
It is well known that control of fuel particles in the reac-
tor core is indispensable to make a steady operation for a
long term. A part of energetic particles of deuterium and 
tritium is implanted into the plasma-facing materials (PFMs) 
and simultaneously released from them during the operation. 
Therefore, from viewpoint of stable fuel balance, it is of a 
great important issue to make clear isotope effects on ab-
sorption/desorption rate of hydrogen isotopes.

From these viewpoints, new irradiation device of tritium 
ions was prepared in our laboratory, and isotope effects on 
desorption behavior of hydrogen isotopes implanted by glow 
discharge into stainless steel as a model material have been 
studied using temperature-programmed desorption spec-
troscopy.

The outward appearance of a newly established ion irra-
diation device is shown in Fig. 1. Main features of the new 
device are as follows:

(1) Energy range: 0.5 to 3 keV
(2) Ion Flux: ca. 1x1013 ions/s (depending on gas species)
(3) Heating temperature: < 800 K
(4) Ion species: Hydrogen isotopes, helium and so on.

In addition, to examine the isotope effects on desorption 
behavior of hydrogen isotopes, implantation of hydrogen 
isotopes into samples of type 316 stainless steel (SS316) was 
carried out using a specially designed glow discharge device.

Figs. 2 and 3 
show exam-
ples of de-

sorption 
spectra ob-
served for 
glow dis-
charge ex-
periments in 

tritium gas, 

which is a mixture of hydrogen, deuterium and tritium. 
Concentration of tritium was 4.7%.

Desorption spectrum consists of 6 peaks, and major de-
sorption peaks are H2, HD, and HT. It is known that desorp-
tion rate of these peaks is limited by a diffusion process. 
Peak temperature in each desorption species was determined 
by fitting with a fourth order function. As a result, peak 
temperature shifted to the low temperature side with mass of 
desorption species as shown in Fig. 4. It was seen from nu-
merical analysis that such a peak shift is due to the differ-
ence in the activation energy of diffusion.Fig. 1 New irradiation device of tritium 

ions.
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Fig. 2 Desorption spectrum observed for SS316 
exposed to glow discharge in tritium gas.

Fig. 3 Miner peaks in the desorption spectrum ob-
served in Fig. 2.
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Fig. 4 Peak temperature vs. mass of desorption 
species.

  
Tungsten (W) has a high melting point, low neutron 
activation cross-sections, and low tritium (T) solubility, so 
that it is a candidate of plasma-facing materials. In spite of 
these advantages, it is known that He bubbles and fiber-
form nanostructures are formed on tungsten surface by 
exposing to He plasma1). Until now, the surface area of W 
specimens exposed to helium plasmas was measured with 
B.E.T. method. In addition, tritium (T) in the nanostructured 
W was measured with an imaging plate (IP) and β-ray-
induced X-ray spectrometry (BIXS) technique. It was found 
that the surface area and the tritium adsorption were 
increased by the formation of nanostructures2). In this study, 
the exposure time dependences of the amount of deuterium 
retained on the nanostructured W was investigated. 

Two different W plates were used for the specimen; (1) 
nanostructured tungsten formed specimen, which was 
fabricated in the divertor simulator NAGDIS-II at the 
surface temperature of 1500 K, the incident ion energy of 60 
eV, and the He fluence of 2.0×1026 m-2, and (2) non-
irradiated specimen. These specimens were heated in 
vacuum at 753 K for 1.5 h to remove the impurity on the 
surface. Then, the specimens were exposed to the deuterium 
gas at the pressure of 1.2 kPa for 5, 20, and 40 hours. After 
the exposure, the specimens were analyzed by thermal 
desorption spectroscopy (TDS). The specimens were heated 
to 875 at the heating rate of 0.5 K/s, and sustained at 873 K 
for 30 min.

Figure 1: Deuterium desorption from nanostructured W.

Figure 1 shows the deuterium desorption from the 
nanostructured specimens. For all the specimens, the 
desorption peak was observed at 600-700 K. Furthermore, 
desorption decreased gradually when sustaining the 
temperature at 873 K. 

Figure 2 shows the total desorption of deuterium from 
polished and nanostructured W specimens. For 5 hour 
exposure, the total desorption of deuterium was 1.3 1020

m-2 for irradiated specimen and 5.1 1018 m-2 for non-
irradiated specimen. The results indicated that the 
nanostructure formation increased the adsorption amount of 
deuterium on the surface. However, the total desorption did 
not increase with the exposure time, although that for the 
non-irradiated specimen increased. It was suggested that the 
diffusion of deuterium in the nanostructures can be slower 
than that in the bulk material.

Figure 2 : Total desorption of deuterium from polished and 
nanostructured W specimens. 
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