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1. Introduction

Main objective of our research section is to realize
advanced energy systems for the sustainable develop-
ment under global environmental constraints. We have
shown a Zero-emission energy scenario based on fu-
sion energy with biomass-based recycling system
where biomass waste is converted into liquid fuel or
hydrogen. And further we now propose an innovative
Negative emission scenario to isolate CO, in the at-
mosphere by a carbonization process. Our research
section focuses on development of hydrogen isotopes
fuel cycle system, breeding blankets, fusion material
R&D, feasibility study for fusion-biomass hybrid
power system, conversion of biomass waste, and fu-
sion neutron generation/measurement. Followings are
main research achievements in the fiscal year of 2020.
-Experimental evaluation of tritium by DD neutron us-
ing a diamond detector
-Calculation of tritium generation and radioactivity of
activation foils to be performed by DT neutron source
-Development of liquid lithium lead droplet system
for efficient recovery of hydrogen isotope and electro-
chemical purification system
-Direct quantification of nitrogen in Fe-Ti alloy which
trapped nitrogen in liquid lithium
-Development of DD neutron source using 3D printed
electrode

2. Blanket mock-up neutronics study

Neutron distribution monitoring in fusion blanket
mock up is a key to ensure the self-sufficiency of the
tritium fuel. Developing a method of measuring trit-
ium production rate and neutron flux distribution are
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Fig. 1 Energy spectrum measured by single-
crystal diamond detector with °LiF converter.
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Fig. 2 Neutron fluxes and tritium production rate
within a blanket mock-up irradiated with a DT
neutron source

required. Tritium production rate was experimentally
evaluated by using a single-crystal diamond detector
and a compact DD fusion neutron source as shown in
Fig. 1. By using Monte-Carlo simulation code,
MCNP-6, transport of deuterium-tritium (DT) fusion
reaction neutrons were simulated by MCNP6 and ac-
tivation calculations were performed by DCHAIN as
shown in Fig. 2. The results of activation calculations
indicate each activity of activation foils inside the
blanket, which proposes the exposure conditions for
measurements using imaging plate.

3. Development of liquid lithium purification system

Lead lith-
ium eutectic al-
loy (Pb-
17at%Li, Pb-
Li) is a candi-
date liquid
breeding mate-
rial with low
chemical reac-
tivity and good
trittum  breed-
ing ratio. Effec-
tive tritium re-
covery method
from the liquid
must be devel-
oped for the

Fig.3:
Oroshhi-2 Pb-Li loop at NIFS.
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blanket system with minimal tritium loss. The vacuum
sieve tray (VST) method, trittum recovery from the
liquid droplet surface falling in vacuum, is a candidate
developed in this section. This fiscal year, on a collab-
oration work with National Institute for Fusion Sci-
ence (NIFS) the operation of VST test device shown
in Fig. 3 integrated to Oroshhi-2 (Liquid metal test
loop) at NIFS has been started.

Oxygen impurity in Pb-Li is also important from
the view point of material compatibility. Oxygen re-
moval by an electrochemical method using LiCIl-KCl
molten salt developed in this section has also been in-
vestigated in this fiscal year, and oxygen in Pb-Li is
confirmed to be removed as CO, when oxygen impu-
rity transferred into the molten salt reacted with the
glass-like carbon electrochemically.

4. Nitrogen hot trapping for liquid lithium

Liquid lithium which is also a hopeful candidate as
a liquid breeding material, is to be used as a flowing
target in an intense neutron source such as A-FNS or
IFMIF those are indispensable for fusion reactor de-
velopment. Nitrogen impurity in liquid lithium is
known to degrade the compatibility of structure mate-
rial against lithium as well as the surface contamina-
tion of yttrium which is used for tritium trapping in
lithium. For the removal of nitrogen, hot trapping us-
ing Fe-Ti alloy has been investigated though the detail
transport behavior of nitrogen in the alloy has not been
clarified. In this fiscal year, using SXES (soft X-ray
energy spectroscopy), nitrogen distribution and diffu-
sion in the alloy has been investigated. Most of the ni-
trogen in the alloy is concentrated in the grain bound-
ary where titanium is also concentrated and the effec-
tive diffusivity of nitrogen in the alloy at 823 K is
shown to be in the order of 107'® m%/s. The nitrogen
distribution in the alloy is shown in the figure 4. The
X-axis of the figure is the depth from the surface of
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Fig.4: The nitrogen penetration into the Fe-Ti alloy
quantified by SXES. Nitrogen is detected in deep
region when the heating time is long (256h)

the alloy pebble, which was kept in N-containing Li
(~1000wppm) at 823 K followed by the embedding
into a resin and polish to show its equatorial plane.
From the practical view point, nitrogen trapping
behavior in flowing lithium condition is also im-
portant. A small liquid lithium loop has been con-
structed in this fiscal year and the experiment using
the device has also been started.

di ' A1y Bl tank
Fig.5: Major components of the lithium loop. The
thermal insulator, a glove box connected to the gate

valve, a casing with magnets of EMP etc. are not
included.

