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The results of studies of the structure and phase composition of thick chromi-
um coatings on the surface of the steel obtained by vacuum-arc deposition
(arc-PVD) in an arc discharge and modified with nitrogen are presented. The
modification is carried out directly in the process of vacuum-arc deposition in
an argon-gas environment containing nitrogen. The features of the formation
of the structure and phase composition of chromium coatings depending on
the percentage of nitrogen in the chamber (from 20 to 100% ) and the effect of
the pulsed deposition mode at a fixed pressure value within the chamber
((8-7)102Pa) and substrate temperature (520-550°C) are established. The
analysis of the studies shows that chromium coatings obtained in a steady-
state mode in an argon environment (without nitrogen) have an open texture:
in the cross section, the structure is columnar and coarse-crystalline, has an
explicit relief surface with the release of fairly large pyramidal crystallites
and a small droplet phase. The use of a pulsed deposition mode in an argon en-
vironment weakens significantly the texture of the coating, ‘smooths’ the
surface with the formation of a fine-crystalline, close to globular coating
structure. The introduction of nitrogen into the argon-gas environment
changes the structure and phase composition of the coatings. With an increase
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in the percentage of nitrogen within the chamber, the structure of the coating
in the cross-section changes from columnar coarse-crystalline to globular fi-
ne-crystalline, the lattice parameter and the size of the coherent-scattering
region decrease, and the dislocation density increases. The introduction of
nitrogen into the argon-gas environment leads to the formation of the hexag-
onal close-packed phase Cr:N and the face-centred cubic phase CrN, the
amounts of which depend on the deposition parameters. The use of a pulsed
deposition mode, when modifying the coating with nitrogen, allows increasing
the amount of nitrides in the coating compared to the steady-state mode.

Key words: arc-PVD, chromium coating, structure, phase composition, ni-
triding.

IIpencrasiieHo pe3yJIbTaTH JOCHTiPKEeHD CTPYKTYPH Ta (pa30BOT0 CKJIa [y TOBCTUX
XPOMOBUX IOKPUTTIB HA IIOBEPXHI KPUIli, OFEPIKAHUX METOJO0I0 BaKyyMHO-
Iyrosoro ocam:xenus (arc-PVD) y nyrosomy pospsazi ta moxupirkosanux Hitpo-
resoM. MoaudikyBaHHA mpoBOZmMIOoCcA 0e3MOCEPETHBO B IIPOIlECi BaKyyMHO-
IyTOBOTO OCAIKEeHHS B CEPENOBUIIi aproHy, IO MiCTUTH a3oT. BcTaHOBIIEHO
ocobauBoCTi hOPMyBaHHSA CTPYKTYPHU Ta (Pa30BOT0 CKJIAy XPOMOBHUX ITOKPUTTIB
sayeskHo Bif Bincorka HiTporeny y kamepi (Big 20 7o 100% ) Ta BIiuBy iMIyab-
CHOTO DpeXUMy OCaJsKeHHsA 3a (iKcoBaHMX 3HAUYEHb THUCKY Y Kamepi
((3-7)-102IIa) Ta Temmeparypu miakmazumarm (520-550°C). Amamiza gocii-
I'KeHb ITOKasaJia, 110 XPOMOBi IIOKPUTTSA, OJEPIKAHI 3a CTAI[IOHAPHOTO PEIKUMY
B cepenoBUIIi aproHy (6e3 a30Ty), MaloTh ICKPAaBO BUPAKEHY TEKCTypPY: V IOome-
peuHoMy Iiepepisdi CTPyKTypa € CTOBIYACTON, KPYHTHOKPUCTAIIUHOIO, MA€ BU-
paskeHy penbedHY IOBEPXHIO 3 BUIIJIEHHAM JOCTATHLO BEJIMKUX ITIipaMimaiib-
HUX KpUCTAJiTiB i 1pibHOI KpanenbHol asdu. Bukopucranua iMIyJisCHOTO pe-
JKUMY OCaIKEHHS B CEPEIOBUIIi aprOHY 3HAYHO ITOCJIA0JII0E TEKCTYPY IOKPUT-
T, «3IVIAJPKyE» IIOBEPXHIO 3 YTBOPEHHAM APiOHOKpHCTanIiuHOi, OJIM3BKOI IO
T7100yISIPHOL CTPYKTYPU MOKPUTTsI. BBeIeHHS a30Ty B CEPEIOBUIIE apT'OHY 3Mi-
HIOE CTPYKTYPY Ta (a30Buil CKJIad TOKPUTTIB. 3i 36imbIienuaAM Bigcorka Hitpo-
Tr'eHy Y KaMepi CTPYKTypa MOKPUTTS B MOIEPEUYHOMY IIepepisi saMiHioeThCa Bif
CTOBITYACTOI KPYIMHOKPUCTAIIYHOL 10 I100yJIAPHOI ApiGHOKpUCTAIIYHOI, 3MEH-
ITYIOTHCA ITapaMeTep KPUCTAJIIYHNX I'PATHUIG 1 po3Mip 001acTu KOTepeHTHOTO
poscitoBaHHs, a TYCTUHA TUCJIOKAIi#l 30iabITyeThCcA. BBeieHHa a30Ty B cepemno-
BUIlE aproHy HPUBOAUTH OO YTBOPEHHS T'eKCATOHAJLHOI IMIiJILHOYIIaKOBaHOI
dasu Cra2N i rpanenenTpoBanoi Kyoiumoi pasu CrN, KiTbKicTh AKMX 3aJI€IKUTD
Bizm mapamerpiB ocaxreHHA. BUKOpHCTaHHSA iMIIyJIBCHOTO PEKUMY OCAT KEHH A
i yac mopudikyBanHA TOKPUTTA HiTporeHoM yMOMKIMBIIOE 301IBIITUTY Kilb-
KicTh HITPUAIB Y HOKPUTTI MOPiBHAHO 31 CTAI[iOHAPDHUM PEIKITMOM.

