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The results of investigations of multi-component nanostructured coatings of (TiAlSiY)N/CrN type are presented. The influence of
different variants of substrate surface pretreatment on adhesive strength and hardness of coatings was studied. Pre-treatment of
samples was carried out in plasma of two-stage gas discharge according to various technological schemes. Except for ion-plasma
purification, some samples were pretreated with a sublayer of chromium within 5 minutes. The coatings were formed by a vacuum-
arc deposition method at simultaneous spraying of two cathode targets. The first cathode is made of chromium, and the second
cathode is made of multicomponent Ti - Al - Si - Y alloy obtained by vacuum-arc remelting of powder mixture of the mentioned
elements. The coatings were deposited on polished stainless-steel substrates at negative 280 V bias potential. The geometry of the
unit and its elements, as well as technological characteristics of the processes of evaporation-condensation were selected so that at a
speed of rotation of samples 8 revolutions per minute the formation of the coating with a total thickness of about 9.0 microns
occurred in approximately 60 minutes. The analysis of the composition of the coatings shows that the content of elements in the
coating differs greatly from the content of elements in the sprayed cathodes. The X-ray diffractometry has shown that all deposition
modes are characterized by the formation of phases with cubic (fcc) crystal lattice in both phase layers of multilayer coatings. In the
layers formed at spraying of TiAlISiY alloy, a multi-element disordered solid solution (TiAlISiY)N with a crystal lattice of NaCl type
and a lattice parameter of 0.4241 nm, as well as chromium mononitride CrN with a lattice parameter of 0.4161 nm, is determined. It
has been established that preliminary formation of a chromium sublayer on the substrate leads to significant changes in adhesive
strength of multi-component coatings compared to coatings without a sublayer.

KEYWORDS: multi-component nitride coatings, ionic treatment, surface preparation, adhesive strength, hardness

The analysis of publications on application of functional coatings testifies that the most important properties of
wearproof protective coatings should include durability of adhesion of the coatings to a working surface, as well as their
hardness [1 — 3]. It is these properties that determine the ability of coatings to resist external mechanical stresses leading
to wear or other destruction. Recently, there has been an intensive development of various technological options for ion-
plasma synthesis of multilayer coatings based on refractory metal nitrides [4, 5]. In these options, a targeted change in
physical and mechanical properties of coatings is achieved by varying the structural and phase state of protective layers
[6]. An essential improvement of performance properties can be achieved with a multi-layer architecture of coatings
formed by a consistent or simultaneous use of ion-plasma sources with different evaporated materials, as well as with
targeted management of physical and technological parameters of deposition [7].

Adhesion properties of coatings formed by PVD-technologies are determined by various factors: quality of
substrate surface preparation, depth of substrate-coating mixing zone, efficiency of the chemical compounds formation
in the transition zone, structural defects and stress state of the crystal lattice, segregation of gas impurities, etc. lon
bombardment during deposition has an ambiguous effect on each of the listed factors. Pre-bombardment of substrates
with high energy gas ions immediately before coating activates their surface and promotes diffuse interaction at the
coating-substrate boundary, but at the same time it also increases defects of the surface and subsurface area (up to
50 nm). The desired performance properties of coatings can be achieved only with the right choice and optimization of
the entire process cycle, which includes both preliminary preparatory stages and stages of direct coating formation.

The purpose of this work is to study the influence of physical and technological parameters of multi-component
coatings (TiAISiY)N/CrN formation on the strength of adhesion to the substrate, as well as physical and mechanical
properties of these coatings.