5. Development of compact fusion neutron source
with 3D-printed cathode

Development of a compact neutron source with a
higher neutron production rate is of great importance
for a wide range of its application, including radiog-
raphy and boron neutron capture therapy (BNCT).
Concentric spherical transparent cathodes made of
stainless-steel and titanium were fabricated by a metal
3D printer (Figure 6). The measured neutron produc-
tion rate using the Ti cathode is higher than that of the
SS cathode by factors of 1.36—1.64 across the 2070
kV range. Moreover, fusion on the Ti cathode surface
enhances the total neutron yield significantly com-
pared to the SS cathode under the same conditions.
The Ti’s considerable ability to accumulate D ions and
molecules compared with that of SS explains the dif-
ference of measured NPR results.
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s

Fig.6 (a) a compact fusion neutron source. (b)
buckyball-shaped grid cathode. (c) stainless-steel
cathode during discharge

—24 —



Collaboration Works

J\ARHERE, University of California San Diego (77 A U
71), SiC #EHE FIWT= 7T K= s h B e oD 52 4
(2B D AFSE

J\AKRERS, AR ZERT « LHD 33 [RAF5E,
WARVRRIYE 7 Z > v NEE—RBEBIFE D 72D O & sk
5 FARBMIEHE R O R R A

mIHEH, N2, I\RERR, $ZRA R STAT -
— R AEFBFSE, LHD AR=EIZI I 5 ki E o
BN X AERGIE T T vy S omEtkRe(k

JORTRES, ARSI - —RICTIBIE, Ve
WPEER v AT A@%/i/bj‘@%ﬁﬁ; L HRE T

JUARERS, /NOEZ, FFE, a0 5enT -
—IERNIIE, mihsgn ) F U A REEawE H
WIZKRSABATICEE T % 2508 5T

JUARHERR, #ma B2 senT - — k3R, DT
FPEFIRZ WNTZIRIE T 0y MBEM IC R
(DRAY>¥: X MDA AN S 0) [X i+

JURERS, BaASREFET -« — % SLRIAFZE, IR
75y MEACETEEmEEa—T 0 v O
B D BLENEF 1 OREN e M 34T

INARHERS, EEhEPHAITIEnT - —IEFRAZE, b
F U LIS O G O HlE L iRk T Z o
7y b P

Financial Support
1. Grant-in-Aid for Scientific Research

JUKRERS, FBHIIEB), BEaFE7 77 v M
BT DK - AR - IREHSRD R ORI & BEREVERS

et (oHa)

A, T, RS T T oy ot
Wik & RBHAE PEIE O FEBRFTATG

R, FAROTIEB), Rk REET 0T 7 AL
TOBEBKEIICL D 6 Y F U LRGN BT O
wrge (G

A, AENTTEB), BEAE T T vy MT
BT DK - AR - IREARDR ORI L BEREVERS

BrxEt ()

2. Others

N, EERLERHFENTZEHT, i R A
YAt Ta hoRy T TRy hm R

N Z, BT a—Ya=T )7 (BR), Bt
B NEERR MOS8 > AT L OBRFERTSE

S, (A) BT gL — - VYA 7 LF
RGBSV A L——E N2 U F T A
7 3y 7 AUNEREGE FIE DB

Publications

H. Nam, H. Nam, S. Konishi, Techno-economic analysis
of hydrogen production from the nuclear fusion-biomass
hybrid system, International Journal of Energy Research,
124, 20, 10870-10877, 2020

K. Miyamae, H. Yamada, R. Kasada, S. Konishi, R. Sa-
kamoto, Fuel flow and stock during deuteri-
um-deuterium start-up of fusion reactor with advanced
plasma model, Fusion Engineering and Design, 160,
111794, 2020

F. Okino, S. Konishi, Emissivity measurement of PbLi
droplets in a vacuum for heat recovery by radiation Au-
thor links open overlay panel, Fusion Engineering and
Design, 160, 111961, 2020

