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STRUCTURE AND PHYSICAL AND MECHANICAL PROPERTIES
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OBTAINED BY VACUUM-ARC EVAPORATION METHOD

LN. T oryanikl, V.M. Beresnev'”, LV. Serduyk3, A.D. Pogrebnyakz,
o.V. Sobol4, 0. A. Druchinina6, M.G. Kovalyova6, PV. T urbin1’5,
U.S. Nyemchenkol, D.A. Kolesnikov®, A.E. Dmytrenko3
"Karazin Kharkiv National University, Kharkiv, Ukraine;
2Sumy National University, Sumy, Ukraine;
National Scientific Centre «Kharkov Institute of Physics and Technology»,
Kharkov, Ukraine;

‘National Technical University «Kharkov Polytechnical Institute», Kharkov, Ukraine;
5Scientiﬁc Center of Physical Technologies, Kharkov, Ukraine,
E-mail: turbin-scpt@yandex.ru;
6Belgorod State National University, Belgorod, Russia

Nanocomposite coatings of the system (Zr-Ti-Cr-Nb)N were obtained by vacuum-arc evaporation of a unit-cast
cathode with the use of pulse stimulation. The structure of the coatings is characterized by the size of crystallites of
5 - 10 nm. Increased bias potential leads to more intense nitride formation thus increasing the relative content of Cr
and Ti atoms and improving the hardness up to 4500 HV,, GPa. Sclerometry studies showed high adhesive
strength, which in combination with high hardness makes them promising for use as protective coatings for cutting

tool.

INTRODUCTION

Protective coatings are an effective means of in-
creasing the productivity and durability of functional
materials. Due to the high mechanical properties and
thermal stability, the protective layer can maintain the
functionality of tools in severe operating conditions for
a long time. Protective coatings were designed for pro-
viding high hardness of material on its surface, low fric-
tion coefficient, oxidation resistance and wear resis-
tance. [1-3].

One of the most called-for materials among those
which are widely used for the formation of protective
coatings, are nitrides of transition metals which perform
one of the best complex of their properties. Among the
binary systems of the nitrides, titanium nitride (TiN) is
the most widely used material due to its high mechani-
cal properties and corrosion resistance [4].

In the last decade the titanium-aluminum nitride
(Ti;xALN) has got the wide application. It increases
hardness and durability of the cutting tool in high-speed
machining. Besides, the addition of aluminum in the
coating composition leads to the increased oxidation
resistance in the temperature interval of 500 °C to
800 °C, due to formation of resistant layer of aluminum
oxide on the surface [5]. Adding such elements as
chromium or zirconium in order to form a ternary sys-
tems, leads to the positive effects in improving the func-
tional properties of the coatings [6, 7]. Thus, the transi-
tion from the two-element coatings to the more complex
ones by means of doping by the elements of the transi-
tion metals is the effective way to significantly change
the functional properties of the coating.

The next step in the universalization of properties of
the obtained nitride materials is the use of four-and five-
component coating systems in which there are 3 and 4
transition metal components respectively, and the nitro-
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gen as a component of the filling, stimulating strong
covalent bonds [8]. The most frequently used vacuum-
plasma methods, used for obtaining the mentioned sys-
tems of coatings are the following: vacuum-arc deposi-
tion, magnetron sputtering [8, 9].

The aim of this paper is to study the regularities of
the structure formation of multi-component coating of
the system (Zr-Ti-Cr-Nb)N and the investigation of
their physical and mechanical characteristics.

EQUIPMENT AND METHODES
OF INVESTIGATION

As a method of obtaining coatings of (Zr-Ti-Cr-
Nb)N system, the vacuum-arc evaporation method was
used. The unit-cast cathode Zr+Ti+Cr+Nb with the
composition: Ti — 12.32 at.%, Zr — 27.99 at. %, Cr —
37.39 at.%, Nb — 22.30 at.%, was used as a vaporized
material. The cathode was made by electron-beam melt-
ing method. Coatings were deposited in the installation
“BULAT-6" in the atmosphere of molecular nitrogen on
the polished surface of the steel 45 substrate as well as
on the surface of the silicon substrate.

Table 1 shows the physical and technological pa-
rameters of obtaining the coatings based on (Zr-Ti-Cr-
Nb)N system.

