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Multiperiodic nitride coatings (TiAICrY)N/ZrN with different layer thicknesses are formed by vacuum-arc
evaporation in a nitrogen atmosphere (0.2...0.6 Pa) of two targets, TIAICrY and Zr. The targets were located along
one straight line at equal distances from the perpendicular axis on which the substrates were placed. The rotation of
the axis with the substrates was carried out either continuously or with a fixed delay at the evaporators. The duration
of the process was chosen so that the total thickness of the coating (total thickness of the bilayers) was 10...11 ym.
The effect of nitrogen pressure and modulation period on the structural-phase state, elemental composition, and
mechanical properties of multilayer coatings has been studied. An increase in the partial pressure of nitrogen and,
consequently, its content in the coating leads to an increase in hardness. Reducing the thickness of the layers in the
coatings increases the adhesive strength of the coatings and does not have a significant effect on the microstresses in

the coating.

INTRODUCTION

The development of new coatings for cutting tools
as well as for the protection of machine parts operating
in conditions of intense wear, elevated temperatures and
in aggressive environments is an important task of
modern materials science. Currently one of the
important directions for improving the performance of
coating materials is the creation of multilayer structures
with a nanoscale size of layers.

A significant increase in microhardness with an
increase in the number of layers in multilayer TiN/NbN,
TiN/ZrN, and TiN/CrN nanostructured coatings with the
total film thickness of about 2 ym was found earlier [1].
A similar hardening effect in multilayer coatings was
found also in the ZrN/CrN [2, 3] and MoN/CrN [4]
systems.

In this case, the volume fraction of the interfaces
increases in the structure of the coating material. It
predetermines their high hardness simultaneously with
the increase in wear resistance. Nanostructured
components  significantly increase the strength
properties of the coating as a whole.

The creation of multilayer coatings with a nanoscale
size of layers, the elucidation of the laws governing the
formation of structural phase states and the nature of
their unique strength properties is an important
scientific and technological task.

The paper presents the results of experimental
studies of the laws governing the formation of the phase
composition and structural state of multilayer nitride
coatings based on the (TIAICrY)N and ZrN system,
obtained by vacuum arc evaporation from a material of
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two targets deposited on a rotating substrate in a
reactive nitrogen atmosphere. Studies have also been
conducted on the effect of technological parameters of
coating on their mechanical properties.

METHODS OF PREPARATION
AND EXAMINATION OF THE SAMPLES

Coatings were obtained by the vacuum-arc method
from two targets obtained by the EBT method. The first
one was Tigs7Alg36CroosYoo01, the second one was Zr.
Samples of the size (15x15x2.5 mm) of 12X18H9T
steel (R, =0.09 um) were selected as substrates for the
deposition of coatings. The technological parameters of
the deposition are shown in Table 1. 5 Series of coatings
were applied: 1 series — deposition was carried out from
two sources with continuous rotation of the fixed
samples at a speed of 8 rpm, which made it possible to
obtain a layer about 12...15nm thick with a total
coating thickness ~ 10...11 um; 2-5 series — multilayer
coatings obtained by evaporation of two materials with
a fixed substrate stopping time near the target for 10, 20,
40, and 80 s (for each of the two targets). A constant
negative potential of U,=-200V was applied to the
substrates during the process of layer deposition.

The study of the elemental composition of the
samples was carried out by analyzing the spectra of
characteristic X-ray radiation, the surface morphology
was studied by SEM (FEI Nova NanoSEM 450). The
phase-structural state was studied using DRON-4-07
diffractometer in Cu-K, radiation.

The Revetest scratch tester (CSM Instruments) was
used to determine the adhesion/cohesive strength of the



coatings and the resistance to scratching. Scratches were
applied to the sample surface with a coating using a
Rockwell C-type diamond spherical indenter with a
radius of 200 um under continuously increasing load
and physical parameters like acoustic emission, friction

coefficient, and indenter penetration depth were
recorded. Microhardness measurements of the coatings
were carried out by a 402MVD Instron Wolpert Wilson
Instruments hardness tester (HV, 1, P = 100 g).

Table 1
Physical and technological parameters of (TiAICrY)N/ZrN coating deposition

Material Ia, A lec, A Up, V Pn, Pa T, h Note

1. (TIAICTY)N/ZrN | 85/85 |  0.4/0.4 -200 0.58 15 Continuous
rotation

2. (TIAICTY)N/ZIN | ssigs | 04104 -200 0.58 15 Interval 80 s,
67 layers

3. (TIAICTY)N/ZIN | 8s/gs | 0-4/04 2200 0.21 15 Interval 10,
528 layers

4. (TIAICIY)N/ZIN | 8sigs | 04104 2200 0.39 15 Interval 40 s,
134 layers

5. (TIAICrY)N/ZIN | 8s/gs | 0-4/04 -200 0.39 1.5 Interval 20 s,
266 layers

Legend: 15 — arc current; I, — focusing coil current: U, — potential displacement supplied to the substrate; Py — the partial

pressure of the reaction gas — nitrogen; t — deposition time.

