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PEDEPAT

Jumiomuas pabora 63 c., 3 4 ., 43 puc., 4 Tabi1., 66 UCTOYHUKOB

KJIFOYEBBIE CJIOBA: CIUIAB TI-6AL-4V, HUTPUJ LHWPKOHUAI,
HUTPUJI TUTAHA, TIIOKPBITHUE, AII'E3UOHHAS TIPOYHOCTD,
MUKPOTBEPIOCTD, CKAHUPVYIOILIAA OJIEKTPOHHAA
MUKPOCKOIIMA.

OO0OBEKTOM WCCHENOBAHUSA SABIISIETCS TUTAHOBBIM crutaB 11-6Al-4V ¢
nokpbITusiMu ZrN, ZrN-TiN, (Zr,Nb)N, (Zr,Hf)N, (Zr,Hf)N-TiN, (Zr,Nb)N-TiN.

Ilenp paboThl — wHCCIEIOBAHUE CTPYKTYpbl M MEXaHUYECKUX CBOMCTB
NOKPBITUA Ha OCHOBE HUTPUJA UUPKOHUS W HUTPHUJIAa TUTaHA, HAHECEHHBIX
METOJIOM BaKyyMHO-yTOBOTO OCaX/ICHUSI HAa TUTAHOBBIN cIuiaB Ti-6Al-4V.

Meronabl HCClIeIOBAaHUS: PEHTTEHOCTPYKTYPHBIM aHAIM3, CKaHUPYIOIIAs
3IIEKTPOHHASI MUKPOCKOTHSI, U3MEPEHNE MUKPOTBEPAOCTH, KO3 PHUIIEHTa TPEHNUS,
OMpeNeJIeHUe  MapaMeTpPOB  LIEPOXOBATOCTH  TOBEPXHOCTH,  U3MEpPEHHUE
aATre3MOHHOM ITPOYHOCTH.

VYcTaHOBJIEHO, YTO NPHU HKCIHOJB30BAHUM OJHOTO Zr-COAEpKallero Karoia
HaOmoaeTcst GpopMUpoBaHrEe OAHO(PAZHOTO MOKPHITUS HA 0a3e TBEPIOrO PacTBOpa
ZrN c kyOWdeckod Kpucramdyeckoi pemietkoi. [Ipum ucmonb30BaHHMU JBYX
KaToJoB (Zr-cojepKaluii KaToa U KaToJl THTaHa) MPOUCXOAUT (OpPMHUPOBAHUE
IBYX(a3HOro MOKPBITHS, COAEpHKAILEro TBepable pacTBopbl Ha ocHoBe ZrN u TiN.

Ucnonb3oBanue katona Zr-Nb TpUBOIUT K PE3KOMY YMEHBIICHUIO
nmapamMeTpa pemeTku TBepaoro pactBopa (Zr,Nb)N B mokpeitusax (Zr,Nb)N u
(Zr,Nb,T1)N. IlpuunHOl yMeHBIIICHHS TapameTpa PEeIIeTKH SBISETCS MEHBbIINN
paanyc atomoB Nb, mo cpaBHeHHIO ¢ atomMamMu Zr. AHanorudabie 3(H(EKTHI
HAOJIIOAAIOTCS U JJIS TBEpOTo pacTBopa Ha ocHoBe TiN.

MakcumanbHOE 3HAUYEHHE LIEPOXOBATOCTH XapaKTEPHO I IMOKPBITHS
(Zr,Hf)N, uto 00bsAcCHsAETCS HAIMYMEM KamelabHOU (a3bl pazmepom 110 15 MkM, B
TO BpeMsl Kak KameibHas ¢a3a Ha OCTAJIbHBIX MOKPBITUSX MUMEET pa3sMephbl 10 8
MKM.

HauOosnbiine 3HayeHUsT aare3MOHHON MPOYHOCTH OBUIM TMOJYYEHBI IS
MOKPBITHI, UMEIOIUX B CBOEM COCTaBe TaHUIA.

[Tony4yeHHbI€ pe3yabTaThl MOTYT OBITh HCIOJIB30BaHbl B BBIOOPE MOKPBITHS C
BBICOKOM a/Ir€3MOHHOM MPOYHOCTHIO IS UCIIOJIb30BAaHUS B MEIULIMHCKUX LIEIISX.



PODEPAT

Jpiruiomuas mpana 63 c., 3 r., 43 mait., 4 Tabi., 66 KpbIHiIl

KJIIOYABBISI CJIOBBI: CIUIAY TI-6AL-4V, HITPbIJ] LIbIPKOHIA,
HITPBIJT TbITAHA, TIAKPBIIIE, AJTE3IMHASI TPBIBAJIACLIb,
MIKPAILIBEPJACIb, CKAHIPYIOUAS DJIEKTPOHHA S MIKPACKATIIS.