KarouoBi ciioBa: eJIeKTPOAYTrOBE HAHECEHHA HOKPUTTS (hiBMUYHUM OCaIYKEeHHAM
mapiB, XpOMOBE IOKPUTTS, CTPYKTYPAa, (pasoBuii CKIaj, a30TyBaHHA.

(Received 2 May, 2025; in final version, 15 October, 2026 )

1. INTRODUCTION

Thick chromium-based coatings are widely used as protective coatings:
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as corrosion-resistant, antifriction and wear-resistant coatings [1-6].
The galvanic method of applying thick chromium coatings has long
been one of the most widely used. The advantages of this method in-
clude its technical simplicity and the ability to obtain fairly thick and
hard coatings [7-8]; the disadvantages include poor adhesion and po-
rosity of the coating. Galvanic production is one of the most dangerous
in terms of emissions of harmful substances into the environment [9],
therefore, interest in environmental friendly technologies for obtain-
ing coatings, in particular PVD technologies, has recently increased.
One of the types of PVD technologies that allow obtaining the suffi-
ciently thick chromium-based coatings (more than 10 um thick) is the
deposition of coatings by condensation from the gas phase in a vacuum
arc discharge (arc-PVD) [10-12]. The properties of coatings primarily
depend on their structure and phase composition. Arc-PVD allows con-
trolling the structure of the coating with technological process param-
eters and achieving high adhesion to the substrate [13—15]. Having a
number of advantages over galvanic coatings, PVD chrome coatings
are still inferior to them in hardness. One of the ways to improve the
mechanical characteristics of chrome PVD coatings is to modify them
with nitrogen. Chromium nitrides can be classified as one of the most
popular materials used in surface engineering. This is primarily due to
the fact that they are characterized by very good tribological and me-
chanical properties [16, 17]. Compared to titanium nitrides, chromium
nitride coatings have lower thermal conductivity, greater resistance to
oxidation at high temperatures and greater plasticity, and have good
corrosion and chemical resistance [18, 19]. Studies [20-25] have shown
that the properties of Cr—N coatings are fundamentally determined by
their structure and phase composition. Thus, expanding knowledge
about the patterns of formation of the structure and phase composition
of chromium coatings depending on the parameters of vacuum-arc
deposition is relevant.