RESULTS AND DISCUSSION

Fig. 1 shows images of the surface (above), as well
as cross sections of samples from series 1, 2, and 5.
Electron microscopy data indicate that coatings based
on (TIAICrY)N/ZrN are characterized by a dense

structure and alternating layers have a high degree of

Fig. 2 shows the energy dispersion spectra of
(TIAICrY)N/ZrN nitride coatings.

The results of the elemental analysis of single-layer
and multilayer coatings are also shown in Tabl. 2.

It is seen that for all series of coatings obtained at
U, =-200 V, all the elements that are part of the cathode
except Y are detected in the composition, and the
nitrogen content varies depending on the coating
parameters from 38 to 50%. Elemental analysis shows a
strong difference in the composition of the coatings
from the composition of the target, especially in

laminarity. The modulation period (total thickness of
two alternating layers) for samples of different series is:
1 series — 30 nm, 2 series — 400 nm, 3 series — 35 nm,
4 series — 195 nm, 5 series — 95 nm. The total thickness
of the coatings was for all samples 10...11 um.

b c
Fig. 1. The structure (SEM) of the multilayer coating (TiAICrY)N/ZrN: a — series 1 (continuous rotation),
b — series 2 (67 layers), ¢ — series 5 (266 layers); 1 — surfaces, 2 — side sections

elements such as Cr and Y. This is due to the fact that
for these elements, which are the most refractory of the
target, the partial vapor pressure during the spraying
process is much less than for Al and Ti. Therefore, their
concentration in coatings is lower than in the target.
Given that the concentration of Y in the target was
about 1%, this element is not observed in the spectrum
of coatings, since its concentration is most likely lower
than 0.1%, which is the detection limit of this technique.
The observed depletion of Ti coatings may be due to



ballistic sputtering, in which light weakly bound atoms
are predominantly removed from the surface.

The results of X-ray studies of the structural and
phase composition of the samples are shown in Figs. 3
and 4.
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Fig. 2. Energy dispersive spectra of (TIAICrY)N/ZrN
coatings obtained under the following deposition
modes: a— P =0.58 Pa, U, =-220 V;
b-P =0.39 Pa, U, =-200 V

Table 2
Elemental analysis data of coated samples
(in accordance with Tabl. 1)

N Elements included in coatings, at.%
0.
N Al Zr Ti Cr
1 50.1 12.8 22.7 13.0 1.4
2 38.7 13.6 333 12.5 1.9
3 43.3 13.6 22.2 19.5 14
4 44.0 13.3 22.0 19.4 13
5 44.9 11.7 27.9 13.7 1.8
Analysis of coated samples obtained with

continuous rotation (series 1) showed the presence of
two phases — TIAICrYN and ZrN nitrides with an FCC
lattice; lines from the substrate are also present. The

lattice parameter of the ZrN nitride is a = 4.590 A, the
CSR size of this phase is D =5.4nm at the level of
microdistortion € =4.79-10°. The lattice parameter of
the complex nitride (TIAICIY)N is a=4.203 A. The
substructural characteristics of this phase could not be
determined. The intensity distribution of diffraction
lines from both phases corresponds to a weakly textured
state.
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Fig. 3. Plot of the diffraction spectrum (TiAICrY)N
and ZrN obtained by continuous rotation (series 1)

Analysis of samples (TIAICrY)N/ZrN with layer-by-
layer sputtering and different numbers of layers (Fig. 4)
showed the presence of two nitrides with an FCC lattice
(ZrN and TiAICrYN) in all samples.
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Fig. 4. Plot of the diffraction spectrum (TiAICrY)N and

ZrN obtained by rotating the substrate with a stopping

time near the target is 40 s (series 4)

The intensity distribution of lines in the diffraction
patterns of these samples indicates the presence of the
(111) texture, that is, the grains of both nitrides has
preferential orientation {111} crystallographic planes
parallel to the surface of the coatings. It is also worth
noting that with an increase in the number of layers, the
size of OCD of nitrides decreases (as for ZrN nitride,
the size of OCD in sample No.2 (67 layers) was
D =20.2 nm, and in sample No. 3 (528 layers), the size
of OCD decreased to D =13.6 nm). It is also worth
noting that the change in the number of layers has
practically no effect on the lattice parameters of nitrides
(within the limits of measurement error, Tabl. 3).

