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PRODACTION OF THE OBTAINING NANOSTRUCTURES 
PROCESS UNDER THE ACTION OF LASER RADIATION  

ON MATERIALS AND CUTTING TOOLS 
 

Kostyuk G., Voliak E.  

National Aerospace University named by N.Ye. Zhukovsky “KhAI”, Kharkiv 
 

The results of calculations of temperature fields, temperature stres-
ses, and temperature growth rates under the action of radiation sources with 
heat flux densities from 1011 to 1017 W/m2 for operating times from 10-16 to 
10-10 s on the VK VK4 are considered, the results of which are shown in 
Fig. 1. It can be seen that with an increase in the heat flux density, tem-
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peratures increase at almost all studied depths – from 0 to 9,5·10-7 m at an 
operating time of 10-10 s. Actions with shorter times retain almost the same 
character of the dependence of temperature on the heat flux density, the 
character is preserved, but the temperature values are significantly reduced. 
The obtained temperature distributions of the heat flux density show that for 
shorter times of the heat flux action, more successful temperature distri-
butions are realized at higher heat flux densities (1015–1016 W/m2), whereas 
at 10-14 s this region of nanostructure production lies already at heat flux 
densities from 1013 to 1015 W/m2, at large times of 10-12 s, this region moves 
towards lower heat flux densities and lies in the region from 1012 to 1014 W/m2. 
For a time of 10–10 s, this region already lies in the range from 1012 to 1013 W/m2. 
From these graphs, it is possible to assess the possibility of obtaining nano-
structures at short times, i. e., at the femtosecond and picosecond ranges, 
but these graphs are insufficient to assess the possibility of obtaining nano-
structures. It is also necessary to determine the rate of temperature rise from 
the heat flux density at the same times (from 10-16 to 10-10 s). 

 

 
 
Fig. 1. The dependence of the maximum temperature in the area of the LI  

on VK4 from the heat flux density at different depths at the time of action: t = 10-15 s 
 

Analysis of the dependence of the rate of temperature change over 
time on the heat flux density at different depths and times of the heat flux 
from 10-16 to 10-10 s (Fig. 2). It can be seen that the rate of temperature 
change varies from 1013 to 1017 K/s, with a decrease in the action time, these 
speeds increase, and at a time of 10-12 s they already approach 1015.–1018 K/s. 
A further decrease in time to 10-14 s, speeds approach 1017...1019 K/s, and at 
t = 10-16 s, the rate of temperature increase approaches 1019–1020 K/s. It is 
seen that such high growth rates contribute to the formation of nano-
structures and obviously can significantly accelerate this process. In Fig. 3 
shows the dependences of temperatures at different depths in the area of the 
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LI on the VK VK4 TS on the heat flux density at the same action times 
(10-16–10-10 s). It can be seen that with increasing heat flux density, the 
values of temperature stresses increase significantly from 108 to 1013 Pa. 
These stresses in absolute value exceed the tensile strength, but since they 
act in a pulsed manner in a short time, fracture does not occur (deformation 
energy is insufficient). For small heat fluxes, temperature stresses accelerate the 
formation of nanostructures, and for large ones, starting from 1014–1016 W/m2, 
they can independently form nanostructures due to deformation of the 
atomic lattice of the material.  

 

 
 

Fig. 2. The dependence of temperature stresses in the area of the LI on VK4  
on the density of the heat flux at different depths at the time of action t = 10-15 s 

 

Similar studies were conducted for the beam radius R = 10-6 m, the 
results of which are shown in Fig. 4. It can be seen that the nature of the 
curves in the dependences of the volume of nanograins on the minimum 
(Fig. 4, a) and maximum (Fig. 4, b) depths is preserved, but the grain vo-
lume increased by almost an order of magnitude.  

 

  
  

a b 
 

Fig. 3. Dependence of the nanocluster volume G on the minimum (a)  
and maximum depth (b) when exposed to laser radiation with different  

heat flux densities q laser radiation for TC VK8 with spot radius R = 10-6 m 
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The fraction of nanostructured grains decreases significantly, which 
can be clearly seen by comparing the location of the dashed lines in Fig. 5, a, b 
with the same in Fig. 4, a, b. It is seen that an even larger proportion of 
grains in the case of a spot size with R = 10-6 m goes into the region of sub-
microstructures, which allows one to choose the size of the LI spot and its 
technological parameters. 
 

  
  

a b 
Fig. 4. Dependence of the nanocluster volume G on the minimum (a)  

and maximum depth (b) when exposed to laser radiation with different heat 
flux densities q laser radiation for TC VK8 with spot radius R = 5·10-7 m 
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NITRIDE, CARBIDE, BORIDE, SULPHIDE, PHOSPHIDES  
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The possibility of creating high-entropic nitride, carbide, boride 

and oxide coatings on a solid T12A alloy was researched, and the possi-
bility of applying nitrides, carbides, borides and oxides of hafnium, zirco-


