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Abstract 

 

This paper provides an overview of Japanese fusion engineering research activities focusing on 

those being carried out by NIFS and Japanese universities (Universities). NIFS is promoting the 

Fusion Engineering Research Project as one of the three research projects. The majority of the 

activity in the project is being carried out by collaboration with Universities. Utilizing core 

facilities installed in NIFS and the unique infrastructures of Universities, collaboration between 

NIFS and Universities is performed in superconducting magnet, liquid breeder blanket, advanced 

materials, high heat flux components, and tritium safety. NIFS also carries out international 

collaboration programs, such as Japan-China, Japan-USA, and IEA-based collaborations, 

promoting participation of University researchers. Responsibility division with QST, and 

contributions to ITER-BA and “Action Plan toward DEMO Development” are also reported. 
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I. Introduction 

 

Japanese fusion energy development program and status were reported in Ref. 1. The 

program is now in its third phase basic program, where ITER is defined as the core device. In the 

fourth phase program, construction of DEMO reactor will be the core activity. In addition to the 

ITER project, complementary activities which are necessary to proceed to DEMO are defined 

and promoted as BA (Broader Approach) program. These include JT-60SA Tokamak research, 

and engineering research such as materials, blanket/divertor, safety, and other issues. Japanese 

program also takes other approaches for fusion reactor development. Although Tokamak is the 

first candidate for DEMO, Japan is promoting Helical and Inertial Fusion research with high 

priority (Alternative Options), which are presently carried out as academic research but are 

recognized to have the potentiality to proceed to the developmental phase toward power reactors.  

Japan also promotes engineering research which is not directly aiming to contribute to DEMO, 

e.g., fundamental/academic research, research oriented to long-term advanced technology, and 

research specific to the Alternative Options. 

The major organizations responsible for fusion research in Japan are (1) National Institute 

for Fusion Science (NIFS), (2) Japanese universities (Universities), (3) National Institutes for 

Quantum and Radiological Science and Technology (QST), and (4) other institutes and 

industries. NIFS is an Inter-University Research Institute whose principal role is to promote 
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collaboration with Universities. NIFS and Universities are responsible for the Alternative 

Options by promoting LHD (Large Helical Device) and FIREX Projects. The research by NIFS 

and Universities is relatively fundamental or academic in orientation. QST is the National 

Research and Development Agency, which carries out relatively development oriented research. 

QST is leading ITER and BA program as their implementing agency. BA is composed of IFERC 

(International Fusion Energy Research Center), Satellite Tokamak Program (JT-60SA), and 

IFMIF/EVEDA (International Fusion Materials Irradiation Facility/Engineering Validation and 

Engineering Design Activity) projects. Engineering research in the three projects are summarized 

in Ref. 2.  

Another key program toward DEMO is ITER-TBM (Test Blanket Module) project, for 

which the Japanese program proposes and promotes a water cooled ceramic breeder concept. 

R&D for Japanese ITER-TBM is summarized in Ref. 3. It is commonly recognized in Japanese 

community that the core facility necessary in the near future is a neutron irradiation facility for 

testing fusion reactor materials. Based on the outcome of IFMIF/EVEDA project, a reduced size 

of the neutron irradiation facility, A-FNS, is under design4. Materials development strategy, 

including standardization and licensing procedure, was presented which closely corresponds to 

the development schedule of the neutron irradiation facility5. 

As for the research strategy toward DEMO, “The Action Plan toward DEMO Development” 

(Action Plan) was presented in 2016 and amended in 2017 by “The Task Force of Integrated 

Strategy for DEMO Development” (Task Force), established under the Fusion Science and 

Technology Committee in the Ministry of Education, Culture, Sports, Science and Technology 

(MEXT)6. The Action Plan is composed of the following 15 categories.  

0. Demo Design 
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1. Superconducting Coils 

2. Blanket 

3. Divertor 

4. Heating and Current Drive Systems 

5. Theory and Simulation 

6. Core Plasma 

7. Fuel System 

8. Fusion Materials, Standards and Codes 

Structural Materials for Blanket 

Other materials 

Fusion Neutron Source 

9. Safety 

10. Availability & Maintenance 

11. Diagnostics & Control 

12. Cooperation with Society 

13. Helical System 

14. Laser Fusion 

Action Plan defined the following critical decision points : 

(1) First check and review around 2020. 

(2) Second check and review within a few years from 2025. 

(3) Decision of transition to the DEMO construction stage after D-T operation of ITER 

(2030s). 
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The distribution of the efforts to be provided will be discussed again based on the results of the 

first and the second check and review. All the achievements including those of ITER D-T 

operation will be reviewed for making the decision regarding the transition to the DEMO 

construction phase. Recently, this policy based on the Action Plan was summarized as “A 

Roadmap toward Fusion DEMO Reactor”7. 

NIFS and Universities take a different direction for fusion engineering research, e.g., 

fundamental/academic research, research oriented to long-term advanced technology, and 

research specific to the Alternative Options, while contributing to ITER and BA in the fusion 

engineering aspects. As to the DEMO research based on the Action Plan, NIFS and Universities 

are constructing a collaboration research framework by which sound contributions to achieving 

the goal defined by the Action Plan should be made. NIFS and Universities have a significant 

responsibility in education, as well. 

The strategy of Japanese fusion research is schematically shown in Fig. 1, including 

responsibility of the research organizations.  An overview of Japanese fusion engineering 

research focusing on ITER, BA and DEMO research is available8. This report mainly overviews 

the NIFS and University research for fusion engineering.  

 

II. Fusion Engineering Research Project of NIFS (NIFS-FERP) and Collaboration with 

Universities 

 

NIFS is operating LHD as the core facility of NIFS and Universities9.  Through the 

construction and operation of LHD, collaboration in fusion technology by NIFS and Universities 

has been highly promoted particularly in superconducting magnet, plasma-facing component 
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technology, and helical reactor design.  The Fusion Engineering Research Center was established 

in 2001 for promoting the collaboration on long-term fusion engineering research such as low 

activation materials and liquid blankets. Since 2010, the fusion engineering research activity in 

NIFS was reorganized and extended as Fusion Engineering Research Project (NIFS-FERP), 

which is one of the three research projects in NIFS together with Large Helical Device Project 

and Numerical Simulation Reactor Research Project. The majority of the activity in these 

projects is being carried out by collaboration with Universities. NIFS started D-D experiments of 

LHD on March 7, 201710, which have highly enhanced neutronics and tritium related research. 

 

II-A.  Helical fusion reactor design activity 

 

The conceptual design studies on helical fusion reactors have been carried out in NIFS since 

1994. The recent design, FFHR-d1, is four times as large as LHD, with the major radius of the 

helical coils of 15.6 m and the toroidal magnetic field of 4.7 T11.   

Some innovative concepts are being adopted as options to overcome the difficulties related 

with the construction and maintenance of 3-D complicated large structures, to enhance the 

passive safety, and to improve the plant efficiency12. The innovative options include (1) the 

High-Temperature Superconductor (HTS), including potential use of segmented coils, as a 

counter option to the cable-in-conduit conductors with Low-Temperature Superconducting 

(LTS) Nb3Sn strands, (2) the liquid blanket option with molten salt (FLiBe, FLiNaBe, FLiNaK) 

or liquid metals, (3) use of advanced low activation materials such as vanadium alloys or ODS 

(Oxide Dispersion Strengthened)-RAFM (Reduced Activation Ferritic/Martensitic) steels, (4) 

advanced solid divertors composed of improved W alloys, Cu alloys, and their interfaces 
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produced by advanced joining technology.  As new options, liquid metal limiter/divertor and 

cartridge-type blankets13 have been investigated. The options being considered are schematically 

shown in Fig. 2. 