Al'extaM [nacrienaBaHHs 3'syngenua TeiTaHaBel cmiay Ti-6Al1-4V 3
nakpsiiisMi ZrN, ZrN-TiN, (Zr,Nb)N, (Zr,Hf)N, (Zr,Hf)N-TiN, (Zr,Nb)N-TiN.

MbTa mpaubl - AaciefaBaHHE CTPYKTYpPhl 1 MEXaHIUHBIX yIacliBacuen
NaKpBILLAY HAa aCHOBE HITPBILY LIBIPKOHIS 1 HITPBIAY ThITaHA, HAHECEHBIX METalaM
BaKyyMHa-JyraBora acaJ>KdHHs Ha ThiTaHaBhl ciiay Ti-6Al-4V.

Metanpl fmacienaBaHHS: PIHTICHACTPYKTYPHBI — aHali3, CKaHIpyrouas
AJIEKTPOHHAS MiKpacKaris, BBIMSAPIHHE MiKparBépaaciii, KaddilbleHTa TPIHHS,
BbI3HAUOHHE TMapaMeTpay UIypraracili MaBepXHi, BBIMSAPIHHE ajre3iiiHai
TpBIBAJIACIII.

VYcranoyaeHa, mTo Opbl BBHIKAPBICTAHHI ajHaro Zr-3msirdajbHara KaTojaa
Hazipaemnma dapmipaBanHe anHadazHara TakpeIIl Ha 0a3e 1BEpaara pacTBOpa
ZrN 3 kyOluHai KpbllITajlyHai pamoTkai. [Ipsl BeIKapeICTaHHI IBYX KaToaay (Zr-
3MSIIYaIbHbl KaTOJ 1 KaToj ThITaHa) aa0bIBaeiia ¢apMmipaBaHHe AByXdaszHara
NaKphILLs, SKOe 3Msrdae UBEPAbII pacTBopbl Ha acHoBe ZrN 1 TiN.

BrikapeicTanne karojga Zr-Nb TpbeIBOA3INE J1a pa3Kara MaMsHIIIHHS
napaMeTpy pamoTki 1Bépaara pactBopy (Zr,Nb)N y makpeimsax (Zr,Nb)N 1
(Zr,Nb,Ti)N. IlpbrusiHaii MaMsSHIIPHHS MapaMeTpy pamoTKi 3'symserniia MEeHIIbI
paneiyc aramay Nb, y mapayHanHi 3 aramami Zr. AHajaridbeisi 3(EKTHI
Haziparora 1 s nusépaara pactsopy Ha acHoBe TiN.

MakciMalibHae 3HauUdHHE ITypraTaciil XapakTipHa sl makpeiis (Zr,Hf)N,
IITO TIyMaybllll[a HasyHACIIO KaneabHail ¢a3pl mamepam 1a 15 MM, y TO# 4ac siK
KareabHas a3za Ha acTaTHIX MaKPHILIISIX Mae MaMephl 1a 8 MKM.

Haitbonpipiss 3HAUSHHI ajAre3idiHail TpbeIBajacii ObLIl aTpbIMaHbI IS
NaKpBILLAY, SIKisS MAIOLb y CBaIM CKJIaa3e TadHiil.

ATpbIMaHbIs BBIHIKI MOTYIb OBIIb CKAapbICTaHbl ¥ BbIOAPHI MAKPBIII 3
BBICOKAM ajire3iiiHail TphIBAJIACIIO JUIsl BEIKAPBICTAHHS ¥ MEJIBITIBIHCKIX MATaX.
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The object of study is titanium alloy Ti-6Al-4V with ZrN, ZrN-TiN,
(Zr,Nb)N, (Zr,Hf)N, (Zr,Hf)N-TiN, (Zr,Nb)N-TiN coatings.

The purpose of the work is to study the structure and mechanical properties
of coatings based on zirconium nitride and titanium nitride deposited by vacuum-
arc deposition on titanium alloy Ti-6Al-4V.

Research methods: X-ray diffraction analysis, scanning electron microscopy,
measurement of microhardness, coefficient of friction, determination of surface
roughness parameters, measurement of adhesive strength.

It has been established that when using one Zr-containing cathode, the
formation of a single-phase coating based on a ZrN solid solution with a cubic
crystal lattice is observed. When using two cathodes (Zr-containing cathode and
titanium cathode), a two-phase coating is formed containing solid solutions based
on ZrN and TiN.

The use of a Zr-Nb cathode leads to a sharp decrease in the lattice parameter
of the (Zr,Nb)N solid solution in (Zr,Nb)N and (Zr,Nb,Ti)N coatings. The reason
for the decrease in the lattice parameter is the smaller radius of Nb atoms
compared to Zr atoms. Similar effects are observed for the TiN-based solid
solution.

The maximum roughness value is typical for the (Zr,Hf)N coating, which is
explained by the presence of a droplet phase with a size of up to 15 um, while the
droplet phase on other coatings has a size of up to 8 um.

The highest values of adhesive strength were obtained for coatings
containing hafnium.

The results obtained can be used in selecting coatings with high adhesive
strength for use in medical applications.



