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Abstract: The most common coatings for metalworking tools include titanium nitride, titanium carbide, titanium carbonitride, zirconium 

nitride, zirconium carbide, zirconium carbonitride, compounds based on chromium, titanium, aluminum, diamond-like coatings that are 

formed in vacuum using PVD, CVD, PCVD methods or a combination of the above methods. The current trend in the deposition of vacuum 

coatings is the production of multifunctional coatings, which can significantly increase operational characteristics compared to the starting 

materials. To form multifunctional coatings, the creation of "sandwich" structures is used, since each layer performs various functions - 

forming, antiwear, anticorrosion. Thus, the use of a composite multilayer coating containing layers of titanium nitride, titanium, diamond-

containing compounds with a thickness of one layer from 0.1 to 2 microns makes it possible to increase the wear resistance of a 

metalworking tool by 1.5-5 times. 
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1. Introduction
Coatings of diamond-like carbon (DLC) have a whole range of 

necessary tribological characteristics, the main of which are high 

hardness, low values of the friction coefficient, and chemical 

inertness. However, it is well known that the tribological properties 

of DLC coatings—whether hydrogenated (a-C:H) or non-

hydrogenated (a-C)—are highly dependent on the operating 

conditions of the medium. The mechanism responsible for this 

effect is probably associated with the interaction of carbon with 

uncompensated bonds in gas phase particles, for example, water. 

Consequently, the use of conventional DLC coatings may not be 

applicable when extreme or labile operating conditions are 

expected, as in internal combustion engines, turbines, which must 

operate in both high and low temperatures, humidity. In this 

connection, there was a nanocomposite coating consisting of 

nanoparticles of solid WC and solid lubricant WS2 embedded in a 

non-hydrogenated matrix. DLC principles have been described in a 

number of works. According to data available in the literature, 

coatings based on tungsten carbides in combination with titanium 

and cobalt are significantly less sensitive to environmental 

influences. The combination of DLC coatings and coatings based on 

tungsten carbide will significantly change the tribological and 

corrosion characteristics of the formed multifunctional coatings. 

However, most works do not consider the formation of 

nanocomposite structures in multilayer coatings based on systems 

modified tungsten carbide - APP. Nanocomposite coatings with a 

microstructure consisting of nanocrystalline grains in an amorphous 

matrix of a diamond-like coating must have unique mechanical and 

tribological parameters. Thus, it is possible to create superhard 

coatings with microhardness values of ~50–55 GPa, i.e. 

nanocomposite coatings were created in which plastic deformation 

was reduced in order to increase hardness. This mechanism for 

reducing the deformation strength can be carried out due to grain 

boundary and dispersion strengthening. Materials with low ductility 

are quite brittle. 

 Therefore, they are not ideal for applications where high 

contact stresses occur, such as plain bearings, where high wear 

resistance and ductility as well as a low coefficient of friction are 

required. There are publications that show the creation of good 

ductile properties in brittle ceramics at room temperature by 

reducing the grain size to the nanometer level. This approach will 

make it possible to obtain good tribological characteristics of 

nanocrystalline oxides of various materials [1-4]. 

2.1. Preconditions and means for resolving the problem 

Further work in this direction showed the promise of including 

nanocrystalline ceramic grains in a lubricating matrix (if this system 

is considered as a tribological one), such as coatings based on 

amorphous carbon (a-C). As a rule, the technologies used for the 

production of nanocrystalline / amorphous composite coatings lead 

to the heating of the substrate to a temperature of about 500–600 ° 

C, which is due to the ongoing processes of the formation of a 

crystalline phase in the coating. On the other hand, this temperature 

range can significantly limit the choice of substrate material and 

reduce the benefits of creating protective coatings. Moreover, at 

these temperatures, the sp3 hybridization of bonds in carbon atoms 

in DLC coatings, which causes high hardness, can pass into a 

graphite-like phase with a bond of sp2 hybridizations. Thus, it is 

necessary to develop other methods for the implementation of 

crystal formation processes in composite DLC coatings with a-C 

solid matrix. It is possible to carry out the formation of carbide and 

carbonitride crystals by sharing a low-energy metal plasma formed 

by magnetron sputtering with high-energy torches created by pulsed 

laser ablation of graphite. This technology is Magnetron Pulsed 

Laser Deposition (MPLD), it can also be used to deposit TiC, 

TiCN, Hydrogen-Free A-C DLC coatings. The obtained coatings 

TiC and APP (a-C) have a very high hardness of 27 and 60 GPa, 

respectively. In addition, the APP coating (a-C) had low friction 

coefficient values of less than 0.1 under most tribological test 

conditions. During the formation of this composite coating, a 

transition of coatings Ti –> APP was observed, with the formation 

of an intermediate layer according to the scheme Ti → TiC → APP 

(a-C). This process occurred with an increase in the carbon content. 