The conceptual design study closely interacts with the engineering research and 

development activity. For example, the neutronics analysis of radiation environment of in-vessel 

components supplied the performance of the components to be targeted14. 

 

II-B. Major fusion engineering facilities in NIFS and their collaborative use 

 

 A large bore (700 mm in diameter) and high field (13 T) magnet test facility15, a 9-T split 

coil, 75-kA DC power supply, and temperature-variable (4-50 K) refrigerator16 have been 

installed for testing various superconducting conductor and coil samples. These facilities have 

been used for testing the performance of short HTS conductor samples17, the ITER-TF joint 

samples18, and the JT-60SA CS model and module coils19.  

For testing the performance of liquid breeders, a twin loop with 3T superconducting magnet 

(Oroshhi-2) was installed and is capable of flowing LiPb (~623 K) and FLiNaK (~773 K) with a 

maximum velocity of 1.5 m/s in a duct of 25 mm in diameter20.  Sub-loops have been 

constructed for testing hydrogen transportation in LiPb and compatibility of materials with 

FLiNaK. Collaborations carried out with Universities include MHD (Magnetohydrodynamics) 

pressure drop of Li-Pb flow in double-bended pipe21 and Ultrasonic Doppler Velocimetry (UDV) 

for Li-Pb22. 

A total of eight thermal creep test machines which are capable of testing small tensile 

specimens to the maximum temperature of 1173 K in a high vacuum were installed23. Creep 
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properties were investigated for RAFM24, ODS-RAFM25, and advanced vanadium alloys26. 

Recent major efforts are directed to long-term creep properties for high purity V-4Cr-4Ti alloys, 

demonstrating that reduction of interstitial impurities from V-4Cr-4Ti enhanced workability and 

weldability without degrading high temperature creep properties23.  

Hot Isostatic Pressing (HIP) facility, with a maximum temperature of 2273 K, a maximum 

pressure of 196 MPa, and the dimension of the processing area of 120 mm in diameter and 240 

mm in height, was installed in NIFS. Combination of this facility with a planetary ball-milling 

machine for Mechanical Alloying (MA) and a capsule welding equipment installed in a glovebox 

made it possible to process without exposing the materials to air, thus enabling precise impurity 

control of the materials27. The major focus of the use of these facilities are fabrication of 

Dispersion Strengthened (DS) Cu alloys for application of heat sink materials of divertors28, and 

joining of Cu alloys with W29. 

High heat load test machine ACT2 (Active Cooling Teststand 2), with 40 keV and ~300 kW 

electron beam, has been used for characterizing high heat flux test components and materials30. 

Recent experiments include thermal performance of a divertor mock-up with DS-Cu and W 

using improved brazing technique31 and characterization of deuterium retention performance of 

re-solidified W32. 

A Tandem Accelerator of 1 MeV terminal voltage, which is capable of producing H and He 

ions, has been used for surface analyses such as RBS (Rutherford Backscattering Spectrometry), 

ERD (Elastic Recoil Detection), and PIXE (Particle Induced X-ray Emission). An example of the 

results was reported for surface W layer analysis of ion irradiated RAFM by RBS33. 

Some other general materials test facilities are available in NIFS. In particular, FETEM-EDS 

(Field Emission Transmission Electron Microscope-Energy Dispersive X-ray Spectrometer), FIB 
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(Focused Ion Beam), GD-OES (Glow Discharge Optical Emission Spectrometer), Imaging Plate 

system, and TDS (Thermal Desorption Spectrometer)34 have been installed in the radiation-

controlled area of LHD site, allowing characterization of the specimens exposed to D-D plasma 

of LHD. This activity is promoted mostly by the Large Helical Device Project in NIFS. The 

major facilities installed in NIFS by FERP and the collaboration with Universities are listed in 

Table 1. The photographs of the facilities are collected in Fig. 3. 

 

III. Fusion Engineering Research by NIFS and Universities 

 

Universities carry out unique fusion engineering research by using their own respective 

infrastructures. Table 2 lists examples of the facilities in Universities being used for fusion 

engineering research, and Fig. 4 is the collection of the facilities. This chapter mostly reports the 

research aiming at advanced options for fusion reactors and taking fundamental/academic 

approaches carried out by Universities or through collaboration by Universities with NIFS.  

 

III.A.  HTS magnet 

 

NIFS has carried out through collaborations with Universities examinations of the feasibility 

of HTS coils, design of HTS magnets35, and fabrication and testing of short samples17. HTS coils 

have also been developed for use in small plasma experimental devices36. AC loss of HTS coils 

wound with stacked tape conductors were also investigated37. 

As a challenging option for employing the HTS magnet, the “joint-winding” method has 

been proposed, in which prefabricated segmented-conductors, having the one-helical-pitch 
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length, are connected in order to facilitate the on-site winding process of the helical coils35. As an 

advanced option, the “remountable” magnet method is also being investigated, and the joint 

resistance including its bending strain dependence was characterized38,39. The continuous 

winding of the HTS helical coils has been investigated as the key technology as a back-up 

option, as well40. 

 

III.B.  Liquid breeder blanket 

 

Li-Pb, Li, and molten salts (FLiBe, FLiNaBe, and FLiNaK) are candidates for the liquid 

breeding materials and have been the major interest for NIFS and Universities. Fundamental 

studies, i.e., compatibility with structural materials for Li-Pb41 and Li42, hydrogen isotope 

transport for FLiNaBe43 and Li-Pb44, and recovery from Li-Pb45 have been carried out. As for the 

thermofluid of molten salt, a simulant loop provided valuable information such as the means to 

enhance the heat transfer in cooling channels46. Development of functional materials for liquid 

breeder blanket application, such as tritium permeation barrier coating47,48 and advanced 

shielding materials49, have also been carried out by Universities.  

As a new and advanced option of the liquid breeder blanket system, Ti powder-doped 

FLiNak is investigated for improved tritium and corrosion control50. 

 

III.C.  Advanced materials 

 

For the development of low activation structural materials, vanadium alloys, SiC/SiC 

composites, and ODS-RAFM steels, recognized as candidates of advanced low activation 
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structural materials, have been actively studied in NIFS and Universities, in contrast to the 

development of RAFM steels in which QST is taking the leading role. Recent overview articles 

for vanadium alloys51,52, SiC/SiC composites53, and ODS-RAFM steels54 are introduced for 

showing recent activities. NIFS has fabricated vanadium alloys (high purity V-4Cr-4Ti)55 and 

ODS-RAFM steels (9Cr and 12 Cr-ODS steels)56 for collaborative use by Universities. Recent 

focus in the NIFS collaborations for these materials includes joining of the advanced materials 

with conventional structural materials for ODS-RAFM steels57, vanadium alloys58, and SiC59. 

Irradiation effects are critically important research subjects. Ion accelerators installed in 

Universities have been used for qualifying the irradiation response of the candidate 

materials60,61,62, in addition to elucidating the fundamental radiation damage process in fusion 

conditions. 

