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Abstract:  

 

Investigation of compression plasma flows impact on structure, phase and elemental composition 

as well as mechanical properties of Ti-6Al-4V titanium alloy with ZrN coating was carried out in 

this work. X-ray diffraction, scanning electron microscopy, energy dispersion X-ray analysis, 

samples weight measurements, microhardness and tribological tests were used as investigation 

techniques. The findings showed that plasma impact led to the formation of a composite surface 

layer based on titanium alloy containing inclusions of undissolved ZrN coating. Growth of the 

absorbed energy density resulted in a decrease of zirconium and nitrogen concentration in the the 

surface layer due to erosion. Formation of solid solutions on the basis of α-Ti and β-Ti was found 

in the layer analyzed by X-ray diffraction. Presence of nitrogen in a vacuum chamber as plasma 

generating gas led to the formation of TiN on the surface. Plasma impact resulted in decrease of 

ZrN/Ti-6Al-4V system microhardness and decrease of friction coefficient (at specific treatment 

regimes).  
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1. Introduction 

 

Titanium alloys possess high specific strength, good corrosion-resistance and biological response, 

relatively high static and fatigue strength (Brunello et al., 2018; Chen and Thouas, 2015; Fattah-

alhosseini et al., 2023; Koshuro et al., 2023; Petrov et al., 2018). However, the applications of 

titanium alloys have been limited due to their low hardness and poor wear resistance (Fattah-

alhosseini et al., 2023; Koshuro et al., 2023; Petrov et al., 2018). These limitations can be 

overcomed by application of an appropriate surface engineering method, in particular, hard coating 

deposition (Fattah-alhosseini et al., 2023; Koshuro et al., 2023; Petrov et al., 2018). 

At the same time usage of hard coatings also have some drawbacks. PVD techniques widely 

used for hard coating deposition may result in formation of droplets and pores on the coatings 

surface and excessive residual stress in the as-deposited coating (Guan et al, 2024). The latter 

effect can lead to coating delamination (Guan et al, 2024). Coating produced by plasma spraying 

showed heterogeneity of the structure, high porosity and low adhesive strength (Koshuro et al., 

2023). Besides that hard coatings often could not demonstrate high exploitation properties being 

deposited on relatively soft materials as titanium alloys so that an additional treatment of the 

substrate materials before or after coating deposition is necessary (Zenker et al., 2007; Weigel et 

al., 2014). 

Thermal treatment of coating/substrate system is the easiest treatment type. In (Koshuro et al., 

2023) it was shown that induction heat treatment of titanium with titanium oxide coating 

deposited by atmospheric plasma spraying resulted in increase of the coating microhardness and 

adhesive strength improvement . The usage of electron (Guan et al., 2024;  Weigel et al., 2014; 

Schulz et al., 1991; Zenker et al., 2007; Arroyo et al., 2010; Petrov et al., 2018; Proskurovsky et 

al., 2000), ion (Manory et al., 1994), laser (Fattah-alhosseini et al., 2023;  Zhang et al., 2020; 

Chengwen et al., 2024; Szajna et al., 2024; Arroyo et al., 2010) and plasma (Niksefat and 

Mahboubi, 2024; Mirhosseini et al., 2024; Sharma et al., 2023; Grigoriev et al., 2024; Cherenda, 

Leivi et al., 2024; Cherenda, Petukh et al., 2024) beams opens up wider possibilities for 

modifying the properties of the coating/substrate system. 

Heating of the surface layer during electron beam treatment is one of the main effects providing 

modification of the surface layer properties. Using an electron beam, a localized heat treatment 

of the sample can be applied and the heating rate as well as final temperature can be chosen over 

a wide range (Schulz et al., 1991; Zenker et al., 2007). That is why the substrate material is not 

heated up to critical temperatures worsening base material properties (Zenker et al., 2007). 

