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The Ni-Al multilayer system is an interesting object for research, not only because it is a “storage” of 

chemical energy, which can be released at high rate in the form of heat during the formation of bonds between 

atoms of Ni and Al [1], [2]. It also provides a number of intermetallides such as Al3Ni, Al3Ni2, AlNi, AlNi3, 

which can be synthesized during this reaction. Of greatest important is AlNi intermetallic material, which has 

the highest melting point of all nickel and aluminum intermetallic compounds. Due to the combination of a 

high melting point and relatively high thermal and electrical conductivity, NiAl intermetallic have considered 

as a candidate for use as a matrix material in the manufacture of vacuum interrupter electrodes, i.e. 

replacements of copper used now in this quality [3], [4]. 

The results of numerical and experimental studies on the synthesis of Ni-Al surface alloy on a steel 

substrate are presented. The alloy was formed by preliminary magnetron sputtering of multilayer Ni-Al 

coatings of two types, consisting of  thin (type I) ~ 0.1 and thick (type II) ~ 1 μm films and their subsequent 

irradiation and mixing by a pulsed electron beam transported to the samples in a plasma-filled diode. In the 

work, the optimal irradiation mode was determined by the numerical method for the formation of a Ni-Al 

surface alloy where intensive melting of all deposited films occurs, and there is no evaporation of the surface 

material. It is experimentally shown that, as a result of pulsed electron-beam melting, a Ni-Al surface alloy is 

formed, which is represented by NiAl high-temperature intermetallic phase. In the case of Ni-Al multilayer 

system made up of thin films, the surface alloy formed is homogeneous, but a network of cracks appears on 

the surface. In the case of Ni-Al multilayer system made up of thick films, the surface alloy formed is 

heterogeneous, both along the surface and along the depth of the target. Its structure is a composite, combining 

the alternation of hard (but brittle) and soft (but ductile) components, corresponding to NiAl high-temperature 

intermetallic phase and (Al, Ni, Fe) solid solution, respectively. It is precisely this structure of the Ni-Al surface 

alloy that makes it possible to obtain a crack-free surface with high tribological and high-temperature corrosion 

properties (Fig. 1). 

 

Fig. 1. SEM image of the Ni-Al surface alloy formed from multilayer system of type I. 
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