2. MATERIALS AND METHODS

Vacuum-arc deposition was carried out in a specialized vacuum plant
with an end-face electric arc evaporator of metals. The cathode was
made of chromium in the form of a cylinder with a diameter of 50 mm.
The coatings were deposited on flat samples made of 38 XH3M®A (ana-
logue 34NiCrMoV14-5) steel. Before applying the coating, chemical
and mechanical cleaning of the samples was carried out. The samples
were located in a plane parallel to the end surface of the cathode at a
distance of 120 mm. The air was pumped out of the chamber until a
deep vacuum P=1.3-10"2-4-10"3 Pa was achieved. After pumping out,
the working gas (argon, argon + nitrogen or nitrogen depending on the
technological process) was introduced into the vacuum chamber to a
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pressure of P =(5.3-6.7)1072 Pa. The steady-state deposition mode was
carried out at a constant arc burning current of 70 A, arc burning volt-
age of 30-40V, without bias voltage on the cathode, and the substrate
temperature of 520-550°C. The pulsed deposition mode consisted of
alternating cycles of low bias voltage of 40 V on the substrate lasting
5 minutes with a short pulse of 400 V lasting 20 s. The discharge cur-
rent, arc burning voltage, chamber pressure, and process temperature
were maintained the same as in the steady-state deposition mode.

Metallographic studies of the surface and cross-section were carried
out using a metallographic light microscope MIM-10 (magnification up
to x1200). The structure of the coating was revealed by electrolytic
etching of the ground surface and cross-section of the coatings on an
electrolytic polishing machine ‘Electro-P’ (DEVCO S.r.l) in a 10%-
solution of oxalic acid.

X-ray diffraction analysis (XRD) was performed on a DRON-2 X-ray
diffractometer in monochromatic CoK, radiation with a wavelength of
A=1.7902 A. Chemical elements and phases were identified by compar-
ing interplanar distances with the PCPDFWIN card index. The param-
eters of the crystal lattice, microstrains, and defect density were calcu-
lated using the Williamson—Hall method. The sizes of coherent scatter-
ing regions (CSRs) were determined using the Selyakov—Scherrer for-
mula. The textured state was assessed by comparing the relative inten-
sities of diffraction peaks with reference values.

3. RESEARCH RESULTS AND DISCUSSION

The influence of the percentage ratio of nitrogen and argon in the gas
environment of the vacuum chamber, as well as the use of a pulsed dep-
osition mode of the change in the structure and phase composition of
vacuum-arc chromium coatings was studied. The surface of the chro-
mium coating obtained in a steady-state deposition mode in a pure ar-
gon environment is relief with the release of fairly large pyramidal
crystallites with transverse dimensions of 5-7 pym and droplet inclu-
sions with a diameter of 2-3 ym (Fig. 1, a).

Figure 1, b shows the surface structure after electrolytic etching,
i.e., crystallites with a certain degree of faceting emerges on the sur-
face, which indicate textured growth. The structure in the cross sec-
tion is columnar with small inclusions of equiaxed crystals, which dis-
rupt the characteristic normal growth of the coating (Fig. 1, c).

To describe the process of formation of the structure of ion-plasma
coatings, various known models of structural zones (MSZ) are used
[26, 27]. The variety of such models is great and each of the models
takes into account different factors that influence the mechanism of
the initial stages of coating formation and its evolution. The main such
factors include: homologous temperature T/T, (the ratio of the sub-
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Fig. 1. Surface morphology (a), surface structure (b), cross-sectional struc-
ture (c) of the base chromium coating obtained in a steady-state deposition
mode in a pure argon environment.

strate temperature to the melting point of the deposited coating mate-
rial in kelvins), chamber pressure, arc burning current, substrate bias
voltage, distance between the cathode and the substrate and their ge-
ometry, and impurity concentration in the chamber gas environment.
In this work, we investigated the effect of nitrogen concentration in
the chamber on the coating formation process, so we chose the Barna
and Adamik MSZ [28] (Fig. 2) as a basis, according to which an im-
portant role in the formation of the coating structure is played with
the homologous temperature and the presence of active impurities that
are released during the structuring and restructuring of the coatings.
In this study, the homologous deposition temperature fluctuated in
anarrow range of T;/T, =0.36-0.38, i.e., was practically constant. The
cross-sectional structure of the chromium coating obtained in the
steady-state deposition mode in an argon environment (Fig. 1, ¢) corre-
lates quite well with the structure similar to zone 3 (Fig. 2, a). At the
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Fig. 2. Barna and Adamik MSZ: coating without impurity (base) (a), coating
with impurity percentage of = 1% (b), coating with impurity percentage of
>10% (c).

substrate-coating interface, a transition layer is observed (Fig. 1, ¢),
consisting of small misoriented crystallites.