Thermal effect provides diffusion enhancement in the interface region between the coating and 

substrate leading to an improved adhesion of TiAlN coating after treatment (Guan et al., 2024; 

https://www.sciencedirect.com/topics/materials-science/plasma-spraying
https://www.sciencedirect.com/topics/materials-science/microhardness
https://www.sciencedirect.com/topics/materials-science/mechanical-strength
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Weigel et al., 2014). Increase of the energy deposited in the surface layer during high current 

pulsed electron beam impact also led to TiAlN coating grain refinement due to surface layer 

melting and adjustment of residual stresses that were responsible for the improvement in both 

mechanical and tribological properties of the TiAlN coatings (Guan et al., 2023). Electron beam 

treatment due to high heating and cooling rates can facilitate formation of non-equilibrium 

microstructures exhibiting increased hardness (Buchwalder and Zenker, 2019). Besides thermal 

effects, the growth and stoichiometry of the coatings can be influenced by alternating sequences 

of heating and deposition (Schulz et al., 1991). Electron beam treatment of substrate material 

before coating deposition also can be effective for coating/substrate system properties 

modification. In (Petrov et al., 2018) it was shown that treatment of Ti5Al4V substrates before 

TiN/TiO2 coatings deposition led to the transformation of α+β to ά martensitic microstructure 

and the decrease of the coating friction coefficient.  

Laser treatment of coating/substrate system is especially effective in melting mode (Chengwen et 

al., 2024; Fattah-alhosseini et al., 2023; Koshuro et al., 2023; Szajna et al., 2024). The laser 

melting resulted in enhancement of metallurgical quality of the coating and increase of it 

hardness and tribological properties (Chengwen et al., 2024; Szajna et al., 2024). In (Szajna et 

al., 2024) it was mentioned that amount of energy deposited in the surface layer is a crucial 

factor influencing on the microstructure and, hence, surface properties. Laser treatment of 

substrate material before coating deposition can also be applied (Arroyo et al., 2010; Zhang et 

al., 2020). In this case change of surface morphology and structure of substrate material is 

observed resulting in coating adhesion and wear resistance increase (Arroyo et al., 2010; Zhang 

et al., 2020). 

Low-temperature plasma is mainly used for saturation of coatings by atoms of gas used for 

plasma generation, e.g. plasma nitriding (Niksefat and Mahboubi, 2024; Abdi et al., 2023; 

Mirhosseini et al., 2024; Sharma et al., 2023). Changes of coatings elemental and phase 

composition, as well as microstructure led to improvement of tribological properties 

(Mirhosseini et al., 2024; Niksefat and Mahboubi, 2024;), corrosion resistance (Abdi et al., 

2023), hardness (Mirhosseini et al., 2024) and coating adhesion (Sharma et al., 2023). Low-

temperature plasma pretreatment of substrate before coating deposition can also be used for 

adhesion enhancement (Grigoriev et al., 2024). It should be noted that preliminary treatment of 

substrate material by ion, electron and plasma beams that lead to surface roughness growth can 

result in increase of coating adhesion properties (Proskurovsky et al., 2020; Remnev et al., 1999; 

Leyvi and Yalovets, 2017). 

Influence of high temperatre plasma flows impact on surface relief of Ti-6Al-4V titanium alloy 

and adhesion of ZrN coating to modified surface layer was considered in (Cherenda, Leivi et al., 
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2024; Cherenda, Petukh et al., 2024). The findings showed that plasma impact led to the 

formation of developed surface relief due to the action of hydrodynamic instabilities at the melt-

plasma border. Formation of titanium nitride on the surface was observed as a result of the 

interaction of nitrogen (as a plasma generating gas) with the surface heated under plasma impact 

(Cherenda, Leivi et al., 2024). These effects influenced on coating – substrate interface areas. 

Scratch test of ZrN/Ti-6Al-4V system showed that preliminary plasma processing provided a 

higher critical force indicating adhesion properties improvement (Cherenda, Petukh et al., 2024).  

Literature review showed that treatment of coating/substrate system by electron and laser beams 

in the melting mode led to substantial modification of system properties. It is known that 

compression plasma flows (CPF) treatment of the target material led also to it melting; initiation 

of hydrodynamic instabilities and appearance of convection mass and heat transfer flows in the 

melt; crystallization in conditions of superfast cooling of the melt (up to 10
7
 K/s) after the end of 

plasma pulse (Cherenda, Leivi et al., 2024). From this point of view treatment of 

coating/substrate system by CPF could be promising modification technique. Thus investigation 

of the elemental and phase composition, structure and mechanical properties of the ZrN/Ti-6Al-

4V system after CPF impact was the main aim of this work.  

 

2. Experimental 

 

The samples of Ti-6Al-4V titanium alloy (Grade 5) were used for investigations. This alloy is 

one of the most widely used titanium alloy for orthopedic and dental applications (Brunello et 

al., 2018) and satisfies the main requirements for metallic implants: biocompatibility, corrosion 

resistance, suitable mechanical properties and good osseo-integration (Chen and Thouas, 2015). 

