ABSTRACT
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ion-plasma nitride coatings TiSIN/NbN and TiSiN/CrN — Qualification scientific
work on the rights of a manuscript.
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Applied Physics and Nanomaterials (Field of Knowledge 10 - Natural Sciences) - V.
N. Karazin Kharkiv National University of the Ministry of Education and Science of
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The dissertation is devoted to the creation of multilayer coatings of nanometer
scale based on TiSiN/NbN TiSiN/CrN that meet modern requirements for surface
protection of structural materials operating at elevated temperatures, fatigue and
thermal fatigue loads, as well as to identify the features of the synthesis processes,
elemental and phase composition, substructure and properties of multilayer coatings
obtained by vacuum arc deposition. Determination of the relationship between the
structure and mechanical and tribological properties of coatings.

The aim of the work is to determine the conditions for the formation of nitride
multilayer protective coatings and to develop recommendations for specific physical
and technological processes of their deposition. The work is of significant
fundamental and practical interest for physical materials science and surface physics
To achieve this goal, the following tasks had to be accomplished:

1. To obtain (TiSi)N/NbN, (TiSi)N/CrN coatings using plasma methods under
different deposition modes.

2. To investigate the effect of synthesis conditions on the elemental composition of
the resulting coatings.

3. To study the structure, surface topology, nature of chemical interatomic
bonding, microhardness and elastic modulus of the obtained coatings.

4 To study the effect of thermal annealing on the structural state and physical and
mechanical properties, in particular microhardness.

5  Determine the adhesive strength and fracture mechanism of multilayer coatings.

Object of research: technological processes and physical factors that affect



the formation of multilayer nitride coatings with nanometer layer thicknesses
deposited by vacuum arc method, the relationship of structural characteristics with
physical and mechanical properties of coatings.

The subject of the study is the elemental and phase composition, structural
state, mechanical properties and tribotechnical characteristics of multilayer nitride
coatings of nanometer scale (TiSi)N/NbN, (TiSi)N/CrN.

Methods of formation and research

Currently, the most promising coating methods are vacuum ion-plasma
methods, among which reactive magnetron sputtering and vacuum arc deposition are
widely used for deposition of wear-resistant nitride coatings. Along with the main
advantage of the magnetron method - drip-free sputtering - it has a number of
significant disadvantages: relatively high operating pressure to maintain the discharge
and a narrow range of basic parameters (pressure, current) under which optimal
coating deposition conditions are realized. And, as a result, the low energy of the
particles involved in the nitride synthesis reactions, which leads to high porosity of
the coatings and their relatively low adhesion to the substrate.

When using the vacuum arc deposition method, based on the generation of
highly ionized metal plasma flows by an arc discharge, coatings are formed on the
surface of samples as a result of condensation of the plasma flow of the eroding
cathode material. Any electrically conductive material can be used as the evaporated
material: metal, alloy or metal-based composite. In the presence of a discharge gap of
reaction gas, a layer is synthesized on the substrate based on compounds of elements
of the cathode material and working gas (nitrides, oxides, carbides). The high degree
of ionization of the vacuum-arc plasma (20-100 %) and the ability to control the
parameters of the coating synthesis process in a wide range (working gas pressure,
discharge current, bias voltage, etc.) allow for a targeted influence on the structural
and physical and mechanical characteristics of the resulting condensates.

To study the morphology, crystal structure, elemental composition, structural
and phase state, mechanical and tribotechnical properties of multilayer coatings, we



will use scanning electron microscopy (SEM), X-ray microanalysis using an energy
dispersive spectrometer (EDS), and X-ray diffraction analysis (XRD), measurement
of microhardness and nanohardness, application of the sclerometry method to obtain
a complete picture of the wear pattern, friction coefficient and adhesive strength, and
fracture processes of coatings, as well as laboratory tests of coated samples at the
V.N. Bakul Institute of Superhard Materials of the National Academy of Sciences of
Ukraine
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AHOTALIA
['opox /I. B. 3akoHomipHOCTI hopMyBaHHs, OCOOIUBOCTI CTPYKTYPH Ta BIACTUBOCTI
10HHO-TUIa3MOBUX  HITpuAHUX  HOKpUTTiB  TiSIN/NbN Tta  TiSiN/CrN. -
Kgamidikamiitna HaykoBa mpaiis Ha IIpaBax PyKOIHUCY.

Juceprariist Ha 3100yTTS CTymneHs A0KTopa (inocodii 3a cnenianbHicTiO 105 —
[Mpuxnagna ¢izuka Ta HaHomarepianu (I'any3p 3nanp 10 — [IpupogHudi HayKH). —
XapkiBchbKHM HallloHaIbHUM yHIBepcuTeT iMeH1 B. H. Kapazina MinicTepcTBa 0CBiTH
1 Hayku Ykpainu, Xapkis, 2023.

