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Analysis of the cross-section of the Al – 12 at. % Si alloy initial sample showed the presence of aluminum 
grains, Al – Si eutectic, intermetallides formed by alloying elements and primary silicon crystals with sizes 
from units to tens of micrometers. During coating deposition part of the titanium atoms diffused 3– 4 µm deep 
into the substrate due to the heating of the sample surface by accelerated titanium ions (fig. 3). 

After CPF impact on (Ti, Cu)N/Al – 12 at. % Si alloy system the formation of a mixed layer is observed 
(fig. 4, a and b), the thickness of which depends on the density of the absorbed energy. The thickness of a mixed 
layer was 19 and 45 µm after CPF treatment at 26 and 40 J/cm2, respectively. Mixed layer has dispersed cellular 
structure, which is caused by high cooling rates of the melt. The bulk of the mixed layer contains separate 
inclusions of undissolved primary silicon crystals up to several micrometers in size (fig. 4, c) and intermetal-
lides containing aluminum, copper, nickel, magnesium and iron atoms. Dendritic structures are observed at the 
boundaries between the melted and non-melted layers formed during crystallisation on undissolved inclusions 
of silicon and intermetallides (fig. 5). These inclusions play role of the heterogeneous crystallisation centers at the 
cooling stage of the surface layer. 

The X-ray diffraction analysis showed that the analysed layer of the coated sample contains aluminum, sili
con, titanium nitride and titanium phases (fig. 5). No copper diffraction lines are seen on diffraction patterns. 
Due to the low concentration of copper detected by energy dispersive microanalysis one can suggest that cop-
per atoms can take part in formation of δ-(Ti, Cu)N solid solution. Besides that copper can form fine inclusions 
in the coating, which are indistinguishable by X-ray diffraction analysis. CPF treatment leads to a decrease in 
the intensity of TiN and Ti diffraction peaks indicating a decrease in the volume fraction of these phases in the 
analysed layer. This effect increases with the growth of the absorbed energy density that correlates with the results 
of scanning electron microscopy. 

Diffraction patterns show a broadening and decrease in the intensity of silicon lines with an increase in the 
density of absorbed energy. Such behaviour is caused by crystallisation of the melted surface layer of samples 
in conditions of high cooling rate, which leads to dispersion of silicon crystallites. In addition, silicon atoms 
can take part in formation of supersaturated aluminum-based solid solution. The latter is confirmed by the shift 
of aluminum lines on X-ray diffraction patterns towards large angles.

The lattice parameters of aluminum-based solid solution and its dependence on the absorbed energy den-
sity were determined by analysing Al (311) diffraction line (fig. 6). The decrease in the lattice parameter after 
treatment at 26 and 30 J/cm2 is associated with the penetration of silicon atoms with a smaller radius into the 
aluminum crystalline lattice. A further increase in the lattice parameter can be caused by the integration of 
alloying elements with a bigger atomic radius into the solid solution due to intermetallides dissolution in the 
melt under plasma impact. 

Diffraction patterns of plasma-treated samples also show aluminum nitride diffraction peak of low intensity 
that correlates with the results of scanning electron microscopy (see fig. 2).

Fig. 3. Cross-section morphology (a) and the distribution of titanium (b)  
along the depth of the (Ti, Cu)N/Al – 12 at. % Si alloy sample