EXPERIMENTAL AND RESEARCH METHODS
The coatings were formed by a vacuum-arc deposition method at simultaneous spraying of two cathode targets.
One cathode is made of chromium of X99H grade, and the second cathode is made of Ti - Al - Si - Y alloy obtained by
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vacuum-arc remelting of powder mixture of the mentioned elements taken in the following quantities (at. %): Ti — 58.5;
Al—36, Si—3, Y —2.5. The coatings were deposited on the mechanically polished surface of 15 mmx15 mmx2.5 mm
samples made of 12X18HI9T steel. The working pressure of nitrogen during deposition (Py) was 0.6 Pa. When forming
coatings, the cathodes were placed in separate evaporators located on opposite walls of the vacuum chamber on one axis
towards the center. In the center of the chamber there was a rotary device, on which samples were fixed in the normal
direction to the axis. This device with samples during deposition rotated at a speed of 8 rpm. To obtain thicker coating
layers, the rotary device was stopped at the corresponding cathode for a time sufficient to achieve the required
thickness. The formation of the coating with a total thickness of about 9.0 microns was complete in approximately
60 minutes.

To clean the substrate surfaces before coating, they were pre-treated for 5 minutes in the plasma of a two-stage gas
discharge [8] at different types (nitrogen or argon) and its pressure (Py, Pa,) in the chamber, the duration of cleaning
when bombarding the substrate with chromium ions (tc,), at different values of the negative potential on the substrate
(Up). Some samples were previously deposited with a sublayer of Cr (+) for 5 minutes, the remaining samples were
without a sublayer Cr (—). Specific modes of pre-treatment are given in Table 1.

A 4 series of samples were produced using various parameters of pre-treatment of sample surface (Table 1). In all
experiments, the following parameters were kept constant: arc current I, = 90 A, and focusing coil current Iy = 0.5 A.

The coatings on the samples of series 1-4 were formed within 60 minutes at a negative displacement potential on
the substrate U, = 280 V.

Table 1.
Modes of substrate surface pre-treatment and cleaning time
Series No. Py, Pa,, Pa cleaning time tc,, minutes U,B | Cr:+/-
1 Py=0.3 30 -1000 +
2 Py=0.3 20 -1000 -
3 Py=0.3 20 -1000 +
4 PA=10.2 20 -500 +

Microscopic examination of coating surface was performed using a Nova NanoSEM 450 scanning electron
microscope. The elemental composition of coatings was determined by the spectra of the characteristic X-ray radiation
generated by the electron beam in the scanning electron microscope. The spectra were obtained with a EDAX
PEGASUS energy-dispersion spectrometer installed in the microscope. The coatings thickness was measured using
images of transverse grinding of samples with coatings obtained by raster electron microscopy.

The phase composition of coatings was determined by X-ray diffractometry on DRON-4 in Cu-K,-radiation with
graphite monochromator by the Bragg-Brentano method. The analysis of substructural characteristics (the size of
coherent OCD scattering areas and the level of microstrain) was carried out using integral width of diffraction lines (the
Williamson-Hall method).

Macrostresses in the samples were determined by the sin*y method.

Microhardness of coatings was measured on a AFFRI DM-8 hardness tester by the micro-Vickers method at 50 g
indenter load. Values obtained by averaging data on 10 injections are given for each sample type.

Adhesion/cohesion strength of coatings was determined by sclerometry using a Revetest scratch tester (CSM
Instruments). The tests recorded changes in the coefficient of friction and acoustic emission at the growth of the
scraping load, as well as recorded the main critical loads: L¢; - formation of the first chevron crack at the bottom and
diagonal cracks at the scratch edges; L, - groups of chevron cracks at the scratch bottom; L¢; - local peeling of coating
after formation of set of chevron cracks at the scratch bottom; L., - cohesive-adhesive destruction of coating;
L¢s - plastic abrasion of coating to the substrate [9, 10]. Critical load L¢s leading to coating failure was taken as a
criterion of adhesive strength. Two scratches were made on each sample to increase data reliability and reliability of
results.

RESULTS AND DISCUSSION

The electron-microscopic research and analysis of the morphology of the substrate surface after the gas discharge
treatment (Fig. 1a) and the coating surface (Fig. 1b) show that the surface is quite smooth, but both the defect level and
the share/fraction of the droplet component on it are quite high.