The effect of nitrogen concentration in the coating
on the hardness is confirmed by the data of Tabl. 4.



Table 3
Phase composition and structural characteristics
of (TIAICrY)N and ZrN coatings

No Lattice | OCD Microdi-
o Phase parame- | size stortions,
series
ter,nm | D, nm €
1 ZrN 0.4590 5.4 4.79-10°
(TIAICrY)N 0.4203 - -
5 ZrN 0.4607 | 20.2 3.91-10°
(TIAICrY)N 0.4175 | 24.1 3.4-10°
3 ZrN 0.4607 | 13.6 4.09-10°
(TIAICrY)N 0.4183 9.1 2.46:10°
4 ZrN 0.4609 | 18.2 4.39-10°
(TIAICrY)N 0.4183 | 19.9 3.2810°
. ZrN 0.4607 | 17.0 4.21-10°
(TIAICTY)N | 0.4183 | 12.2 | 3.26:10°
Table 4
The effect of nitrogen concentration
on the microhardness of the coating
No. Nitrogen content, | Microhardness HV,

series at.% GPa

1 50.1 49.0

2 38.7 31.0

3 43.4 27.3

4 45.8 45.0

5 44.9 45.7

The results of the study of the microhardness of the
coatings indicate that the partial pressure of nitrogen,
which affects the formation of the phase composition,
has a significant effect on its hardness.

To determine the adhesive/cohesive strength of
coatings, resistance to scratching and used the method
of scribing. To interpret the results of testing the
coatings, we analyzed the values of critical loads of L,
which allow us to trace the entire process of destruction
of coatings: Lc; denotes the moment of the first chevron
crack appearance; Lc, — the moment of chevron cracks
formation on the bottom of the scratch; Lo —
destruction is cohesive-adhesive in nature; Lcs — local
peeling of the coating areas; Lcs — plastic abrasion of
the coating to the substrate, loss of adhesive strength.
Tabl. 5 shows the results of adhesive tests of coating
samples based on (TIiAICrY)N and ZrN.

Table 5

The results of the adhesive testing of nitride coatings
S(L\lr(i)és Pn,Pal Ler | Lea | Les | Les | Les
1 0.58 |29.96 | 38.44 | 48.72 | 63.54 | 79.08
2 0.58 |28.17 | 45.36 | 52.3 | 57.33 | 74.33
3 0.21 |24.73 |35.09 | 43.22 | 63.79 | 81.46
4 0.39 | 25.77 | 38.21 | 46.34 | 56.36 | 71.67
5 0.39 |27.21|35.59 | 45.61 | 58.76 | 81.7

As can be seen from the results of studies of
adhesive strength, the maximum load at which full wear
of the coating occurs (Lcs) increases with decreasing
layer thickness. The value of the load at which the first
chevron cracks are formed depends on the following
factors: nitrogen content, as well as Zr content. With an
increase in the zirconium content, the viscosity of the
coatings increases, which leads to an increase in the
load required for the formation of the first cracks. In
coatings containing more nitrogen and less Zr, the
formation of the first cracks occurs at a lower load,
while complete abrasion occurs at a higher one.

CONCLUSION

Multilayer nitride coatings (TIAICrY)N/ZrN with
different thickness of alternating layers were obtained
by vacuum-arc evaporation from a material of two
targets with deposition on a rotating substrate in a
reactive nitrogen atmosphere.

Investigations of elemental composition of the
coatings were carried out. It was found that with an
increase in the partial pressure of nitrogen, its content in
the coating increases up to 50 at.%, which leads to an
increase in hardness up to 49 GPa.

Reducing the thickness of the layers in the coatings
leads to a decrease in the size of the OCD, which, in
turn, increases the adhesive strength of the coatings (the
beginning of the destruction — with a load of 30 N).
Changing the thickness of the layers, however, does not
significantly affect the parameters and the level of
microstrain of the crystal lattices of the coating material.
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CTPYKTYPA U MEXAHUYECKHE CBO#CTBA MHOT'OCJIOIHBIX
MMOKPBITHI (TiAICTY)N/ZrN

B.IO. Hosuxos, B.M. bepecnes, /].A. Konecnuxos, O.H. Heanos, C.B. /lumosuenko, B.A. Cmonoosoii,
U .B. Konoouii, A.O. Kozauenko, M.I'. Kosanesa, E.B. Kpuywina, O.B. I'nyxoe