T. Higashi, T. Koyama, J. Yagi, T. Terai, Preparation of
extremely low nitrogen concentration lithium by
Fe-5at.%Ti alloy hot trap, Fusion Engineering and De-
sign, 161, 112037, 2020

H. Nam, Impact of nuclear phase-out policy and energy
balance in 2029 based on the 8th Basic Plan for
long-term electricity supply and demand in South Korea,
Renewable and Sustainable Energy Reviews, 122,
109723, 2020

H. Nam, K. Mukai, J. Yagi, S. Konishi, Economic
Analysis of Carbon Removal Strategy by Fu-
sion-Biomass Hybrid System in the Future Market
Mechanism, Journal of Fusion Energy, 39, 1-2, 16-30,
2020

K. Mukai, R. Kasada, K. Sasaki, S. Konishi, Occupied
Electronic States of Li in Li, Li,O,, and Li,O Analyzed
by Soft X-ray Emission Spectroscopy, Journal of Physi-
cal Chemistry C, 124, 17, 9256-9260, 2020

K. Mukai, M. Yasumoto, T. Terai, Lithium Vapor
Chemistry of Hyper-Stoichiometric Lithium Metatitan-
ate Li2‘12(2)TiO3+y, Journal of Physical Chemistry C, 124,

_25_



20, 10870-10877, 2020

K. Mukai, Y. Ogino, J. Yagi, S. Konishi, 2-D evaluation
of bred tritium using neutron imaging plate(Article) ,
IEEE Transactions on Plasma Science, 48, 6, 1831-1835,
2020

M.I. Kobayashi, K. Ogawa, M. Isobe, T. Nishitani, T.
Nishimura, K. Mukai, S. Yoshihashi, M. Osakabe, De-
sign of Neutron Spectrum-Shaping Assembly Around
the Pneumatic Tube-End in the LHD Torus Hall for the
Medical Research Application, Plasma and Fusion Re-
search, 15, SI, 2405043, 2020

T. Okada, J. Yagi, H. Miyagaki, K. Mukai, S. Konishi,
Fundamental analysis for electrochemical removal and
monitoring of oxide impurities in lead lithium using
LiCI-KCI melt, Fusion Engineering and Design, 156,
111597, 2020

H. Miyagaki, J. Yagi, T. Okada, K. Mukai, S. Konishi,
Fundamental Analysis for Electrochemical Extraction
and Monitoring of Impurities from Lead Lithium and
Lithium with Chloride Molten Salt, Fusion Science and
Technology, 76, 4, 458-463, 2020

H. Nam, K. Ibano, S. Konishi, Cost analysis and energy
return on investment of fuel cell and gas turbine inte-
grated fusion-biomass hybrid system; application of a
small scale conceptual fusion reactor GNOME, Energy,
203, 117825, 2020

G. Yamazaki, T. Nagasaka, J. Yagi, T. Goto, T. Tanaka, T.
Watanabe, A. Sagara, Electrochemical measurements of
the corrosion of pure Fe and JLF-1 steel in
HF-containing molten FLiNaK salt, Fusion Engineering
and Design, 162, 112134, 2021

T. Chikada, M.H.H. Kolb, H. Fujita, K. Nakamura, K.
Kimura, M. Rasinski, Y. Hishinuma, K. Mukai, R. Knit-
ter, Compatibility of trititum permeation barrier coatings
with ceramic breeder pebbles, Corrosion Science,
109288, 2021

M. Bakr, J-P. Wulfkuhler, K. Mukai, K. Masuda, M.
Tajmar, S. Konishi, Evaluation of 3D printed bucky-
ball-shaped cathodes of titanium and stainless-steel for
IEC fusion system, Physics of Plasmas, 28, 012706,
2021

K. Mukai, Y. Ogino, M. Kobayashi, M. Bakr, J. Yagi, K.
Ogawa, M. Isobe, S. Konishi, Evaluation of tritium
production rate in a blanket mock-up using a compact
fusion neutron source, Nuclear Fusion, 61, 46034, 2021

M. Bakr, K. Mukai, K. Masuda, J. Yagi, S. Konishi,

Characterization of an ultra-compact neutron source
based on an IEC fusion device and its prospective ap-
plications in radiography, Fusion Engineering and De-
sign, 167, 112346, 2021

