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The evaluation method for acoustic emission, which detects the elastic waves
emitted during cracking and delamination of the vacuum-arc multilayer ni-
tride CrN/NDbN coatings, is used for investigation of the coating properties.
The investigation is conducted using scratch testing and microscopic visual
observation of scratches. To compare the properties of multilayer CrN/NbN
coatings obtained at different technological parameters of deposition as well

Corresponding author: Iryna Vitaliyivna Serdyuk
E-mail: iraserduk@kipt.kharkov.ua

Citation: I.V.Serdyuk, S.I. Petrushenko, V. O. Stolbovyy, and M. Fialkowsky, In-
vestigation of Properties of Multilayer Nitride CrN/NbN Coatings According to
Acoustic Emission Parameters. Pt. 1. Multilayer CrN/NbN Coatings with a Double-
Layer Thickness of 230 nm, Metallofiz. Noveishie Tekhnol., 47, No. 2: 199-215 (2025).
DOI: 10.15407/mfint.47.02.0199

© Publisher PH “Akademperiodyka” of the NAS of Ukraine, 2025. This is an open access
article under the CC BY-ND license (https://creativecommons.org/licenses/by-nd/4.0)

199


https://doi.org/10.15407/mfint.47.02.0199
https://creativecommons.org/licenses/by-nd/4.0
https://doi.org/10.15407/mfint.47.02.0199

200 I.V.SERDYUK,S.I. PETRUSHENKO, V.O.STOLBOVYY, and M. FIALKOWSKY

as to determine and evaluate the processes occurring during the coating de-
formation, methods for statistical data analysis for acoustic emission are ap-
plied. The maximum pulse amplitude, the average value, the median value,
the mode value, the number of pulses, and the amplitude sum of all acoustic
emission pulses for each coating are calculated. The multilayer CrN/NbN
coatings consist of 68 layers with bilayer thickness of 230 nm. To increase the
calculation reliability, the studied parameters are calculated on four scratch-
es for each multilayer coating. The influence of deposition technological pa-
rameters on the structure deformation processes of multilayer CrN/NbN
coatings occurred during scratch testing is determined.

Key words: multilayer coatings, cathodic arc evaporation, acoustic emission,
deformation, methods for statistical data analysis, coating embrittlement.

s mocaifskeHHA BJIACTUBOCTEH BaKYyMHO-AYTOBUX 0araTolIapoBUX HiTpu-
npHUX CrN/NDbN nmoxpuTTiB 6yB 3aCTOCOBaHUI METOJ OI[iHIOBAHHSA aKyCTUUHOL
emicii, sxa BimoOpaskae MPysKHi XBUJIi, 110 BUIPOMiHIOIOTHCSA IIiJT Yac PO3Tpic-
KYBaHHA Ta PO3IIapyBaHHA IMUX TOKPUTTiB. [locaigsKeHHA MPOBOAUIMICA IIiJ
Yyac CKPeTUY-TEeCTYBAaHHA 3a PAXyHOK OI[iHIOBAHHS MapaMeTPiB aKyCTUYHOL eMi-
cii Ta BidyasbHOTO 0OCTEKEHHA HOJAPANUH 3a AOIOMOroio Mikpockomii. s
nopiBHAHHA BaacTuBocTeil 6araromapoBux CrN/NbN nmokpurTis, ogep:raHux
3a Pi3HUX TEXHOJIOTIYHUX ITapaMeTPiB Ocal?KeHHs, a TAKOXK IJI1Ad BUBHAUYEHH 1
OITiHIOBaHHSA IIPOIIECiB, 1110 Bi0OyBatOThCA 3a JedopMaillii Mux MOKPUTTIB, OYJI0
3aCTOCOBAHO METOAM CTATHUCTUYHOI aHAJIi3W BUIIAJKOBOI BEJIWYUMHU aKyCTUU-
HOl emicii. s KOKHOro 6araToIapoBoro MOKPUTTS OyJI0O BUBHAYEHO MAaKCH-
MaJIbHY aMILIiTyZy iMITyJIbCY, cepelHE 3HAUEHHS, MeIidHy, MOOY, KiJbKicThb
imMnyabciB i cymy ammriTys ycix immyasciB. Baratomapose CrN/NbN mok-
pUTTSa cKJIamasiocs 3 68 mapiB i3 gBorapoBoio ToBIMHOW V 230 HM. I mifg-
BUIIIEHHSA BipOTiAHOCTH PO3PAXyHKIB AOCHIAKYBaHI TapaMeTpu OIliHIOBAJIUCS
3a YOTHPMAa HNOJAPANUHAMY AJIA KOXKHOrO 6araTorrapoBoro noKpuTra. Berano-
BJICHO BILJIMB TE€XHOJOTiYHUX IIapaMeTpiB OCaAsKeHHS Ha JedopMaIlriiidi mpo-
Iecu, I10 BifmOyBaoThbcsa y cTpyKTypi O6araromapoBux CrN/NbN-mokputris,
Iig yac CKpeT4-TecTyBaHHA.