The presence of the coating droplet fraction and cathode macroparticles on the surface is typical for the majority of
condensates obtained from non-separated plasma flows by the vacuum-arc deposition method. In addition to the droplet
component, there is a small number of macroparticles on the surface that locally distort the layered geometry of the
coating.

The analysis of elemental composition of coatings (Fig. 2, Table 2) showed the presence of evaporable cathodes
(Cr, Ti, Al, Si, Y) and nitrogen (reaction gas in the chamber during coating deposition) in all samples of the initial
elements. The content of elements in the coating differs greatly from the content of elements in the sputtering cathodes.
This is due to a significant difference in the partial pressures of the elements vaporized from the cathodes and the
degree of their dispersion, as well as different characteristics of the interaction of the substrate surface with different
plasma flow particles.
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a
Figure 1. Surface morphology of sample series 1: a) after treatment in a gas discharge b) after coating formation
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Figure 2. Section of energy dispersion spectrum of coatings

Table 2.
Elemental composition of coatings (TiAlSiY)N/CrN according to EDA data

Series Contents of elements, at. %

No. N | Ti | Al | Cr | si | Y
279 | 365 | 79 | 267 | 07 | 03
286 | 364 | 85 | 251 | 08 | 06
202 | 322 | 86 | 292 | 07 | o1
276 | 368 | 77 | 27.0 | 07 | 02

Al [ —

The analysis of the results obtained for the elemental composition of coatings (see Table 2) shows that the element
concentration in coatings substantially depends on the energy of the plasma flow particles.

The analysis of diffraction spectra (Fig. 3) shows that formation of phases with cubic (GCC) crystal lattice in both
layers of multilayer coatings is typical for the obtained coatings.
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Figure 3. TiAISiYN/CrN coating diffraction spectrum section

It should be noted that the formation of multielement GCC structures in nitride coatings is confirmed by many
researchers [11, 12]. The analysis of publications suggests that for such materials, the formation of a single-phase solid
solution of complex multi-element nitride phase is energetically more favourable than the formation of a number of
separate coexisting simple nitrides.

According to the X-ray data in the nitride layers based on a TiAISiY alloy, a disordered solid solution (TiAISiY)N
with a crystal lattice of the structural type NaCl and chromium mononitride CrN were registered. The analysis of X-ray
line intensities points to the presence of a strong texture (111) in the multi-element CrN nitride and chromium nitride —
the grains of these phases are mainly oriented in such a way that their crystallographic planes (111) are parallel to the
sample surface. The lattice parameter of the nitride multi-component phase is 0.4241 nm. The macrostress level reaches
0@ = — 5.39 GPa. The calculation of substructural properties of this phase shows that the size of OCD is 14.6 nm with a
significant level of microstrain — up to 5.81-107. The parameter of the CrN chromium mononitride lattice is 0.4161 nm,
but the substructural properties of this phase could not be determined.

The determination of macrostresses was carried out along the main phase lines (TiAISiY)N on the assumption that
the diffraction lines intensity in the precision region was sufficient. The calculation was based on a number of
assumptions. Firstly, since the values of Poisson's coefficient v and Young’s E modulus for the (TiAlSiY)N phase could
not be found in reported scientific sources, these values for the phase TiAIN: v = 0.25 and E = 378 GPa [1] were used.
Secondly, for textured samples, the anisotropy of the Young’s modulus was not taken into account [13]. In this case, the
similarity of structural states in the nitride interlayers based on the TiAlSiY alloy and nitrides of transition metals of
Group VI (close ratio of the formed preferential orientations of crystallites in the interlayers) indicates the interrelation
of the structures of the layers during their growth.

Hardness is known to be one of the most important mechanical properties. The results of microhardness
measurements of coatings are given in Table 3.

Table 3.
Microhardness of coatings (TiAISiY)N/CrN
Series No. 1 2 3 4
H,, GPa 36.5 30.0 31.1 34.4

However, apart from high hardness combined with sufficient viscosity, the material of nanocomposite coatings
must have high adhesive strength.

