 
NIFS collaboration program 



Tritium facilities in Japan Atomic Energy Agency 

BA R&D center  
(Rokkasho) 

TPL 
(Tokai) 

Tritium Facilities for Fusion Research  
in Japan Atomic Energy Agency 

BA(Broader Approach) R&D center (2012~) 
T storage: 7.4TBq w/ radioisotopes handling 

Tritium Process Laboratory (1987~) 
T storage: 60g (29g actual) for only T handling 



Research activities  in T Facilities of JAEA 

In Tritium Process  Laboratory 
 

Main Purposes are to develop  
1) fuel cycle technology for fusion reactor, 
and 2) tritium safety handling technology. 
Now, we focus to the ITER Detritiation 
System (DS) Procurement  
 

Activities 
1. Pilot scale Wet Scrubber Column (SC) 

performance test for DS  (completed) 
2. Procurement of DS  
3. Qualification                                            

test of DS 
 
 
 
 
 

In BA(Broader Approach)-R&D center 
 

Main Purpose is to implement  
           Tritium R&D for DEMO under BA  
 

Activities 
1. Tritium accountancy development 
2. Tritium-material interaction study    
                   including JET tile/dust analysis 
3. Tritium durability test 
 
Many Japanese Universities (Hokkaido, 
Toyama, Tokyo, Shizuoka, NIFS, Osaka, 
Kyushu, etc.) participate in this program under 
the collaboration with JAEA 
 
In this center, not only tritium study but also 
material development (RAFM, SiC/SiC, Blanket 
materials : Li & Be) are carried out under BA. 

ITER-DS 



National Institute for Fusion Science [NIFS] 
Staff : Masa Tanaka,  Naofumi Akata, Takuya Saze, Takao Kawano, Kiyohiko Nisimura 

Research Topics 
 Large Helical Device [LHD] research project 
 Tritium removal system [TRS] for LHD exhaust gas 

 Application of polymer permeable membrane to recovery tritiated water 
 Exhaust gas analysis under deuterium plasma experiment for tritium mass balance study 

 Environmental tritium, radioactivity and radiation monitoring 
 Fallout, aerosol, atmosphere, river water, precipitation, soil, organic sample, etc 
 Development of environmental radiation [neutron, gamma ray] monitoring system 

 

 Fusion Engineering Research project [Collaboration with universities] 
 Development of fuel cycle and tritium safety system 

 Feasibility study of  fuel cycle system [EXPRESS] and  
proposal of new fuel cycle concept  

 Cryogenic pressure swing adsorption [PSA] process for ISS 
 Advanced combined electrolysis and catalytic exchange [CECE] process for WDS  
 Advanced tritium oxidation and regeneration of absorbent for TRS 

 Environmental impacts and biological effects of tritium 
 Development of a code to simulate tritium transfer in the environment 
 Study of the biological effects of tritium at the cellular level and by using  

genetically engineered animals 

Study of tritium safety control and environmental tritium 

Multi column PSA system 
“PSMAP” 

Advanced CECE 
system 

“DTDP-CECE” 



LHD deuterium plasma experiment 
~ for public consent ~ 

 Tritium system in NIFS 
 Tritium removal system for LHD exhaust gas 
 Molecular sieves type for deuterium plasma exhaust gas 
 Polymer membrane type for LHD maintenance period 

 Aqueous and gaseous effluent tritium monitor 
 Environmental tritium/radioactivity monitoring 

Stack 

Large Helical Device 
D plasma experiment: 2016- 

Active tritium sampler 
 for stack monitor [2012-] 

Large volume [30L] 
ionization  chamber 

Environmental monitoring  
 River water [1982-] 
 Precipitation [1990-] 
 Organic sample [1998-] 
 Atmosphere [2004-] 
 Soil [2012-] 
 Fallout [2014-] 
 Aerosol [2014-] 

Under construction 
Commissioning by 2015 

Operation: 2016- 
Low background type LSC 

[LSC-LB-7/1220 Quantulus] 

Gas analysis[2012-]:  
Micro-gaschro, qRGA  
Tritium monitoring: 
Water babbler system 
Proportional counter 

