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HccnenoBaHbl CTpyKTypa, dJIEMEHTHBI M (a3oBbIi cocTaB, aHTHOAKTEpHAIbHAsl aKTUBHOCTh MHOTOCIIOMHBIX
nokpeITiit (Zr, H)N/(Zr,Nb)N u (Zr,Nb)N/(Zr,Hf)N, ocaxxneHHbIX Ha 00pasisl THTaHOBOTO cruiaBa BT6. ¥YcraHoB-
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Structure, elemental and phase composition, antibacterial activity of (Zr,Hf)N/(Zr,Nb)N u (Zr,Nb)N/(Zr,Hf)N
vacuum-arc coatings deposited on titanium alloy VT6 were studied in this work. Energy dispersive microanalysis,
scanning electron microscopy, X-ray diffraction analysis were used as investigation techniques. It was found that the
coating consists of two main layers with different concentrations of hafnium and niobium, which include sublayers
with the thickness of 380 nm and contains two types of solid solutions based on ZrN with different crystalline lattice
parameters. It was found that the (Zr, Hf)N/(Zr, Nb)N coating possesses antibacterial activity.

Keywords: titanium alloy; nitride coating; antibacterial activity.

BBenenue

TuTaHOBbIE CIUIaBbl HIMPOKO MCIOIB3Y-
FOTCS JUIT  H3TOTOBIICHHS METaJNIMYSCKHUX
uMrutanTaToB [1]. OcaxaeHne crennalbHbIX
HAaHOCTPYKTYPUPOBAHHBIX  MOJIUDHUIUPYIO-
IIMX MOKPBITUM HA MOBEPXHOCTh MMILIAHTA-

TOB TIO3BOJISIET TMPHIATh UM HEOOXOIUMBIE
CBOWCTBa OHMONOrMYeckor, (uznyeckon u
XMMHUYECKOH WHEPTHOCTH, JOOWUTHCS MOJHO-
IO HCKJIIOYEHHUS BO3MOXKHOCTH METaylio3a,
YBEIMYUTh CTOWKOCTh MOBEPXHOCTH K Oak-
TepUaibHOMY 3apakeHuio. Llenbio paboTbI
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SIBJISITOCH HCCIIEIOBAaHUE CTPYKTYPHO-
(ha30BOTO COCTOSIHMSI, SJIEMEHTHOTO COCTaBa
u OakTepUaJIbHOW AKTUBHOCTH MHOTOCIIOM-
HbIX  mOKpeiTUd  (Zr,HO)N/(Zt,ND)N u
(Zr,Nb)N/(Zr,Hf)N, ocaxxaeHHBIX Ha o0Opa3-
LBl TUTAaHOBOrO ciutaBa BT6.

Marepuajbl 1 MEeTOAbI HCCJIEI0BAHUS

Jlist uccieoBaHUil MCIOJIB30BATUCH 00-
pa3ubl TuTaHoBoro ciuiaa BT6. ITokpeiTus
HaHOCWJIUCh METOJIOM BaKyyMHO-IyTOBOI'O
OCXKICHHS C JBYX METAJUIMYECKUX KaTOJOB
50 at. % Zr - 50 at. % Hf u 50 ar. % Zr — 50
at. % Nb c ympaBisieMbIM YCKOPEHHBIM
JBUKCHUEM KaTOJHOTO ISITHA B arMmocdepe
azoTa. KaToapl BKIIIOYAIMCH MONEPEMEHHO,
9T00BI 0OecreunTh (hOopMHUpPOBAHHUE JIBYX OC-
HOBHBIX CJIO€B MOKPBITUS C PAa3IUYHBIM CO-
nep:xanneM Huobus u raduus. [lepen oca-
XKJICHHUEM IPOBOAMIACH MOHHAS OYUCTKA IO-
BEPXHOCTH 00pa3IioB HOHAMH Zr, COMTPOBOXK-
JTAeMOT0 OCaXKJIEHUEM TOHKOIO IPOMEXKY-
TOYHOT'0 METAJUIMYECKOT'O MOJCIION.

AHanu3 3JIEMEHTHOro cocTaBa, MopdoJio-
T TIOBEPXHOCTH W TOTIEPEYHOTO CEUCHHUS
ObLT BBIMOJHEH C HCIOJIB30BaHUEM pPacTpo-
BOTO AIIEKTPOHHOIO MHUKPOCKOTIa
LEO1455VP. CrpykrypHOo-pazoBoe COCTOSI-
HUE TIOKPBITUHA HCCIIEIOBAJIOCh METOAOM
PEHTTEHOCTPYKTYPHOTO aHallM3a C TIOMOIIbIO
mudpakromerpa Rigaku Ultima IV B u3zmy-
yennu Cu Ko B (hokycHpoBKe mapaiieabHbIX
My4KOB. MUKPOOHOJIOTHYECKHE HCCIIEI0Ba-
HUS aHTUOAKTEepPHANbHOM aKTUBHOCTH Me-
TaJNIMYECKUX OOpPa30B OCYIIECTBISINCH B
cootBercTBUU ¢ [SO 22196:2011 [2] mo oT-
HomieHWto Kk 1mramMmaMm Escherichia coli
ATCC 8739 u Staphylococcus aureus ATCC
6538 E.