Karouori cioBa: 6GaraTomiapoBi IOKPUTTA, BaKyyMHO-IYIOBE OCAIKEeHHS,
aKyCcTUYHA eMicida, medopmarliis, METOAM CTATUCTUYHOI aHAJIIBW MaHUX, KPUX-
KiCTh IOKPUTTA.

(Received 18 March, 2024; in final version, 8 July, 2024 )

1.INTRODUCTION

A variety of methods are used to study the different properties of vacu-
um arc coatings, which allow to gain new knowledge and expand the ap-
plication possibilities of these coatings in various fields of science and
technology. One of these methods is the measurement of acoustic emis-
sion (AE) parameters when studying the physical properties of vacuum
arc coatings. This method refers to non-destructive research methods of
the solid state. It is based on the registration, processing and analysis of
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the parameters of mechanical stress waves that occur as a result of the
formation, local changes and destruction of the material structure
[1-10]. The source of these waves in this acoustic method is the local ar-
eas of the studied objects, in which dynamic changes in the structure oc-
cur. The change in AE parameters indicates the beginning and dynamics
of rapid degradation and relaxation processes in the material structure.

Acoustic emission is a phenomenon of induced spontaneous emission
of acoustic waves during the local restructuring of the solid structure,
which is accompanied by the formation, disruption, and relaxation of
mechanical stresses in local volumes under the action of external fields
of various physical natures [9]. Typical AE mechanisms of the solid are
the microcracks formation [2, 10], plastic deformation [2, 11-15],
phase structural transformations [16], etc. In most cases, the AE
mechanism, which causes the excitation of acoustic waves, is a certain
set of related physical and, additionally, chemical processes occurring
in the local volume of material-—the source of AE. These processes are
accompanied by a short-term release of excess energy, the elastic com-
ponent of which is the external manifestation of AE[8, 9].

Many investigations have shown that in the process of loading met-
als or vacuum arc coatings, the AE signal appears only at the beginning
of microplastic deformation, that is, it is associated with the move-
ment of crystal lattice defects. Many works [15, 17-37] have been de-
voted to the study of the acoustic emission nature during deformation
processes in metals. The main sources of AE during material defor-
mation are the following dislocation processes [15]: the development of
slip lines [27, 29], the propagation of dislocations due to the Frank-
Reed source [30, 31], the accelerated movement of dislocations or their
movement at high speeds [33, 34], detachment of dislocation loops of
critical size from their attachment sites [35, 36], dislocation exit to the
free surface and dislocation annihilation [19, 37]. In addition to these,
there are other possible sources of AE associated with the presence of
impurities and particles of the second phase—cutting of particles by
dislocations, decohesion along the interface, etc.[15].

Fewer works are devoted to the research of the acoustic emission na-
ture during deformation processes in coatings [38—50]. Determination
of AE parameters and the processes that take place when it occurs in
vacuum arc multilayer coatings has not yet been widely distributed.
The research of these processes in vacuum arc coatings with different
architectures will make it possible to control the properties of these
coatings by means of changes in their structure. Comparison of AE pa-
rameters obtained during deformation processes in vacuum arc coat-
ings of different architecture will allow determining the influence of
technological deposition parameters on the structure of vacuum arc
multilayer coatings.