The diameter of the samples was 25 mm, their thickness – 3 mm.  

ZrN coating was deposited by vacuum arc deposition technique with controlled movement of 

cathode spot from Zr cathode in nitrogen atmosphere (Grigoriev et al., 2023; Vereschaka et al., 

2020). Cleaning of the surface by Zr ions was carried out before deposition resulting in 

formation of thin (~ 50 nm) metal sublayer. ZrN coating thickness was about 3 µm. 

Compression plasma flows treatment of ZrN/Ti-6Al-4V samples surface was carried using a gas-

discharge quasi-stationary plasma accelerator: magneto-plasma compressor of compact geometry 

powered with the capacitive storage of 1200 mF, operating at the voltage of 4 kV. Nitrogen was 

used as a plasma-forming gas. The pressure in the pre-evacuated vacuum chamber was 10
-3

 Pa. 

The pressure of plasma-forming gas was 400 Pa. The discharge duration amounts to 100 μs. The 

density of energy absorbed by the surface layer (Q) of the target was changed in the range of 30-
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43 J/cm
2
 per pulse (registered by calorimetric measurements). Treatment was carried out by 3 

pulses at the interval of 3-5 s. 

The surface morphology of the samples was studied using scanning electron microscopy (SEM) 

on a LEO1455VP microscope combined with an Oxford X-ray detector for energy-dispersion X-

ray microanalysis (EDX). The phase composition of the surface layer was investigated by means 

of the X-ray diffraction method (XRD) using the Ultima IV RIGAKU diffractometer in Bragg-

Brentano geometry with parallel beams in Cu Kα radiation. The samples weight was determined 

before and after CPF treatment by analytical balance RADWAG AS 60/220/C/2/N with the 

accuracy of ±0.05 mg. Microhardness measurements were performed using a Vickers 402MVD 

Instron Wolpert Wilson Instruments semiautomatic microhardness tester at a load of 0.1 N. The 

time of measurement under load was 10 seconds. Tribological tests were performed using a 

UIPT-001 tribometer under dry friction conditions with reciprocating motion of an indenter 

made of WC alloy (8 wt.% of Co). The indenter speed was 2 mm/s, load on the indenter was 0.5 

N. The tests were performed at room temperature with a relative air humidity of 40-50%. 

 

3. Results and Discussion 

 

Coating/substrate system is heterogeneous system. The impact of CPF on such systems, where 

coating and substrate materials are metals, should lead to the formation of a surface modified 

layer with a relatively uniform distribution of coating and substrate components (Cherenda et al., 

2019). This is due to the fact that the high energy transferred by the plasma flow to the surface 

ensures the melting of the coating and the surface layer of the substrate. Hydrodynamic 

instabilities that arise at the plasma-melt boundary create conditions for convective mass transfer 

leading to homogenization of the elemental composition in such systems (Leyvi et al., 2017). 

Therefore, the closer the thermophysical characteristics of the coating and substrate materials 

are, the more uniform the distribution of elements in the modified layer will be. For the case 

considered in this work, when the melting temperatures of the ZrN coating (2980 
o
C) and the Ti-

6Al-4V substrate material (1660 
o
C) are significantly different, the modified layer will be 

characterized by a non-uniform distribution of elements. 

Figure 1 shows the surface morphology of ZrN/Ti-6Al-4V system samples before and after CPF 

treatment. On the surface of the coating before plasma impact droplet phase was observed, 

characteristic of the coating application method used (Figure 1a). CPF treatment with Q=30 

J/cm
2
 did not lead to melting of the entire volume of the coating (Figure 1b). Melting of the 

substrate titanium alloy and resulting cracking of the ZrN coating were observed. Areas of 

coating are clearly visible in photographs due to the elemental contrast used in SEM studies 
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(backscattered electrons). Areas containing coating or zirconium atoms appear lighter due to the 

higher mass of zirconium atoms compared to titanium atoms. This was confirmed by EDX 

analysis. Figure 2 shows the distribution of elements along a line, which makes it possible to 

clearly identify areas of surface morphology with different elemental contrast. It should be noted 

that on the surface of the rupture area between the parts of ZrN coating (Figure 2a), the presence 

of nitrogen with a concentration of up to ~ 20 at.% was observed (Figure 2b). Presence of Zr 

atoms was also observed in this region indicating that some mixing of coating and substrate 

material occured. 
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Figure 1. Surface morphology of ZrN/Ti-6Al-4V samples before (a) and after CPF treatment 

with Q=30 J/cm
2
 (b), Q=37 J/cm

2
 (c), Q=43 J/cm

2
 (d). 
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Figure 2. Surface morphology (a) and elements distribution along line (b) in ZrN/Ti-6Al-4V 

sample after CPF treatment with Q=30 J/cm
2
.  

