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Abstract.  The structure and physicomechanical characteristics of vacuum coatings formed from refractory metal compounds on steel 

substrates of different chemical composition are studied. The possibility of applying refractory metal coatings to protect metal substrates 

used for the manufacture of metalworking tools and steel tools used for casting non-ferrous metals has been analyzed. 
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1. Introduction 
The use of nanocomposite thin-layer coatings on the 

basis of titanium, zirconium, chromium and also their 

combinations have increased physicomechanical 

characteristics in comparison with other surface layers of 

metals and their combinations formed by plasma-chemical 

methods. Established is the fact that coatings based on 

zirconium nitride, zirconium carbonitride have a higher 

resistance to higher temperatures in comparison with 

coatings of nitride, carbonitride, titanium carbide [1-3]. 

According to the data available in the literature, coatings 

based on titanium nitride have an increased hardness in 

comparison with zirconium nitride [4-5]. However, it was 

shown in [6-7] that coatings of zirconium nitrides and 

carbonitrides have strength characteristics comparable to 

those of titanium nitride, as well as those exceeding them. It 

is established that the hardness of ZrN, ZrCN coatings 

depends on the conditions of their formation, as well as the 

preparation of the substrate for application [8-9]. The change 

in the values of hardness of materials usually has a 

significant effect on tribotechnical characteristics. Plasma-

chemical vapor deposition (PECVD) and physical vacuum 

deposition (PVD) coatings on various metal products are 

widely used in many areas of tribology. In particular, these 

superhard coatings are used as heat-resistant, wear-resistant 

layers for motor vehicle components, leading, among other 

things, to a decrease in the coefficient of friction [10]. So in 

[7], the structure and physicomechanical characteristics of 

vacuum coatings formed from refractory metal compounds 

on steel substrates of different chemical composition were 

studied. The possibility of applying refractory metal coatings 

to protect metal substrates used for the manufacture of 

metalworking tools and steel tools used for casting non-

ferrous metals has been analyzed. The energy parameters of 

the formed coatings are calculated by the method of direct 

determination of the contact angle of wetting. The structure 

and morphology of nanocomposite coatings based on a 

multicomponent TiAlSiN compound modified with fluorine-

containing compounds are considered. The energy state of 

the surface layers of these coatings was studied, including 

under the influence of energy factors. A general mechanism 

of the modifying effect of fluorine-containing compounds on 

the surface layers of vacuum coatings formed from refractory 

metals is established. The regions of normal load with the 

lowest coefficient of friction for nanocomposite coatings 

TiAlSiN, ZrCN [7] are determined. It is shown that the 

influence of technological factors on the structure of coatings 

formed on nonmetallic substrates from fluorine-containing 

oligomers promotes the formation of pseudocrystalline 

structures. As a result of this action, boundary layers with 

minimal mobility of macromolecules are formed. With an 

increase in the thickness of the coating and the dose of the 

energy effect, the orientational effect of the solid substrate 

decreases, and the supramolecular structures exert a 

predominant influence on the structure and properties of the 

films. The obtained results were used to apply antifriction 

coatings to experimental batches of metalworking tools that 

were successfully tested in the production conditions of 

machine-building enterprises [7]. However, insufficient 

attention is paid to the study of tribotechnical characteristics 

of coatings, including those exposed to cryogenic 

temperatures. 

The purpose of this work is to study the tribological 

characteristics of composite coatings based on zirconium 

carbonitride, subjected to cryogenic treatment 

2. Research methodology. 
Tribotechnical studies were carried out on a friction machine 

of the FT-2 type, which operates under the "finger-disk" 

scheme under conditions of dry rubbing of three spherical 

specimens with a diameter R = 1.5 mm on the flat surface of 

a disk (counterbody) made of steel and ground on a flat 

surface emery cloth or grinding paste to the average 

arithmetic deviation of the surface profile Ra = 0.1 - 0.3 μm. 

The tests were carried out at a normal load of 20 to 100 N 

and a linear sliding speed of 0.1-0.5 m / s, the type of 

displacement of the indenter is reciprocating. As the 

substrate used steel 12H18N10T. The samples were held for 

60 minutes in liquid nitrogen at a boiling point of T = 77.4 K. 