HMuceprariiina  po6oTa  NPUCBSIYEHA  CTBOPEHHIO  BAKyyMHO-IYTOBUX
OaraTolapoBUX IOKPUTTIB HaHoMeTpoBoro wmacmrady tumi TISIN/NDN Tta
TiSIN/CrN, sxi BIiANOBIZAIOTh CY4YaCHHM BHMOTaM IIOJO 3aXHCTy ITOBEPXHI
KOHCTPYKIIIHHUX MarepiajiiB, sIKi MPalioOTh B YMOBaxX IIJABUIIEHUX TeMIIEpaTyp,
BTOMHHMX 1 TEPMOBTOMHHX HABaHTaXEHb, a TaKOX BHSABIECHHIO OCOOIMBOCTEN
IPOLIECIB CUHTE3Y, BU3HAYEHHIO €JIEMEHTHOTO 1 ()a30BOT0 CKJIaay, CyOCTPYKTYypH Ta
BJIACTUBOCTEH OararomapoBUX HNOKPUTTIB, a TaKOX 3B’SI3KIB MK CTPYKTYpOIO Ta
MEXaHIYHUMHU 1 TPUOOJIOTTYHUMHU BIIACTUBOCTSIMH MOKPUTTIB.

Mera po0Gorm TmonsArae y BH3HAYCHHI YMOB (OpMyBaHHA HITPUIHUX
0araTtomapoBMX 3aXUCHUX TOKPUTTIB Ta PO3POOI PEKOMEHJallid CTOCOBHO
KOHKPETHUX (PI3UKO-TEXHOJOTTYHUX MPOIIECIB iX ocamkeHHs. PoOoTa cTaHOBUTH sIK
3HaUYHUW (PyHIaMEHTadbHUM, TakK 1 MPAKTUYHUM 1HTEpec il (I3UYHOTO
MaTepiano3HaBCTBA Ta (PI3UKU MOBEPXHI.

Jnst nocsrHeHHs c(OpMyJIbOBaHOT METH HEoOXigHO OyJI0 BHUKOHATH Taki
3aB/IAHHS:

1.  Orpumaru mua3zmoBi nokputTs (TiSi)N/NbN, (TiS1)N/CrN 3a pi3HuUX pexkumiB

OCaJ[KCHHS.

2. JocniguTy BIJTUB YMOB CUHTE3y Ha €JIEMEHTHUH CKJIaJl OTPUMAaHUX MOKPUTTIB.

3. JlocmiauTu CTPYKTYpy, TOTOJIOTIIO MOBEPXHI, XapaKTep XIMIYHOT'O MIKATOMHOTO
3B’SI3KY, MIKPOTBEPAICTh Ta MOJYJIb MPY>KHOCTI OTPUMAHHUX MTOKPUTTIB.

4. JlocmiauTH BIUIMB TEPMIYHOIO BiJIMAJIIOBAHHS HA CTPYKTYpPHHUH CTaH Ta (pi3uKo-

MeXaHIvHI BJIACTUBOCTI, 30KpeMa MIKPOTBEPIICTb.



5. BusHaumTtH anresiiiHy MIIHICTb Ta MeEXaHI3M pyHHYBaHHS OaraToIiapoBHX
MOKPUTTIB.

O0’ekT Jo0cCigKeHb — TEXHOJOTIYHI mporecu 1 ¢Gi3udHi (akTopu sKi
BIUTMBAIOTH Ha (hOpMyBaHHs 0araTolapoBHX HITPUIHUX MOKPUTTIB 3 HAHOMETPOBOIO
TOBIIMHOIO MIApiB, IO OCAKYIOTHCA BAaKyyMHO-IYyTOBUM CIOCOOOM Ta 3B'SI30K
CTPYKTYPHHUX XapaKTEPUCTUK 3 (PI3UKO-MEXaHIYHUMU BIACTUBOCTSIMU MOKPUTTIB.

IIpeaMer aocaixkeHb — eIeMEHTHUIN Ta (a30BUMA CKIall, CTPYKTYPHUH CTaH,
MEXaHIYHI BJACTHBOCTI Ta TPUOOTEXHIYHI XapaKTEPUCTUKH OaraToliapoBHX
HITPUJAHUX MOKPUTTIB HaHOMeTpoBoro Macitady (TiSi)N/NDbN, (TiSi1)N/CrN.