This paper presents the research results of AE parameters obtained



202 I1.V.SERDYUK,S.I. PETRUSHENKO, V.O.STOLBOVYY, and M. FIALKOWSKY

during loading of multilayer CrN/NbN coatings (bilayer thickness of
230 nm, 68 layers), and the influence of deposition technological pa-
rameters on the structure formation processes of these coatings is de-
termined.

2. MATERIALS AND METHODS
2.1. Materials and Deposition

Vacuum arc nitride multilayer CrN/NbN coatings were deposited in a
modified installation ‘BULAT-6’. The evaporator materials were pure
metals of vacuum melting—chromium (Cr99N1) and niobium (Nb1).
AISI 430 BA + PVC stainless steel samples with a mirror-polished sur-
face were used as substrates for deposition of coatings. Surface rough-
ness of these samples R, was lower than 0.05 ym. The dimensions of the
samples were 18x18x2 mm. They were used to determine the mechanical
and tribological properties of coatings. Before deposition of the vacuum
arc coatings, the vacuum chamber with the samples was pumped to a
pressure of P=1.3-102Pa. After this, the ionic cleaning and activation
of the sample surface were carried out by bombardment with metal ions
at a constant voltage on its Us=-1.1 kV during ten minutes. After these
processes, an underlayer of pure metal was deposited to improve the ad-
hesive properties of the coatings. The technological deposition process
of multilayer nitride CrN/NbN coatings to the samples took place within
1.5 hours. The nitrogen pressure in the vacuum chamber Py varied from
0.08 to 0.27 Pa. The constant negative voltage on the substrate Us was
—70 and —200 V. The arc current of evaporators was 80 A (for chromium)
and 100 A (for niobium). The distance from the evaporators to the axis
of substrate-holder rotation was 500 mm [51, 52].

2.2, Structural Characterization and Mechanical Testing

Planar raster electron microscopic images were obtained using a Tescan
Vega 3 SBU in secondary electron mode at an accelerating voltage of
30 kV. The samples were examined without applying any coatings. The
study of physical and mechanical characteristics of coatings on stain-
less steel samples was carried out by the micro-indentation method us-
ing CMS hardness measurement equipped by standard Vickers pyra-
mid. Microhardness numbers were determined under indentation loads
not higher than 1.0 N. Microtester capable for load-displacement meas-
urements and equipped by trihedral Berkovich pyramid was used to de-
termine Young’s modulus, E, according to the test method procedure
originally proposed by Oliver and Pharr. Scratch testing was used for
research the tribological properties of multilayer CrN/NDbN coatings. It
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was performed using scratch tester CETR-UMT (Bruker) at linearly in-
creasing load (2—-20 N) with velocity of stylus movement 0.1 mm/s dur-
ing 50.08 s. The time step of measurement is 0.01 s. For these investi-
gations was applied Rockwell diamond indenter (stylus) with 200-pum
tip radius. Several parameters of testing were recorded, namely normal
and tangential forces, co-ordinates of stylus movement, acoustic emis-
sion and friction coefficient. Total scratch length is 5 mm, total scratch
depth is in range of 340-360 uym. Four scratches were carried out for
each coating to increase accuracy of calculated results.

2.3. Calculations of Research Results

To compare the properties of multilayer CrN/NbN coatings obtained at
different deposition technological parameters as well as to evaluate
and determine the processes occurring during the coating defor-
mation, methods for statistical data analysis of acoustic emission were
applied. The acoustic emission of each coating was evaluated according
to the following parameters: the maximum pulse amplitude AE,..x, the
average value AE cqium, the median AE cgian, the mode AE 042, the num-
ber of pulses Nag and the amplitudes sum of all acoustic emission puls-
es SUM sg. The maximum value AE,..x characterizes the maximum elas-
tic energy released when the coating is deformed. The average value
AE eqium 1s the mathematical expectation of a random variable, while
the median AE caian is the value located in the middle of the ranked AE
series. The mode AE .4, indicates the value of the random variable that
occurs most often in the set of observations. In addition, the scattering
characteristics were evaluated for each of the above parameters. To
increase the calculations’ reliability, the above parameters were evalu-
ated for each multilayer CrN/NDbN coating for four scratches.