The thickness of the coatings, the state of the bound-
aries between the substrate and the coating and the sur-
face morphology were investigated by means of scan-
ning electron microscope FEI Quanta 600 FEG. The X-
ray diffraction studies of the coated samples were held
using DRON-4 diffractometer in Cu-k, radiation. The
analysis of the surface topography of the coatings was
performed additionally by means of atomic force micro-
scope NT-MDT, Russia, in the atmosphere of air. Si-
cantilevers NSG10/W2C with a solid current-
conductive W,C coating with a thickness of 30 nm were



used. The thickness of the coatings was ~ 7.0 microns.
Study mechanical characteristics (hardness) of the lay-
ers of the coatings was carried out on DM-8 hardness
tester.
Table 1
Physical and technological parameters obtaining the
coatings based on (Zr-Ti-Cr-Nb)N system

Eﬁg’:ﬁfd Coatings | I, A |Py, Pa|U,, V Selr\}zs
Zr+Ti+CrtNb | (ZITiCINb)N | 110 | 0.3 | -100 | 1
Zr+Ti+Cr+Nb | (ZrTiCrNb)N 110 0.7 -100 2
Zr+Ti+CrtNb | (ZITiC:Nb)N | 110 | 03 | 200 | 3
Zr+Ti+CrtNb | (ZITiCINb)N | 110 | 0.7 | -200 | 4
Zr+TitCr+Nb | (ZrTiCrNb)N 110 0.7 -200 5%
*Pulse stimulation was used
EXPERIMENTAL RESULTS
AND DISCUSSION

The results of research of elemental composition of
the coatings based on the system (Zr-Ti-Cr-Nb)N as a
function of the physical and technological deposition
parameters are given in Table 2.

Table 2
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Fig. 1. Parts of diffraction spectra of the condensate
(Zr-Ti-Cr-Nb)N, deposited by vacuum-arc method:
1-P=0.3Pa U,=-100V;
2-P=0.7Pa, Uy=-100V;
3—-P=03Pa U,=-200V;
4—P=0.7Pa, Uy=-200V;
5—P=0.7 Pa, U,=-200V (pulse stimulation)

Table 3
The crystallite size (L) and the lattice constant (a) of the
coatings based on the system (Zr-Ti-Cr-Nb)N

) ) ) Series No.
The results of energy dispersion analysis for the coat- Parame-
ings based on the system (Zr-Ti-Cr-Nb)N ters 1 2 3 4 5
Elemental composition of the coatings, at.% L, nm 45 52 5.1 6.9 7.3
Series| 2" Ti Cr Nb a,nm | 04359 |0.4365| 0.441| 0.4381| 0.4371
No Elemental composition of the cathode before
deposition Hardness, as the most revealing mechanical charac-
27.99 12.32 37.39 22.30 teristic of the coatings based on (Zr-Ti-Cr-Nb)N system
1 2787 13.47 14.89 43.77 is given in Table 4. The imprints were made at the dis-
tance of 1.0 mm between each other, 10 measurements
2 23.55 12.07 14.82 49.56 were held for each sample. In order to reduce the impact
3 18.54 25.73 36.95 18.78 of droplet component and in order to measure the hard-
4 20.74 28.15 31.27 19.84 ness of the coatings more accurately, part of the coat-

Fig. 1 shows the XRD spectra of the coatings. The
lattice is cubic, structure type NaCl. The results of the
structural conditions of the obtained coatings are shown
in Table 3.

As can be seen from the Table 3, with increasing the
values of the bias potential applied to the substrate, the
size of the crystallites (L) increases.

The analysis held on the basis of the data from the
Table 2 indicates a significant dependence of the com-
position of the coatings on the bias potential applied to
the substrate, i.e. due to the bias potential the energy of
the sputtered particles increases, which leads to higher
radiation component while the formation of structure of
the coatings. Thus, the increase of the bias potential to -
200 V leads to an increase of the strong nitrides format-
ting components of Ti and Cr, as well to an increase of
content of the nitrogen atoms.

The direct studies of the structure of the obtained
coatings based on (Zr-Ti-Cr-Nb)N system were carried
out by using an electron microscope Jeol Jem-2100.
Fig. 2 shows an electron microscopic image of the coat-
ings based on (Zr-Ti-Cr-Nb)N system. It can be seen
that the formed crystal structure is very finely dispersed,
which corresponds to the results presented in Table 3.

ings had been polished after deposition.

