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A significant change in the microstructure FeCrAl is observed when besides alloying with yttrium and 
molybdenum it was also added zirconium (sample # 5). Firstly, grain refinement occurs, and secondly, the 
eutectic component appears at the grain boundaries in initial FeCrAl alloys doped with yttrium + molybde-
num + zirconium (fig. 3, a, b). As in the case of yttrium, the concentration of zirconium in the matrix phase is 
below the detection limit due to its low solubility in iron [5] (see spectrum 1 in the table in fig. 3). The zirco-
nium concentration in the eutectic is 15.2 ± 1.2 % (average value over several measurements), which is close to 
eutectic concentration in binary system Fe – Zr [7]. Average values of other elements concentration in eutectic 
are given in the table in fig. 3 (spectrum 2). Thus, almost all zirconium and yttrium are concentrated in the 
eutectic; chromium is near uniformly distributed between matrix phase and eutectic, although its concentration 
in eutectic is lower than in matrix phase.

The surface morphology that is developed due to the hydrogen plasma exposure of FeCrAl alloys doped 
with yttrium + molybdenum + zirconium is shown in fig. 3, c. As well as for other modifications of the alloys 
it can be seen the grooves along the grain boundaries and cracks develop as a result of sputtering. The cracks 
have both radial orientation and form a «cellular» structure. Location of grooves and cracks on the surface of 
the samples repeats the distribution of doping impurities of yttrium, molybdenum and zirconium (see fig. 3, a). 
Spectrum 3 (see table in fig. 3) shows the composition of precipitates appearing at the grain boundaries after 
sputtering represented mainly by zirconium oxides.

Sputtering erosion. As noted above in our experiment’s hydrogen plasmas sputtering erosion of FeCrAl 
alloys was obtained using the weight loss technique. The sputtering yield was then calculated from the weight 
loss and the total hydrogen fluence.

It should be noted that the following considerations were taken into account when the process of sputtering 
of FeCrAl was studied. Impurity ions with heavier mass than the main component ions might increase the sput-
tering rate. They could specially have large effects on the data from light-ion plasmas, i. e., hydrogen and deu-
terium plasma. Spectroscopic measurement showed that the impurity concentration was less than 0.1 % [6]. 

The phenomenon of self-sputtering might also introduce systematic error into the results. The mechanism 
of self-sputtering is as follows; sputtered atoms are ionized in the plasma, flow back to the sample, and hit 
it after acceleration in the sheath. Therefore, it is necessary to check how large a fraction of sputtered atoms 
flow back to the sample. The concentration of sputtered atoms in the plasma was measured as a function of the 

Element
Concentration, wt. %

Spectrum 1 Spectrum 2 Spectrum 3
Al 8.88 9.94 3.33
Cr 25.26 13.86 10.91
Fe Bal. Bal. Bal.
Mo 2.46 1.25 –
Y – 5.45 –
Zr – 15.5 16.88
O – – 26.84

Fig. 3. SEM images of the initial surface of FeCrAl doped  
with molybdenum + yttrium + zirconium (a, b), detail of the surface after sputtering (c)  

and the EDS analyses from the points marked in the images (b, c)