 

Growth of the absorbed energy density up to 37 J/cm
2
 led to an increase in the degree of 

dissolution of the coating material in the substrate (Figure 1c). Elemental contrast becomes more 

uniform. Only separate areas enriched with zirconium atoms are observed on the surface with a 

further Q increase (Figure 1d). Cracks are still present on the surface under this treatment mode. 

In this case, their appearance was due to the formation of regions of different elemental 

composition in the melt with various densities and crystallization temperatures. During 

solidification, this effect led to a violation of the crystallized material volume continuity. 

The results of elemental analysis carried out from the surface of the sample using EDX are 

presented in Figure 3. The figure shows the dependence of the average concentration of elements 

over the surface area (at magnification x200) in a layer with a thickness of ~ 1 μm. In the initial 

sample with coating the concentrations of zirconium and nitrogen atoms were 61 and 39 at.%, 

respectively. CPF impact and an increase in absorbed energy density led to a decrease in the 

concentration of zirconium and nitrogen atoms in the analyzed layer. The concentration of 

nitrogen under all modes of treatment remained greater than the concentration of zirconium 

atoms. This may indicate additional saturation of the surface layer with nitrogen atoms from the 

residual atmosphere of the vacuum chamber (Cherenda et al., 2012). An increase in the absorbed 

energy density also resulted in an increase in the concentration of titanium alloy elements (Ti, 

Al, V) in the layer analyzed by EDX that is in accordance with SEM data (Figure 1). 
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Figure 3. Dependence of elements concentration at the surface of the ZrN/Ti-6Al-4V samples 

treated by CPF on the energy density absorbed by the surface layer (EDX). 

 

The main reasons of the coatings elements concentrations decrease in the surface layer after the 

CPF impact with Q growth are following (Cherenda  et.al., 2015; Leyvi et.al., 2017; Cherenda 

et.al., 2019). The first reason is the increase in the melted depth and redistribution of all elements 

over the whole melted layer. Second one is the erosion of the surface. The existence of the 

surface erosion was confirmed by the measured mass loss of the samples after the CPF treatment 

(Figure 4). It can be seen from the figure that an increase in the absorbed energy density led to 

the growth of the erosion intensity. Comparison with removed mass data from Ti-6Al-4V alloy 

samples shows that the ZrN coating provides higher erosion resistance to high-temperature 

plasma impact. 

 

Figure 4. Dependence of the mass deleted from the square unit of Ti-6Al-4V and ZrN/Ti-6Al-4V 

samples on the energy density absorbed by the surface layer. 
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The hydrodynamic motion of the surface melt was the main reason of the erosion (Tereshin 

et.al., 2003; Cherenda  et.al., 2015; Martynenko, 2015; Leyvi et.al., 2017). The plasma stream 

interacts with the target and spreads over the surface in radial directions that provides the melt 

ejection out of the sample. Increase of the energy density absorbed by the surface layer lead to 

the growth of melt existence time resulting in the rise of life time of this mechanism action. 

Presence of solid areas of ZrN coating in  Ti-6Al-4V melt lead to decrease of the sample melted 

layer viscosity during impact. That is why erosion intensity of the coated with ZrN sample of Ti-

6Al-4V alloy will be higher than that of uncoated sample.  

The data of the phase composition analysis correlate with the data of SEM and EDX. According 

to the XRD results, the analyzed layer of the original coated sample contains diffraction lines of 

α-Ti with an hcp crystal lattice and ZrN with an fcc crystal lattice (Figure 5). The lattice 

parameter of ZrN is 0.4592±0.006 nm (Figure 6), which is greater than that of the standard - 

0.4577 (JCPDS card #35-0753). A higher value of lattice parameter can be associated with the 

non-stoichiometry of the coating and the presence of macrostress. The CPF impact and an 

increase in the density of absorbed energy led to a decrease of ZrN diffraction lines intensity 

indicating diminishing of this phase content in the analyzed layer. After treatment with Q = 43 

