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БГУ – столетняя история успеха

finishing of the plasma pulse, fast crystallisation with a high cooling rate of the molten near-surface layer takes 
place due to intense heat transfer towards the unmelted volume. The hydrodynamic mixing of the components 
of the hypereutectic silumin alloy and its subsequent fast crystallisation prevent from the silicon localisation in 
coarse grains and reduce the size of the primary crystals.

The thickness of the melted layer in the silumin alloys after plasma treatment was determined by means of 
optical microscopy (fig. 2). The near-surface homogeneous layer with a constant thickness is clearly visible on 
the images. This layer was formed after crystallisation and has a thickness of 30 –32 µm for the samples treat-
ed with CPF at U = 4.0 kV and L is equal 6 and 10 cm (Q = 35– 40 J/cm2 ), and about 25 µm for the samples 
treated at U = 4.0 kV and L = 14 cm (Q = 25 J/cm2 ). A fall in the depth of the melted layer with a decrease 
in the absorbed energy density is a result of the lower temperature reached on the surface of the silumin 
alloy specimen. It should be noted that there are no any coarse inclusions of primary silicon in the melted 
layer. Such inclusions are clearly visible in the structure of the initial state of the alloy (underneath of the 
modified layer).

The phase composition of the silumin samples after the CPF treatment was determined by means of X-ray 
diffraction (XRD) analysis (fig. 3 and 4). According to the obtained XRD patterns, only two phases (silicon 
and aluminum) were revealed in the analysed near-surface layer of the hypereutectic silumin alloy treated by 
the CPF at all used regimes.

The depth (H ) of the layer analysed by the X-ray diffraction is calculated by the following expression [14]:
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where K is the constant value (K = 5); µ is the linear coefficient of the X-rays absorption; θ is the diffraction 
angle; α is the incident angle. For the silumin alloy as a composite material the linear absorption coeffi-
cient µ was calculated as an effective value additively taking into account the contribution of each element: 
µ = 0.2µSi + 0.8µAl. After calculation the effective coefficient equals to µ = 1.34 ⋅ 10–2 µm–1. In the experiments 
we used the symmetric mode of the X-ray registration, therefore the condition α = θ was satisfied, and the 
expression (1) can be written in the following form: 
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Thus, the depth of the analysed layer with X-ray beam ranges from 30 µm (at low diffraction angles) to 
140 µm (at large diffraction angles). From a comparison of the obtained values to the depth of the melted layer 
(see fig. 2) it can be seen that the diffraction lines registered at small diffraction angles correspond to crystallo-
graphic reflections in the phases contained mainly in the melted modified layer. However, the diffraction lines 
at large diffraction angles are superpositions of the reflections from both the modified near-surface melted layer 
and the underlying unmodified layer. In this regard, for further analysis of the CPF effect on the structure of the 
silumin alloy we used diffraction lines at small diffraction angles.

Fig. 1. Dependence of the absorbed energy density in the surface layer  
of aluminum on the distance between the sample and electrode  

during the CPF impact (U = 4.0 kV)


