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Abstract

In the modern era, with the development of industry, innovative
materials are created and state-of-the-art 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 characteristics of the products. With electron-beam
technology it is possible to obtain coatings on any material, including
refractory metals, with good adhesion to the substrate.

The work is devoted to the development of technology for
producing coatings of refractory metals - niobium and tantalum on
copper and aluminum substrates, by evaporating the starting material
with an electron beam and subsequent condensation of the vapor
stream. To study the structures and properties of vacuum coatings,
depending on the substrate temperature, the vapor stream was
condensed on substrates with gradient temperature of 100-600°C.
Macro- and microstructures of the coating surface and cross-section of
the samples, as well as phase composition of various temperature zones
of condensation have been studied.

When analyzing the possibilities of obtaining niobium and
tantalum coatings, it is necessary to consider that intermediate
compounds are formed in the Al-Nb and Al-Ta system, which will have
a significant impact on the adhesion properties between the substrate
and the condensate. In contrast to the above said, at high temperatures,
the solubility of niobium in copper is insignificant in Cu—-Nb and Cu-Ta,
and inter-metallic compounds are not formed between them. Therefore,
such a relationship will have a significant impact on the phase
composition of the condensate and adhesion to the substrate.

It was established experimentally that above the temperature of
320-350°C, intensive development of reactive-diffusion process begins
at the interface of the “substrate-vapor stream” phase, and the
condensate is separated from the substrate. The best adhesion of
niobium and tantalum condensates to an aluminum substrate is limited
to a narrow temperature range, good adhesion is achieved at 200-390°C
and at 200-320°C, respectively.
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As for the coatings on the copper substrate, the temperature range
for the above refractory metals is expanded and is 300-500°C and 600-
750°C for niobium and tantalum condensates respectively. It is
ascertained that for ensuring sufficient adhesion between copper
substrate and the niobium and tantalum coatings the main factor is
structural-geometric conformity of crystalline lattices; experimentally
defined positive effects should be based on formation of coherent or
semi-coherent border zone between the substrate and condensed phase
on the "substrate-condensate" phase separation surface, maintained till
room temperature. High quality of cohesion between the substrate and
the coating will undoubtedly be promoted by the fact that phase and
structural transformations do not occur in the substrate or in the
condensed films while cooling.

The nature and phase composition of condensation-stimulated
reactive diffusion products on the aluminum substrate are established.
The presence of both known AINb2 and AINbs in the system, as well as
Nb2Al3, NbAl2 and NbAIz phases, is first investigated by phase analysis
in AlI-Nb composite. The fact of synthesis of Ta2Al intermetallic phase
has been revealed in the transition zone of Al-Ta composite; In the
transition zones "copper substrate - niobium coating" and "copper
substrate - tantalum coating" phase analysis reveals the niobates
CuNbOs, CuNb20s and CusNb20s and tantalates Ta2CuOs and
CurTaisO41 respectively. The defining conditions for the synthesis of
these compounds are explained.

The technology for elaboration of all-round coatings of niobium
and tantalum on complex copper and aluminum specimens in a single
technological cycle has been developed. Technological samples obtained
meet all the technical requirements.

The possibility of obtaining Ni/Fe/Nb and Ni/ZrO2/Fe/Ta
multilayer coatings on copper substrate and Ni/Fe/Nb multilayer coating
on aluminum substrate is investigated. The microstructure of the cross-
section and the character of the distribution of elements and magnetic

properties of the specimens are studied.
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