The structure of the transition layer can be explained by the Stran-
ski-Krastanov mechanism [29]. According to this mechanism, point
nucleation centres are formed on the substrate, the rate of formation
of which depends on the local temperature on the substrate, which then
turn into two-dimensional islands, the growth rate of which depends
on the surface diffusion of adatoms over the surface of the substrate.
The relative rates of nucleation and formation of islands regulate the
grain size before coalescence. At the initial stages of deposition, before
coalescence, tangential growth predominates with the formation of
equiaxed grains, and after coalescence, normal growth becomes pre-
dominant.

The introduction of nitrogen into the chamber gas environment as
an active impurity leads to a change in both the surface morphology
and the cross-sectional structure of the chromium coatings. Figure 3
shows photographs of the morphology and surface structure of the
chromium coating obtained in the steady-state deposition mode at the
minimum (20%N280%Ar) and maximum (80%N220%Ar) percentage of
nitrogen in the chamber gas environment.

As can be seen in Fig. 3, a, the surface of the coating deposited in a
20%N280%Ar gas mixture remains relief.

The crystallites emerging on the surface are smoothed and reduced
to several microns. A subsequent increase in the nitrogen concentra-
tion in the chamber to 80%N220%Ar ‘smooths’ the coating surface
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Fig. 3. Morphology and surface structure of chromium coatings obtained in a
steady-state deposition mode in a nitrogen and argon environment with dif-
ferent percentage contents: 20%N280%Ar (a, b); 80%N220%Ar (c, d).

even more (Fig. 3, c). After electrolytic etching, globular elements are
observed on the coating surface, the sizes of which decrease signifi-
cantly with an increase in the nitrogen concentration in the chamber
(Fig. 3, b, d).

According to the Barna and Adamik MSZ, the addition of impurities
changes the coating structure. At low impurity concentrations (~ 1%),
it accumulates predominantly at the grain boundaries during coating
formation, resulting in a bimodal grain size distribution of the devel-
oping columnar structure; the diameter of the developing columns in
zone 3 becomes smaller (Fig. 2, b) than in the base coating (Fig. 2, a).
The texture, with minimized surface energy and interfacial energy, is
not as explicit as in the base coating. With increasing impurity concen-
tration, impurity segregation due to grain boundary motion becomes
effective, resulting in complete coverage of the forming crystallite
surface with a passivating layer and the development of three-
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dimensional grains (Fig. 2, ¢), which are separated by stabilized grain
boundaries. The impurity-stabilized grain size distribution is bimodal.

Similar conditions, in our opinion, are realized in this study during
the deposition of chromium in the reaction gas nitrogen environment.
Nitrogen ions, combining with chromium ions in the plasma volume,
form nitrides, which act as impurities passivating the normal growth
of crystallites, as evidenced by the structure of the coating in the cross
section in Fig. 4.

The coating deposited from the 20%N:80%Ar gas mixture is still
characterized by a columnar structure interrupted by equiaxed grains
(Fig. 4, a), but the diameter of the columns is significantly smaller
than for the base coating (Fig. 1, ¢). With an increase in the nitrogen
concentration in the chamber to 40%N260%Ar, the effect of suppress-
ing columnar growth increases, globular grains with a disordered ori-
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Fig.4. The cross-sectional structure of chromium coatings obtained in a
steady-state deposition mode in a nitrogen and argon environment with differ-
ent percentage contents: 20%N280%Ar (a), 40%N260%Ar (b), 60%N220%Ar
(c), 80%N220%Ar (d).
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entation are formed (Fig. 4, b). A subsequent increase in the nitrogen
concentration in the chamber gas mixture in the range of 60—-80%N.
completely disrupts the columnar growth of the coating and creates
conditions for the formation of a globular structure and a decrease in
the crystallite sizes (Fig. 4, ¢, d).

The study of coatings obtained in the steady-state deposition mode
at 100%N: in the chamber showed a very low quality of such coatings.
The coatings are friable, porous, and, during the study, they delami-
nate in planes parallel to the substrate, so they were of no interest for
their further study. In the second stage of the study on the effect of
deposition parameters on the structure and phase composition of
chromium coatings, it was found that the use of pulsed deposition
modes also allows one to ‘escape’ from the classical columnar structure
of chromium condensates.

Figure 5 shows photographs of the surface morphology and struc-
ture of chromium coatings deposited in a pure argon environment in a
pulsed mode.

