
1. Introduction
Tungsten (W) is a candidate material of plasma facing 

components (PFCs) due to lower hydrogen isotope retention.
It is known that irradiation defects will be produced in W by 
energetic particle irradiation including neutron. Hydrogen 
isotopes trapped by these defects will be not desorped until 
800 K. In addition, it was reported that these defects were 
stabilized by aggregation at higher temperature environment
during plasma operation. Therefore, it is necessary to 
evaluate the correlation between stability of the irradiation 
defects and desorption behavior of tritium. In this 
experiment, the stability of voids produced at various 
temperature, their aggregation and recovery behavior and 
hydrogen isotope retention were studied.
2. Experimental

The polycrystalline disk-type W (A.L.M.T.Corp.) with the 
size of 6 mm and 0.5 mm thickness was heated up to 1173 
K for 30 min as a pretreatment. 6.4 MeV Fe3+ irradiation 
were performed for 6 mm samples with the damage level of 
0.1 dpa using Dual-Beam Facility for Energy Science and 
Technology (DuET) in Kyoto Univeristy at 573, 873, and 
1173 K. Thereafter, 1 keV D2+ irradiation was performed
with the ion flux of 1.0 × 1018 D+ m-2 s-1 up to the ion 
fluence of 1.0 × 1022 D+ m-2 at room temperature. The 
deuterium (D) retention behavior was evaluated by TDS 
from room temperature to 1173 K. Furthermore, Positron 
annihilation spectroscopy (PAS) for damaged W was 
performed to elucidate the aggregation and recovery
behavior of defects.
3. Results and Discussion

Fig. 1 shows D2 TDS spectra for higher temperature Fe3+

irradiated W and post-annealed W after Fe2+ irradiation at 
room temperature. These desorption spectra were divided 
into 3 peaks located at 400, 600 and 800 K, respectively.
Peak 1 is known to be the desorption of D adsorbed on the 
surface and trapped by dislocation loops. Peaks 2 and 3 
were assigned to those trapped by vacancies and voids, 
respectively.1-3) The D retention for all samples was 
decreased as annealing temperature was increased.
Especially, the D retention as Peak 3 was clearly reduced.
The D retention as Peak 3 for the higher temperature 
irradiated W was clearly lower than that for the post-
annealed W at lower annealing temperature (573-873 K). 
On the other hand, no large difference was found for the D
desorption behavior in these samples at 1173 K.

Fig. 2 shows the intensity and lifetime of long-lifetime 
positron at higher temperature irradiated and post-annealed 
W. Positron life times for all samples were increased as the 
annealing temperature was increased, indicating that 
vacancy-type defects would be aggreged and those size 
became bigger with increasing annealing temperature.
However, its intensity was decreased, indicating that the 
void concentration was decreased by recovery. Comparing
with higher temperature irradiated W and post-annealed W, 
positron life time in higher temperature irradiated W was 
shorter.

Based on these results, it was expected that defects were 
recovered before the formation of stabilized cluster due to 
quick moving of defects at higher temperature irradiation, 
leading to the promotion of defect recovery4). On the other 
hand, it was thought that no large difference was found in D
desorption behavior by increasing contribution of annealing 
influence on recovery at high temtemperature more than 
1173 K

Fig. 1. Comparison of TDS spectra for higher temperature 
irradiated W and post-annealed W

Fig. 2. The intensity and lifetime of long-lifetime positron in 
higher temperature irradiated and post-annealed W
[1] Y. Oya, et al., 2015 J. Nucl. Mater. 461(20115) 336
[2] R. Miura, et al., Fusion Eng. Des. 88 (2013) 1827.
[3] H. Eleveld, et al. J. Nucl. Mater. 191 (1992) 433.
[4] O.V. Ogorodnikova et al. J. Nucl. Mater. 451 (2014) 

379–386

400 500 600
10
12
14
16
18
20
22
24
26
28
30

In
te

ns
ity

 / 
%

Positron lifetime / ps

0.0 1.5 3.0 4.5
10-5

10-4

10-3

10-2

10-1  un-annealed
 annealed @ 573 K
 annealed @ 1173 K
 irradiated @ 573 K
 irradiated @ 1173 K

C
ou

nt
s /

 -

Time / ns

400 600 800 1000
0.0

0.5

1.0

1.5

2.0

2.5

3.0
Peak 3Peak 2

Fe irr. (R.T.)
annealed D imp.