Pe3yabTaThl M NX 00Cy:KI1€eHUE

B Tabn. 1 npeacTaBieHbl JaHHBIE SHEPTO-
JTUCTIEPCUOHHOTO MHKpPOAHAN3a, TMOTy4eH-
HbIC C TIOBEPXHOCTHOTO CJIOSI TIOKPBITHHA TOJI-
muHOo#i ~ 1 MxM. Kak BUIHO 13 TaOIUIILI, KOH-
LEHTpAIMsl SJIEMEHTOB B TIOKPHITUM KOPPEJH-
PYIOT C peXUMaMH OCaXJIeHUs. B yacTHOCTH, B
MOBEPXHOCTHOM cioe TIOKPBITUS
(Zr, HH)N/(Zr,Nb)N xonuentpamms rapuus (~ 5

aT. %) Oyim3Ka K KOHIEHTpauuu radHust B O
HocnoHOM TOKpeITUN  (Zr,Hf)N, wn3ydeHHOM
panee [3]. T.e. aHAIM3UPYEMBIii CIIOM COIACPIKUAT
npeumyiiectBeHHo (Zr,Hf)N. B  mokpertun
(ZrNb)N/(Zr,Hf)N anammsupyemsblii 1oBepX-
HOCTHBIM CJIOM IPEUMYILECTBEHHO COAEPIKUT
(Zr,Nb)N. Konrenrparwu a30ta B MOBEPXHOCT-
HOM cJI0e 00OMX IOKpBITUH ONn3Ka K CTEXHO-
MmeTpuyeckoil. Ha MakpoypoBHE Bce 31eMeH-
ThI pacIpe/ieleHbl OTHOCUTEIbHO OJHOPOIHO
[0 TOBEPXHOCTH JUII OOOMX THUIIOB IOKPHI-
THUL.

Tabn. 1. KoHieHTpamus >3JI€MEHTOB B IOKPBITHIX
(Zr,HH)N/(Zr,Nb)N u (Zr,Nb)N/(Zr,Hf)N
[MoxpsiTHE KoHueHTpaIust 21eMEHTOB B
MOKpHITUY, aT. %
Zr Hf Nb N
(Zr,HON/(Zr,Nb)N | 47.3 4.8 1.5 |464
(Zrt, Nb)N/(Zr, HHN | 25.0 | 04 23.9 | 50.7

AHaM3 TONEPEeYHBIX CeUeHHH 00pa3loB
[I0Ka3aJl, YTO TOJIIIMHA MOKPBITUS COCTABIIA-
et ~ 3 Mkm (puc. 1). Habmonaercs popmu-
pOBaHUE JIByX OCHOBHBIX CJIO€B IOKPBITUS C
pa3IMYHON KOHIIEHTpanue radHus U HUO-
Oous. Kaxnaplid CJIOH TMOKPBITHS COCTOUT W3
MOJICJIOEB TOJIMUHON ~ 380 HM, MOSBICHHE
KOTOPBIX 00YCJIOBJIEHO BpallleHHeM obOpasia
IPU OCAXJICHUH MOKPHITUH (puc. 1).

Puc. 1. Mopdosnorus momnepedHoro cedeHust oopasna
¢ mokpsitieM (Zr,Hf)N/(Zr,Nb)N

ITpoBenieHHbIE HCCIENOBaHUSA CTPYKTYpPHO-
(a30BOro COCTOSHMS MOKA3aJIi, YTO B aHAIN3H-
PYEMOM CJI0€ MCCIEAYEMBIX MOKPBITUI HAOIO-
JIAtOTCsI J1Ba TUIA TBEPABIX PaCTBOPOB HAa OCHO-
Be ZrN C pa3InyHbIM IapaMeTpOM KpUCTaJUTH-
YECKOM PEIIETKH, OONBIIMM M MEHBIINM 3Ta-
JoHa ctexuomerpuyeckoro ZrN (puc. 2). Otu
TBEp/IbIE PacTBOPHI MOTYT OBbITh MIACHTH(DUIHM-
poBanbl kKak (Zr,HO)N u (Zr,Nb)N, mpucyt-
CTBYIOIIME B PA3IUYHBIX CIIOSX MOKPHITHS. [I1st
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TBEPIOrO pacTBopa Ha ocHoBe (Zr,H)N yBenm-
YEeHHUE MapamMeTpa PeIIeTKh MOXKET ObITh CBsI3a-
HO C HECTEXMOMETPUYECKUM COCTaBOM IOKPBI-
TMS M MakpoHanpspkeHussMu.  [IpuunHon
YMEHBILIEHUSI TapaMeTpa pEIIETKH TBEPIOro
pactBopa Ha ocHoBe (Zr,Nb)N sBisieTcss MEHb-
i paauyc aromoB Nb (0,164 M), 1o cpas-
HeHuto ¢ aroMamu Zr (0,175 um). Tlomyuennsie
JTAHHBIE KOPPEIUPYIOT C PaHEE MPOBEICHHBIMU
ucclienoBanusmu [3].
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Puc. 2. udpakrorpaMmbl 00pasoB C MOKPHITHAMH
(Zr, HH)N/(Zr,Nb)N u (Zr,Nb)N/(Zr,Hf)N Ha criae BT6