W and Cu alloys attract attention as plasma-facing and heat sink materials for application to 

solid divertors, respectively. Although a large amount of research is being carried out for 

characterizing W alloys in fusion divertor or fast wall conditions, as will be introduced in section 

III.D, alloy development effort is rather limited for W alloys. Based on the NIFS collaboration, a 

series of W alloy materials (with doping with K and alloying with Re) were fabricated, and the 

characterization was carried out for tensile properties63 and recrystallization behavior64.  

Cu-base alloys are attractive heat sink materials for divertors. However, for application to 

fusion reactors, radiation resistance and high temperature strength must be improved. NIFS 

started collaboration with Universities for developing new Dispersion Strengthened Cu-alloys 

based on MA-HIP processes, in which various advancements are being made for the production 

processes65,66,67. 
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III.D.  Plasma-wall interaction studies 

 

Universities are active research bodies for fundamental plasma-wall interactions using their 

infrastructure. Among the examples are the effects of re-deposition layer68, He implantation69, 

and displacing irradiation70 on hydrogen isotope retention in plasma-facing materials. 

Universities are operating linear plasma simulators, which are quite valuable tools for elucidating 

the basic process of plasma-wall interactions71,72. 

Characterization of materials exposed to LHD plasma has been carried out by NIFS 

collaborations, such as microstructure73, hydrogen retention74, and W-fuzz structure 

(nanostructure)75,76.  

A unique effort being made under the Project is that the Compact Divertor Plasma Simulator 

(CPDS) was installed in the radiation-controlled area of the International Research Center for 

Nuclear Materials Science (the Oarai Center), Institute for Materials Research, Tohoku 

University77. This has made it possible to study plasma-materials interaction using the materials 

previously irradiated with neutrons and now being stored in the Oarai Center78,79. 

 

III.E.  Liquid divertors 

 

Liquid divertor is a very advanced option for handling the extremely high heat load. 

Fundamental studies have been carried out such as thermofluid of the free surface flow in a 

magnetic field80 and deuterium transport under plasma exposure81. Helical Reactor Design in 

NIFS adopted a liquid divertor option82. Experimental verification of the concept is being carried 

out83. 
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III.F.  Tritium 

 

A wide range of tritium studies have been carried out in Universities. University of Toyama 

has the Hydrogen Isotope Research Center, which functions as the base for collaboration with 

Universities for tritium research. NIFS supports the Center based on the Bilateral Collaboration 

Research Program. The researches carried out at University of Toyama by collaborations with 

Universities include tritium performance in plasma-facing materials, detection and 

decontamination for tritium control, and fundamentals of biological effects of tritium84.  

In addition to the collaboration with Universities via the University of Toyama, research is 

carried out by NIFS collaboration in relation with the D-D operation of LHD, including device 

development for monitoring85, de-tritiation86, recovery87, and non-destructive retention 

measurements88 for potential application to the tritium control of LHD. 

 

III.G. Inertial fusion oriented engineering studies 

 

In Japan, the research on Inertial Fusion Energy (IFE) is of high priority, and conceptual 

design of laser inertial fusion reactors and the relevant research have been carried out mainly in 

Universities. There are a number of technical issues for the reactors. Some are specific to the IFE 

systems and some are rather common to magnetic confinement fusion systems89. The former 

includes the target technology90 and the latter includes the chamber technology such as tritium 

recovery91, compatibility92, and liquid metal flow93. 
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IV. International Collaborations 

 

Japan-USA Joint Project is one of the key international collaboration activities by NIFS and 

Universities for fusion engineering research. Summaries of the past projects are given in Table 3. 

Overviews of past projects are available for RTNS-II94, FFTF/MOTA95, JUPITER96, JUPITER-

II97, and TITAN98. Until recently the “PHENIX” Program (FY2013-FY2018), which was 

focused on materials, tritium, and thermofluid issues for gas-cooled divertors, was carried out99. 

The subsequent project “FRONTIER” Program (FY2019-FY2024) was launched as of April 

2019, in which the interface issues for the solid and liquid divertors are the major research 

targets100. 

Throughout these series of the project, neutron irradiation effects are the core research 

activity, in which materials delivered from Japan were irradiated in reactors in the United States, 

and were partly shipped back to Japan, mainly to the Oarai Center for Post-Irradiation 

Examinations (PIE) using Japanese unique infrastructure77. From the TITAN project, some 

specimens irradiated in HFIR (High Flux Isotope Reactor) in ORNL (Oak Ridge National 

Laboratory) were shipped to STAR (Safety and Tritium Applied Research) in INL (Idaho 

National Laboratory) for tritium transfer or plasma exposure experiments. These unique efforts 

have produced unprecedented results, which were reported in the overview articles94-99. 

As for the Japan-China collaboration, the activity is decreasing slightly after the conclusion of 

the JSPS-CAS Core University Program (CUP) and JSPS/NSFC/NRF A3 Foresight Program 

(Japan-China-Korea). Especially in the CUP Program, a wide range of collaboration was carried 

out in fusion engineering, such as reactor design, superconducting magnet, materials, plasma-

wall interaction, and tritium/blanket101. Collaboration is being carried out presently based on 
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MEXT/MOST Agreement Program (JWG) or on NIFS internal budget (named Post-CUP 

Program)102. Recent examples of the collaboration in fusion engineering research include 

plasma-wall interactions in EAST Tokamak103. 

Japan-Korea collaboration has been mostly based on the A3 Foresight Program, and the major 

focus is on KSTAR Tokamak. Personnel exchange and workshops have been the major activities 

in fusion engineering. A collaboration on plasma-wall interactions in KSTAR has recently 

started104.  

Under the IEA framework, the PWI-Technical Collaboration Program (TCP) has been 

carried out from 2015 as a successor of IEA TEXTOR Implementing Agreement (IA). NIFS, as 

the representative institute of Japan, is budgeting PWI-TCP for supporting participation of 

Japanese university researchers105. Plasma-wall interactions have been investigated under this 

program using the linear plasma devices in the world32,106,107. 

 

V. Contribution to ITER-BA 

 

NIFS and Universities contribute to ITER and BA for fusion engineering issues. Examples 

include direct contribution to ITER and BA such as performance tests of the ITER-TF joint 

samples18 and the JT-60SA CS model and module coils at NIFS19. NIFS and Universities have 

collaboration contracts with QST contributing to BA. The collaboration in the fusion engineering 

includes reactor design, blanket, structural and functional materials, and tritium technology in the 

IFERC Project, and the Li target in the IFMIF-EVEDA Project.  

Among the papers published from NIFS and Universities for the BA-IFERC Project 

collaboration are aging of RAFM108, small specimen test technology109, non-destructive 



17 
 

evaluation110, and joining with dissimilar materials111 for structural materials research, recovery 

from Li-Pb112 and permeation in W113 for tritium research, fracture114, deuterium permeation115, 

and radiation-induced electrical properties116 for SiC material, hydrogen retention117 and 

interaction with steam118 for Be-alloys, and structural change119, and vaporization120 for solid 

breeding materials. A unique effort being carried out in this project is the characterization of JET 

ITER-Like Walls (ILW), in which samples extracted from JET in-vessel components were 

transferred to the International Fusion Energy Research Centre (IFERC), QST, Rokkasho, Japan 

for subsequent analyses by several scientists in Japan including NIFS and University 

researchers121,122. 