573 K
 873 K
 1173 K

Fe irr.(higher temp.)
D imp.

 573 K
 873 K
 1173 K

D
es

or
pt

io
n 

ra
te

 / 
10

17
 D

2 m
-2
 s

-1

Temperature / K

Peak 1

 
 

In a variety of fusion power plant concepts, such 
as, water-cooled lead-lithium (WCLL), helium-cooled 
ceramics/beryllium pebble bed (HCPB) and dual-coolant 
(DC) blanket systems, joining technologies of dissimilar 
materials are essentially required. Oxide dispersion 
strengthened (ODS) steel and tungsten (W) are considered 
as promising candidate materials for structural and plasma 
facing materials of the first wall and divertor components 
in fusion reactors. ODS steel shows excellent elevated 
temperature strength, corrosion resistance, radiation 
resistance, and W has high sputtering resistance and low 
tritium retention in fusion environment. Therefore, it is 
considered that the joining of ODS steels and W and its 
evaluation are a critical issue for the development of fusion 
application. However, the effect of neutron irradiation on 
dissimilar joints and coatings is not clear. The objective of 
this research is to investigate the effects of irradiation on 
the dissimilar joint as well as W itself of which the basic 
irradiation behavior is not fully understood.  

Since the specimens for tensile tests after neutron 
irradiation are so-called miniaturized ones, we designed a 
new bending test-jig for the miniaturized bend specimens, 
as shown in Fig.1.  The span length is 2.1 mm and the 
joint interface was located at the center of the specimen. 
The attachments were also produced to set the specimen at 
the adequate position to evaluate the joint strength.  The 
impact properties of rolled pure W depended on the notch 
direction of the test specimens. The USE is higher in the 
specimens of which the notch is produced on the rolled 
surface of the W plate. 

As for the neutron irradiation hardening of the 
vacuum plasma sprayed W, it was shown that the amount 
of hardening of VPS-W was 300 and 500 MPa after the 
irradiation at 773 K up to 1.6 and 2.7 dpa, respectively, in 
the HFIR in Oak Ridge National Laboratory. The 
formation behavior of the radiation damage structures is 
remarkably affected by the mobility of the point defects, 

such as vacancy which determines the diffusivity of the 
atoms in solid, and its clusters.  It has been considered 
that the recovery stage of the vacancy clusters, that is, 
voids in W is in the temperature range above 1273K [1].  
According to this expectation, the irradiation hardening of 
W will be observed up to around 1373K.  Since neutron 
irradiation at very high temperature like 1273K is not easy, 
we conducted ion-irradiation experiment as a basic and 
supplementary study. Both the single and dual ion 
irradiation were conducted for pure W with iron ions and 
He ions. Fig. 2 shows the dependence of irradiation 
hardening on irradiation temperature after single iron 
irradiation up to 2 dpa. The irradiation induces hardening 
even at 1273 K. The hardening appears to show a peak at 
973 K showing a small reduction with irradiation 
temperature.  The microstructural examinations by TEM 
revealed that a number of dislocation loops were observed 
in the specimen irradiated at all the irradiation temperatures.  
No void was observed after the irradiation at 573 and 773 
K. It can be concluded that the ion-irradiation hardening is 
due to the formation of dislocation loops.  
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Fig. 1: The bending test jigs for miniaturized bending specimens 
irradiated in HFIR of ORNL. 
 
 

 
 
Fig. 2: Irradiation temperature dependence of irradiation 
hardening in pure-W irradiated to 2 dpa. 
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