J/cm
2
 diffraction lines of ZrN with very low intensity are observed. Thus CPF impact on the 

ZrN/Ti-6Al-4V system resulted in the formation of a composite surface layer based on titanium 

alloy containing inclusions of undissolved ZrN coating. XRD analysis also showed that CPF 

treatment led to a decrease of ZrN lattice parameter (Figure 6). After CPF treatment with Q = 30 

J/cm
2
, the lattice parameter corresponded to the standard value of the, which may indicate the 

removal of macrostresses during heating of the coating during plasma impact. However, with an 

increase in the absorbed energy density, the lattice parameter was decreased to a value of 

0.4566±0.006 nm. Diffusion of titanium atoms from the melt into undissolved areas of the ZrN 

coating and the formation of a solid solution (Zr,Ti)N may be a possible reason of this effect. 

Since the atomic radius of titanium (0.146 nm) is less than the atomic radius of zirconium (1.620 

nm), this should lead to a decrease in the crystal lattice parameter. 
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Figure 5. X-ray diffraction patterns of ZrN/Ti-6Al-4V samples before and after CPF treatment 

with different energy density absorbed by the surface layer. 

 

 

Figure 6. Dependence of ZrN lattice parameter of ZrN/Ti-6Al-4V samples on the energy density 

absorbed by the surface layer. 

 

The diffraction patterns of the samples show the appearance of diffraction lines of TiN nitride 

with an fcc crystal lattice after CPF treatment  (Figure 5). The reasons for the formation of 
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titanium nitride under CPF exposure were discussed earlier (Cherenda et al., 2012; Cherenda, 

Leivi et al., 2024). During CPF generation, nitrogen is injected into the vacuum chamber thus 

leading to the formation of titanium nitride on the surface as a result of the interaction of gas 

atoms with the surface heated under plasma impact. The formation of titanium nitride should be 

observed in the surface areas free from the ZrN coating. As a result, the nitrogen concentration in 

the analyzed EDX layer will be higher than the nitrogen concentration in the original ZrN 

coating (Figure 3). The lattice parameter of the titanium nitride TiN formed after CPF impact is 

0.4224 ± 0.0009 nm, which is less than the standard value of 0.4241 nm (JCPDS card #38-1420). 

This behavior may be associated with the formation of solid solutions based on TiN. In the initial 

state the basis of the Ti-6Al-4V alloy is a substitution solid solution α-Ti(Al,V). Since the radii 

of aluminum and vanadium atoms are smaller than the radius of titanium atoms, the solid 

solution of titanium with these elements has smaller crystal lattice parameters. After exposure, 

the nitride is formed on the basis of this solid solution, i.e. may contain both aluminum and 

vanadium atoms. A similar effect was observed in (Cherenda, Leivi et al., 2024). Besides that 

some of the zirconium atoms that appeared in the melt during dissolution of the ZrN coating 

could enter the ZrN melted areas during crystallization. Therefore, it would be more correct to 

assume the formation of a substitution solid solution Ti(Zr,Al,V)N with an fcc crystal lattice. 

In (Cherenda, Leivi et al., 2024) it was shown that a decrease in the absorbed energy density 

leads to the growth of the intensity TiN diffraction peaks. The main reasons for such behavior 

were considered earlier (Cherenda et al., 2012). However, in this series of experiments, another 

regularity is observed – an increase of absorbed energy density led to an increase of the TiN 

diffraction lines intensity, which indicated an increase in its content in the surface layer. This is 

explained by an increase in the surface area of the titanium alloy subjected to nitriding with Q 

increase (Figure 1). This effect prevails over the effect described in (Cherenda, Leivi et al., 

2024). 

Zirconium atoms appearing in the melt during dissolution of the ZrN coating stimulatet the 

formation of other phases. The diffraction lines of α-Ti show the formation of “shoulders” after 

CPF treatment with Q=30 J/cm
2
 (Figure 7). These “shoulders” can belong to the Ti1.83Zr0.17 

phase (ICDD card # 1541222). It is a solid solution of zirconium (with a concentration of 8.5 

at.%) in titanium with an hcp crystal lattice. The presence of an α-Ti(Zr) solid solution is also 

observed under other CPF treatment regimes (Figure 5). Besides that plasma impact also led to 

the formation of a solid solution based on β-Ti with a bcc crystal lattice (Figure 5). The intensity 

of this phase diffraction lines increases with a growth of the absorbed energy density. It is known 

that β-Ti phase can be observed at room temperature if it contains atoms of a stabilizing impurity 

with a concentration above the critical one. It can be assumed that under the conditions of this 
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experiment β-Ti phase was stabilized by zirconium atoms. Under CPF impact ZrN coating was 

partially dissolved in the melt. Since the distribution of zirconium atoms is non-uniform (Figure 

1), regions with different contents of zirconium atoms were formed in the melt. During 

crystallization of regions with a concentration below the critical one, a solid solution based on α-

Ti was formed, and in regions with a concentration above the critical one, β-Ti was formed. 