The adhesive properties of the coatings were deter-
mined by the scratch tester REVETEST (CSM Instru-
ments). For this the scratches were made on the surface
of the coated samples at continuously increasing load by
means of the diamond spherical indenter “Rockwell C”
type with a radius of curvature of 200 mm and the fol-
lowing physical parameters were registered: acoustic
emission, coefficient of friction and the depth of pene-
tration of the indenter. To obtain the reliable results, two
scratches on the surface of the coating were made. The
substrates for the deposition of the coatings were steel
18Crl10NiTi cylinders with the diameter of 30.0 mm,
and the height of 5.0 mm. The coatings of (Zr-Ti-Cr-
Nb)N system were deposited on their polished surface.
The thickness of the coatings was 6.2 um.

The following critical loads changing the coefficient
of friction and acoustic emission curves from the scrib-
ing load: L¢; — characterizes the time of occurrence of
the first chevron crack; L, — the moment of the appear-
ance of chevron cracks; Lq; — the destruction has cohe-
sive and adhesive nature; Lc,— local flaking of the areas
of the coating; Lcs — plastic abrasion of the coating to
the substrate.
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Fig. 2. Electron microscopy image of the coatings of the
system (Zr-Ti-Cr-Nb)N: a — bright field image of the
microstructure of the coating;

b — microdiffraction image

Table 4
The results of hardness measuring for the coatings based
on the system (Zr-Ti-Cr-Nb)N

Series | Hardness, Note
No HVOJ GPa
1 3093 Coatings were not polished
1 3652 Coatings were polished
2 3478 Coatings were not polished
3 3886 Coatings were not polished
3 3996 Coatings were polished
4 4393 Coatings were polished
5 4457 Coatings were polished

Table 5 shows the results of adhesion tests of the
coated samples, obtained at different technological dep-
osition parameters. After the deposition of the coatings
in order to reduce the influence of the droplet constitu-
ents, the coatings were polished. For comparison, the
samples coated by TiN, obtained by the vacuum-arc
deposition method with the hardness of H = 28.0 GPa
were taken.

Fig. 3 shows the curve of the change of the coeffi-
cient of friction (1) when moving the diamond indenter
on the surface of the coating of the (Zr-Ti-Cr-Nb)N sys-
tem (sample 4), and the curve of change of the acoustic
emission (AE).

As seen from the results shown in Fig. 3, the process
of destruction of the coating when scratched by the di-
amond indenter can be conventionally divided into sev-
eral stages. In the beginning the monotonous penetration
of the indenter into the coating takes place, and the first
cracks appear (load up to 15.21 N), the coefficient of
friction (p) is increasing, but the acoustic emission sig-
nal remains unchanged.

Subsequently, with the increased load, the appear-
ance of chevron and diagonal cracks takes place [11,
12], which leads to increase of coefficient of friction to
a value of 0.3. At a load of up to 14 N, the amplitude of
the of the acoustic emission signal dramatically in-
creases, and its value remains at the same level until the
end of the test. After this, with the increase of the load
reaching 62 N, there is a local abrasion of the coating
down to the substrate material (Fig. 4).

Table 5
Comparative results of adhesion testing for the coatings
based on the system (Zr-Ti-Cr-Nb)N
and on the system TiN

Critical Series No
load 1 2 3 4 5 | TIN
Ly 109 | 11.8 | 10.3 | 15.2 94 | 21.3
Lc> 18.6 | 20.9 | 184 | 24.2 | 30.3 | 309
Lcs 269 | 30.3 | 23.1 | 334 | 34.3 | 40.2
Ly 39.1 | 459 | 45.1 | 40.9 | 40.4 | 48.8
Lcs 49.0 | 56.1 | 61.0 | 62.0 | 58.2 -
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Fig. 3. The results of measurement of the friction coeffi-
cient and acoustic emission (sample 4), the length of the
scribing path is represented in in millimeters

Comparative analysis shows that the coatings wear
away when scratched, but no chalking takes place, i.e.
they are destroyed following the cohesive mechanism
which is associated with the plastic deformation and the
formation of fatigue cracks in the coating material.
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Fig. 4. Image of the remaining fragments of the coating
on the bottom of the scratch after the influence of the
diamond indenter
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SUMMARY

1. The coatings of the system (Zr-Ti-Cr-Nb)N were
obtained by means of evaporation of the unit-cast cath-
ode in the nitrogen medium using the vacuum-arc meth-
od.

2.Crystallites of the coatings based on (Zr-Ti-Cr-
Nb)N system are characterized by an average size of
5...10 nm, depending on the deposition parameters.