3. RESULTS AND DISCUSSION

3.1. Parameters of Multilayer Nitride CrN/NbN Coatings and
Scratches

Deposition technological parameters of multilayer nitride CrN/NbN
coatings (arc current of evaporator (chromium I¢, and niobium Ixy), con-
stant negative voltage on the substrate Us, nitrogen pressure Py) and
mechanical properties of these coatings (medium hardness H,.q, elastic-
ity contact modulus E., and H.q/E: ratio) are presented in Table 1 [51].
Table 2 shows the geometric parameters of the multilayer nitride
CrN/NDbN coatings, namely the thickness of the chromium nitride lay-
er hcn and niobium nitride layer Anpy, the bilayer period Ay, the total
coating thickness &, the number of bilayers (periods), and the total
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TABLE 1. Technological deposition parameters of multilayer nitride
CrN/NbN coatings.

No. Coating Hea,
sampleicomposition| GPa

1 CrN/NbN 80 100 -200 0.27 22.481 317.96 0.056
2 CrN/NbN 80 100 -200 0.08 25.188 312.32 0.064
3 CrN/NbN 80 100 -70 0.27 14.531 250.52 0.05
4 CrN/NbN 80 100 -70 0.08 24.055 279 0.071

Ice, A | Inw, A | Us, V | Px, Pa

Er, GPa Hmed/Er

TABLE 2. Geometric parameters of multilayer nitride coatings CrN/NbN.

Coating Number of Total
.5 hon, nm | Axoy, nm | Ap, nM h, pm . number of
composition bilayers 1
ayers
CrN/NbN 80 150 230 7.8 34 68

number of layers.

Since the total depth of the scratch (Zscraten = 340—-360 pm) is signifi-
cantly greater than the total thickness of the multilayer CrN/NbN
coating (h="7.8 uym), then, for a more detailed analysis of the obtained
results and separation of the substrate material influence on the calcu-
lation results, it is advisable to consider the results obtained at scratch
testing in two separate stages, namely,

1) analysis of acoustic emission parameters obtained during time 1
upon reaching the equation Asraten =51 = 7.8 pm,

2) analysis of AE data array obtained during the full test time
(T'=50.08s).

Figure1l shows photographs of the scratches of the multilayer

Fig. 1. Scratch of multilayer CrN/NbN coatings (sample No. 1: Us=-200V;
Px=0.27 Pa) (a) and scratch of stainless steel sample (substrate) without coat-

ing (b).
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CrN/NDbN coating and the uncoated stainless steel test sample (sub-
strate).

3.2. Acoustic Emission Parameters of Multilayer CrN/NbN Coatings.
First Research Stage

Table 3 shows the acoustic emission parameters that were obtained
during scratch testing of stainless steel sample without coating (for
time 1 when the equation Asraten =k =7.8 nm is reached), namely the
maximum pulse amplitude AE,..x, the average value AEeqium, the medi-
an AE edian, mode AE 042, number of pulses Nag, root mean square devi-
ation RMSD (Nag) and sum SUM ag.

Table 4 presents the acoustic emission parameters that were ob-
tained during scratch testing of multilayer CrN/NDbN coatings when
the scratch depth was 7.8 uym. The presented parameters are based on
the analysis of 4 scratches for each coating.

Figure 2 shows the dependence of the calculated acoustic emission
parameters of multilayer CrN/NbN coatings and the substrate (sam-
ple) without coating (line 3) on constant negative voltage on the sub-
strate (sample) Us at constant values of the nitrogen pressure Py in the
vacuum chamber (line I—Px=0.27 Pa, line 2—Py = 0.08 Pa).