NIFS and Universities have contributed significantly to the engineering validation of IFMIF 

for the Li target and the test cell systems. In particular, since the control of flow and the 

chemistry of Li is the commonly necessary technology to the liquid Li breeding blankets and 

divertors, infrastructure and experiences in Universities such as Li loop flow test123, deuterium124 

and nitrogen125 trapping technology were efficiently used in the collaboration. Also carried out 

was the analysis of the High Temperature High Flux Test Modules126. 

 

VI. Examples of the latest and ongoing researches 

 

Finally this paper outlines some of the latest and ongoing researches by NIFS collaboration 

with Universities and international partners, most of which have not been published in open 

journals. 

 

VI-1. Tests of HTS conductors  
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A 2-m HTS conductor named TSTC (Twist Stack Tape Cable)127, developed at 

Massachusetts Institute of Technology (MIT), was installed into the large bore (700 mm in 

diameter) and high field (13 T) magnet test facility15 in NIFS, and the tests were launched in 

September 2018.  The tests have been carried out without and with application of magnetic field 

of 5T at temperature of < 30 K. 

 

VI-2. Thermal mixing of MHD liquid metal free-surface film flow 

 

Thermal mixing of liquid metal free-surface film flow has been investigated as a liquid 

divertor thermofluid study using LMX (Liquid Metal eXperiment) of Princeton Plasma Physics 

Laboratory (PPPL)80. Based on the experience, Kyoto University constructed LMFREX (Liquid 

Metal FRee-surface EXperiment) and installed to the 3T magnet in Oroshhi-2 loop test facility in 

NIFS. Thermal mixing of the liquid metal free-surface flow in the vertical magnetic field with 

the length of ~300 mm is being investigated, including participation of PPPL for verifying an 

idea of active flow control by conducting electricity. 

 

VI-3. Redevelopment of W-TiC materials 

 

Japanese University research groups have devoted to development of ultra-fine grained W-

TiC dispersion strengthened alloys by MA-HIP processes for application to devertor materials128. 

The alloys produced have shown enhanced ductility and radiation resistance. These efforts were, 

however, suspended for years. With the start of the use of MA and HIP facilities in NIFS, the 
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activity is resumed recently, which includes new effort to systematically investigate the MA 

conditions and to process the powders after MA with CIP (Cold Isostatic Pressing) prior to the 

HIP processing. 

 

VI-4. Low activation vanadium alloys recyclable after cooling for ten years 

 

V-4Cr-4Ti has long been a leading candidate for the low activation vanadium alloys. As a 

further advanced option, potential reduction of Ti level, which is the major source of 

radioactivity after 25 years’ cooling, is investigated. According to the neutronics calculation, 

showing that recycling and reuse after 10 years’ would be possible by reducing Ti level below 

1%, the alloy composition is being re-optimized by increasing Cr level for compensating 

mechanical property degradation by the decrease in Ti level below 1 %. Strict control of 

impurities which can produce long radioactivity by exposure to neutrons is also necessary. 

 

VI-5. Hydrogen recovery from PbLi droplets in vacuum 

 

Feasibility analysis for tritium recovery from liquid PbLi, in the form of an array of droplets 

in multiple columns, was carried out45. Based on the results, a vacuum sieve tray chamber, 

composed of a droplet formation nozzle, hydrogen dissolution units, heating units, and 

evacuation system, was constructed and its performance was tested129. The system was then 

installed into Oroshhi-2 loop test facility in NIFS. Continuous hydrogen recovery tests using the 

Li-Pb loop in Oroshhi-2 will begin in 2019. 
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VII. Summary 

 

An Interuniversity Research Institute, such as NIFS, is a unique research organization of 

Japan for promoting “Big Science”, providing University people, including students, 

opportunities to use relatively large facilities which are unaffordable for individual Universities. 

In fusion engineering, collaborative use of the core facilities in NIFS and unique infrastructure in 

Universities make it possible to perform unique research, while promoting the education of 

students and young scientists. Such activity also contributes to constructing a network of 

Universities, thus enhancing various types of collaboration. NIFS also carries out international 

collaboration programs, such as Japan-China, Japan-USA, and IEA-based collaborations, 

promoting participation of University researchers. 

In the Japanese program, QST is responsible for promoting ITER, BA and DEMO oriented 

research. NIFS and Universities are, while contributing to those programs, in charge of 

academic/fundamental research oriented to advanced options of fusion reactors, such as HTS 

magnet, liquid breeding blankets, advanced low activation materials, advanced plasma-facing 

components, and the engineering research specific to the Alternative Options of Tokamak, which 

are recognized to have the potentiality to proceed to the developmental phase toward power 

reactors. The Japanese fusion engineering research, in this way, maintains variety and 

robustness. 

 

  



21 
 

References 

 

1. Y. OGAWA, “Fusion studies in Japan,” Journal of Physics: Conference Series, 717, 

012003 (2016). 

2. T. YAMANISHI et al., “Recent technical progress on BA program: DEMO activities and 

IFMIF/EVEDA,” Fusion Engineering and Design, 109–111, 1272 (2016). 

3. Y. KAWAMURA et al., “Progress of R&D on water cooled ceramic breeder for ITER 

test blanket system and DEMO,” Fusion Engineering and Design, 109–111, 1637 (2016). 

4. K. OCHIAI et al., “Design progress of advanced fusion neutron source for JA/DEMO 

fusion reactor,” Presented at IAEA-FEC2018, FIP/P3-6. 

5. T. MUROGA and H. TANIGAWA, “Japanese Fusion Materials Development Path to 

DEMO,” Fusion Science and Technology, 72, 389 (2017). 

6. K. OKANO et al., “An action plan of Japan toward development of demo reactor”, 

Fusion Engineering and Design, 136, 183 (2018). 

7.    http://www.mext.go.jp/component/b_menu/shingi/toushin/__icsFiles/afieldfile/2018/11/08/1408259_2_1_1.pdf 

8. T. YAMANISHI et al., “Recent R&D results on fusion nuclear technology for ITER and 

DEMO reactor in Japan,” Fusion Science and Technology, 72, 233 (2017). 

9. M. OSAKABE et al., “Current status of Large Helical Device and its prospect for 

deuterium experiment,” Fusion Science and Technology, 72, 199 (2017). 

10. Y. TAKEIRI, “The Large Helical Device: Entering deuterium experiment phase toward 

steady-state helical fusion reactor based on achievements in hydrogen experiment phase,” 

IEEE Transactions on Plasma Science, 46, 2348 (2018). 

11. A. SAGARA et al., “Helical reactor design FFHR-d1 and c1 for steady state DEMO,” 

Fusion Engineering and Design, 89, 2114 (2014). 



22 
 

12. H. TAMURA et al., “Design modification of structural components for the helical fusion 

reactor FFHR-d1 with challenging options,” Fusion Engineering and Design, 124, 605 

(2017). 

13. J. MIYAZAWA et al., “Maintainability of the helical reactor FFHR-c1 equipped with the 

liquid metal divertor and cartridge-type blankets,” Fusion Engineering and Design, 136, 

1278 (2018).  

