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INTRODUCTION:  In tungsten (W), which is considered a promising material for fusion reac-
tors, the retention and accumulation of hydrogen isotopes due to neutron irradiation pose a signifi-
cant problem. Recently, it has been reported that the addition of rhenium (Re) significantly reduces 
hydrogen isotope accumulation [1], which is believed to be due to the suppression of irradiation de-
fect formation, the primary trapping sites for hydrogen. In fact, it has been found that the formation 
of vacancy-type defects is significantly suppressed in W-5Re compared to pure W [2].   
The aim of this study is to further investigate the effect of Re addition on vacancy formation. To this 
end, simple Frenkel pairs were introduced into W-Re dilute alloys through electron irradiation, and 
the resulting vacancy-type defects were analyzed using positron annihilation spectroscopy. 

EXPERIMENTS:  The specimens used were pure W and W-xRe alloys (x = 0.1, 0.3, 1.0, and 5.0 
at.%). After annealing at 1800°C for 1 hour (1600°C for 1 hour for x = 5.0), electron irradiation was 
performed at the Kyoto University Institute for Integrated Radiation and Nuclear Science (KURNS) 
Linac facility (8 MeV, <100°C, approximately 3.5×10²³ e⁻/m²). After irradiation, vacancy-type de-
fects were investigated via positron annihilation measurements (lifetime measurements and coinci-
dence Doppler broadening measurements). 

RESULTS:  Figure 1(a) shows the depend-
ence of the average positron lifetime (τₐᵥₑ) on 
Re composition. Before irradiation, τₐᵥₑ 
ranged from 110 to 117 ps. Since these values 
are close to the positron lifetime in bulk W, it 
is assumed that almost no vacancy-type de-
fects existed before irradiation. After irradia-
tion, τₐᵥₑ increased in all samples, indicating 
positron trapping at vacancy-type defects in-
troduced by irradiation. In all samples, 
long-lifetime components were barely ob-
served in the positron lifetime spectra, sug-
gesting little positron trapping by vacancy 
clusters. Figure 1(b) shows the increase in τₐᵥₑ 
(Δτₐᵥₑ) due to irradiation. Compared to pure W, 
Δτₐᵥₑ increased with Re composition up to 
about 1%, indicating an increase in positron 
trapping at vacancy-type defects. On the other 
hand, at 5% Re composition, Δτₐᵥₑ was smaller than that of pure W, consistent with previous find-
ings on W-5Re [2]. Theoretical calculations have proposed that Re strongly binds with W interstitial 
atoms, lowering their mobility and increasing the frequency of interstitial-vacancy recombination, 
thereby suppressing the formation (retention) of vacancy-type defects [3]. However, based on the 
present results, it is suggested that other mechanisms may also need to be considered. For example, 
since Re has a positive (attractive) binding energy of 0.22 eV with vacancies in W [3], it is possible 
that Re stabilizes vacancies.  

Fig. 1. Re content dependency of (a) average 
positron lifetime, (b) increase of average 

positron lifetime. 
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Multiple hydrogen trapping by vacancies in B2-type Fe-Al alloys
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