MeTtoau (popMyBaHHS TA TOCTIIKEHHS

B nanuit yac HalO11bII MEPCIEKTUBHUMHA METOJIaMU HAHECEHHS MOKPUTTIB €
BaKyyMHI 10HHO-IIJITA&3MOB1 METO/IH, CEPE]l SIKUX IIUPOKE MOMIMPEHHS JJI1 OCAJKEHHS
3HOCOCTIMKHX HITPUIHUX MOKPHUTTIB OTPUMAIU PEAKTHBHE MAarHETPOHHE PO3MUICHHS
1 BaKyyMHO-IyroBe oca/pkeHHA. [lopsini 3 OCHOBHOIO MNEpeBarord MarHETPOHHOI'O
MeTOoay - Oe3KparelibHe HaNWJIEHHS, BIH Ma€ 1 psJl ICTOTHUX HEIO]IKIB: BIAHOCHO
BUCOKHM pOOOYMN TUCK HJisi MIATPUMKUA PO3PSAY 1 BY3bKHM Jiama3oH OCHOBHHX
napaMeTpiB (TUCK, CTPYM), MPU SIKUX PEaN3yIOThCSI ONTUMaIbHI YMOBHU OCAJKEHHS
MOKPUTTIB. |, sIK HACIII0K, HU3bKa €HEPrisl YACTUHOK, 110 OepyTh y4yacTh y peakuisax
CUHTE3Yy HITPHUIIB, IO MPU3BOJMTH JI0 BEIMKOI MOPUCTOCTI MOKPUTTIB Ta BITHOCHO
HHU3BKOI1 1X aaresii 3 miIKIaIKOIO.

[Ipu BUKOpHCTAaHHI BaKyyMHO-IyTOBOTO METOJy OCaJ[KE€HHS, 3aCHOBAHOTO Ha
re’epailii MOTOKIB BHUCOKOi 10HI30BaHOI METAJEBOi TUIa3MU JIYTOBUM PO3PSIOM,
NOKPUTTS (POPMYIOTHCS Ha TOBEPXHI 3pa3KiB B pPE3yJibTaTi KOHJAEHCAlli MOTOKY
Ia3Mu MaTepialy KaTona, o epoaye. B sKocTi BUIMapoBaHHOTO MaTepiaiy, IO
BUMApPOBYETHCS,a MOXKE 3aCTOCOBYBATHUCS OYb-SIKUN €JICKTPONPOBIAHUIN MaTepia:
MeTaJl, CIijlaB 200 KOMITO3UT Ha OCHOBI MeTaiy. 3a HasIBHOCTI PO3PSITHOTO MPOMIXKKY
peaxkifHOro rasy Ha MIAKIAAIl CUHTE3YEThCS IIap HAa OCHOBI CIIOJIYK €JIEMEHTIB
Martepialy Karoga i pododoro rasy (HITpUIU, OKCUIU, KapOiau). Bucokuii cTymiHb

1oH13amii BakyyMHO-1yroBoi mia3mu (20—100 100 %) Ta MOXIUBICTh PETyIIOBAHHS



napaMeTpiB MPOIECYy CUHTE3Y MOKPHUTTIB y IIMPOKOMY Jiara3oHi (THCK poOodYoro
ra3y, CTpyM po3psily, Harmpyra 3CyBYy Ta iH.) J03BOJIAIOTH LJIECIPIMOBAHO BILTUBATU
HA  CTPYKTypHI Ta  (I3MKO-MEXaHIYHI  XapaKTEPUCTUKH  OJEP>KyBaHHUX
KoHJieHcaTiB. s mociimkeHHss Mop(dosIorii, KpUCTATIYHOI CTPYKTYPH, €JIEMEHTHOIO
CKIaay, CTPYKTYpHO-(}a30BOTO  CTaHy, MEXaHIYHMX Ta  TPUOOTEXHIYHHX
BJIACTHBOCTEH  0araromapoBHX TMOKPUTTIB OyayTh BUKOPHCTaHI: pacTpoBa
enexkTponHa Mikpockoris (PEM), peHTreHiBChbkuil MiKpoaHali3 3 BHUKOPHUCTAHHSIM
cekTpomeTpa 3 aucrnepcieto 3a ereprieto (EJIC) Ta peHTreHOCTpyKTypHUIl aHai3
(PCA), BuMiproBaHHS MIKpPOTBEPJOCTI Ta HAHOTBEPJOCTI, 3aCTOCYBaHHS METOIY
CKJIEpOMETpIi /03BOJISIE OTPUMATH IOBHE YSBJICHHS PO XapakTep 3HOIIyBaHHS,
KOe(DILIEHT TEPTsl, aAre3iiiHy MIIHICTh Ta IPOUECIB pyHHYBaHHS MOKPHUTTIB, & TAKOX
nabopaTopHi BHUNPOOYBAaHHS 3pa3KiB 3 TOKPUTTSIM B [HCTUTYTI HaaTBEpAMX
matepianiB imeH1 B.H. bakyns HAH Ykpainu

Kuwo4oBi cioBa: BakyyMHO-AYTroBE€ OCQKEHHS, OaraToIlapoBi TMOKPHUTTS,

MIKPOCTPYKTYpa, MOTEHII1aJ]l 3CYBY, HAHOTBEPIICTh, (ha30yTBOPEHHS