Increasing the constant negative voltage on the substrate Us from
—70to0—-200V leads to:

e an increase in the maximum value AE,.x by 73% at the nitrogen
pressure Px=0.27 Pa and an increase in AE,.x by 40% at the nitrogen
pressure Px=0.08 Pa, as can be seen in Fig. 2, a;

e an increase in the average value AEcqium by 66% at the nitrogen

TABLE 3. AE parameters of stainless steel sample without coating.

RMSD |SUM ag,

AEmax, VAEmedium, VAEmedian, V AEmoda, V NAE (NAE) V

scratch , pm

Sample 0.18 0.043 0.0417 0.0417 7 10.44 6.38 7.8

TABLE 4. AE parameters of multilayer CrN/NbN coatings.

NO. AEmax, VAEmedium, V AEmedian, V AEmoda, V NAE RMSD
sample (Nak)

1 2.09 0.113 0.0480 0.0459 73.75 78.62 40.31
0.42 0.082 0.0627 0.0497 238.67 6.35 29.63
1.21 0.068 0.0491 0.0471 90.5 38.65 24.81
0.30 0.060 0.0521 0.0479 152.67 49.52 21.14

SUM ag, V

A~ W N
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Fig. 2. Dependence graphs of acoustic emission parameters of multilayer
CrN/NbN coatings and substrate on the deposition technological parameter
Us at constant values of the nitrogen pressure in the vacuum chamber Px:
AE nax (a), AEnedium (b), Nag (C), SUM ak (d).

pressure Px=0.27 Pa and an increase in AE eqium by 37% at the nitrogen
pressure Px=0.08 Pa, as can be seen in Fig. 2, b;

¢ a decrease in the median value AE neqian from 0.0491V to0 0.0480 V at
the nitrogen pressure Px=0.27 Pa (by 2%, which is within calculation
error) and an increase in AE yedian by 20% (from 0.0521V to 0.0627 V) at
the nitrogen pressure Px=0.08 Pa, as can be seen in Table 4;

e changes in the mode value AE .4, are within 2.5% and 3.75% at the
nitrogen pressure Py=0.27 Pa and 0.08 Pa, respectively, as can be seen
in Table 4;

e a decrease in the value Nag by 18.5% at the nitrogen pressure
Px=0.27 Pa, as can be seen in Fig. 2, ¢c. At the same time root mean
square deviation RMSD (Nag) increases by 2 times (from 38.65 to
78.62), as can be seen in Table 4;

e an increase in the value Nar by 56% at the nitrogen pressure
Px=0.08 Pa, as can be seen in Fig. 2, ¢, and root mean square deviation
RMSD (Nag) decreases by 7.8 times (from 49.52 to 6.35), as can be seen
in Table 4;

e an increase in the value SUMax by 62.5% at the nitrogen pressure
Px=0.27 Pa and an increase in SUM ar by 40% at the nitrogen pressure
Px=0.08 Pa, as can be seen in Fig. 2, d.
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Figure 3 shows the dependence of the calculated acoustic emission
parameters of multilayer CrN/NDbN coatings and the substrate (line 3)
on the nitrogen pressure Py at constant negative voltage on the sub-
strate Us (line I—Us=-70V, line 2—Ugs=-200 V).

Increasing in the nitrogen pressure Py in the vacuum chamber from
0.08 t0 0.27 Pa leads to:

e an increase in the maximum value AE,.x by 4 and 5 times at the
constant negative voltage on the substrate Us=-70V and -200V, re-
spectively, as can be seen in Fig. 3, a;

e an increase in the average value AE cqium by 13% and 38% at the
constant negative voltage on the substrate Us=—-70V and -200V, re-
spectively, as can be seen in Fig. 3, b;

e a decrease in the median value AEnedgian by 6% (from 0.0521V to
0.0491 V) and 23.5% (from 0.0627 V to 0.0480 V) at the constant nega-
tive voltage on the substrate Us=-70V and -200 V, respectively, as
can be seen in Table 4;

¢ a decrease in the mode value AE .4 by 1.7% and 7.7% at the con-
stant negative voltage on the substrate Us=-70V and —200 V, respec-
tively, as can be seen in Table 4;

e a decrease in the value Nag by 1.7 and 3.3 times at the constant

9
102P, Pa 102P_, Pa
c d

Fig. 3. Dependence graphs of acoustic emission parameters of multilayer
CrN/NbN coatings and substrate on the deposition technological parameter
Py at the constant negative voltage on the substrate Us: AEmax (@), AEmedium
(b), Naz (¢), SUM sk (d).
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negative voltage on the substrate Us=-70V and —200 V, respectively,
as can be seen in Fig. 3, c;

e an increase in the value SUMax by 17.4% and 36% at the constant
negative voltage on the substrate Us=-70V and —200 V, respectively,
as can be seen in Fig. 3, d.