The determination of the adhesion indices of coatings and analysis of the process of their destruction were carried
out on the basis of data from scratch testing of samples in a mode of continuous linear increase in load on the indenter
while its simultaneous linear movement on the sample surface. Fig. 4 presents diagrams of changes in amplitude of
acoustic emission (the blue curve), friction coefficient (the red curve) and microphotographs of the surface of
(TiAISiY)N/CrN plasma coatings in samples of Series 1 and 2 at different stages of indenter loading (left pictures — at
loading L, right pictures — at loading L¢s respectively).

For the sample of Series 1 (see Table 1) the comparative analysis of structural features of a scratch allows to
conclude that at loading less than 21.5 N (L(;) the indenter leaves practically no traces on the coating. At high loads,
both chevron cracks at the bottom of a scratch and diagonal cracks begin to appear. This is due to the presence of
defects on the surface of the coating, as well as in the volume of vacuum-arc coating. When diagonal cracks close along
the banks of a scratch, the detachment of individual scales is observed. The formation of such cracks is accompanied by
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a monotonic increase in the friction coefficient up to 0.42. At 188.6 N (L(s) load, the indenter reaches the substrate at
the bottom of the scratch.

For the sample of Series 2, the level of L; was 21.7 N and L¢s — 150.1 N, respectively. The analysis of coating
failure on this sample shows that the initial stage of failure is due to both surface and volume defects.

Interestingly, at the initial stages of loading (approximately to the value of L.;) almost no acoustic emission
signals are registered, although the adhesion of the indenter with the surface of the sample is growing. This confirms an
increase in friction coefficient to the values of 0.3-0.36, which is close to a linear increase. With a further increase in the
load on the indenter, signals of acoustic emission are registered, but their level and intensity is relatively small, which
indicates the absence of active cracking in coatings.
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Figure 4. Scratch testing data of coatings (TiAlSiY)N/CrN obtained from straight-flow plasma beam
a — Series 1, loads 21.5 N (L¢;) and 188.6 N (Ls); b — Series 2, loads 21.7 N (L¢;); 150.1 N (L¢s)
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Table 4.
Average values of critical loads at different stages of coating destruction (TiAISiY)N/CrN
Series Le N
No. 1 2 3 4 S

1 21.5 28.6 40.9 122.0 | 188.6
2 21.7 41.3 52.8 85.1 150.1
3 21.8 27.5 44.5 69.8 180.9
4 22.9 28.2 39.0 78.8 186.4

The comparative analysis of coating destruction shows that the coatings wears out but do not peel off during
scratching, i.e. they are destroyed by the cohesive mechanism associated with plastic deformation and formation of
fatigue cracks in the coating material [13]. Differences in the adhesive strength of coatings are due to both mechanical
interaction of the indent with the surface, which is influenced by the roughness of the contact surfaces, and physical and
chemical interatomic interaction on the boundary of contacting bodies.

The analysis of sclerometry data confirms a positive effect of the chromium sublayer on the properties of coatings,
which have a sufficiently high level of adhesive strength (Table 4) and an acceptable hardness (Table 3).

All obtained coatings have, on the one hand, a rather low coefficient of friction (maximum p = 0.42 - 0.48 at high
loads) determined by a low value of shear resistance. On the other hand, they have a sufficiently high hardness and
strength of the surface layer, which determine resistance to mechanical destruction and wearing.

An essentially narrower spread in values of the coefficient of friction at loads > L¢3 in the Series 1 coating with a
chrome sublayer (Fig. 4, a) in comparison with similar properties of the Series 2 coating without a sublayer (Fig. 4, b)
also confirms a positive influence of the chrome layer on the homogeneity and quality of the coating surface.