Formation of ZrCN-based composite coatings was carried 

out under different deposition regimes. These regimes 

differed in the valuesof the arc source, the ion source, and the 

pressure of the reaction gas in the vacuum chamber. We 

select three types of precipitation and designate them as 

processes - №2, №3 and №5. 

3. Research results.  

Figures 1-4 show the friction coefficient of steel samples 

with ZrCN composite coating. According to the data 

obtained, the coefficient of friction of the pair ZrCN-ShKh15 

during the cryogenic treatment is increased. This process can 

be explained on the basis of changes in the morphology of 
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coatings in cryogenic processing.

 
a) 

 

 
b) 

 

Figure 1. Dependence of the friction coefficient of the train 

pair ZrCN-ShKh-15 on the number of test cycles. a - initial 

coating of ZrCN; b-coating ZrCN, cryogenically treated for 

60 minutes (process number 2).

         
а)        

 

    

 
b) 

 

Figure 2. Dependence of the friction coefficient of 

the friction pair ZrCN-ShKh15 on the number of test 

cycles. a - initial coating of ZrCN; b-coating ZrCN, 

cryogenically treated for 60 minutes (process 

number 3). 

  
а)      

 
b) 

Figure 3. Dependence of the friction coefficient of the 

friction pair ZrCN-ShKh-15on the number of test cycles. a - 

initial coating of ZrCN; b-coating ZrCN, cryogenically 

processed for 60 minutes (process number 5). 

 

    
а)  

 

 

 
b)       
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c) 

 

Figure 4. Dependence of the friction coefficient of the 

friction pair ZrCN-ShKh15 on the number of test cycles. The 

ZrCN coating was preliminarily processed in liquid nitrogen 

for 24 hours. a - process №2; b-process № 3, in-process № 

5. 

 

 

  
 

а) 

 

 

 

 
b) 
 
Figure 5. Linear wear of the friction pair ZrCN-ShKh15 

from the number of test cycles. a - initial coating of ZrCN; b-

coating ZrCN, cryogenically treated for 60 minutes (process 

number 2). 

   
а) 
 
 

   
b) 
 

 

Figure 6. Linear wear of the friction pair ZrCN-ShKh15 

from the number of test cycles. a - initial coating of ZrCN; b-

coating ZrCN, cryogenically treated for 60 minutes (process 

number 3). 

 

 

   a) 
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b) 
Figure 7. Linear wear of the friction pair ZrCN-ShKh15from 

the number of test cycles. a - initial coating of ZrCN; b-

coating ZrCN, cryogenically processed for 60 minutes 

(process number 5). 

 
а) 

 
b) 

 
c) 

Figure 8. Linear wear of the friction pair ZrCN-ShKh-15 

from the number of test cycles. The ZrCN coating was 

pretreated in liquid nitrogen for 24 hours. a - process 

number 2; b-process № 3, c-process № 5. 

It is shown that when the ZrCN coatings are exposed in 

liquid nitrogen, an increase in the linear wear value is 

observed for the coatings obtained by processes № 3 and №5 

(hereinafter sample № 3, sample № 5) as compared to the 

control sample. Treatment of the coating of the zirconium 

carbonitride obtained according to process № 2 (hereinafter 

sample № 2) shows an increase in the coefficient of friction 

to values of ~ 0.52 and a decrease in the values of linear wear 

to 0.08 μm with respect to the original sample. 

 

4. Conclusion. An increase in the exposure time 

of the test coatings in a cryogenic liquid up to 24 hours leads 

to a decrease in the coefficient of friction and linear wear 

with respect to the control sample. Morphological studies of 

the friction surfaces of coatings based on ZrCN show a 

smaller size of friction paths for modified coatings in a 

cryogenic medium compared to control samples. A full-scale 

drill Ø3 mm made of HSS steel coated with ZrCN, modified 

at cryogenic temperature, was carried out. It has been 

established that the best abrasion resistance is possessed by 

coated drills that are kept in liquid nitrogen for 24 hours. 
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