The graphs in Figures 2, 3 clearly demonstrate the local structure
reconstruction of the multilayer CrN/NbN coating, which is accompa-
nied by the formation, breakdown and relaxation of mechanical stress-
es in local volumes of the coating under the load action (¥ = 2.8 H).

The analysis of the research results showed that constant negative
voltage on the substrate Us has the greatest effect on the average value
AEeqium and the sum SUM ag, while the nitrogen pressure Py in the vac-
uum chamber affects the maximum values AE..x and the amount Nag.

The increase of all AE parameters with increasing voltage Us at ni-
trogen pressure Px=0.08 Pa is characteristic at this research stage,
while increasing voltage Us at the pressure Py=0.27 Pa leads to a de-
crease in the parameter Nag, but total SUMaxr increases due to an in-
crease in the maximum value AE ,.x.

The trend of changes in AE parameters with increasing pressure Px
is preserved both at voltage Us=-70V and at Us=-200V, i.e., the pa-
rameters AE 1ax, AE nedium increase, but AE nedian, AE moda, Nag and SUM ag
decrease. The analysis of the parameter RMSD (Nag) showed that an
increase in voltage Us at the pressure Px=0.08 Pa leads to a significant
decrease (by 7.8 times) in RMSD (Nag), and an increase in voltage Us at
the pressure Px=0.27 Pa leads to a 2-fold increase in RMSD (Nag).
These results show structural heterogeneity within the volume of the
entire CrN/NbN coating and indicate the presence of local micro-
volumes in the coating with a greater number of defects (dislocations,
vacancies, etc.). The multilayer coating structure CrN/NbN (68 layers
with layer thicknesses hc,n=80nm, Axpy=150nm) also affects the
studied parameters.

3.3. Acoustic Emission Parameters of Multilayer CrN/NbN Coatings.
Second Research Stage

Table 5 shows the acoustic emission parameters that were obtained during
scratch testing of the uncoated stainless steel sample over the full re-
search time (7'=50.08 s), namely, the maximum pulse amplitude AE .,
the average value AE cdqium, the median AE cqin, the mode AE 042, nUumMber
of pulses N g, root mean square deviation RMSD (N ax), sum of amplitudes
of all acoustic emission pulses SUM ag, and scratch depth Ascraten.

Table 6 presents the acoustic emission parameters that were ob-
tained during scratch testing of multilayer CrN/NbN coatings for the
full time of research (T = 50.08 s). The presented parameters are based
on the analysis of 4 scratches for each coating.
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TABLE 5. AE parameters of stainless steel sample without coating.

RMSD
(NAE)

Sample] 8.5 0.252 0.0615 | 0.0414 1079 88.3 506 347.3

A.Emax s VAEmedium, VAEmedian, VAEmoda, V NAE SUMAE 5 V hscratch , Um

TABLE 6. AE parameters of multilayer CrN/NbN coatings.

NO. AEmax, VAEmedium, VAEmedian, VAEmoda, V NAE RMSD
sample (Nak)

1 3.06 0.159 0.0550 0.0471 2592 166 794 348.8
2.64 0.175 0.1298 0.0675 4802 65 876 348.6
6.80 0.230 0.0599 0.0481 2961 518 1152 355.3
3.26 0.105 0.0782 0.0579 4259 115 527 343.1

SUM ax N V|hscrateh , pIm

[ I \V]

Figure 4 shows the dependences of the calculated acoustic emission
parameters of multilayer CrN/NbN coatings and the substrate (sam-
ple) without coating (line 3) on the constant negative voltage on the
substrate (sample) Us at constant values of the nitrogen pressure Py in
the vacuum chamber (line I—Px=0.27 Pa, line 2—Px=0.08 Pa).