14. T. TANAKA et al., “Analysis of radiation environment at divertor in helical reactor 

FFHR-d1,” Fusion Engineering and Design, 89, 1939 (2014). 

15. S. IMAGAWA et al., “Plan for testing high-current superconductors for fusion reactors 

with a 15 T test facility,” Plasma and Fusion Research, 10, 3405012 (2015). 

16. S. HAMAGUCHI, “Commissioning test results of variable temperature helium 

refrigerator/liquefier for NIFS Superconducting Magnet Test Facility,” IEEE 

Transactions on Applied Superconductivity, 26, 9500404 (2016).  

17. Y. TERAZAKI et al., “Measurement and analysis of critical current of 100-kA class 

simply-stacked HTS conductors,” IEEE Transactions on Applied Superconductivity, 25, 

6977909 (2015). 

18. S. IMAGAWA et al., “Test of ITER-TF joint samples with NIFS test facilities,” IEEE 

Transactions on Applied Superconductivity, 28, 4200405 (2018). 

19. T. OBANA et al., “Conductor and joint test results of JT-60SA CS and EF coils using the 

NIFS test facility,” Cryogenics, 73, 25 (2016). 

20. A. SAGARA et al., “First operation of the Flinak/LiPb twin loop Oroshhi-2 with a 3T SC 

magnet for R and D of liquid blanket for fusion reactor,” Fusion Science and Technology, 

68, 303 (2015). 



23 
 

21. S. NAKAMURA et al., “MHD pressure drop measurement of PbLi flow in double-

bended pipe,” Fusion Engineering and Design, 136, 17 (2018). 

22. Y. UEKI et al., “Ultrasonic Doppler Velocimetry experiment of lead-lithium flow with 

Oroshhi-2 loop,” Fusion Science and Technology, 72, 530 (2017). 

23. T. NAGASAKA, “High-temperature creep properties of NIFS-HEAT-2 high-purity low-

activation vanadium alloy,” Presented at IAEA-FEC2018, MPT/2-1. 

24. Y. LI, T. NAGASAKA and T. MUROGA, “Creep properties and microstructure of JLF-1 

and CLAM steels aged at 823 to 973K,” Fusion Science and Technology, 56, 323 (2009).  

25. Y. LI et al., “High-temperature mechanical properties and microstructure of 9Cr oxide 

dispersion strengthened steel compared with RAFMs,” Fusion Engineering and Design, 

86, 2495 (2011). 

26. P.F. ZHENG et al., “Microstructures and mechanical properties of mechanically alloyed 

V–4Cr–4Ti alloy dispersion strengthened by nano-particles,” Fusion Engineering and 

Design, 89, 1648 (2014). 

27. T. MUROGA et al., “Technical advancement in fabricating dispersion strengthened 

copper alloys by mechanical alloying and hot isostatic pressing for application to 

divertors of fusion reactors”, Materials Science Forum, 941, 778 (2018). 

28.  T. YAMADA et al., “Development of a dispersion strengthened copper alloy using a 

MA-HIP method,” Nuclear Materials and Energy, 9, 455 (2016). 

29. H. NOTO et al., “Development of high strength W/V/Au/ODS-Cu joint using HIP 

process,” Nuclear Materials and Energy, 9, 411 (2016). 

30. Y. HAMAJI et al., “ACT2: a high heat flux test facility using electron beam for fusion 

application,” Plasma and Fusion Research, 11, 2405089 (2016). 



24 
 

31.  M. TOKITANI, “Fabrication of divertor mock-up with ODS-Cu and W by the improved 

brazing technique,” Nuclear Fusion, 57, 076009 (2017). 

32.  Y. HAMAJI et al., “Damage and deuterium retention of re-solidified tungsten following 

vertical displacement event-like heat load,” Nuclear Materials and Energy, 12, 1303 

(2017). 

33 K. YAKUSHIJI et al., “Erosion and morphology changes of F82H steel under 

simultaneous hydrogen and helium irradiation,” Fusion Engineering and Design, 124, 

356 (2017).   

34. Q. ZHOU et al., “Helium retention behavior in simultaneously He+-H2
+ irradiated 

tungsten,” Journal of Nuclear Materials, 502, 289 (2018). 

35.  N. YANAGI et al., “Magnet design with 100-kA HTS STARS conductors for the helical 

fusion reactor,” Cryogenics, 80, 243 (2016).  

36. Y. OGAWA et al., “Design, fabrication and persistent current operation of the REBCO 

floating coil for the plasma experimental device Mini-RT,” Plasma and Fusion Research, 

9, 1405014 (2014). 

37. S. KAWABATA, R. MOTOMURA and T. HIRAYAMA, “AC loss measurement of 

high-Tc superconducting coils wound with stacked conductors,” IEEE Transactions on 

Applied Superconductivity, 23, 5900904 (2014). 

38. H. HASHIZUME et al., “Development of remountable joints and heat removable 

techniques for high temperature superconducting magnets,” Nuclear Fusion, 58, 026014 

(2018). 



25 
 

39. S. ITO, T. NISHIO and H. HASHIZUME, “Bending Characteristic of a Bridge-Type 

Mechanical Lap Joint of REBCO Tapes,” IEEE Transactions on Applied 

Superconductivity, 27, 4600105 (2017). 

40. Y. KIMURA et al., “Development of a prototype winding machine for helical coils using 

high-temperature superconducting tapes,” IEEE Transactions on Applied 

Superconductivity, 26, 7412701 (2016). 

41. M. KONDO et al., “Metallurgical study on corrosion of RAFM steel JLF-1 in Pb-Li 

alloys with various Li concentrations,” Fusion Engineering and Design, 125, 316 (2017). 

42. V. TSISAR et al., “Effect of Li on mechanical and corrosion properties of electron beam 

welds of V–4Ti–4Cr alloy (NIFS-HEAT-2),” Journal of Nuclear Materials, 442, 528 

(2013). 

43. R. NISHIUMI, S. FUKADA and A. NAKAMURA, “Hydrogen permeation through 

Flinabe fluoride molten salts for blanket candidates,” Fusion Engineering and Design, 

109-111, 1663 (2016). 

44. S. FUKADA et al., “Experiment to recover tritium from Li-Pb blanket and understanding 

chemistry of the Li17Pb83 – H system,” Fusion Science and Technology, 72, 374 (2017). 

45.  F. OKINO et al., “Tritium recovery efficiency from an array of PbLi droplets in vacuum,” 

Fusion Science and Technology, 71, 575 (2017).  

46.  N. SETO et al., “Heat transfer enhancement in sphere-packed pipes under high Reynolds 

number conditions,” Fusion Engineering and Design, 83, 1102 (2008). 

47. T. CHIKADA et al., “Deuterium permeation through monoclinic erbium oxide coating,” 

Fusion Engineering and Design, 133, 121 (2018). 



26 
 

48. Y. HISHINUMA, “Formation of double oxide insulator coating for an advanced breeding 

blanket,” Fusion Science and Technology, 66, 221 (2014). 

49. H. MUTA et al., “Properties of cold-pressed metal hydride materials for neutron 

shielding in a D-T fusion reactor,” Plasma and Fusion Research, 10, 3405021 (2015). 

50.  J. YAGI et al., “Hydrogen inventory control for vanadium by Ti metal powder mixing in 

molten salt FLiNaK,” Fusion Engineering and Design, 124, 748 (2017). 