CONCLUSIONS

It is typical for all (TiAlSiY)N/CrN type coatings obtained by vacuum-arc deposition to have phases with cubic
(GCC) crystal lattice formed in both layers of multilayer coatings. Compressive stresses 6o = - 5.39 GPa have been
recorded in (TiAlSiY)N layers. The lattice parameter of this phase is 0.4241 nm, which slightly exceeds the lattice
parameter of chromium mononitride CrN (0.4161 nm).

The coatings formed on substrates with pre-deposited chromium sublayer have higher hardness (H = 36.5 GPa)
compared to similar samples without such a sublayer (H = 30.0 GPa). The presence of the chromium layer also
contributes to the adhesion strength of (TiAlSiY)N/CrN coatings on substrates made of X18H10T steel. Critical values
of fracture load for coatings with a chromium sublayer reach Lcs = 188.6 N, and without a chromium
sublayer - L¢s = 150.1 N.

The obtained coatings have a relatively low of friction coefficient (at high loads Ly, = 0.42 - 0.48), high hardness
and strength.
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[pexncraBneni pe3yabTaTH AOCTIIPKEHb 0araTOKOMIIOHEHTHUX HaHOCTPYKTypHHX MOKpHTTIB THITy (TiAISiY)N/CrN. Buueno Brums
pi3HMX BapiaHTIiB IonepenHpol MiATOTOBKHM MOBEpXHI MiAKIAJUMHOK Ha aare3idHy MiLHICTh i TBepaicTh mokpurtiB. [TonepenHio
00poOKy 3pa3KiB MPOBOMMIM B IIa3Mi JBOCTYIICHEBOTO Ia30BOTO PO3PsLY 3a Pi3HUMHU TeXHOJIOriyHMMH cxeMamu. KpiM ioHHO-
IJIa3MOBOTO OYMIIEHHS Ha YaCTHUHY 3pasKiB IONEPEAHbO NPOTArOM 5 XBWIMH HAMMIIOBAIM migmap xpomy. ITokputrs dopmysanu
METO/IOM BaKyyMHO-IyTOBOTO OCaKCHHS IPH OJHOYACHOMY PO3MMJICHHI JBOX KaToAiB-MmimieHei. OIMH KaToJ BUTOTOBJICHHIT 3
XpoMy, a iHmmA — 3 GaraTokommoHeHTHOro ciuiaBy Ti — Al — Si — Y, oTpuMaHOro BaKyyMHO-IyTrOBUM MEpEIIaBOM CyMiIli
MOPOIIKIB 3a3HAYEHHWX eJEeMEHTIB. [IOKpHUTTS ocamkyBadW Ha IOJIPOBaHI MiKIAJUHKH 3 HEPXKaBiIoWOl CTaili MpH HETaTHBHUX
noreHmianax 3mimeHHs 280 B. T'eomerpis ycraHOBKM 1 i €leMEHTIB, a TaKOX TEXHOJOTIYHI XapaKTEPUCTHKH IIPOIECIB
BUIAPOBYBaHHSA-KOHJeH ANl Oynu mimiOpaHi Tak, IO NPHM HIBUAKOCTI oOepTaHHs 3pa3kiB 8 00epTiB 3a XBWIMHY (OpMYyBaHHS
MIOKPHTTS 3araJIbHOI0 TOBLIMHOIO 01M3bK0 9,0 MKM BinOyBasiocst mpu6ian3HO 3a 60 XBUIIMH. AHaJIi3 €IEeMEHTHOTO CKJIaJy HOKPUTTIB
MOKa3aB, L0 BMICT €JIEMEHTIB B MOKPUTTI 3HAYHO PI3HHUTCS IMOPIBHSIHO 3 BMICTOM IIMX €JIEMEHTIB Yy PO3MOPOIICHHUX KaTo/AaX.
PenrreniBcpka qupakToMeTpis moKaszana, 10 Ul BCiX PEXKUMIB OCA/DKEHHS XapakTepHUM € yTBopeHHs ¢a3 3 kybiunnmu (I'TIK)
KPHUCTATIYHUMU IpaTaMH B 000X (ha3HUX Mpolapkax 0araTomapoBHX MOKPHUTTIB. Y mpourapkax, chOpMOBaHUX MPU PO3MUIIOBAHHI
crutaBy TiAlSiY, 3adikcoBano OaratoeneMeHTHHH HeBmopsakoBaHuii TBepauid po3uuH (TiAlSiY)N 3 kpucTamiYHUMH TpaTaMu
crpykrypHoro tumy NaCl i mapamerpom 0,4241 M, a Takok MoHOHITpuA xpomy CrN 3 mapamerpom 1patiB 0,4161 HM.
Bcranosneno, mo nonepenHe GpopMyBaHHS IMiAMIApYy XpOMYy Ha IiJKJIAJUHII NPU3BOJUTH JO CYTTEBOI 3MiHH aAre3ifHol MIITHOCTI
0araTOKOMIIOHEHTHOTO HOKPHUTTS y HOPIBHSIHHI 3 HOKPUTTSIM 0e3 miamapy.
KJIIOUOBI CJIOBA: 6araToOKOMIOHEHTHI HITPHIHI NOKPHUTTS, iOHHa 00poOKa, MiArOTOBKAa IIOBEPXHi, aAre3iiiHa MIIHICTB,
TBEPAICTb

