
5-08  

ALLOYING AND MODIFICATION OF STAINLESS STEELS BY POWERFUL PLASMA 

STREAMS 
V. Makhlaj1, N. Aksenov1, O. Byrka1, A. Chunadra2, S. Heraschenko1, S. Malykhin3, I. Mikhailov3, 

K. Sereda2, S. Surovitskiy3, and I. Garkusha1,2 

 

 

1Institute of Plasma Physics, National Science Center 

“Kharkov Institute of Physics and Technology”, Kharkov, Ukraine; 

2V.N. Karazin Kharkiv National University, Kharkоv, Ukraine; 

3National Technical University “Kharkov Polytechnical Institute”, Kharkov, Ukraine 

 

The successful implementation of the projects of International Thermonuclear Experimental Reactor 

(ITER) and DEMO as an efficient fusion source of electrical power strongly depends on selection of 

the structural materials. Stainless steels (SS) are one of main material for next step fusion devices. 

Nevertheless, the large sputtering rate under high energy partials is main disadvantage of SS as 

armour material. One of the potential ways of improving these properties is by alloying theirs surface 

layer with heavy elements [1]. One of possibility of alloying under pulsed plasma processing is by 

mixing previously deposited thin (hcoat < hmelt) coatings of different predetermined composition with 

the substrate and then subjecting to a powerful plasma impact [1, 2]  

Presented studies are devoted to researches of properties the stainless samples coated by Plasma-

Vapor-Deposition technique with thicknesses of tungsten layers of the below 3 m. Such samples 

were exposited with powerful hydrogen plasma streams generated by powerful plasma accelerators 

QSPA Kh-50. The surface energy loads were 0.6 MJ/m2 (i.e. near tungsten melting threshold). The 

plasma pulse shape is approximately triangular, pulse duration 0.25 ms. The sample surfaces have 

been examined with an optical microscope MMR-4 equipped with a CCD. X-ray diffraction (XRD) 

has been used to study structure, sub- structure and stress state of the samples. /2 scans were 

performed using a monochromatic Cu-Kα radiation. Changes of phase state on the surface were 

obtained from XRD spectrum analysis. The analysis of diffraction peaks intensity, profiles, width 

(В), angular positions was applied to evaluate stress state, texture and coherent lengths. Residual 

macro-stresses (σ) and the lattice parameter in the unstrained state (a0) were determined using а- 

sin2ψ-plots. Measurements of weight losses and precise measurements of the surface roughness with 

the Hommelwerke tester T500 were also performed.  

The plasma streams exposures result in modification of steel-based structural materials and formation 

of re-solidified layers. Alloying of surface layer in result of the coating-substrate mixing allows 

achievement of desirable chemical composition in surface layers. The changes of substrate texture 

were also registered. Phase characterized by body-centered cubic lattice appeared due to 

recrystallization of affected material. Thus, the helpful conditions were created for penetration of 

tungsten in SS materials. Growth of lattice parameter was observed as result of plasma irradiation of 

coated samples. It indicated on penetration of tungsten into the depth of substrates. The erosion of 

modified layer alloyed by tungsten under high energy ion sputtering is also discussed.  
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