H. Matsuura, T. Suganuma, Y. Koga, M. Naoi, K.
Katayama, T. Otsuka, M. Goto, S. Nakagawa, S.
Hamamoto, E. Ishitsuka, K. Tobita, S. Konishi, R. Hi-
watari, Y. Someya, Y. Sakamoto, The T-containment
properties of a Zr-containing Li rod in a
high-temperature gas-cooled reactor as a T production
device for fusion reactors., Fusion Engineering and De-
sign, 169, 112441, 2021

Y. Ogino, K. Mukai, J. Yagi, S. Konishi, Simulations for
practical measurement methods of spatial neutron dis-
tribution inside blanket mock-up irradiated with DT

neutrons, Fusion Engineering and Design, 168, 112417,
2021

W.J. Nuttall, S. Konishi, S. Takeda, D. Webbe-Wood,
Commercialising Fusion Energy, 2020

TR, MRS, WX AR E AR L

t s —T~ AT I A4k BE S
- R A B O ST IS T L ONMREES T, B

Kﬁ%ngszl,wn,mm

W, RRES, REKTR, e E
DOF&FEF - BT~ B AW OK#MET 7 /0P —7T, ¥
LWL X—pE3E 2RI U, R OB R E % fif
ReT D ~, BT 2020 FEHAHTI S, 56-60, 2020

Presentations

N, BT, R, HIER, B
Ak, AR, EYCR, JRIERE, Fll—Rk, ek
VIR NS K B R — IR R K B Hﬂ%&%
L7 RUHA 7 VO E, BARRTTIFE 2020 4
DR ,¢y§4y%%,mm&m48

WHFEH, AW, SFIHFEE, WELA X T Z
U F 7 A Lig 120 TiOssy D ZRFEFEMERM, B AR 1)
T 2020 ERKO KRS, v T A B,
2020.9.16-18

IKBFUE 2, FRERG, JURERS, /N2, FirET
BEEHREIC K 27 T vy MEBRIARINER O Rk
TZER AT DORFE R XL OFERIC T 72 Et, HAK
TS 2020 KO KRS, AT A U BE,
2020.9.16-18

AR, WIEREH, J\ORTERS, BRI, N,

BREMIERE 12 ié&%AMﬁﬁka%%m%,EK
JRT- 154 2020 AEFKD KRS, F v T4 B,

_26_



2020.9.16-18

AT AL, R, dTHEEAR, JURERS, N
Z, LiyTiOs [ERHNE 7 7 /7 MR F82H Fihi
(AT DB LR O K BB RE, BARR -5
22020 FERKD K, F 2T A B, 2020.9.16-18

KA, JRERS, mHEH, W K, o
KER, FHIFZ, NEEZ, )X BB ITEIC X
DERT H B EFZOZEONT, BARRT 1S
2020 FEFKD KL, F T A B, 2020.9.16-18

SURROK, AR, RETHIE, M A, JUKE
BB, ZEWEEY, HEPIR, drHER, w777
v N BSBENERE O RS —E R RSR, H AR T
TR 2020 SFRKD KR, A2 74 2 BE,
2020.9.16-18

S. Konishi, H. Miyagaki, K. Mukai, J. Yagi, Proton
Conductor Pump for Divertor evacuation for the Direct
Recycling in the Primary Fusion Fuel Cycle, 31st Sym-
posium on Fusion Technology (SOFT2020), Online,
2020.9.20-25

K. Mukai, M. Yasumoto, T. Terai, Thermochemical
analysis of Li-containing vapor gas from hy-
per-stoichiometric lithium metatitanate ceramic breeder
pebbles, 31st Symposium on Fusion Technology
(SOFT2020), Online, 2020.9.20-25

M. Bakr, K. Mukai, J. Yagi, S. Konishi, K. Masuda,
Development of ultra-compact neutron source based on
inertial electrostatic confinement fusion device and its

applications, 31st Symposium on Fusion Technology
(SOFT2020), Online, 2020.9.20-25

Y. Ogino, K. Mukai, J. Yagi, S. Konishi, Simulations for
practical measurement of spatial neutron distribution in-
side blanket mock-up irradiated with DT neutrons, 31st
Symposium on Fusion Technology (SOFT2020), Online,
2020.9.20-25

Y. Hayashi, K. Mukai, J. Yagi, T. Fujita, S. Konishi, Fu-
sion Power Control by Injecting Fuel and Response to
Impurity Particles, 31st Symposium on Fusion Tech-
nology (SOFT2020), Online, 2020.9.20-25