51. T. MUROGA, “Refractory metals and alloys as core materials for Generation IV nuclear 

reactors,” in Structural Materials for Generation IV Nuclear Reactors, edited by Pascal 

Yvon, Woodhead Publishing in Energy 106, 415 (2016). 

52. T. MUROGA et al., “Present status of vanadium alloys for fusion applications,” Journal 

of Nuclear Materials, 455, 263 (2014). 

53. T. NOZAWA et al., “Japanese activities of the R&D on silicon carbide composites in the 

broader approach period and beyond,” Journal of Nuclear Materials, 511, 582 (2018). 

54. A. KIMURA et al., “Oxide dispersion strengthened steels for advanced blanket systems,” 

Plasma and Fusion Research, 11, 2505090 (2016). 

55.  T. MUROGA et al., “NIFS program for large ingot production of a V-Cr-Ti alloy,” 

Journal of Nuclear Materials, 283-287, 711 (2000). 

56.  T. MUROGA et al., “Fabrication and characterization of reference 9Cr and 12Cr-ODS 

low activation ferritic/martensitic steels,” Fusion Engineering and Design, 89, 1717 

(2014). 

57. H. SERIZAWA et al., “Influence of Friction Stir Welding conditions on joinability of 

Oxide Dispersion Strengthened Steel / F82H Ferritic/Martensitic Steel joint,” Nuclear 

Materials and Energy, 9, 367 (2016). 



27 
 

58. H.Y. FU et al., “Dissimilar-metals bonding between NIFS-HEAT-2 vanadium alloy and 

Hastelloy X nickel alloy by controlling intermetallics,” Fusion Science and Technology, 

72, 680 (2017). 

59. T. HINOKI et al., “Silicon carbide and silicon carbide composites for fusion reactor 

application,” Materials Transactions, 54, 472 (2013). 

60. S. KONDO, T. KOYANAGI and T. HINOKI, “Irradiation creep of 3C–SiC and 

microstructural understanding of the underlying mechanisms,” Journal of Nuclear 

Materials, 448, 487 (2014). 

61.  H. WATANABE et al., “Microstructural changes of Y-doped V-4Cr-4Ti alloys after ion 

and neutron irradiation,” Nuclear Materials and Energy, 9, 447 (2016). 

62. N. HASHIMOTO et al., “Analysis of helium and hydrogen effect on RAFS by means of 

multi-beam electron microscope,” Journal of Nuclear Materials, 442, S796 (2013). 

63. M. FUKUDA et al., “Tensile properties of K-doped W–3%Re,” Fusion Engineering and 

Design, 89, 1033 (2014). 

64. K. TSUCHIDA et al., “Recrystallization behavior of hot-rolled pure tungsten and its alloy 

plates during high-temperature annealing,” Nuclear Materials and Energy, 15, 158 

(2018). 

65.  B. HUANG et al., “In-situ fabrication of yttria dispersed copper alloys through MA-HIP 

process,” Nuclear Materials and Energy, 16, 168 (2018). 

66. S.M.S. AGHAMIRI et al., “Microstructure and mechanical properties of mechanically 

alloyed ODS copper alloy for fusion material application,” Nuclear Materials and 

Energy, 15, 17 (2018). 



28 
 

67. H. YAO et al., “Development of ODS-Cu using a water-cooled high energy ball mill”, 

Presented at 18th Int. Conf. Fusion Reactor Materials (6-11 Nov., 2017, Aomori, Japan) 

6PT108. 

68. C. HU et al., “Influence of carbon-dominated deposition layer on He retention and 

desorption in tungsten,” Fusion Engineering and Design, 112, 117 (2016). 

69.  Y. UEMURA et al., “Effect of helium irradiation on deuterium permeation behavior in 

tungsten,” Journal of Nuclear Materials, 490, 242 (2017).  

70. Y. HATANO et al., “Deuterium retention in W and W-Re alloy irradiated with high 

energy Fe and W ions: Effects of irradiation temperature,” Nuclear Materials and 

Energy, 9, 93 (2016).  

71.  D. HWANGBO et al., “Erosion of nanostructured tungsten by laser ablation, sputtering 

and arcing,” Nuclear Materials and Energy, 12, 386 (2017). 

72. Y. NAKASHIMA et al., “Recent progress of divertor simulation research using the 

GAMMA 10/PDX tandem mirror,” Nuclear Fusion, 57, 116033 (2017). 

73. E. BERNARD et al., “Temperature impact on the micro structure of tungsten exposed to 

He irradiation in LHD,” Journal of Nuclear Materials, 484, 24 (2017). 

74. Y. NOBUTA et al., “Effects of modified surfaces produced at plasma-facing surface on 

hydrogen release behavior in the LHD,” Nuclear Materials and Energy, 12, 483 (2017). 

75. M. TOKITANI et al., “Initial growth phase of W-fuzz formation in ultra-long pulse 

helium discharge in LHD,” Nuclear Materials and Energy, 12, 1358 (2017). 

76. S. KAJITA et al., “Morphology and optical property changes of nanostructured tungsten 

in LHD,” Plasma and Fusion Research, 10, 1402083 (2015). 

77. http://www.imr-oarai.jp/eng/ 

http://www.imr-oarai.jp/eng/


29 
 

78. N. OHNO et al., “Development of a compact divertor plasma simulator for plasma-wall 

interaction studies on neutron-irradiated materials,” Plasma and Fusion Research, 12, 

1405040 (2017). 

79. M. YAJIMA et al., “Kinetics of Deuterium Penetration into Neutron-Irradiated Tungsten 

under Exposure to High Flux Deuterium Plasma,” Nuclear Materials and Energy, 

submitted. 

80. K. KUSUMI et al., “Study on thermal mixing of MHD liquid metal free-surface film 

flow,” Fusion Science and Technology, 72, 796 (2017). 

81.  H. BI and Y. HIROOKA, “Deuterium transport in a liquid metal GaInSn with natural 

convection under steady state plasma bombardment,” Fusion Engineering and Design, 

125, 222 (2017). 

82. T. GOTO, J. MIYAZAWA and the FFHR Design Group, “Estimation of the pumping 

power of the liquid metal divertor REVOLVER-D for the LHD-type helical fusion 

reactor FFHR-d1,” Plasma and Fusion Research, 12, 1405016 (2017). 

83. T. OHGO et al., “Study on jets stabilized by inserting internal flow resistances for the 

liquid metal divertor in the helical fusion reactor,” Plasma and Fusion Research, 13, 

1405003 (2018). 

84.  http://www.hrc.u-toyama.ac.jp/en/archives/annual_reports/ 

85.  M. TANAKA and T. SUGIYAMA, “Development of a tritium monitor combined with an 

electrochemical tritium pump using a proton conducting oxide,” Fusion Science and 

Technology, 67, 600 (2015). 

86. T. SUGIYAMA et al., “Dual temperature dual pressure water-hydrogen chemical 

exchange for water detritiation,” Fusion Engineering and Design, 98-99, 1876 (2015). 



30 
 

87. Y. MIHO et al., “Tritium water distillation assisted with adsorption and isotopic 

exchange,” Fusion Science and Technology, 71, 326 (2017). 