NBI system, 
cryopump for closed divertor,   
ice pellet injection system, 
gas puff system,  
plasma diagnostics, etc 

Exhaust gas 

Molecular sieves type 
Process flow: << 1 Nm3/h 

Polymer membrane type 
Process flow: 300 Nm3/h 

Low concentration  
tritium waste water 

[< 20 kBq/cm3] 

Continuous tritiated water  
measurement system by  

a plastic scintillator 



The University of Tokyo 
Staff : Takayuki TERAI & Akihiro SUZUKI 

   

http://lohas.t.u-tokyo.ac.jp/yunen/index.html    https://www.facebook.com/terailab 
The approach to the energy and environmental issues 
from the viewpoint of materials science & 
the research and the development of elemental 
technology for new energy system 

RESEARCH SUBJECTS 
[1] Material chemistry research for 
nuclear fusion reactors 
Chemical reactivity & tritium behavior 
of solid breeder Li2TiO3+x 
Behavior of tritium and non-metallic 
impurities in liquid breeders (Li, Li-Pb, 
Flibe, etc.) 
H isotope behavior in permeation 
reduction coatings 
 
[2] Material research for advanced energy 
systems and energy & environmental 
problems 
[3] Material processing with high-energy 
particles 



Impurity recovery from liquid lithium  
Improvement of hydrogen recovery efficiency by nitrogen removal 

 Further purification by 
Fe-Ti alloy 

Li（N concentration 
100wt.ppm~）   

Li(N concentration  
~10wt.ppm) 

Li（N concentration 
400wt.ppm~） 

Short-term purification by  
pure Ti (once through) 

Two step nitrogen removal 
system in Li  flow of IFMIF 

In the experiment, 
purification by pure Ti was 
confirmed in 27 hours. 

Measurement of ammonia 
concentration gives the 
nitrogen concentration in 
lithium indirectly.  

Nitrogen measuring method  Nitrogen hot trapping 
by pure Ti in Li at 773K 

Presenter
Presentation Notes
液体リチウムからの不純物回収窒素回収により、水素（トリチウム）回収効率が上がります。Two steps nitrogen recovery systems in Li target of IFMIFIFMIFでは窒素回収に二段階の回収システムが提案されています。大気が混入し、400wppm以上の窒素濃度を持つリチウムを純チタンによるワンスルーの短時間純化を行う（一段回目）100wppm付近になったリチウムをFe-Ti合金による純化でIFMIF目標値の10wppm以下まで下げます。（二段階目）Nitrogen hot trapping by pure Ti in Li at 773KAr雰囲気グローブボックス内で、液体リチウムに純チタン板を浸漬させる実験を行いました。浸漬温度は500℃です。浸漬時間に対するリチウム中の窒素濃度の変化を見ました。結果が中央下の図です。青いラインがリチウム中にチタン板を浸漬させた実験の結果。赤いラインがチタン板を浸漬させず、リチウムを500℃で加熱したブランク試験結果になります。ブランク試験に比べ、浸漬試験では明らかに窒素濃度の低減があり、ゲッター材による低減効果を確認することが出来ました。Nitrogen measuring method リチウム中の窒素濃度を測定する方法です。アンモニア変換法を用いて行いました。リチウムが流し込まれた純水と反応し、水素を発生。発生した水素がリチウム中窒素と反応しアンモニアを生成。リチウム中窒素がほぼ全量アンモニアに変化し、回収水（HCi）中でアンモニウムイオンとして固定されます。回収水のアンモニア量をアンモニアセンサーを用いて測定すると、間接的にリチウム中の窒素濃度がわかります。



Shizuoka University 
Staff : Yasuhisa Oya & Takumi Chikada 

Research Topics 
 Correlation of D retention with irradiation damages in W 
 Development of tritium permeation barrier 
 T retention enhancement in W by LHD plasma exposure 
 Behavior of 137Cs & T in tea leaf 

Tritium behavior in fusion related materials 
based on radiochemical aspects 

Plasma Wall Interaction (PWI) issues 
Simultaneous ion implantation  
(D, T, He, C) & Neutron irradiation 
                    effects on fuel retention 

Blanket issues 
- Tritium recovery from lithium oxides 
- Behavior of irradiation damages 

Tritium recovery and cooling system issues 
Tritium permeation behaviors through 
structural materials 



D2 TDS spectra for Fe3+ implanted W 
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D2 TDS spectra for Fe2+ irradiated W with 
various ion fluence. 
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Stage 1 

Stage 2 

Stage 3 

Correlation of D retention with irradiation damages 

D retention and desorption behavior for ion-damaged W and 
comparison by simulation. 

