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Tungsten (W) is a primary candidate of plasma 

facing material of fusion reactor divertor because of 
its high melting point, thermal conductivity, 
sputtering resistance, and low tritium retention. 
However, there remain some drawbacks of the 
mechanical properties of W materials, which are 
low temperature brittleness, high ductile-to-brittle 
transition temperature (DBTT), and 
recrystallization-induced embrittlement. 

To improve these mechanical properties of W, 
potassium (K) doping and alloying by rhenium (Re) 
have been applied as dispersion strengthening and 
solid solution softening/strengthening methods, 
respectively in our research. In this presentation, the 
effects of K-doping and Re-addition on mechanical 
properties and recrystallization behaviors of W 
materials fabricated by powder metallurgy and hot 
rolling will be discussed. 

It is known that highly deformed W foils show 
ductility even at room temperature. However, their 
potential issue is material thickness (volume) for 
divertor application. To satisfy both low 
temperature ductility and material volume, pure W 
foil laminate has been developed, which is a 
composite material consisting of stacked thin pure 
W foils with room temperature ductility and 
interlayer material. In general, highly deformed 
materials show low resistance to recrystallization. 
Therefore, W foil laminate using K-doped W, 
which can suppress recrystallization compared to 
the pure W, is newly developed in our research. In 
this presentation, the fracture behavior of K-doped 
W foil laminate using pure vanadium (V) and 
copper (Cu) interlayers will be discussed and the 
feasibility of W foil laminate to further improve 
low temperature ductility compared to the bulk W 
materials will also be discussed. 

It is clarified that the suppression of low 
temperature brittleness, lowering the DBTT, and 
suppression of recrystallization, which are issues of 
mechanical properties of W materials for divertor 
application of fusion reactor, can be simultaneously 
improved by the K-doping and alloying by Re. The 
DBTT and recrystallization temperature of pure W, 
K-doped W, and K-doped W-3%Re were 550 ºC / 
1200 ºC, 350 ºC / 1300 ºC, 250 ºC / 1500 ºC, 
respectively. 

Further improvement of the low temperature 
ductility compared to the bulk W materials was 
obtained by laminate. As shown in the following 
picture, the K-doped W foil laminate showed room 
temperature ductility under bending test. 
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