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a scanning electron microscope LEO-1455VP (Carl Zeiss, Germany) having an accelerating voltage of 20 kV. 
The elemental composition of the samples was determined by energy dispersive X-ray microanalysis using 
an detector (Oxford Instruments, United Kingdom) coupled to a scanning electron microscope (relative error 
of concentration is more or equal 10 %). Microhardness was measured by the Vickers method on a 402MVD 
installation (Wilson Instruments, United Kingdom) with a load of 0.1 N. The surface roughness was measured 
using a profilometer MarSurf SD26 (Germany). Tribological tests were carried out on a tribometer TAU-1M at 
a load of 0.2 N under dry friction conditions, the indenter was made of VK8 alloy.

Results and discussion
The interaction of compression plasma flows with the coating – substrate system is accompanied by melting 

of the coating and the surface layer of substrate material (when the required surface temperature is reached, 
provided by the treatment modes), erosion of the surface layer, liquid-phase mixing of the melt as a result of 
the development of hydrodynamic instabilities and subsequent crystallisation under ultrafast cooling condi-
tions [1; 4]. An increase in the absorbed energy density leads to an increase in the lifetime of the melt and 
consequently more homogeneous distribution of elements in it due to the increase of convective flows action 
duration. The change in the energy density absorbed by the surface due to the large difference in the melting 
temperatures of the coating (Ti, Cu)N and the substrate (Al – Si) allows to choose the treatment regime in 
which the substrate is mainly melting. In this regime, one should expect the effect described in [1] – fusion of 
the hard coating into the substrate and improvement of tribological characteristics of the material.

The analysis of the surface morphology (fig. 1, a and b) showed that the impact of CPF with an absorbed 
energy density of  26 J/cm2 on the surface of the samples already leads to partial fusion of the coating into the 
substrate material. When the absorbed energy density increases to 30 J/cm2, no coating material is observed on 
the surface (fig. 1, c). One can see that plasma impact leads to the formation of cracks and pores at the surface 
of the samples (fig. 1, b and c).

Besides that the findings showed that the surface of the treated samples was covered by a discontinuous nitride 
film (fig. 2). The formation of nitrides on the surface of materials can be caused by the interaction of atoms in 
the residual atmosphere of the vacuum chamber with surface atoms at the stage of the surface layer cooling [5].

Energy dispersion microanalysis carried out on the surface of the samples in the layer with a  thickness 
of ∼1 µm showed that the concentration of coating elements, in particular Ti, decreases with the growth of 
absorbed energy density (table 1). An increase in the thickness of the melt and the redistribution of the coating 
elements into deeper layers leading to a decrease in the average concentration of elements over the whole layer 
can be one of the reasons of this effect [4].

Fig. 1. Morphology of the surface of the initial coated sample (a)  
and samples treated with CPF at 26 J/cm2 (b), 30 J/cm2 (c)