Most of D was desorbed at higher temperature of ~750 K, indicating that D was trapped 
by voids. The D retention was clearly changed by the implantation temperature. 



Development of tritium permeation barrier 

D2

Gauge 1 Gauge 3

QMS

Calibration 
Volume

TMP 2TMP 1

Upstream Downstream

Furnace

Sample
Gauge 2

RP 2RP 1

103~105 Pa <10－6 Pa
Permeation reduction: up to 1/105 
 Er2O3 coating has a high potential  

    as hydrogen permeation barrier 
Permeation mechanism in the coatings 
has been investigated through 
experiments and computer simulations 
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New world record!! 
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2) Adsorption 

3) Penetration 4) Trapping 
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Hydrogen Isotope Research Center (HRC),  

University of Toyama  

HRC  is one of the largest tritium research facilities in Japanese universities and 
licensed to handle 8 TBq (217 Ci) tritium per day and 555 TBq (15 kCi) per year. 

Research Staffs: 3 Professor, 3 Associate Professor, 1 Assistant Professor 
               1 Research Fellow, 1 Foreign Researcher (Guest Professor)  

Education:  Department of New Energy Science (Ph. D. course) 
 Department of Chemistry (Master course) 

Main Directions of Research 

(1) Development of safe handling techniques of 
tritium for fusion reactors 

(2) Hydrogen isotope behaviors in fusion reactor 
materials 

(3) Development of functional materials for 
hydrogen energy system (catalysis, separation 
membrane etc.) 



Uniqueness of Tritium Facility  
(1) Handling of tritium in any chemical/physical form 

 Tritium gas exposure 

 Tritium ion implantation (~keV) 

 Tritium glow discharge  

 HTO vapor exposure 

 

(2) Various instruments for tritium measurements  

   β-ray-induced X-ray spectrometry (BIXS) 

   Imaging plate (IP) 

   High sensitivity calorimeter 

 

(3) Various tools for characterization of tritium-
containing materials.  

 X-ray photoelectron spectroscopy 

 Field-emission scanning electron microscope 

 X-ray diffraction 
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(2) Tritium/hydrogen isotope behaviors in fusion materials including neutron-
irradiated materials 

 Hydrogen isotope retention in neutron-irradiated tungsten (Japan-US 
collaboration TITAN and PHENIX, collaboration with IMR, Tohoku U.) 

 Detritiation of fusion reactor materials  

(3) Application of tritium to materials science (e. g. visualization of 
hydrogen isotopes in solids by autoradiography) 

Current Tritium-Related Research 
(1) Tritium measurements  
 T distributions on JET ITER-like wall tiles 

with IP and BIXS (collaboration with 
EUROfusion) 

 Near-infrared spectroscopy for HTO 
detection with non-hygroscopic windows 

0

HighLow

T concentration

HRC plays a role of national user facility through collaboration program of NIFS. 

International collaboration is also welcome. 



Kyushu University 

Satoshi Fukada Kazunari Katayama Toshiharu Takeishi 

Interdisciplinary Graduate School of Engineering Sciences, 
Department of Advanced Energy Engineering Science, 

Energy Chemical Engineering  

Research Topics 
 Tritium recovery in Liquid blanket system 
 Tritium behavior in solid breeder materials 
 Plasma wall interaction 
 Tritium penetration in concrete materials 
 Tritium behavior in soil 

Students Takako Kimura 

Li 

Heat 
exchanger

Plasma

Blanket

Vacuum pump

Purification
Storage &
DeliveryIsotope separation

Fuel Injection

Recovery
system

Tritium Breeding
Li 

Water
Detritiation

Tritium
recovery

Long term storageHot cell & Waste treatment

Electricity

Recovery of H isotopes from fluidized 
molten salts such as Flibe, Flinabe and 
liquid metal eutectic Li17Pb83 

H isotopes retention in 
W deposition layer 

Li mass loss and T 
behavior in Li2TiO3 

T permeation in Solid Breeder-
Water coolant blanket system HTO behavior in concrete and soil 

http://www.qpn.kyushu-u.ac.jp/lab5/right.html


Tritium recovery from liquid blanket loop  

H2 

Flinabe or 
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Tritium recovery from fluidized Li by Y  

Overview of the Li loop with Y trap Distribution factor between Li and Y 

99.9% D 
recovery is 
achieved. 



