
In the helical reactor to make good magnetic fields

and to obtain an accessibility of the heating system, the thin 

wall thickness is desirable. As the wall material, tungsten 

(W) is candidate because of low erosion yield and small

amount of tritium retention. However, the wall becomes 

heavy and the cost is high if used as bulk W material. If

tungsten coated carbon fiber material (CFC) is applied, the 

wall weight can be significantly light and the use of 

expensive tungsten can be saved.

In the present study, the tungsten coated CFC 

(W/CFC) supplied by Toyo Tanso Co. was employed to 

evaluate the fuel hydrogen retention properties. The W/CFC 

was manufactured by brazing W sheet produced by plasma 

sintering on CFC (CX2002U). The mass density of the 

tungsten sheet is high, so that the thermal conductivities of 

both W and CFC are quite high. 

The W surface was irradiated with deuterium ions of 

1.7keV, using an ECR ion source. The thicknesses of W and 

CFC were 1 mm and 5 mm, respectively. The sample 

temperature was room temperature (RT). After the 

irradiation, the deuterium retention properties were 

examined using thermal desorption spectroscopy (TDS). 

The irradiation was repeated by changing the ion fluence up 

to 2x1018 D/cm2.

Fig. 1 shows the desorption rate of deuterium in the 

irradiated W/CFC with different ion fluences 1). The large 

desorption peak at 250°C is regarded as desorption of 

deuterium trapped in the defect. Fig. 2 shows the amount of 

retained deuterium against the ion fluence 1). For 

comparison, in this figure the data of crystalline W (W) 

(Nilaco), sputter-coated W on reduced activated ferritic steel 

(F82H) (W/F82H), and F82H are presented 2). The amount 

of W/CFC saturated with about 1x1018D / cm2. The 

saturated amount was small, similar with crystalline W and 

F82H.

As described above, the present results show that fuel 

hydrogen retention of W/CFC is small as crystalline 

tungsten and reduced activated ferritic steel. Thus, the 

hydrogen recycling characteristic and the in-vessel tritium 

inventory are similar with cases of ferritic steel and 

crystalline tungsten. The present W/CFC has quite high 

thermal conductivity both in W and CFC, in addition to the 

light weight. Therefore, we here propose to apply this 

W/CFC for the plasma facing walls in the helical and 

tokamak reactors.

Fig.1 D2 desorption spectra of deuterium-irradiated W/CFC.

Fig.2 Fluence dependences of amount of retained deuterium 

for various samples.
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1. Introduction 
The MHD pressure drop for liquid metal and 

permeation control of tritium are the critical issue to develop 
the liquid metal and molten salt bleeding blanket for nuclear 
fusion reactor. In recent research results, NIFS (Nuclear 
Institute for Fusion Science) was succeeded to form Er2O3

thin coating via Metal Organic Chemical Vapor Deposition 
(MOCVD) process as a new technology for broad and 
complicated shaped areas on the inner surface of the pipe1).
We could gain the perspective of future.  

 In this work, we conducted the Cu2+ ion irradiation 
simulated neutron irradiation to study the change of 
insulator coating microstructure prepared via MOCVD 
process by neutron one.  

2. Experimental method 
Er2O3 coating samples on SUS 316 substrates were 

fabricated by the MOCVD apparatus in NIFS. The thickness 
of metal substrates are 1mm, and Er2O3 coating were about 
300-400 nm for the thickness. Cu2+ ion irradiation was 
carried out by tandem ion accelerator in RIAM (Research 
Institute for Applied Mechanics Kyushu University). And 
ion source was 2.4 MeV Cu2+ ion. The irradiation of 0.01-
1.50 dpa conducted on the surface of Er2O3 samples 
prepared by MOCVD method at room temperature, and 
some samples were irradiated for 0.15 dpa in 573 K and 773 
K. XRD (Plillips Xpert system), scanning electron 
microscopes (SEM (Hitachi S3500)), and transmission 
electron microscope (TEM (JEOL 4010T)) were used for 
analysis of microstructure in all samples. The cross sectional 
samples for TEM observation were prepared by FIB method. 
FIB was Hitachi FB-2100. 

3. Results 
The typical XRD pattern of the surface area on the 

Er2O3/SUS coating after Cu2+ ion irradiation of 1.50 dpa at 
room temperature is delineated in Fig. 1(a). The peaks for 
Er2O3 and SUS316 substrate show and it revealed that the 
microstructure of Er2O3 could keep after Cu2+ ion irradiation. 
Fig. 1(b) is SEM image of the surface area on the 
Er2O3/SUS coating after Cu2+ ion irradiation. We could 
observe the microstructure like cracks and confirm that the 
surface structure changed significantly before and after the 
irradiation of 1.50 dpa. TEM image and SAED of the cross 
sectional area on the Er2O3/SUS coating after Cu2+ ion 
irradiation at room temperature show in Fig.2. From the 
result of analysis of SAED (selected area electron 
diffraction) obtained from the Er2O3 coating after the 

irradiation, the patterns were able to index for C-rare earth 
structure of Er2O3. It means that Er2O3 could coat after the 
irradiation. Therefore, it is possible to confirm that Er2O3

microstructure has good stability during the irradiation for 
1.50 dpa range. On the other hand, it could be observed the 
peaks for Er2O3 and SUS316 substrate from the samples 
irradiated 0.15 dpa at 773 K as like Fig. 1. In this result, it 
Er2O3 coating could keep in this condition, too. From XRD 
analysis of two samples, we confirmed clearly that the 
orientation of Er2O3 became different in changing the 
irradiation conditions. 
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Fig.1 Typical XRD pattern and SEM image of 
the surface area on the Er2O3/SUS coating after 
Cu2+ ion irradiation at room temperature 

Fig.2 TEM image and SAED of the cross-
sectional area on the Er2O3/SUS coating after 
Cu2+ ion irradiation at room temperature 
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