Comparing the surface morphology of the chromium coating ob-
tained in an argon environment in a steady-state mode (Fiig. 1, a) and in
a pulsed mode (Fig. 5, a), it is evident that the pulsed mode significant-
ly smooths and refines the surface structure. After electrolytic etch-
ing, the release of small faceted crystallites is observed on the surface
of the coating (Fig. 5, b). The cross-sectional structure (Fig. 5, ¢) is
similar to the structure obtained in a steady-state mode with the addi-
tion of 40-60% nitrogen to the chamber, and consists of thin columns
interrupted by globular grains.

Thus, the pulse mode plays the role of a passivating factor, similar
to the effect of impurities during deposition in a nitrogen environ-
ment, which disrupts the columnar textured growth of the chromium
coating.

Adding nitrogen to the chamber during the pulsed deposition mode
leads to an effect similar to that for the steady-state mode—the surface
morphology becomes smoothed cellular (Fig. 6, a), the surface struc-
ture is globular fine-grained (Fig. 6, b), in the cross section the struc-
ture is globular (Fig. 6, ¢). Increasing the nitrogen content to 80%
leads to the formation of a layered structure (Fig. 6, d). The coating is
very fragile, breaks down along the layer boundaries.

The results of XRD of chromium obtained in steady-state and pulsed
deposition modes in an argon environment showed the presence of the
body-centred cubic phase of Cr. Figure 7 shows the diffraction pat-
terns of chromium coatings obtained in steady-state and pulsed deposi-
tion modes.

Analysis of the obtained data indicates the presence of a pronounced
[200] texture in the chromium coating obtained in the steady-state
mode.
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Fig. 5. Surface morphology (a), surface structure (b), cross-sectional struc-
ture (c¢) of a chromium coating obtained in a pulsed deposition mode in a pure
argon environment.

The use of the pulsed mode leads to a redistribution of the intensi-
ties of the diffraction maxima, which can be used to estimate the weak
[200]+[211] texture.

The lattice parameter as a result of the pulse mode decreases from
2.8985 to 2.8879 A, which indicates the occurrence of compressing
stresses. A finer crystalline and more defective structure is formed
with a CSRs size of 1340 nm and a dislocation density of 9.51:101° cm™
(for the steady-state mode, these parameters were equal to 1600 nm
and 4.04-10'° cm2, respectively). Thus, the use of the pulsed deposi-
tion mode leads to the suppression of textured growth and refinement
of the chromium coating structure.

Adding nitrogen to the gas environment of the chamber led to a
change in the microstructure, texture and phase composition of the
coating of chromium coatings. Figure 8 shows the diffraction patterns
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Fig. 6. Morphology (a), surface structure (b), cross-sectional structure (c) of a
chromium coating obtained in the pulsed deposition mode in a gas environ-
ment of 60%N220%Ar and in a gas environment of 80%N220%Ar (d).

of chromium coatings modified with nitrogen. The texture of chromi-
um modified with nitrogen in a steady-state mode at low nitrogen con-
centrations in the gas environment remains the same as for pure chro-
mium: the most intense line remains (200). With increasing nitrogen
concentration in the chamber, a redistribution of diffraction maxi-
mum occurs: the intensity of the maximum (200) decreases, while the
maximum (110) and (211) are enhanced, which is associated with pas-
sivation of the surface of growing crystals by chromium nitrides.
Phase XRD showed that modification of chromium with nitrogen leads
to the formation of two chromium nitrides—Cr:N with an hep lattice
and CrN with an f.c.c. lattice.

When modifying chromium with nitrogen in a steady-state mode in
a chamber gas environment with a nitrogen percentage of less than
40%, chromium nitrides are practically not formed (< 1%). Increasing
the nitrogen percentage in the chamber to more than 60% leads to an
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Fig. 7. Diffraction patterns of chromium coatings obtained in a steady-state
deposition mode (1) and in a pulsed mode (2) in an argon gas environment.
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Fig. 8. Diffraction patterns of chromium coatings obtained in a steady-state
deposition mode in a gas environment with different percentages of nitrogen:
20%N280%Ar (1); 40%N260%Ar (2); 60%N240%Ar (3); 80%N:220%Ar (4);
100%N: (5).

increase for the amount of chromium nitride Cra:N, reaching its maxi-
mum amount at content of 100% N in the chamber (Table 1). Chromi-
um nitride CrN is formed in a steady-state mode in a small amount (up
to 8%) only at the maximum nitrogen content in the chamber.