Meuoronepuoanunbsie Hutpunabie Tokpeitas (TIAICIY)N/ZIN ¢ pasnuuno#l TonmMHOM cnoeB chopMUpOBaHEI
BaKyyMHO-AyrOBbIM wHchapenuem B cpeme aszora (0,2...0,6 Ila) nByx mummreneir — TIAICTY u Zr. Mumenu
pacrioaraiy BIOJb OJHON MPSMOM Ha PaBHBIX PACCTOSHUAX OT MEPHEHAMKYISPHON OCH, HA KOTOPOW pacroJiarain
MIOJTIOKKH. BpalneHne ocu ¢ mou1osKKaMy OCYIIECTBIISUTH JIOO HETIPEPBIBHO, INOO0 ¢ (PUKCUPOBAHHON 3aJEP>KKOH y
nucnapurenei. JMUTeTbHOCTh IpoIiecca BRIOMpATN TaK, YTOOBI 00IIas TONIIMHA MOKPHITHS (CyMMapHasi TOJNIIHHA
6ucinoeB) cocrtaBmsta 10...11 mxm. [Ipoananm3upoBaHO BIHMSHHE AABICHHUS a30Ta M IEepHOAa MOIYJSAIHAH Ha
CTPYKTYPHO-(pa30BO€ COCTOSHHE, DJIEMEHTHBI COCTaB M MEXaHHMYECKHE CBOWCTBA MHOTOCIOWHBIX HOKPBITHI.
VYBenuueHne napruagbHOTO IABICHUS a30Ta M BCIEICTBHE 3TOTO — €r0 COAEPKAHWA B IOKPBITHH IPHBOAUT K
YBEIMUYCHUIO TBEPJOCTH. YMCHBIIECHHE TOJIIMHBI CIOCB B MOKPBITHAX YBEIWYHMBACT AATC3MOHHYIO IPOYHOCTH
MIOKPBITHI U HE OKa3bIBAaeT CYIIECTBEHHOTO BIMSHUS HAa MUKPOHAIPSDKEHNUS B TOKPBITHH.

CTPYKTYPA I MEXAHIYHI BIACTHUBOCTI BATATOILIAPOBHX
MMOKPUTTIB (TiAICrY)N/ZrN

B.IO. Hogixoe, B.M. Bepecnes, /I.A. Konecnixoe, O.H. leanos, C.B. /lumoeuenko, B.O. Cmonéosuii,
1.B. Konooiii, A.O. Kozauenko, M.I'. Kosanesa, €.B. Kpuyuna, O.B. I'nyxoe

Bararonepioguuni Hitpuaxi nokputts (TIAICIY)N/ZrN 3 pi3HOlO TOBIIMHOIO MOpOMIApKIB CchopMOBaHi
BaKyyMHO-AyroBuMm BumnapoByBanusM B asori (0,2...0,6 Ila) mBox wmimreneit — TIAICrY i Zr. Mimeni
pO3TAllIOBYBaJIM Ha OJHIA NpsMidH Ha pIBHUX BiJCTaHAX BiJ NEPHEHAMKYJSPHOI OCi, Ha SKil Kpimwiucs
migknaguaka. O0epTaHHs 0oci 3 MiAKIAAMHKAMU 3/1HCHIOBaIKM ab0 Oe3nepepBHO, abo 3 (iKCOBAHOIO 3aTPUMKOIO Y
BUNIapHUKIB. TpHUBaNICTh MPOIeCYy BUOUPAIIN TaK, 1100 3arajbHa TOBLIMHA MOKPUTTS (CyMapHa TOBLIMHA ITOJBIHHMX
nporrapkiB) cranopmwia 10...11 mMxM. [IpoaHanizoBaHO BIUIMB THCKY a30Ty 1 MEPiOAy MOAYJAIII HA CTPYKTYPHO-
(a3oBuii cTaH, ENEMEHTHUI CKJIa]] 1 MEXaHIuHI BIIACTUBOCTI OararomapoBUX MOKPUTTIB. 30UIBLICHHS MapLiaibHOTO
THCKY a30Ty 1 BHACIIZOK I[hOTO — HOTO BMICTY B MOKPUTTI MPHU3BOIAUTH A0 30IIBIICHHS TBEPAOCTi. 3MEHIICHHSI
TOBUIMHU IIApiB Yy TOKPUTTAX 30LIbLIyE anre3idHy MIIHICTh TOKPUTTIB Ta ICTOTHO HE BIUIMBAE Ha
MIKpOHAPY>KEHHS B TOKPHUTTI.