Percolation behavior of HTO into a soil packed bed 
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 T retention is larger than water retention because of T trap by isotope exchange 
reaction of T with structural water.  

Li mass loss & T behavior in solid breeder materials 
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Li mass loss at 900oC. 1%H2at 900oC 

Li deposition  
on quartz tube 

 Li mass loss from Li2TiO3 is not negligible at 900 oC.    



Current Activities of the Laboratory of Materials Science in Extremely 
Severe Conditions (Nuclear Materials), Kyushu University. 

(1) Tritium permeation induced by water corrosion of metals 

Our laboratory has been devoted to the studies on 
the hydrogen isotope (tritium) behavior in fusion, 
fission and other energy-related materials using 
tritium tracer methods (liquid scintillation 
counting method, imaging plate technique and 
autoradiography). 

Laboratory members: K. Hashizume and T. Otsuka  

Schematics of automated long-term 
permeation exp. apparatus 

Successful observation of tritium 
permeation induced by water 
corrosion of pure iron  

Issues on tritium permeation 
leakage from storage tanks of 
tritium contaminated water 



(2) Visualization of Tritium Distribution   

BIO BIZO10 BIZO5 

low  

PSL intensity 

High  

2-1. Tritium Diffusion Behavior in Zr-contented BaInO2.5 (Proton conducting Ceramics) 
 using Tritium Imaging Plate:   Tritium Solubility and Diffusivity Dependences on Zr Content 

Specimen (cut in halves) 

IP  

Zr: 0%  Zr: 5%  Zr: 10%  
Exposure to HT gas at 873K for 1 h  

2-2. Tritium depth profiling and its application to determination of hydrogen diffusion coefficients 
in nuclear fusion materials  
Schematics of tritium implantation exp. 
by DC glow discharged method 

IP measurement on the 
tritium loaded surface and 
the cross-section surface 

Depth profile of tritium loaded 
in F82H steel at 573 K for 1 h 



 Staff : Yuji Yamauchi, Yuji Nobuta 

 Research topics 
• Effect of impurity and inert gas implantation on D retention behavior 

in W and F82H 
• Deuterium retention property of W-coated F82H 
• Study on plasma-wall interaction in LHD using long-term samples 
• Effect of neutron and helium irradiation on deuterium retention 

behavior in W and F82H 
• Helium implantation effects on T retention and release behavior in W 

Hokkaido University 

 Main subject 
• Effects of impurity/inert gas/neutron 

implantation on hydrogen retention and 
release behavior in fusion related 
materials. 
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• Development of desorption rate at high 
temperatures after He implantation 

• Long-term T release behavior strongly 
depends on He fluence 

He implantation into W influences not only thermal desorption 
but long-term T release behavior 

400 600 800 1000
0

1

2

3

4

5

6

 

 

 No He implantation

 1x1017 He/cm2

 1x1018 He/cm2

De
so

rp
tio

n 
ra

te
 (1

013
 c

m
-2
s-1

)

Temperature (K)

 D ion (1keV, 1x1018/cm2)  --> He pre-implanted W 
 TDS: 0.5K/s, RT->1273K 

He implantation effect on hydrogen desorption and 
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(Example of results) 



Summary 

  This presentation overviews the recent tritium 
related research activities in Japan. Many 
researchers involve the tritium research and key 
collaboration between JAEA, NIFS and 
universities enhances the tritium science and 
engineering research activities. 
  International collaborations with ITER, China, 
Korea, EU, US and etc. are also good 
opportunity to exchange the information and 
technique for tritium handling. 



Thank you  
for your attention!! 

We always welcome you to visit Japan. 
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