BJMSIHUE IIPEJIBAPUTEJIbHON OBPABOTKH IOBEPXHOCTHU HA AJITE3MOHHY IO IPOYHOCTD
MHOI'OKOMIIOHEHTHBIX BAKYYMHO-AYTI'OBbIX IIOKPBITHUIA
C.B. JIutosuenxo®, B.M. Bepecues®, C.A. Knnvenko®, B.A. Maznauu®, M.T. Kosanesa®, A.C. Manoxun®, JI.B. Topox®,
H.B. Kosoanii®, B.YO. Hoeukos®, B.A. Cron6oBoii™’, U.B. lomeuknna®, O.B. nyxos
“Xaporosckuil nayuonanvhwill ynueepcumem umenu B.H. Kapasuna, ni. Ceoboovl, 4, 61022, 2. Xapwros, Ykpauna
b Unemumym ceepxmeepovix mamepuanos um. B.H. Baxyna HAH Yipaunvi, yn Asmosasoockas, 2, 04074, 2. Kues, Ykpauna
“Benzopodckuil 20cy0apcmeenblil HAYUOHALbHbLIL UCCIedosamenvekull ynueepcumem, yi. Io6eow, 85, 3080135, 2. Benzopoo, Poccust
Hayuonanshbiii nayunbiti yenmp «Xapokosckuti usuko-mexuuueckuil uncmumymy, yi. Axademuueckas, 1, 61108, 2. Xapwros, Yipauna
“XapoKko6ckuil HaYUOHANLHBIL ABMOMOOUNLHO-00POJICHbLI YHUGepcumem, yi. Apociasa Myopoeo, 25, 61002, 2. Xapvkos, Ykpauna
fXapbKoecxuﬁ HAYUOHANbHYII YHUSepcumem paouodnekmponuxu, npocnekm Hayxu, 14, 61166, 2. Xapvkos, Ykpauna
[pencraBneHsl pe3ysbTaThl UCCISJOBAHUI MHOTOKOMIIOHEHTHBIX HAaHOCTPYKTYpHBIX MOKpbITHH THna (TiAlSiY)N/CrN. Usyueno
BIIMSIHUE PA3JIMYHBIX BapUAHTOB MPE/IBAPUTEIILHON MOrOTOBKU MOBEPXHOCTU MOIJIOKEK Ha aJre3MOHHYIO NPOYHOCTh U TBEPAOCTD
nokpbiTuil. IIpeaBapurensHyto 06paboTKy 00pa3IoB MIPOBOIMIM B IIa3Me JABYXCTYHNEHYATOTO ra3oBOTO pas3psiia MO PazIUdHBIM
TEXHOJIIOTHYEeCKHM cxeMaM. KpoMe HOHHO-TIIa3MEeHHON OYHCTKU Ha 4acTh 00OPa3IOB MPEIBAPUTEIBHO B T€UEHNE 5 MUHYT HANBUIAIN
noacinoi xpoma. ITokpsiTus GopMHPOBANTNCH METOAOM BAaKyyMHO-IYTOBOTO OCAKACHHS IPU OJHOBPEMEHHOM PACHBUICHHH ABYX