3. The hardness of the obtained coatings reaches the
value of 4457 HV,; GPa.

4. The coatings exhibit high adhesion strength and
are characterized by cohesion mechanism of destruction
during the testing.

5. By physical and mechanical properties, the ob-
tained coatings of the system (Zr-Ti-Cr-Nb)N have
shown themselves as promising for using them as pro-
tective coatings for cutting tools.
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CTPYKTYPA U ®U3NKO-MEXAHUYECKHUE CBOMCTBA HAHOKOMITIO3UTHBIX MOKPBITHUI
CHUCTEMBI (Zr-Ti-Cr-Nb)N, IIOJIYYEHHbBIX METOJIOM BAKYYMHO-AYI'OBOI'O HCITAPEHHU S

HU.H. Topanuxk, B.M. Bepecnes, H.B. Cepoiwk, A./]. Ilocpeonak, O.B. Cobons, O.A. [Apyuununa, M.I'. Kosanesa,
IL.B. Typoun, ¥.C. Hemuenxo, /I.A. Konecnukos, A.E. /Imumpenxo

MeTooM BaKyyMHO-IYTOBOTO HCHAPEHHS LEITEHONUTOr0 KaToAa ¢ NPUMEHEHHEM HMITYJIbCHOM CTHMYJIILHA
MTOTyYeHBl HAaHOKOMITO3UTHBIE TMOKPHITUS cUCTeMBI (Zr-Ti-Cr-Nb)N. CTpyKkTypa MOKPBITHIA XapaKTepu3yeTcs pas-
MEpOM KPHCTALIHTOB 5...10 HM. YBenuyeHHe NOTeHIUa a CMEILCHHUS IPUBOAUT K O0ojiee HHTEHCUBHOMY HUTPHIIO-
00pa30BaHMIO, YBEJIMUNBAsI OTHOCUTENbHOE coaepxanue atomoB Ti u Cr u noBsimas eepaocts 10 4500 HV ; I'Tla.
CxiiepoMeTpuyecKkre MCCIIeOBaHUs IIOKa3aln BBICOKYIO aAr€3MOHHYIO NPOYHOCTh, YTO B KOMIUIEKCE C BBICOKOM
TBEPIOCTBIO 00YCIIaBIMBAET IIEPCIEKTHBHOE MPUMEHEHHE MOKPHITHH B Ka4eCTBE 3AIIUTHBIX JUIS PEKYILETO MHCT-
pyMeHTa.

CTPYKTYPA I ®I3UKO-MEXAHIYHI BJIACTUBOCTI HAHOKOMITO3UTHUX ITIOKPUTTIB
CUCTEMMU (Zr-Ti-Cr-Nb)N, OTPUMAHUX METOAOM BAKYYMHO-AYTI'OBOI'O
BUITAPOBYBAHHAA

IM. Topanuk, B.M. bepecues, I.B. Ceporwk, O./]. Ilozpeonax, O.B. Cobons, 0.0. [Apyuunina, M.I'. Kosanvosa,
IL.B. Typoin, ¥.C. Hemuenxo, /1.0. Konecnikos, O.€. /Imumpenko

MeTo10M BaKyyMHO-yTOBOTO BHUIIAPOBYBAHHS CYLIBHOJIMTOTO KaToJa i3 3aCTOCYBAHHSM IMITYJIbCHOI CTHMY-
namii oTpuMaHi HaHOKOMIO3UTHI TMOKpHUTTA cucteMu (Zr-Ti-Cr-Nb)N. Ctpykrypa MOKPHUTTIB XapaKTepU3y€eThCS
po3mipom kpuctamiTiB 5...10 aM. [ligBumeHHS TOTEHITiaTy 3CYBY MPHU3BOIAUTH M0 OLTHIN iHTEHCUBHOTO HITPHIOYT-
BOPEHHS, P IbOMY 301bIIyI0oun BinHOCHUK BMicT aTtomiB Ti ta Cr i migsumnrytoun tBepaicts 1o 4500 HV,; I'Tla.
CxiiepoMeTpuyHi AOCIIIKEHHS TTOKa3aId BHCOKY aJre3iifHy MIIHICTh, 10 Y KOMIUIEKC 3 BHCOKOIO TBEPHICTIO 00Y-
MOBITIO€ TIEPCIIEKTUBHE 3aCTOCYBAHHS MTOKPUTTIB Y SIKOCTI 3aXUCHUX [UIA Pi3aJIbHOTO iIHCTPYMEHTY.