88. M. MATSUYAMA and S. ABE, “Tracking of tritium charged into stainless steel by 

BIXS,” Fusion Engineering and Design, 113, 250 (2016). 

89. T. NORIMATSU et al., “Conceptual design and issues of the laser inertial fusion test 

(LIFT) reactor-targets and chamber systems,” Nuclear Fusion, 57, 116040 (2017). 

90. A. IWAMOTO et al., “FIREX foam cryogenic target development: residual void 

reduction and estimation with solid hydrogen refractive index measurements,” Nuclear 

Fusion, 53, 083009 (2013). 

91. S. FUKADA et al., “Tritium recovery system for Li–Pb loop of inertial fusion reactor,” 

Fusion Engineering and Design, 83, 747 (2008). 

92.  M. KONDO et al., “Experimental study on corrosion and precipitation in non-isothermal 

Pb-17Li system for development of liquid breeder blanket of fusion reactor,” Journal of 

Physics: Conference Series, 877, 012001 (2017). 

93. K. YAMAMOTO et al., “Investigation of condensed liquid film flow on chamber ceiling 

of laser-fusion reactor,” Fusion Science and Technology, 60, 585 (2011). 

94. M. KIRITANI, N. YOSHIDA and S. ISHINO, “The Japanese experimental program on 

RTNS-II of DT-neutron irradiation of materials,” Journal of Nuclear Materials, 

122&123, 6602 (1984). 

95. S. ISHINO, T. KONDO and M. OKADA, “History, present status and future of fusion 

reactor materials research in Japan,” Journal of Nuclear Materials, 179-181, 3 (1991). 

96.  K. ABE et al., “Neutron irradiation experiments for fusion reactor materials through 

JUPITER program,” Journal of Nuclear Materials, 258-263, 207 (1998). 



31 
 

97. K. ABE et al., “Development of advanced blanket performance under irradiation and 

system integration through JUPITER-II project,” Fusion Engineering and Design, 83, 

842 (2008). 

98.  T. MUROGA, D.K. SZE and K. OKUNO, “Overview of the TITAN project,” Fusion 

Engineering and Design, 87, 613 (2012). 

99.  Y. KATOH et al., “Progress in the U.S./Japan PHENIX project for the technological 

assessment of plasma facing components for DEMO reactors,” Fusion Science and 

Technology, 72, 222 (2017). 

100. http://www.nifs.ac.jp/collaboration/Japan-US/FRONTIER_e.pdf 

101. K. TOI and K. WANG, editors, JSPS-CAS Core University Program Seminar on 

Summary of 10-year Collaborations in Plasma and Nuclear Fusion Research Area, 9-11 

March 2011, Okinawa, Japan, NIFS-PROC-89 (2011). 

http://www.nifs.ac.jp/report/nifsproc.html. 

102. S. MORITA et al., “Fusion research and international collaboration in the Asian region,” 

Plasma and Fusion Research, 13, 3502046 (2018). 

103. K. KATAYAMA et al., “Deuterium retention in deposited W layer exposed to EAST 

deuterium plasma,” Nuclear Materials and Energy, 12, 617 (2017). 

104. N. ASHIKAWA et al., “Hydrogen isotope retention on coated W with microcrystalline 

structures after plasma exposures in KSTAR,” Presented at 18th Int. Conf. Fusion 

Reactor Materials (6-11 Nov., 2017, Aomori, Japan) 7PT32. 

105. https://www.iea.org/tcp/fusionpower/pwi/ 

http://www.nifs.ac.jp/collaboration/Japan-US/FRONTIER_e.pdf
http://www.nifs.ac.jp/report/nifsproc.html
https://www.iea.org/tcp/fusionpower/pwi/


32 
 

106. M. YAJIMA et al., “Investigation of arcing on fiber-formed nanostructured tungsten by 

pulsed plasma during steady state plasma irradiation,” Fusion Engineering and Design, 

112, 156 (2016). 

107.  R. SAKAMOTO et al., “Surface morphology in tungsten and RAFM steel exposed to 

helium plasma in PSI-2,” Physica Scripta, T170, 014062 (2017). 

108. T. NAGASAKA et al., “Tensile properties of F82H steel after aging at 400–650 ◦C for 

1000–30,000 h,” Fusion Engineering and Design, 124, 1011 (2017). 

109.  R. KASADA et al., “Depth-dependent nanoindentation hardness of reduced-activation 

ferritic steels after MeV Fe-ion irradiation,” Fusion Engineering and Design, 89, 1637 

(2014). 

110.   H. KISHIMOTO et al., “Destructive and non-destructive evaluation methods of interface 

on F82H HIPed joints,” Fusion Engineering and Design, 109–111, 1744 (2016). 

111. S. KANO et al., “Microstructure and mechanical property in heat affected zone (HAZ) in 

F82H jointed with SUS316L by fiber laser welding,” Nuclear Materials and Energy, 9, 

300 (2016). 

112.  M. KINJO et al., “Experiment on recovery of hydrogen isotopes from Li17Pb83 blanket by 

liquid-gas contact,” Fusion Science and Technology, 71, 520 (2017). 

113.  Y. OYA et al., “Deuterium permeation behavior for damaged tungsten by ion 

implantation,” Journal of Nuclear Science and Technology, 53, 402 (2016).  

114. S. NOGAMI et al., “Fatigue properties of SiC/SiC composites under various loading 

modes,” Fusion Science and Technology, 72, 398 (2017). 

115.  Y. YAMAMOTO et al., “Re-evaluation of SiC permeation coefficients at high 

temperatures,” Fusion Engineering and Design, 109–111, 1286 (2016). 



33 
 

116. B. TSUCHIYA, et al., “Dynamic measurements of radiation-induced electrical-property 

modifications in CVD-SiC under fast-neutron irradiation,” Journal of Nuclear Materials, 

455, 645 (2014). 

117. Y. FUJII et al., “Hydrogen retention behavior of beryllides as advanced neutron 

multipliers,” Nuclear Materials and Energy, 9, 233 (2016). 

118.  K. MUNAKATA, “Interaction of titanium beryllide with steam at high temperatures,” 

Fusion Engineering and Design, 89, 1186 (2014). 

119.  K. KATAYAMA et al., “Pebble structure change of Li2TiO3 with excess Li in water 

vapor atmosphere at elevated temperatures,” Nuclear Materials and Energy, 9, 242 

(2016). 

120.  K. MUKAI et al., “Vaporization property and crystal structure of lithium metatitanate 

with excess Li,” Journal of Nuclear Materials, 442, S447 (2013). 

121. M. TOKITANI et al., “Micro-/nano-characterization of the surface structures on the 

divertor tiles from JET ITER-like wall,” Fusion Engineering and Design, 116, 1 (2017). 

122. Y. OYA et al., “Correlation of surface chemical states with hydrogen isotope retention in 

divertor tiles of JET with ITER-Like Wall,” Fusion Engineering and Design, 132, 24 

(2018). 

123. T. OKITA et al., “Certification of contact probe measurement of surface wave of Li jet 

for IFMIF,” Fusion Engineering and Design, 98–99, 2050 (2015). 

124. K. HIYANE et al., “Removal of low-concentration deuterium from fluidized Li loop for 

IFMIF,” Fusion Engineering and Design, 109–111, 1340 (2016). 

