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1. Introduction 

Main objective of our research section is to realize 
advanced energy systems for the sustainable develop-
ment under global environmental constraints. We have 
shown a Zero-emission energy scenario based on fu-
sion energy with biomass-based recycling system 
where biomass waste is converted into liquid fuel or 
hydrogen. And further we now propose an innovative 
Negative emission scenario to isolate CO2 in the at-
mosphere by a carbonization process. Our research 
section focuses on development of hydrogen isotopes 
fuel 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 

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 
tritium breed-
ing ratio. Effec-
tive tritium re-
covery method 
from the liquid 
must be devel-
oped for the 

 
Fig.3: The VST system on 
Oroshhi-2 Pb-Li loop at NIFS. 

 
Fig. 2 Neutron fluxes and tritium production rate 
within a blanket mock-up irradiated with a DT 
neutron source 

 
Fig. 1 Energy spectrum measured by single-
crystal diamond detector with 6LiF converter. 
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blanket system with minimal tritium loss. The vacuum 
sieve tray (VST) method, tritium 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 LiCl-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 CO2 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 10-16 m2/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 

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. 

 
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 20–70 
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.  

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

 
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) 

 
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.  
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