
 

 Tungsten armor has been considered to be critical 

for long term operation of fusion reactor because it suffers 

severe irradiation damages by highly energetic particles 

irradiation together with high heat loading.  The estimated 

thermal heat loading is more than 20 MW/m2 for diverter of 

Tokamak-DEMO reactors. Since tungsten is less ductile, 

cyclic heat loadings may cause fatigue rupture through 

thermal stress applied by the difference in the coefficients of 

thermal expansion between W-armor and structural material, 

namely, system component.  

 Heat load tests were carried out for W-armored 

structure component made of vacuum plasma sprayed (VPS) 

tungsten with a reduced activation ferritic steel. VPS-W 

with 1 mm thickness was coated on a reduced activation 

ferritic steel, F82H, with 5 mm thickness. No surface crack 

was observed after 100 cycles of electron-beam heat 

loadings at 4.8 MW/m2, while 16 cycles of the loadings at 

5.5 MW/m2 resulted in cracking on the surface of W-armor 

(20 sec. for heating, 20 sec. for constant loading and 240 sec. 

for cooling). However, the reduction of plate thickness of 

F82H from 5 mm to 3 mm increased cyclic heat resistance 

to 6.0 MW/m2. It was found that surface cracking occurred 

when the surface temperature increased higher than 1150 K 

irrespective of amount of heat load. Table 1 shows the 

relationship between surface temperature and occurrence of 

VPS-W cracking. 

 Finite element method analyses of thermal stress at 

the surface of tungsten during heat loading tests clearly 

showed that occurrence of cracking was determined by 

balancing heat loading and cooling, suggesting that the 

soundness of W-armor can be controlled by system 

integration, especially by considering cooling rate of system 

components, as well as material performance of W-armor 

itself.  The application of an ODS steel as substrate of W-

armor enables to increase the spraying temperature for VPS 

process, which is considered to be effective to make a high 

performance VPS-W with a higher density. 

 The bonding strengths of the VPS-W/steel joints 

(2.4mmw x 0.5mmt x 5.0mml) were evaluated by miniature 

three-point bend tests with a specially designed fixture of 

spans of 2.1mm at room temperature (Figure 1).  Three-

point bend testing has an advantage that the specimen 

geometry is rather small and adequate to evaluate the 

strength of the joints. The flexural rate was 1 x 10-3 mm/s. 

 Fig.2 shows the bending strength of VPS-W on the 

substrate of ODS steel (upper) and RAF steel (bottom). The 

bending strength is higher in the VPS-W on ODS steel than 

in that on RAF steel. 
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Fig.1: Miniaturized bending test jigs to evaluate bonding 
strength. 
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Fig.2: Bending strength of VPS-W on ODS steel and RAF steel. 
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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 a number of 
existing fusion devices. Low activated ferrtic steel, F82H, is 
a candidate structural material for test blanket module in 
ITER. Plasma-facing materials are exposed to fuel hydrogen 
during plasma operation and part of implanted hydrogen is 
accumulated in the materials. In fusion reactor, neutron and 
helium (He) produced by D-T reaction are implanted into 
plasma-facing materials, which produce irradiation damages 
in the materials, such as vacancy clusters, voids and He 
bubbles, and should influence the hydrogen retention 
properties. In terms of estimation of tritium inventory and 
fuel hydrogen recycling, hydrogen retention behavior of 
neutron- and 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. 

Early in FY 2013, disk-shaped samples of ITER grade 
tungsten and F82H with 5 mm in diameter and 0.2 mm in 
thickness were prepared and these samples were sent to 
Belgium for neutron irradiation. These samples will be sent 
back to Japan in May 2015 after the neutron irradiation, and 
be used for deuterium (D) irradiation experiments in 
Tohoku University where D and He ions irradiation for 
neutron-irradiated materials can be performed using a 
ion/plasma irradiation apparatus in the controlled area 
(Fig.1). This apparatus equips not only a normal QMS but 
also a high resolution QMS (HRQMS), which allows to 
separately detect D2 and He released from samples during 
thermal desorption measurement. 

In FY 2014, in order to investigate the effect of He 
irradiation on deuterium retention behavior in W and F82H, 
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 1x1018 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). In the TDS analysis, samples were 
heated with a heating rate of 0.5 K/s from room temperature 
to 1273 K. During the heating, D2 desorption was monitored 
with HRQMS. 

Thermal desorption spectra of D2 is shown in Fig. 2. In 
the case of no He pre-irradiation, D2 spectra had a major 
desorption peak at around 140 oC and D2 desorption 

continued up to 400 oC. For W pre-irradiated with He, major 
desorption peak was seen around 170 oC and desorption rate 
between 200 and 400 oC largely evolved compared to no He 
case. This would be owing to release of D detrapped from 
defects produced by He pre-irradiation. In addition, a 
desorption peak around 600 oC appeared for He pre-
irradiated W. A major desorption peak of He was also seen 
in the same temperature. Thus, the D2 desorption at 600 oC 
might be related with He release. 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 the 
He fluence. 

D irradiation experiment is being performed for F82H. 
The results of these irradiation experiments will be 
compared with that of neutron- and He-irradiated W and 
F82H. 
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Figure 1   Photo of ion/plasma irradiation apparatus 
with a normal and high resolution (HR) quadrupole 
mass spectrometers (QMS) used for thermal desorption 
spectrometry. 
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Figure 2  Thermal desorption spectra of D2 in He pre-
irradiated W. 
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