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In the modern era, with the development of industry, innovative mate-

rials are created and technologies are developed. In this regard, the methods 

of depositing coatings of different materials on the surface of products are 

noteworthy, which leads to the improvement of the performance character-

istics of the products. With electron-beam technology it is possible to ob-

tain coatings on any material, including refractory metals, with good adhe-

sion to the substrate. 

The aim of this paper is to study the coatings of refractory metals (Nb, 

Ta) obtained by electron-beam technology on copper substrates at the tem-

peratures experimentally defined by us. In particular, the morphology of 

the coatings, the phase composition of the "substrate-condensate" interme-

diate zone studied by diffraction analysis and the mechanism of phase 

merging are analyzed [1, 2]. 

Electron beam evaporation of the refractory metals and subsequent 

condensation of Ta (Nb) powders on the copper substrate provides for-

mation of coatings with good adhesion that can be used in a variety of in-

dustries and technique, especially in high-temperature, aggressive envi-

ronments. 
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It is known that copper does not form intermediate chemical com-

pounds with niobium and tantalum and is characterized by negligible solu-

bility of the components. The possibility of obtaining coatings of refractory 

metals (Ta, Nb), with such strongly different melting temperatures and 

chemical nature, on the selected substrates and studying their peculiarities 

was of great interest. 

The study of morphology, elemental and phase compositions of the 

coatings, and also their adhesion to the substrate was carried out by elec-

tron-beam technology at the condensation temperature intervals estab-

lished by us (for Ta, tcond=600–750° ; for Nb, tcond=300-500°C) [1, 2, 3]. 

Apart from substrate and coating metal peaks presence of copper tanta-

lates (Ta2CuO6, Cu7Ta15O41) and niobates (CuNbO3, CuNb2O3, Cu3Nb2O6) 

on the Ta(Nb) coated copper specimens are revealed by diffraction analysis 

(Figure 1 (a), (b)). 
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Figure 1 - a) X-ray diffraction pattern of a Ta coating on a copper substrate. 

Condensation temperature: tcond  670°  and surface microstructure; 

b) X-ray diffraction pattern of a Nb coating on a copper substrate. 

Condensation temperature: tcond  500-520°  and surface microstructure 

 

The obtained coatings can withstand 10-12 alternative bendings and no 

condensation detachment from the substrate is observed even after the 

breaking of the sample, indicating the high quality adhesion between the 

substrate and the coating. 

One of the main factors determining the conditions for application of 

the coating and selection of the technology for its obtaining is the amount 

of residual stresses in the product. Nevertheless, for good adhesion of con-

densed phase to the substrate the foremost factor is the lattice structural and 

geometric matching degree; i. e. the intergrowthed planes must be 

geometrically similar, and the relative difference of their periods must not 
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exceed 15%:  = (a1-a2)/a1, where a1 is the lattice period of the substrate 

material and a2 - the period of the condensed phase [4, 5]. 

Therefore, the similarity of crystal lattices and a very low mismatch-

ing degree of their parameters should play a key role in ensuring 

satisfactory adhesion between copper substrate and niobium and 

tantalum coatings. 

According to the diagrams, based on the experimental data, (Figure 

2), the degree of lattice mismatch between the copper substrate and the 

tantalum (niobium) deposits depends on the condensation temperature; 

the lower the condensation temperature, the less is the lattice mismatch 

degree. Consequently, accumulation of significant residual stresses 

is excluded ensuring a satisfactory adhesion between the substrate and 

the coating. 
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Figure 2 - The degree of incompatibility between the crystal lattices of 

copper substrate and the niobium and tantalum condensates 

depending on temperature 
 

When the crystal lattices are not completely identical but slightly 

different from each other, in the initial stage of condensed film formation 

the discrepancy between the periods of the crystal lattices is partially 

compensated at the expense of some elastic (coherent) deformation of the 

crystal lattices of adjacent phases; it will facilitate the matching of the lat-

tices. The magnitude of the elastic energy induced under such conditions 

depends mainly on the degree of mismatch between the atomic distances 

and the elastic constants of the lattices. 

Because copper substrate has higher plasticity than those of tantalum 

(niobium), the development of a pseudomorphism phenomenon is not ruled 
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out, which will significantly reduce the stress caused by the elastic 

deformation at the phase boundary. 

As a result of studies it was ascertained: 

1. X-ray structural analysis also revealed following intermediate com-

pounds between the substrate and condensate transition zones: Ta2CuO6 

and Cu7Ta15O41- as a result of tantalum condensation on the copper sub-

strate; CuNbO3, CuNb2O3 and Cu3Nb2O6.- as a result of niobium 

condensation on the copper substrate. 

2. Experimentally established positive effect of deposition tantalum 

(niobium) onto the copper substrates in the ranges of 600–750°C and 

300–500°C respectively must be promoted by the coherent link between 

the substrate and coating phase interface, which is maintained to the 

room temperature. The degree of satisfactory adhesion between the sub-

strate and the condensate is also determined by the fact that no structural 

or phasic transformations take place in the composite during the cooling 

process. 

This research was funded by Shota Rustaveli National Science 

Foundation of Georgia (SRNSFG) – PHDF-18-736 “Development of 

the Technology for Obtaining Functional Coatings on the Special 

Substrate.” 

References 

1.  . . T    Ni, Nb 

 Ta    / . . , . . , 

. . , . . , A. .  //   

  – 2015,  3(497), . 161-175. 

2. Khatia Ananiashvili K. O. Technology for obtaining of Niobium and 

Tantalum coatings on the copper Substrate / Khatia Ananiashvili, Mikheil 

Okrosashvili, Tamar Loladze // Works of Georgian Technical University – 

2019,  3(513), P. 98-110. (in Georgian). DOI: https://doi.org/10.36073/ 

1512-0996-2019-3-98-110  

3. Ananiashvili K.O. Structure and properties of tantalum coatings ob-

tained by electron beam technology on aluminum substrates / Khatia Ana-

niashvili, Mikheil Okrosashvili, Tamar Loladze, Natalia Valko and Tomasz 

N. Koltunowicz // Appl. Sci - 2020, Volume 10, Issue 11, 3737. MDPI, Ba-

sel. doi:10.3390/app10113737 

4.  . .     -

   / . . . – .: , 

1990. – . 384 

5.  . .    / 

. .  . .,  // , «  - 1978, . 277 


