
79

Физика конденсированного состояния
Condensed State Physics

distance from the sample by the use of the spectroscopic method, and it was concluded that the backflow was 
not large enough to affect the sputtering yield measurements [8]. 

Figure 4 shows the results for the sputtering yield of FeCrAl alloys in comparison with published data of pure 
iron, chromium, SS304 and W sputtering yields determined experimentally and by numerical simulation [9; 10].

As seen in fig. 4, values of the experimentally measured sputtering yield of the FeCrAl alloys doped with yttri-
um exposed to the H plasma are 30 –50 % lower in comparison with commercial and remelted samples. Additio
nal alloying with yttrium and molybdenum leads to a decrease in the sputtering coefficient to 0.38 ⋅ 10–2 at./ion 
those almost three times as less in comparison with published data for pure iron, chromium and SS304 steel. 
It should be noted that the sputtering coefficients of the alloy with the addition of yttrium and molybdenum 
are only one and a half times higher compared to tungsten. At present, the sputtering coefficient of tungsten 
with hydrogen isotopes is considered to be the lowest. However, W-sputtering and an unfavorable neoclassical 
transport of W-impurities may lead to W accumulation which requires adequate avoidance techniques of large 
central radiation losses [11]. FeCrAl alloys with middle-Z admixed elements doped yttrium and molybdenum 
can been considered as a candidate for armor materials of plasma-facing components of tokamak devices.

Conclusion
The sputtering yields and surface modification of commercial Kanthal-type alloys H23U5T and his re-

melted version, and experimental alloys doped with yttrium + molybdenum + zirconium exposed to low-
energy (500 eV), high-flux (∼3.2 ⋅ 1020 m–2 ⋅ s–1) with fluence 4 ⋅ 1024 m–2 of hydrogen plasma are studied. 
On  the FeCrAl alloys surfaces exposed to the H plasmas at room temperature the grooves along grain 
boundaries, macro and micro cracks and intragranular pits due to the sputtering of precipitates are developed. 
In the initial state of components of alloys aluminum, chromium, silicon, manganese, nickel and molybdenum 
were fairly uniformly distributed in the main matrix phase and form substitutional solid solutions with iron. 
Titanium in commercial alloy is distributed very unevenly: the matrix phase contains 2–3 times less titanium 
(0.06 – 0.13 %) than all over the sample. The main amount of yttrium, as yttrium oxides, is concentrated at 
grain boundaries or in precipitations. The concentration of zirconium in the matrix phase is below the detection 
limit 0.1 at. %. However, the Zr component with concentration close to eutectic of binary system Fe – Fe2Zr 
appears at the grain boundaries. After exposure to hydrogen plasma it has been found that the aluminum 
oxides preferentially locate in grain but yttrium and zirconium oxides at the grain boundary. Molybdenum 
is practically uniformly distributed in the main matrix phase on a sputtered surface. The sputtering yields of 
commercial kanthal-type alloys H23U5T and his remelted version, and experimental FeCrAl alloys doped 
with yttrium + molybdenum + zirconium exposed to low-energy hydrogen plasma are 1.05– 0.38 atoms per 
incident particle and not exceeding those for pure iron and chromium. For some compositions, e. g., FeCrAl 
alloys doped with yttrium + molybdenum, it is obtained sputtering coefficients in several times smaller than 
steel SS304 and only one and a half times higher compared to tungsten. Results reported in this work is thought 
to be of interest for an understanding of mechanisms of possible formation of erosion structures on the FeCrAl 
alloys surfaces under exposure to the hydrogen isotope plasmas and predicting possibilities of using these al-
loys as structural materials of fusion reactors. 

Fig. 4. Experimentally determined sputtering yields of FeCrAl alloys.  
For comparison sputtering yields of Fe, Cr, SS304 and W are shown