Increasing the constant negative voltage on the substrate Us from
-70t0-200 V leads to:

e a decrease in the maximum value AE.x by 20% and 55% at the ni-
trogen pressure Px=0.08 Pa and 0.27 Pa, respectively, as can be seen
in Fig. 4, a;

e an increase in the average value AE caium by 66.7% at the nitrogen
pressure Py=0.08 Pa and a decrease in AE yeaium by 31% at the nitrogen
pressure Px=0.27 Pa, as can be seen in Fig. 4, b;

e an increase in the median value AFEnedian by 66% at the nitrogen
pressure Px=0.08 Pa and a decrease in AE nedian by 8.3% at the nitrogen
pressure Px=0.27 Pa, as can be seen in Table 6;

e an increase in the mode value AE 4. by 16.6% at the nitrogen pres-
sure Px=0.08 Pa and a decrease in AEn.q. by 2% at the nitrogen pres-
sure Px=0.27 Pa, as can be seen in Table 6;

e an increase in the value Nag by 12.7% at the nitrogen pressure
Pny=0.08 Pa and a decrease in Nag by 12.5% at the nitrogen pressure
Px=0.27 Pa, as can be seen in Fig. 4, c;

e a decrease in the value RMSD (Nag) by 43.5% and 68% at the nitro-
gen pressure Px=0.08 Pa and 0.27 Pa, respectively, as can be seen in
Table 6;

e an increase in the value SUMag by 66% at the nitrogen pressure
Pn=0.08 Pa and a decrease in SUM ar by 31% at the nitrogen pressure
Px=0.27 Pa, as can be seen in Fig. 4, d.



210 I.V.SERDYUK,S.I. PETRUSHENKO, V.O.STOLBOVYY, and M. FIALKOWSKY

0 70 140 210 0 70 140 210

5000

= 2000-
10001

0 70 140 210 0 70 140 210

Fig. 4. Dependence graphs of acoustic emission parameters of multilayer
CrN/NbN coatings and the substrate on the deposition technological parame-
ter Us at constant values of the nitrogen pressure in the vacuum chamber Px:
AFEmax (a), AE nedium (b), Nag (C), SUM ae (d).

Figure 5 shows the dependence of the calculated acoustic emission
parameters of multilayer CrN/NDbN coatings and the substrate (line 3)
on the nitrogen pressure Px at the constant negative voltage on the
substrate Us (line I—Ug=-T7T0V, line 2—Us=-200 V).

Increasing in the nitrogen pressure Py in the vacuum chamber from
0.08 t0 0.27 Pa leads to:

e an increase in the maximum value AE.x by 108.6% and 16% at the
constant negative voltage on the substrate Us=-70V and —200V, re-
spectively, as can be seen in Fig. 5, a;

e an increase in the average value AEcaium by 119% at the constant
negative voltage on the substrate Us=-70V and a decrease in AE cqium
by 9% at the constant negative voltage on the substrate Us=-200V, as
can be seen in Fig. 5, b;

e a decrease in the median value AE caan by 23.3% and 57.6% at the
constant negative voltage on the substrate Us=-70V and —200V, re-
spectively, as can be seen in Table 6;

¢ a decrease in the mode value AE 4. by 17% and 30% at the constant
negative voltage on the substrate Us=—-70V and —200 V, respectively,
as can be seen in Table 6;

e a decrease in the value Nag by 30.5% and 46% at the constant nega-
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Fig. 5. Dependence graphs of acoustic emission parameters of multilayer
CrN/NbN coatings and the substrate on the deposition technological parame-
ter Py at the constant negative voltage on the substrate Us: AEmax (@), AEmedium
(b), Nae (¢), SUM ak (d).

tive voltage on the substrate Us=-70V and -200 V, respectively, as
can be seen in Fig. 5, c;

e an increase in the value RMSD (Nag) by 4.5 and 2.5 times at the
constant negative voltage on the substrate Us=-70V and -200V, re-
spectively, as can be seen in Table 6;

e an increase in the value SUM ax by 118.6% at the constant negative
voltage on the substrate Us=—70 V and a decrease in SUM s by 9.4% at
the constant negative voltage on the substrate Us=-200V, as can be
seen in Fig. 5, d.

