
Recent studies show neutron damaged sites in tungsten 
can trap significant tritium in the bulk. Detailed studies of 
damage characteristics, local concentration, dependence of 
dpa, and difference between ion damage and neutron damage 
are under progress. Since neutron damaged sites are created 
in the bulk of tungsten, their tritium uptake could reach 
unacceptable amounts even in DEMO reactors with relatively 
high wall temperatures. Recent studies show that radiation 
damage could be related to multiple trapping of single
defects[1] (vacancies and so on). It is important to understand 
detailed mechanisms for prediction of tritium behavior in 
tungsten. 

For detailed studies on nature of trapping sites, it is 
necessary to inject hydrogen isotope ions or atoms into 
tungsten without making significant additional damage. In 
this study, we changed injection conditions of D ions to 
investigate how to reduce ion induced trapping site 
production and to find best way to evaluate characteristics of 
ion damaged trapping sites. For this purpose we compare two 
ion energy cases, 1 keV and 0.15 keV. 

In this study, Ion damage was made by 6.4 MeV Fe ions 
at 573 K. Then D ions with the energy of 1 keV and 0.15 keV
were injected up to the fluence of 1.5 x 1024 m-2. Residual D 
in tungsten was measured by TDS with the temperature 
ramping rate of 0.1 K/s.

Figure 1 shows TDS data for several damaged tungsten 
from 0 dpa to 4.2 dpa irradiated with 1 keV D at 473 K.
Tungsten samples were heat-treated at 2000 C, under which 
recrystallization and grain growth were clearly found. 
Under this condition, still significant release of D was 
observed for undamaged W, see Fig. 1 (a). D release was 
seen up to about 800 K. Total retention is similar to that of 
0.7 dpa case. As ion damage was raised, two distinct release 
peak was observed around 500 K and 800 K, which could 
be related to ion damaged sites. 

For reducing ion beam driven trapping sites, the ion 
energy was reduced to 150 eV, which is lower than 
displacement threshold. The result is shown in Fig. 2 at 423 
K with a fluence as a parameter. For damaged W, there were 
two release peaks, one from 500 K to 700 K and the other 

around 800 K. For irradiation to undamaged W, D release 
from 500 K to 700 K was only observed. Therefore, it is 
clear that the release peak around 800 K closely relates to 
high energy ion damage sites. There seems the other release 
peak around 500 K, which could relate to low trapping 
energy sites (this could be mono-vacancy). But to obtain 
detailed information on this site better method to reduce ion-
driven trap site production. If occupation ratio of these sites 
are trap-number dependent, the peak could shift to low 
temperatures or could broaden. But from the results, no such 
peak modification was not seen for the high temperature 
peak around 800 K, which could suggest that the D trapping 
sites corresponding to the high temperature peak does not 
have occupation dependent trapping energy.

[1] K. Ohsawa et al., PHYSICAL REVIEW B 82, 184117 
(2010).Fig. 1 TDS data for different damaged W. (a) Raw data. 

(b) Difference between damaged and undamaged W data.
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Fig. 2 TDS data for damaged (a) and undamaged 
(b) . Ion energy is 0.15 keV at 423 K.

 
 

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 as a technology of hydrogen isotope separation. 
The purposes of study are development of high-efficient 
catalyst applied to the technology, 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 University1). The apparatus was composed of 
mainly two liquid phase chemical exchange columns having 
internal diameter of 25 mm and length of 1 m. The columns 
were filled, in a 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 %.  

Effects of some operating parameters, such as pressure, 
temperature, cut, and flow ratio, on separation factors of the 
DTDP-CE apparatus were investigated by the analysis code 
based on the ‘Channeling stage model’1,2). As shown in Fig. 
1 for a representative example, separation factors increased 
with gas-liquid flow ratio and reached plateaus around 
where the ratio was 23). From a safety viewpoint, a small 
flow rate of hydrogen gas is preferable. Consequently, the 
optimum value of gas-liquid flow ratio was found to be 2 for 
the present case.  
 
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. From the previous year a number of silane coupling 
agents was tested for hydrophobic treatment of the beads. As 
shown in Fig. 2, the overall mass transfer coefficient k 
increased with the alkyl chain length of the silane coupling 
agents. A catalyst treated with hexadecyltrimethoxysilane 
(C16) provided superior performance in hydrophobicity and 
isotope separation4). The catalyst performance for hydrogen 
atom exchange between water vapor and hydrogen gas was 
measured with tritiated water of 1 MBq/kg. Reaction 
efficiency kept constant over 30 hours under the condition of 
saturated water vapor at 1 atm, 343 K. The overall mass 
transfer coefficient of C16 was obtained as 84 ± 5 s−1.  

 
1) T. Sugiyama et al., Fusion Eng. Des., 98-99 (2015) 1876.  
2) T. Sugiyama et al., Fusion Sci. Tech., 60 (2011) 1323.  
3) T. Sugiyama et al., ITC-25, P1-79 (2015).  
4) Y. Morita et al., ITC-25, P1-80 (2015).  

Fig. 1 Effect of hydrogen flow rate on separation factors 
of the DTDP-CE apparatus. 
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Fig. 2 Reaction rate constant for various length of alkyl 
chain of silane coupling agents.  
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