
Detritiation of huge amount of tritiated water and 
safety improvement by reducing the tritium inventory are 
still important developing challenges for DEMO fuel cycle. 
In the present study, we adopted water-hydrogen chemical 
exchange and cryogenic pressure swing adsorption as 
technologies of hydrogen isotope separation. The purposes 
of study are development of high-efficient adsorbent and 
catalyst applied to the above technologies, and development 
of devices for hydrogen isotope separation with its 
high-efficient operating procedures. 

i) Water-hydrogen chemical exchange
An experimental apparatus for water detritiation,

named ‘Dual Temperature Dual Pressure Catalytic Exchange 
(DTDP-CE)’, was built in the isotope separation laboratory 
at Nagoya University and modified in this year. The 
apparatus was composed of mainly two liquid phase 
chemical exchange columns. One column, which was made 
of Pyrex glass tube, was operated at lower temperature and 
lower pressure. The other column, which was made of 
stainless steel tube, was operated at higher temperature and 
higher pressure. Both columns were 25 mm internal 
diameter and 1 m in length. The columns were filled in 
random manner with Kogel catalysts (Ganz Chemical, 
4.0-6.7 mm spherical, 1.0 wt%-Pt) and Dixon gauze rings 
(TO-TOKU Engineering, 6 mm outer diameter, 6 mm high, 
austenitic steel). The catalyst packing ratio was selected to 
be 30 %. The tritium concentrations in the samples were 
measured by a liquid scintillation spectrometer (Aloka, 
LSC5100). Tritium concentrations in the product and waste 
streams with time variation are plotted in Fig. 1. It is 
confirmed that tritiated water can be separated by the 
apparatus as significantly distinguishable. The separation 
factors obtained by the experiments and calculations are 
summarized also in Fig. 1. The values obtained by 
calculations sufficiently correspond with the experimental 
values. The fact indicates the validity of the model and the 
calculation code.

ii) Pt catalyst for DTDP-CE
Developing targets of a Pt-catalyst for DTDP-CE are 

improvement in heat resistance and lasting hydrophobicity 
under pressurized condition. 

A Pt-catalyst has been developed using porous silica 
beads (Fuji silysia chemical Ltd., CARiACT Q-50) as a 
support. A number of silane coupling agents was tested for 
hydrophobic treatment of the beads. Among them a catalyst 
treated with decyltrimethoxysilane (Shin-Etsu Silicones, 
KBM-3103, LS-5258) provided superior performance in 
hydrophobicity and isotope separation. The catalyst 
performance for hydrogen atom exchange between water 
vapor and hydrogen gas was measured with tritiated water of 
1 MBq/kg, and the overall mass transfer coefficient was 
obtained as 49±2 s−1.

Taguchi has been developing a Pt-catalyst with a DVB 
polymer support from a standpoint that the pore size and 
pore structure of the support must be controlled adequately 
for upgrade of catalytic performance. The macro-pore size of 
the DVB support was well controlled by the fraction of 
dimethylpolysiloxane. According to the TEM observation
most of the Pt particles seemed to exist in the micro-pores, 
for that reason the Pt particles unable to perform effectively. 
A technique to reduce the micro-pore volume is currently 
under development. 

  Detailed performance evaluation of various catalysts 
was experimentally conducted by Munakata. The mass 
transfer process in the catalyst bed was also examined 
theoretically. 

Fig. 1 Hydrogen isotope separation by DTDP-CE

The purpose of this work is to build the behavior model 
of tritium released to the environment at the time of in 
normal or an accident and to evaluate the model. The 
organically bound tritium (OBT) to become the 
accumulation part of tritium in the environment was paid 
attention in this study. About the case that HTO was 
released around nuclear fusion facilities, it is important to 
analyze tritium environment change in the atmosphere, 
groundwater, river water, soil water and a plant by the 
model calculation to evaluate facilities influence. This study 
group is constructed in a model construction group and an 
experiment group of tritium in the environment. At first the 
result of the model construction group was reported.

A compartment model (Fig. 1) describing tritium 
transfer in the ground surface environment was developed 
and compared with a sophisticated and process-based model, 
SOLVEG, of which meteorological part had been validated. 
The compartment model describes inventories of tritium in 
the air compartment, the soil water compartment, the TFWT 
(tissue free water tritium) compartment and the OBT 
compartment. Both models were applied to a hypothetical 
case with pine trees exposed to the atmosphere having a 
constant HTO concentration under an actual meteorological 
condition measured during a three month period in summer 
in Japan. 

The comparison of the results between models showed 
that, although the increase in the soil water HTO inventory 
during the first several days of the exposure was in a 
reasonable agreement between the models, the compartment 
model had a tendency of systematic underestimation after 
the several day period. According to the analysis of the 
calculation results of SOLVEG, the temporal variation 
during the first several days represented an asymptotic 
variation in the soil water HTO in the very thin surface soil 
layer approaching to an equilibrium with the atmospheric
inventory. The increases in the later period in the SOLVEG 
result were analyzed to be caused by flashing of the surface 

soil layer by precipitation, causing continuing increase in 
the inventory, which was not accounted for in the 
compartment model. The OBT inventory was also found to 
be considerably underestimated the compartment model. It 
was concluded from these results that the configuration and 
the transfer coefficients of the compartment model should 
be improved. 

Fig. 1 Compartment Model

The environmental tritium measurement data were 
reported successively. Because pretreatment for the OBT 
measurement and the measurement of OBT need complicate 
work, there is extremely little measurement data. We 
continue the collection of OBT date built in a previous study 
and utilize OBT data of tritium released by The Fukushima 
Daiichi nuclear disaster as on case study.

Table 1 shows TFWT and OBT concentration of pine 
needles in Fukushima prefecture. 

The measurement of the OBT concentration in pine 
needles without the influence of accident as background 
data was performed. The tritium concentration of pine 
needles after the accident increased to around 100 times, but 
in 2012, decreased. We gather the tree of cedar in 10 cities, 
towns and villages of Fukushima around nuclear power 
plant and analyzed OBT in every annual ring. The 
movement to a plant of tritium released by the accident and 
the preservation as OBT were analyzed. 

This work is performed with the support and under 
the auspices of the NIFS Collaboration Research Program.

NIFS14KOCA001

235

§33.	 Development of Hydrogen Isotope 
Separation Technologies for DEMO Fuel 
Cycle

Sugiyama, T., Takada, A., Morita, Y. (Nagoya Univ.),  
Kotoh, K., Moriyama, S., Funakoshi, H. (Kyushu Univ.),  
Munakata, K., Wada, K. (Akita Univ.), Taguchi, A. 
(Univ. Toyama), Kawano, T., Tanaka, M., Akata, N.