KaTonoB-MumIcHe. OWH KaTo U3TOTOBJICH U3 XPOMa, a IPYToi — U3 MHOTOKOMITOHEHTHOTO ciutaBa Ti — Al — Si — Y, momydeHHOTO
BaKyyMHO-IYTOBBIM II€PEIIaBOM CMECH ITOPOIIKOB YKa3aHHBIX JIeMEHTOB. [IOKpBITHS Oca)kJaiy Ha ITOJIMPOBAHHEIE TTOJUIOKKH U3
HeprKaBeIoIlell CTalM NpH OTPUNATENbHBIX NoTeHIuanax cMemienus 280 B. 'eomeTpusi ycTaHOBKM M €€ JJICMEHTOB, a TaKKe
TEXHOJIOTHYECKHE XapaKTePHCTHKU MPOLIECCOB MCHAPEHHs — KOHJEHCALMM ObUIM MOJOOpaHBI TaK, YTO MPU CKOPOCTH BPAILCHHUS
00pasioB 8 000pOTOB B MHHYTY (HOPMHUPOBAHUC MOKPBITHS OOIIEH TONIMIMHONW OKOJO 9,0 MKM MPOUCXOIMIO MPHOIHU3UTEIBHO 32
60 MUHYT. AHaIU3 3JIEMEHTHOTO COCTaBa MOKPHITUH MOKa3ajd, Y4TO COJAECP)KAHUE DIEMEHTOB B MOKPHITUM CHJIBHO OTIMYAETCs OT
COJIEpKaHHs 3JIEMEHTOB B PACHBUICHHBIX KaToaX. PeHTreHoBcKas AupakTOMETpHs MOKa3ana, 4To JJIsl BCEX PEKUMOB OCAXKICHUS
xapakTepHo obOpaszoBanue (a3 ¢ kyomueckoit (I'LIK) kpucTamumdeckoi pemeTkoi B 00enx (pasHBIX MPOCIOHKAaX MHOTOCIOHHBIX
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MOKpbITHiL. B mpocnoiikax, cdopmMupoBaHHBIX Ipu pacobuieHun cmotaBa  TiAlSiY, ompenesnseTcs MHOTO3JIEMEHTHBIN
HeynopsodeHHblid TBepablit pactBop (TiAlSiY)N ¢ kpucTamindeckoi peurerkoit ctpykrypHoro tina NaCl u mapaMeTpoM pemeTku
0,4241 uM, a Takke MoHoHHTpuUA Xxpoma CrN c mapamerpoMm pemetkn 0,4161 HM. YcTaHOBIIEHO, 4YTO IpeIBapUTEIbHOE
(dopMupoBaHHE MOACIOS XpOMa Ha TOMNOXKKE MPUBOANT K CYIIECTBEHHOMY W3MEHEHHIO aJTe3HMOHHOH IPOYHOCTH
MHOTOKOMITOHEHTHOTO TTOKPBITHUS 10 CPABHEHHUIO C MMOKPBITHEM 0€3 MOJCTOSL.

KJIIOYEBBIE CJIOBA: MHOrOKOMIIOHEHTHBIE HHTpPHUIHBIE IIOKPBHITHS, HOHHAs 00paboTKa, IIOArOTOBKA ITIOBEPXHOCTH,
aJire3UOHHAs! IPOYHOCTD, TBEPHOCTD