Pe3ynbTartel HccrenoBaHUS AHTUOAKTEPU-
aTbHOM aKTMBHOCTH TpEJCTaBlIeHbI B Tali. 2.
KomnuectBo MHKpOOpPraHU3MOB MPEICTaBICHO
KaKk cpeqHee apu(MeTHIecKoe 10 pe3ysbTaTam
Tpex cepuii 00pasios (B g KOE/mn).

Tabn. 2. AntubakTepraibHas aKTHBHOCTh 00paslioB

TUTaHOBOTO CIlJIaBa BT6 c MTOKPBITHEM
(Zr, HH)N/(Zr,Nb)N
Tect- Pe3ynbrarhl HCIBITAHUHI
mramMM | KoHTposbHbIH 00- | OnbITHBIN | AHTHOAK-
pasern obpaszen Tepuaib-
(cmas BT6) (Zr, HHON/ Has ak-
(Zr,Nb)N/ | THBHOCTBH
BT6) R=(U-
0 gacoB | 24 yaca 24 yaca Uo)-(Ar-
(Uo) W) (A) Uo)
E. coli 54 4.6 4.2 0.4
S.aure 52 4.5 4.5 0.0
us

CoryacHO TIPOBEAECHHBIM HCCIIEIOBAHUSM,
00pa3ipl TMTaHoBoro ciuiasa BT6 ¢ mokpeiTu-

eM (Zr,Hf)N/(Zr,Nb)N oOGmamaror aHTHOAaKTE-
pHUATLHOW aKTHMBHOCTHEO B OTHOILICHHH IITAM-
MmoB Escherichia coli.

3axiroueHnue

B nannoii pabote Obl1a Ucciea0BaHa CTPYK-
Typa U JIEMEHTHBIM COCTaB, a TAK)KE aHTHOAK-
TepuajbHasl AKTUBHOCTh MHOTOCIIOWHBIX TI0-
KPBITU HAa OCHOBE TBEPABIX PACTBOPOB
(Zr,HHN u (Zr,Nb)N TommuHoi 3 mrm. Ilo-
KPBITHE COCTOSUIO M3 JIByX OCHOBHBIX CJIOEB C
Pa3IMYHOM KOHIEHTpauuen rapHust 1 HUOOUS
KOTOpBIE BKIIFOUAIH B ce0s1 1O/ICIION TOJIIIHON
380 um. Konnenrpamuss Hf u Nb B cootBert-
CTBYIOLIMX CJIOsIX cocTaBuia 5 u 24 at.% coort-
BETCTBEHHO. Pasniunie B 3JIeMEHTHOM COCTaBe
cnoeB  00ycraBiaMBaio (OPMHPOBAHKE IBYX
TUIIOB TBEPIBIX PACTBOPOB Ha ocHOBe ZIrN ¢
pPa3NMYHBIM ~ TIAPAMETPOM  KPUCTALTAICCKON
pemerku. Jlnst TBEpAOro pacTBopa Ha OCHOBE
(Zr,Hf)N xapaxTtepHO YBEIMUYCHHE IMapameTpa
pELIeTKH, a JUIs TBEPAOro pacTBOpa Ha OCHOBE
(Zr,Nb)N —yMeHbIIIeHHE IO CPAaBHEHHIO C 3Ta-
soHoM ZrN crexuomerpudeckoro cocrara. O0-
HapykeHo, 4yto TokpbiTHe (Zr,Hf)N/(Zr,Nb)N
obnasiaeT aHTUOAKTEPUATLHON aKTUBHOCTBIO B
orHomernu mrammoB Escherichia coli ATCC
8739.

Pabora BeImonHena npu nojuiepxkke beno-
pycckoro peciryonmukanckoro ¢ouma ¢yHaa-
MEHTAIBHBIX  UCCHeNOoBaHUM  (MpoekT  Ne
T23PH®-228) u Poccuiickoro Hay4Horo ¢hoH1a
(mpoekT Ne 23-49-10038).
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