
  
Tungsten (W) material is a primary candidate for 

plasma-facing material because of its low sputtering rate 
and high melting point, and is widely used in existing fusion 
devices. Low activated ferrtic steel, F82H, is a candidate 
structural material for test blanket module in ITER. In terms 
of estimation of tritium inventory and fuel hydrogen 
recycling, hydrogen retention behavior of neutron- and 
helium(He)-irradiated materials needs to be investigated. 
The purpose of this study is to understand the mixing effects 
of neutron and He irradiations on hydrogen retention 
behavior in W and F82H. 

In FY 2015, the effect of He irradiation on deuterium 
retention behavior in W and F82H was mainly investigated. 
For this purpose, He+ ion irradiation followed by D2

+ ion 
irradiation were performed. In He+ ion irradiation, the 
incident ion energy was 5 keV and ion fluence was varied 
from 1x1017 to 1x1019 He/cm2. D2

+ ion irradiation was 
succeedingly performed. The incident energy of D2

+ ion was 
2 keV (corresponding to 1 keV for sole D atom) and the ion 
fluence was 1x1018 D/cm2. All the irradiation experiments 
were done with substrate temperature at room temperature. 
After the He and D ion irradiation, desorption behavior of 
retained D in the samples were evaluated with thermal 
desorption spectrometry (TDS) with high resolution 
quadrupole mass spectroscope, which allows to individually 
detect He and D2. In the TDS analysis, samples were heated 
with a heating rate of 0.5 K/s from room temperature to 
1273 K. 

Thermal desorption spectra of D2 in only He pre-
irradiated W and in both neutron and He pre-irradiated W 
are shown in fig. 1. In the case of no He pre-irradiation, D2 
spectra had a major desorption peak at 420 K and D2 
desorption continued up to 670 K. For W pre-irradiated with 
He, major desorption peak was seen around 440 K and 
desorption rate between 470 and 670 K increased by a factor 
of 2 to 3 compared to no He case. This would be owing to 
release of D trapped in defects produced by He pre-
irradiation. The D2 spectra in W pre-irradiated with He 
showed little difference in the fluence range used in this 
study. This suggests that the effect of He irradiation on D2 
desorption is almost the same within this He fluence rage. 
For neutron-irradiated W, the desorption rate at a peak of 
420 K became smaller than that in no neutron irradiation 
case. The reason for that is not clear for now. The 
reproducibility of the results for the neutron-irradiated W 
will be confirmed in the near future.  

Thermal desorption spectra of D2 in He-irradiated F82H 
is shown in fig.2. For F82H with no He pre-irradiation, main 
peaks were seen at 420 and 940 K. The desorption peak at 
higher temperature (940K) was not observed for F82H with 
He pre-irradiation. The depth profile of atomic composition 

in F82H before ion irradiations is shown in fig.3. At the top 
surface, an impurity layer containing carbon and oxygen 
was observed. The sputtering erosion of the impurity layer 
by He pre-irradiation might be the reason for the reduction 
of higher temperature peak1). 

In the next fiscal year, the ion irradiation experiments 
against neutron-irradiated W and F82H will be performed. 

 

 
1) Hino, T. et al.: J. Nucl. Mater., 386-388 (2009) 736. 
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Figure 1   Thermal desorption spectra of D2 in only 
He pre-irradiated W and in both neutron and He pre-
irradiated W. 
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Figure 2  Thermal desorption spectra of D2 in He pre-
irradiated F82H. 
 

0 10 20 30 40
0

20

40

60

80

100

A
to

m
ic

 c
om

po
si

tio
n 

(a
t.%

)

Depth (nm)

 C
 O
 Cr
 Fe

 
Figure 3   Depth profile of atomic composition in 
F82H before ion irradiation. 

