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Diffractograms of V, VNb, VNbTa and VNbTaTi samples irradiated by krypton ions show that the phase com-
position does not change (no decay of solid solutions has been detected). However, there is a more pronounced 
asymmetry of peaks and their displacement towards smaller angles compared to the original diffractograms, 
which indicates deformation of the crystal lattice in the near-surface region caused by irradiation (fig. 5).

Irradiation does not lead to a significant change of the equiatomic distribution of elements, as evidenced 
by the results of EDX and PIXE (table 2). According to the results of RBS, krypton is observed only in pure 
vanadium and both its concentration and depth agree with the results obtained in the program SRIM-2013. 
Krypton was not detected on the other alloys, possibly due to the low concentration and close atomic numbers 
of krypton and neobium.

Ta b l e  2
Results of the elemental composition in irradiated samples  

of the V – Nb – Ta – Ti system calculated by the PIXE and EDX methods

Sample Chemical 
element

Concentration, at. %
PIXE method EDX method

V V 100.0
  99.2* 100.0

VNb
V 50.0 49.7

Nb 50.0 50.3

VNbTa
V 29.0 36.3

Nb 35.0 31.2
Ta 36.0 32.6

VNbTaTi

V 21.0 25.2
Nb 29.0 25.4
Ta 29.0 24.3
Ti 21.0 25.1

*At depth of 90 nm the highest concentration of krypton ions (0.8 at. %) is ob- 
served. 

Fig. 2. Surface morphology in the initial samples surface  
V (a), VNb (b), VNbTa (c), VNbTaTi (d )