 

 

 

Figure 7. Part of X-ray diffraction pattern of ZrN/Ti-6Al-4V sample after CPF treatment with 

Q=30 J/cm
2
. 

 

Changes of ZrN/Ti-6Al-4V system structure and phase composition under CPF impact lad to a 

change in the mechanical and tribological characteristics of its surface layer. From Figure 8 it is 

evident that plasma action caused a decrease in microhardness from 9.5 GPa to 5-6 GPa, which 

is associated with the dissolution of the ZrN hard coating. 
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Figure 8. Dependence of ZrN/Ti-6Al-4V samples microhardness  on the energy density absorbed 

by the surface layer. 

 

The dependence of the friction coefficient on the Q is not monotonic (Figure 9). After treatment 

with Q = 30 J/cm
2
, the friction coefficient increased from 0.153 to 0.167. However, a subsequent 

increase in Q led to a decrease in the friction coefficient to the value 0.13. This behavior may be 

associated with the formation of a structurally inhomogeneous surface containing inclusions of a 

hard coating in a soft matrix after treatment with Q = 30 J/cm
2
. Such inclusions can act as an 

abrasive during friction increasing the contact area and friction force respectively. The formation 

of a more uniform surface, despite the decrease in microhardness, has a positive effect on the 

friction coefficient. 

 

 

 

Figure 9. Dependence of ZrN/Ti-6Al-4V samples friction coefficient on the friction path before 

and after CPF treatment with different energy density absorbed by the surface layer. 
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All treatment regimes are characterized by a higher value of the initial friction coefficient 

compared to the untreated sample. This may be due to the formation of a developed surface relief 

after the action of CPF (Cherenda, Leivi et al., 2024), which increases the friction force during 

contact between the sample and the indenter. 

 

4. Conclusions 

 

Compression plasma flows impact (with the energy density absorbed by the surface layer 30-43 

J/cm
2
) on the ZrN/Ti-6Al-4V system led to the melting (partial melting) of the coating and the 

surface layer of the substrate and the formation of a composite surface layer based on titanium 

alloy containing inclusions of undissolved ZrN coating. Growth of the absorbed energy density 

resulted in a decrease of zirconium and nitrogen atoms concentration in the surface layer with the 

thickness of ~ 1 µm and more uniform distribution of elements. Surface erosion during plasma 

impact was one of the reasons influencing elements concentration behavior. An increase in the 

absorbed energy density led to the growth of the erosion intensity. Comparison with removed 

mass data from Ti-6Al-4V alloy samples showed that the ZrN coating provided higher erosion 

resistance to high-temperature plasma impact. 

Zirconium atoms appearing in the melt during dissolution of the ZrN coating stimulated the 

formation of other phases. During crystallization of regions with  Zr concentration below the 

critical one, a solid solution based on α-Ti was formed, and in regions with a concentration 

above the critical one, β-Ti was formed. The content of β-Ti phase increased with a growth of the 

absorbed energy density. 

Presence of nitrogen in a vacuum chamber as plasma generating gas led to the formation of TiN 

on the surface of samples after plasma impact as a result of the interaction of gas atoms with the 

heated surface. TiN formation should be observed in the surface areas free from the ZrN coating. 

An increase of absorbed energy density resulted in an increase of TiN content at the surface 

layer. This is explained by an increase in the surface area of the titanium alloy subjected to 

nitriding with Q increase. 

Changes of ZrN/Ti-6Al-4V system structure and phase composition under CPF impact led to a 

change in the mechanical and tribological characteristics of its surface layer. Plasma impact 

caused a decrease in a surface layer microhardness from 9.5 GPa to 5-6 GPa, which was 

associated with the dissolution of the ZrN hard coating. The dependence of the friction 

coefficient on the Q was not monotonic. Minimal value of friction coefficient 0.13 was found 

after treatment with Q=37 J/cm
2
.  
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