Studies have shown that even when the deposition process is carried 

out at a temperature of 100 °C, a two-phase TiC → APP region is 

formed. This approach is used in obtaining the production of 

nanocrystalline composite coatings TiC / APP (a-C). Thus, the 

approach of forming multilayer coatings is quite promising for 

obtaining multifunctional coatings, due to the formation of thin-

layer systems of nanocrystalline particles and phases in the 

structure. Figure 1-8 shows the results of atomic force microscopy 

of DLC coatings formed on steel substrates of the М2 (HSS) and 

H13 types. 

a)      b) 
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c)  d) 

Figure 1 - Morphology of the surface layers of vacuum coatings 

formed on carbon and high-speed steels (2D image): a - original 

steel H13, b - original steel HSS; v-steel H13 with a diamond-like 

coating; g - HSS steel with a diamond-like coating. 

a) b)

c)  d) 

Figure 2 - Morphology of the surface layers of vacuum coatings 

formed on carbon and high-speed steels (3D image): a - original 

steel 4Kh5MFS, b - original steel R6M5; v-steel 4Kh5MFS with a 

diamond-like coating; g - R6M5 steel with a diamond-like coating. 

a) 

b) 

c) 

d) 

Figure 3 - Topography of the surface layers of vacuum coatings 

formed on carbon and high-speed steels): a - original steel H13, b - 

original steel HSS; v-steel H13 with a diamond-like coating; g - 

HSS steel with a diamond-like coating. 

a) 

b) 

Figure 4 - The main characteristics of the morphology of the 

surface layers of steel H13. a-distribution by heights; b-angular 

distribution 

a) 
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b) 

Figure 5 - The main surface characteristics of steel HSS: a-height 

characteristic, b-angular distribution. 

a) 

b) 

Figure 6. The main surface characteristics of steel H13 with a 

diamond-like coating: a-height characteristic, b-angular distribution. 

a) 

b) 

Figure 7 - The main surface characteristics of HSS steel with a 

diamond-like coating: a-height characteristic, b-angular 

distribution. 

Based on the presented data, it can be seen that nanodispersed 

structures begin to form in diamond-like coatings when they are 

deposited on the surface of steel substrates. This process is 

intensified during the formation of APP on superhard layers 

deposited on steel substrates (Figure 8). 

a)       b) 

    c)  d) 

Figure 8 - Morphology of APP coatings formed on superhard 

sublayers of HSS and H13 steel substrates. a - HSS substrate, VK6 

sublayer, Norma 1 sublayer formation mode, b – H13 substrate, 

VK6 sublayer, Norma 2 sublayer formation mode, c - HSS 

substrate, VK6 sublayer, Norma 1 sublayer formation mode, b – 

H13 substrate, VK6 sublayer, sublayer formation mode Norma 2 

The most common coatings for metalworking tools include titanium 

nitride, titanium carbide, titanium carbonitride, zirconium nitride, 

zirconium carbide, zirconium carbonitride, compounds based on 

chromium, titanium, aluminum, diamond-like coatings that are 

formed in vacuum using PVD, CVD, PCVD methods or a 

combination of the above methods. The current trend in the 

deposition of vacuum coatings is the production of multifunctional 

coatings, which can significantly increase operational 

characteristics compared to the starting materials. To form 

multifunctional coatings, the creation of "sandwich" structures is 

used, since each layer performs various functions - forming, 

antiwear, anticorrosion. When using a cutting tool with multilayer 

and composite coatings, the stability of the cutting tool and its 

performance characteristics change radically, wear is reduced, 

cutting accuracy is increased, it becomes possible to increase the 

feed, the quality of surface treatment increases and tool durability 

increases. Thus, the use of a composite multilayer coating 

containing layers of titanium nitride, titanium, diamond-containing 

compounds with a thickness of one layer from 0.1 to 2 μm makes it 

possible to increase the wear resistance of a metalworking tool by 

1.5-5 times. Creation of multilayer vacuum coatings, including 

those containing nanophases and nanoparticles in their structure, 

using multicomponent magnetically controlled flows of metal and 

carbon plasma, of the following composition: (Al-Ti-Cr-Si)-(C, N), 

CN, CF, CB , will significantly increase the physical and 

mechanical properties of the modified products. It has been 

established that the formation of vacuum coatings on a modified 

steel surface by the method of electrospark alloying also leads to a 

decrease in the surface roughness values of the modified steel 

substrate. 
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Thus, the formation of nanocomposite structures in multifunctional 

coatings depends on the type of sublayer material, as well as on the 

modes of coating formation 
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