The pulsed deposition mode intensifies the process of chromium
modification with nitrogen. Figure 9 shows the diffraction patterns of
chromium coatings modified with nitrogen in the pulsed mode at
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TABLE 1. Microstructure and phase composition of chromium coatings under
different deposition conditions.

DepO.SI.tlon CompOSIan of Cr:N, %CrN, %| a,A |L, nm|Dx10', cm™
conditions |[the gas environment

Steady-state

e 100%Ar - ~ 2.8985 1600  4.04
o 20%N280%Ar 0.5 ~ 2.8825 1100  7.72
M,;)ﬁlf}fatlon 40%N3260%Ar 0.5 ~  2.8825 1050  8.64
Wlin;;;é’}?_en 60%N240%Ar 8 ~ 2.8870 950 9.77
state mode 80%N220%Ar 34 ~ 2.8889 920  10.59
100%N 78 8 2.8988 570 38.5
Modificati 100%Ar . ~ 2.8879 1340  9.51
in‘;)lflsleci‘n i)‘g; 60%N240%Ar 55 29 2.8880 700 34.0
80%N220%Ar 70 25 2.8988 520 39
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Fig. 9. Diffraction patterns of nitrogen-modified chromium coatings in pulse
mode: 60%N240%Ar (1), 80%N220%Ar (2).

60%N240%Ar and 80%N220%Ar in the chamber. The use of the pulsed
mode with a content of 60%N240%Ar in the chamber leads to a signifi-
cant increase for the amount of Cr:N and CrN nitrides compared to the
steady-state mode (Table 1). This effect can be associated with the ac-
tion of a short pulse with the supply a high bias voltage, which enhanc-
es the ionization of nitrogen atoms and intensifies the formation of ni-
trides.

The studies of the coating microstructure showed that the nitrogen-
modified chromium coatings become more fine-crystalline and more
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defective. The results of calculations of the lattice parameter, the sizes
of the CSRs and the dislocation density are presented in Table 1. The
values of the lattice parameter of chromium obtained in a gas envi-
ronment with the addition of nitrogen are smaller than those for a pure
chromium coating that indicates compressing stresses. With an in-
crease in the percentage of nitrogen in the chamber, the lattice param-
eter increases and reaches its highest value at 100% N; in the chamber
in the steady-state mode and 80%N220%Ar in the pulsed mode, which
may indicate the introduction of nitrogen atoms into the chromium
lattice. An increase in the percentage of nitrogen in the gas environ-
ment of the chamber leads to a decrease in the size of the CSRs and an
increase in the dislocation density.

Thus, by varying the nitrogen content in the nitrogen-argon gas
mixture in the chamber and the deposition modes, it is possible to con-
trol the structure and phase composition of chromium coatings during
their arc-PVD.

4. CONCLUSIONS

The work establishes the patterns of formation of the structure and
phase composition of chromium coatings obtained by arc-PVD in an
argon-nitrogen gas environment, on the basis of which the following
conclusions can be made:

—the coating obtained in the steady-state deposition mode in an argon
environment has a columnar coarse-crystalline structure with a CSRs
size of 1600 nm and an explicit texture [200];

— the use of a pulsed deposition mode in an argon environment signifi-
cantly weakens the degree of texture, reduces the CSRs size to 1340 nm
and disrupts the columnar growth of the coating with a transition to a
columnar-globular structure;

—an increase in the percentage of nitrogen in the gas mixture in the
chamber under steady-state deposition conditions helps to reduce the
CSRs size from 1100 nm to 920 nm, increase the density of disloca-
tions, and change the structure of the coating from columnar to globu-
lar;

—modification of the chromium coating with nitrogen in the steady-
state deposition mode leads to the formation of 8% Cr:N at a content of
60%N240%Ar in the chamber to 34% Cr:N at 80%N:20%Ar in the
chamber;

— the use of pulse mode during modification with nitrogen helps to in-
crease the amount of nitrides in the coating from 55% Cr:N and 29%
CrN with a content of 60%N240%Ar in the chamber to 70% Cr:N and
25% CrN with 80%N220%Ar in the chamber;

— coatings obtained in an environment of 100% N2 have unsatisfactory
quality: non-uniform in thickness, brittle, delaminated in planes par-
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allel to the substrate.

The established patterns of the structure and phase composition of
modified chromium coatings can be used to predict their mechanical
properties and to build models of structural zones.
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