  
 

The GAMMA 10 tandem mirror, equipped with various 
heating system such as radio-frequency wave, microwave 
and neutral injection systems, produces high temperature 
plasmas. It is a promising approach to study the plasma-wall 
interactions in divertor regions by utilizing the high heat-
flux of ions and electrons in the linear device. In this work, 
materials positioned in the end-mirror region of GAMMA 
10 have been exposed to hydrogen discharges to examine 
the plasma-material interaction concerning the hydrogen 
behavior in divertor materials. Here, we report the 
temperature dependence of metal deposition and the 
hydrogen transport behavior, particularly the hydrogen 
trapping at the irradiated surface and the permeation to the 
back side surface. 

The samples used in the study were SiC and W crystals. 
The sample holder made of Mo was attached on a transfer 
rod, which can be adjusted to locate at 0.3 m from the end of 
the mirror exit. The irradiation was performed in hot-ion-
mode plasmas with 9 and 27 shots of a typical pulse with 
0.4 sec, with ion energy of 200 eV at the sample 
temperature kept at 370 and 570 K. After the plasma 
irradiation, each sample was analyzed by Rutherford 
backscattering spectrometry (RBS) and by the elastic recoil 
detection (ERD) methods for deposited metal impurities and 
retained hydrogen atoms in the surface layer of it, using a 
1.7 MeV tandem accelerator. The ion beam analysis 
technique is also able to detect the permeated hydrogen 
directly in the material without being affected the molecular 
recombination process at the back surface, by collecting 
hydrogen in a storing metal layer on the opposite side of the 
irradiation. In order to observe the hydrogen permeation, an 
hydrogen absorbing metal layer of 200 nm Zr was formed 
on the on the opposite side of the irradiated surface of the 
sample. 

Fig. 1 shows the amounts of displaced Si, retained H and 
deposited metal atoms in the near surface layer of the single 
crystal Si sample inserted in the GAMMA 10 at the 
temperatures of 370 K and 570 K. Accumulation of damage 
and hydrogen retention was nearly saturated at the 
irradiation fluence of 9 shots, and was not significantly 
depend on the temperature. On the contrary, the thickness of 
the deposited metal layer decreased with the temperature.   
The deposition layer consists of carbon and metal oxides, 
whose thickness is supposed to be determined by the 
deposition rate of impurities and decomposition rate by 
incident hydrogen. Actually, the oxide layer is easily 
reduced by the hydrogen implantation. According to the 
analysis of the WO3 sample exposed simultaneously, the 
decrease rate of the WO3 layer was estimated to be about 
1.7 nm per a plasma discharge of 0.4 s. The results indicate 

that the decomposition of the deposition layer was enhanced 
at higher temperature. 
   Most of the hydrogen is immediately reemitted from the 
incident surface of the SiC and W. However, some of 
incident hydrogen diffuses into the interior to the sample, 
then transmitted through to the opposite surface. Fig. 2 
shows the recoil hydrogen spectra in the Zr/W and Zr/SiC 
sample irradiated at 570K up to a fluence of 27 shots, 
clearly indicating hydrogen permeation in SiC. Prior to the 
GAMMA 10 experiments, we confirmed that the hydrogen 
permeation was found in the same sample of neither SiC nor 
W under the 5 keV D ion irradiation at the 570 K. In case of 
the GAMMA 10 irradiation, the sites responsible for the 
molecular recombination rate might be effectively filled 
with hydrogen incident on the very shallow depth due to 
much lower ion energy comparing to the 5 keV ion 
irradiation. As a result of suppressing the reemission process, 
it is considered that more portion of incident hydrogen 
diffuse into the interior and permeate to the opposite side of 
SiC sample. 
 
 
 
 
 

 
 
 
 
 
 
 

 
 
 
 
Fig. 1. The recoil hydrogen spectra from the W crystals with 
and without pre-implantation of 200 keV O ions prior to the 
plasma irradiation.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. The recoil hydrogen and helium spectra from the W 
crystals with pre-implantation of 10 keV He and 200 keV O 
ions, prior to the plasma irradiation. 
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