The graphs in Figures 4, 5 clearly demonstrate the local structure
reconstruction of the multilayer CrN/NDbN coating together with the
substrate, which is accompanied by the formation, breakdown and re-
laxation of mechanical stresses in local volumes of not only the coat-
ing, but also the substrate under the action of a higher load (¥ =20 N).

The analysis of AE parameters at this research stage showed that the
nitrogen pressure Py affects the parameter Nag the most. The increase
in Py leads to a decrease in Nag. It can be related to the number of ni-
trogen atoms in the coating and its stoichiometry.

AE parameter comparison between the coating and the uncoated
substrate showed that the multilayer CrN/NbN coating reduced the
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parameter AE . and AE cqium. The higher values of the parameters Nag
and SUM ag of the coated substrate indicate a significant contribution
of the coating (even when the scratch depth is greater than the coating
thickness).

Figure 6 shows the scratch and the acoustic emission amplitude AE
observed when a substrate with the multilayer CrN/NbN coating
(technological parameters of deposition Us=-200V and Px=0.27 Pa)
is scratched.

The amplitude and shape of the AE peaks are affected not only by the
physical and chemical properties of the coating components (CrN and
NbN), but also by the architecture of the multilayer coating, namely,
the number of layers and their thicknesses, properties of the interlayer
boundary, etc.

4. CONCLUSION

The dependence of the acoustic emission parameters on the deposition
technological parameters (constant negative voltage on the substrate
Us, nitrogen pressure Pyx) was investigated. This study characterizes
the multilayer CrN/NDbN coating with 68 layers (34 bilayers), bilayer
thickness A, = 230 nm.

The obtained research results can be summarized in the form of the
following conclusions.

An increase in the technological parameters (Us, Px) leads to an in-
crease in the parameter AE,.. during total time of the study
(T =50.08 s). At the same time, the growth of AE ..., is more significant
at the beginning of the scratch.

An increase in the technological parameter Us leads to an increase in
the parameter AE cqium at the beginning of the scratch, but at the same
time AE .qium decreases along the entire length of the scratch.

The change trend of the parameter AEcdian, Which characterizes the
median value by position, remains unchanged both at the beginning of
the scratch and along its entire length, depending on the technological
parameter (Us, Px) of the coating deposition. The change range of the
parameter AE pegian is from 2% to 23.5% at the beginning of the scratch
and from 8.3% to 66% along the entire length of the scratch.

The change trend of the parameter Nar depending on the technologi-
cal parameter of coating deposition remains unchanged along the en-
tire length of the scratch. The change range of the parameter Nag is
from 18.5% to 70% at the beginning of the scratch and from 12.5% to
46% along the entire length of the scratch.

At the beginning of the scratch, the parameter SUM sr increases
with the growth of all technological parameters of coating deposition,
but along the entire length of the scratch, it changes this trend.

The above observations make it possible to study the changes in the
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Fig. 6. Scratch and acoustic emission AE of the multilayer CrN/NbN coating
(Us=-200V, Pxn=0.27 Pa). Dependence of the acoustic emission AE on the
movement of diamond indenter (stylus): scratch length X =5 mm (a), scratch
length X from 0.1 to 0.5 mm (b), scratch length X from 0.8 to 1.1 mm (¢).

coating structure under loading along the entire scratch length and to
predict the structural properties of the coatings depending on the dep-
osition technological parameters and the coating architecture.

The obtained research results will be used in the future to compare
the behaviour of multilayer CrN/NDbN coatings with different archi-
tectures, namely with reduced bilayer thickness and increased number
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of layers, under load (scratch testing). This will make it possible to ex-
pand the data array and simplify further prediction of the properties
of multilayer coatings.
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