125. J. YAGI et al., “Fabrication of nitrogen trapping test loop for IFMIF-EVEDA,” Fusion 

Engineering and Design, 86, 2678 (2011). 



34 
 

126. T. YOKOMINE et al., “Neutronic analysis of IFMIF High Flux Test Module for high 

temperature irradiation,” Fusion Science and Technology, 68, 657 (2015). 

127. M. TAKAYASU et al., “Present status and recent developments of the twisted stacked-

tape cable conductor”, IEEE Transactions on Applied Superconductivity, 26, 6400210. 

(2016). 

128. H. KURISHITA et al., “Development of re-crystallized W–1.1%TiC with enhanced 

room-temperature ductility and radiation performance,” Journal of Nuclear Materials, 

398, 87 (2010). 

129. F. OKINO et al., “Current status of the continuous tritium recovery test campaign using 

PbLi droplets in vacuum,” Fusion Engineering and Design, in press. 

 

  

  



35 
 

Figure Captions 

 

Fig. 1   The strategy of Japanese fusion research, including responsibilities of the research 

organizations. (modified from Fig. 1 in Ref. 1 and 

http://www.aec.go.jp/jicst/NC/senmon/kakuyugo2/siryo/kettei/houkoku051026_e/betten

20.htm highlighting fusion engineering research) 

 

Fig.2    Some options being considered in the design of FFHR-d112. 

 

Fig. 3   Core fusion engineering facilities in NIFS. 

 

Fig. 4   Examples of fusion engineering research facilities in Universities. 
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organizations.  
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highlighting fusion engineering research) 
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Fig.2   Some options being considered in the design of FFHR-d112. 
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Fig. 3  Core fusion engineering facilities in NIFS. 
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Fig. 4  Examples of fusion engineering research facilities in Universities. 
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Table 1.  Research subjects, key facilities and collaborations in Fusion Engineering Research 

Project of NIFS (NIFS-FERP). 

 

 

  

Research Subjects Major Emphases Key Facilities in NIFS Examples of collaborative research 
Superconducting 
magnet and 
systems 

High temperature 
superconducting 
magnet 

13 T, φ700 mm  Solenoid Coil15, 9T 
Split Coil, Temperature Variable 
Refrigerator16 

Short HTS sample tests17 
ITER-TF Joint Sample tests18 
JT-60SA Central Solenoid tests19 

Blanket Liquid breeder 
blanket Li-Pb/FLiNaK Twin Loops with  3 T 

Superconducting Magnet 
(Oroshhi-2)20 

MHD pressure drop of Li-Pb21 
Ultrasonic Doppler Velocimetry for Li-Pb22 
Mass transfer control in FLiNaK50 

Materials Advanced low 
activation and 
divertor materials 

High T, High Vacuum Creep Test 
Facilities23 
Hot Isostatic Press Facility27 

Creep properties of V-4Cr-4Ti alloys26 
Production of ODS Cu alloys28 
HIP joining of advanced materials29 

High heat flux 
components Solid and liquid 

divertors High Heat Flux Test (ACT2)30 
Ion Beam Surface Analysis33 High heat flux test of W/Cu-alloy joints31 

Properties of re-solidified W32 
RBS for ion-implanted RAFM33 

Tritium Control of low 
level tritium 

Tritium system for LHD10 

Thermal Desorption 
Spectroscopy34 

Application of proton conductors85 
Water detritiation86,87 
Non-destructive retention measurements88 
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Table 2.  Examples of infrastructure in Universities used for fusion engineering research. 

 

  

Research Field Examples of infrastructure in Universities 
Superconducting 
magnet HTS tape joint test facilities (Tohoku U.)39 

AC loss measurement facilities (Kagoshima U.)37 
Strain effect test facilities (Meiji U./Sophia U.)40 

Blanket Molten-salt simulant test loop (Tohoku U.)46 
H/D transfer test facilities (Kyushu U./Kyoto U.)44,45 
Corrosion test facilities (Tokyo Inst. Tech.)41 

Materials Hot laboratories (Tohoku U.)77 
Ion irradiation test facilities (Kyoto U./ Kyushu U.)60,61 
Multi-beam High Voltage Electron Microscope (Hokkaido U.)62 
Welding test facilities (Osaka U.)57 

High heat flux 
components Divertor simulator (Nagoya U./Tsukuba U.)71,72 

Divertor simulator in a hot laboratory (Tohoku U.)78 
High flux ion implantation facility (Osaka U.)33 

Tritium  Tritium laboratory (U. Toyama/Kyushu U.)84,87 
Ion implantation and analysis (Shizuoka U.)69 
Electrolysis and chemical exchange (Nagoya U.)86 



42 
 

Table 3.  Grand summary of Japan (NIFS/Universities)-USA Joint Projects.  

RTNS-II, Rotating Target Neutron Source-II; FFTF, Fast Flux Test Facility; EBR-II, 

Experimental Breeder Reactor-II; HFIR, High Flux Isotope Reactor; STAR, Safety and Tritium 

Applied Research; MTOR, Magneto-Thermofluid Omnibus Research Facility; TPE, Tritium 

Plasma Experiment; PISCES, Plasma Interactive Surface Component Experimental Station; 

PAL, Plasma-arc Lamp facility; LAMDA, Low Activation Materials. Development and 

Analysis, LLNL, Lawrence Livermore National Laboratory; ANL, Argonne National 

Laboratory; ORNL, Oak Ridge National Laboratory; INL, Idaho National Laboratory; BNL, 

Brookhaven National Laboratory; UCLA, University of California, Los Angeles; UCSD, 

University of California, San Diego; GIT, Georgia Institute of Technology. 

 

Project Name Period  Test Facilities Core Subjects 

RTNS-II94 1981~1986 RTNS-II (LLNL) Low dose D-T neutron irradiation 
   Defect production and accumulation 
   Mechanical properties 
   Functional materials 

FFTF/MOTA95 1987~1994 FFTF (Hanford) 
EBR-II (ANL-

West) 

High fluence neutron irradiation 
   Void swelling and mechanical properties 
   Transmutation effects 

JUPITER96 1995~2000 HFIR (ORNL) 
ATR (INL) 

HFBR (BNL) 

Transient and variable effects of neutron irradiation 
   Temperature variation effects 
   In-situ conductivity of ceramics 
   Radiation creep 

JUPITER-II97 2001~2006 HFIR (ORNL) 
STAR (INL) 

MTOR (UCLA) 

Key issues for advanced blankets 
   Molten-salt blanket 
   Li/V-alloy blanket 
   He-SiC/SiC blanket 

TITAN98 2007~2012 HFIR (ORNL) 
TPE/STAR (INL) 
MTOR (UCLA) 

PISCES (UCSD) 

Mass and heat transfer in first wall and blanket 
   Irradiation-tritium synergism 
   Thermofluid in magnetic field 
   Coating & joining 

PHENIX99 2013~2018 HFIR (ORNL) 
PAL (ORNL) 

TPE (INL) 
He loop (GIT) 

Evaluation of feasibility and safety of He-cooled divertors 
   Heat transfer 
   Tritium Transfer 
   Tungsten materials 

FRONTIER100 2019~ HFIR (ORNL) 
LAMDA (ORNL) 

TPE (INL) 

Interface issues for solid and liquid divertors 
   Tritium transfer and radiation effects 
   Compatibility 

 


