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Results and discussions
Table 1 shows the results of the elemental composition analysis calculated by the PIXE and EDX me

thods. As can be seen from the table for binary, triple and quadruple systems, an equiatomic (within an error 
of 5– 6 %) distribution of elements over the depth was confirmed by the EDX method, and the equiatomic and 
homogeneous distribution of elements over the surface was confirmed by the PIXE method. 

Ta b l e  1
Results of the elemental composition in the initial 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 100.0 100.0

VNb
V 50.0 49.5

Nb 50.0 50.5

VNbTa
V 32.0 33.9

Nb 33.0 34.2
Ta 35.0 31.9

VNbTaTi

V 24.5 23.6
Nb 25.5 26.1
Ta 26.0 25.9
Ti 24.0 24.5

Analysis of images of samples by the SEM method showed the uniformity of the surface structure of the 
samples V, VNb, VNbTa and VNbTaTi (fig. 2). The results of the study of the distribution of elements revealed 
a homogeneous distribution (within an error of 5– 6 %) of elements over the surface of these samples (fig. 3). 
Small deviations from the uniformity of the distribution of elements are probably associated with the grain 
structure of materials.

According to the literature data, the equiatomic composition of multicomponent solid solutions may in-
dicate the formation of single-phase solid solutions [8]. The study carried out by X-ray diffraction analysis 
confirms this assumption (fig. 4). 

The general appearance of the X-ray diffraction pattern of non-irradiated binary, triple, and quadruple alloys is 
characterised by a slight asymmetry of the diffraction lines which is due to the possible heterogeneity of the struc-
ture due to the local heterogeneity of the alloy elements with different atomic radii of the elements and typical for 
multicomponent high-entropy alloys. As can be seen from fig. 4, all samples are single-phase solid solutions with 
a body-centered cubic lattice. The lattice parameter for samples V, VNb, VNbTa, VNbTaTi increases with increasing 
complexity of the composition of the systems and is 0.302 7; 0.317 7; 0.322 7; 0.323 4 nm, respectively. The growth 
of the lattice parameter is associated with an increase in the atomic radius of the elements in the composition.

Fig. 1. Profiles of the distribution of implanted Kr14+ ion (a)  
and the damaging dose (b) in samples V, VNb, VNbTa, VNbTaTi by depth