R. Omura, J. Yagi, K. Mukai, M. Oyaidzu, K. Ochiai, A.
Kasugai, S. Konishi, Analysis of nitrogen distribution in
iron-titanium alloys using Soft X-ray Emission Spec-
troscopy, 31st Symposium on Fusion Technology
(SOFT2020), Online, 2020.9.20-25

H. Matsuura, T. Suganuma, Y. Koga, K. Katayama, T.
Otsuka, M. Goto, S. Nakagawa, S. Hamamoto, E.
Ishitsuka, K. Tobita, S. Konishi, R. Hiwatari, Y. Someya,

Y. Sakamoto, Trititum confinement property of
Zr-contained Li rod in hightemperature gas-cooled re-
actor as a tritium production device for fusion reactors,
31st Symposium on Fusion Technology (SOFT2020),
Online, 2020.9.20-25

S. Miura, K. Nakamura, E. Akahoshi, S. Kano, J. Yagi,
Y. Hishinuma, T. Tanaka, T. Chikada, Lithium-lead cor-
rosion behavior of zirconium oxide coating after
heavy-ion irradiation, 31st Symposium on Fusion Tech-
nology (SOFT2020), Online, 2020.9.20-25

K. Kubo, K. Katayama, K. Tsukahara, M. Oya, S. Fu-
kada, T. Tanaka, A. Sagara, J. Yagi, T. Watanabe, M.
Kinoshita, Tritium release behavior from neu-
tron-irradiated FLiNaBe mixed with Ti powder, 31st
Symposium on Fusion Technology (SOFT2020), Online,
2020.9.20-25

INIEIE 2, AT M R U T 0 A DR
BB DBREEH, 77 X~ - GBS E 37
[F4E2s, A2 T4 B, 2020.12.1-4

JUKEES, WEHme, KE e, mHEH, 6
Bz, HPfh, NEEZ, ) F U LAeREME
B DIREE A~ DKFBRBATESR), 77 X~ -
BB 3T MUES, AT A B, 2020.12.1-4

MR, FREFE 2, /MKRE, Bakr Mahmoud, J\
ARERS, INEKR, BEEEEE, Nz, RER
A FRMEFRIC L 28T T >y b~ kT
AL N U F U NERERE, 7T X~ - AT
£ 37 mIFES, 4T A BE, 2020.12.1-4

IKREFUE 2, IRE, S, KRR, /N2,
ANINER, BEEEZE, LHD BEZEREMNEICBIT 5
WO & 2 O AlE, 77 X~ « K
B 3T HES, T T4 B, 2020.12.1-4

Ry, #BpvE2, 1A%, Bakr Mahmoud,
JNREERR, /NEHT 2, KRBWEA 4% TRk
AP LA DRGSR YETIROBR%E, 77 X~ « %
A 37 WS, F 0T A B, 2020.12.1-4

HEHme, JUORERS, MEBER, mHEH, HPR
th, WAL, EATARE R-LiPb (2350 HFEE
R DELACFRIE & B ASH, 7T X~ - (4
BFEE 3T HFES, T A B, 2020.12.1-4

FHEBEL, JORERR, [WHE, WNNETZ, ) F
U LEESDO TR T LN E R EE A~ O
HE, 77 A~ - AR 37 hfEs, AT
A B, 2020.12.1-4

WA, NEETZ, R, \ORERR, JHARAE
B A N—=L PR AT KT o7 a b g R

_2’7_



EAOBRERE, 7T X~ - BMEAERE 37
[A4ES, A2 T A B, 2020.12.1-4

AREJLFIN, J\RERS, mHEH, a2, ZH
B, HPHh, drHEAR, WK F 7 L6EERT
BIGICB I D EEMEY T 2 v 7 AW o fEER
B, 77X~ BRGTRE 37 BEs, T4
~BRfEE, 2020.12.1-4

THEPHEST, JFNSE, JrP B, BB E, (RILE—,
/N2, Bakr Mahmoud, WA, FHIFEY
BB OO DAY Z Wi Nal(Tl) O
SeIRFHIE, & 35 [B] KEK AFZESs T dith Higs
EFEDOIEH, AT A B, 2021.1.20-22

THEFIES, KFNSE, P87, BB A, (RAE—,
/NPEHT2, Bakr Mahmoud, [f]3£74#, PICOLON F
R E R - B2 s Nal(THoH
FEFHIE, HAMEFEE 76 BFERKE, 4V
T4 B, 2021.3.12-15

_28_





