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CtpyKTypa Ta 3HOCOCTIUKICTh JYIJIEKCHUX HITPUIHUX
MOKPUTTIB Ha TUTAHOBOMY ciuiaBi BT9

JocmimKeHo CTpYKTypy, MIKPOTBEpHICTh Ta CXHIJIBHICTH O CKOJIIOBAaHHS MYIUICKCHUX IOKPHUTTIB Ha
tuTaHoBoMy ciiaBi BT9. Crpykrypa QyIuieKCHOrO MOKPHTTS CKIIANAETHCS 13 MU(Y3IHHOr0 a30TOBAHOTO MiAIIAPY Ta
OCHOBHOTO #oHHO-1Ia3moBoro mapy (Physical Vapor Deposition PVD) witpuny turany (sazani PVD TiN) a6o
HiTpuay nupkoHiro (PVD ZrN). MikporBepaicTh MOKpUTTIB PVD, HamujaeHMX Ha TOMEPEIHBO a30TOBaHI
TUTAHOBI 3pa3KH, € 3HAYHO BHIIOI HDK Oe3 a3zoroBaHoro miamapy. ®a3oBHMM aHaI30M BCTAHOBJIEHO, IO
mudysiitHuil a30TOBaHMH IIap 1€ TBEPAUI PO3YHMH a30Ty y THTaHi 0e3 (ha30BOI IUIIBKH, a TOJIOBHOIO CKJIAJIOBOIO
PVD mapy € mitpun turany TiN, ado HiTpug nupkoHito ZrN. Pe3yabTraT ClIeKTpaabHOr0 aHaIi3y IiATBEPIUIN,
mo PVD mrapu nepeBaskHO MIiCTSATh THTaH, 200 IIMPKOHIN Ta a30T 3 HE3HAYHOIO KUIBKICTIO aJIFOMIHIIO y BUIIISAIL
JoMimok. BeraHOBNIEHO, 10 a30TOBAaHWI MiAIIap CYTTEBO 3MEHIIYE CXIJIBHICTH 10 YTBOPEHHS BiIKOMNIB 000X
JIYTUIEKCHUX MOKPHTTIB (a3oroBanuii miamap + PVD TiN i azoroBanwmii niamiap + PVD ZrN) ta Ha nBa nopsiiku
T ABHIIY€ 3HOCOCTIHKICTh THTAHOBOT'O CILIABY.

TUTAaHOBMIi cIIaB, qu(y3iliHe a30TyBaHHsl, HOHHO-TIJIA3MOBE MOKPHUTTS, CTPYKTYpa, MiKpoTBepaicTh

IlocTanoBka mpodjemMu. 3aBASKH TIOEIHAHHIO BHCOKOI THMTOMOI MIIIHOCTI Ta
KOpPO3iiHOI CTIMKOCTi, TUTAHOBI CIJIaBU CTAJIM HE3aMIHHUMU B aBia- Ta aBTOMOO11e0y1yBaHHi,
y XIMIYHIA TIPOMHUCIOBOCTI Ta MeEIuIMHI. B aBTOMOOUTBHIM Traiy3i THUTAHOBI CIUIaBU
BUKOPHMCTOBYIOTh JJI1 BUTOTOBJIEHHS KJIAIIAHIB Ta MPYKUH, 110 A€ 3MOTY JBUI'YHY HaOupaTu
0o0epTH MIBUAIIC, MiJABHUIIYIOYA HOTO €(EeKTHBHICTh Ta IOTY)XKHICTb. THTAaHOBUM CILIaBaM
XapaKTepHa BHCOKa JKOPCTKICTh TOMY BUT'OTOBJICHI 13 LUX CIUIABIB MPYXHHU MOXYTb OyTH
KOpOTIIMMH Ta 3HAYHO JIETIIMMU 3a CTaleBl. 3aMiHa CTaJeBUX JeTajlel Ha TUTAHOBI 3HUXKYE
IHEpUIAHICTD CHCTEMH, IO KPUTUYHO Ui BUCOKOOOEpTOBHX JBUTYHIB. KpiruieHHs i3
TUTAHOBHMX CIUIABIB BHKOPUCTOBYIOTH JUIsl 3MEHIICHHS MacH aBTOMOOUIIB, IO ITiJIBUIIY€E
pecypc Ta MOKpaIniye iXx KepoBaHICTh. BUTOTOBIICHHS CTATOPIB EIEKTPOIBUTYHIB 13 THTAHOBUX
CIUIABIB MMIJBUINYE X MOTYXHICTh Ha &...10% MOpIBHAHO 3 AJFOMIHIEBUMH 32 BiIIOBITHHX
rabaputHux posMipiB. TexHounorii 3D-npyKy HaroTh 3MOTy BHIOTOBJISTH THTAHOBI JeTali 3
BHYTPIIIHIMU TOPOKHUHAMU (HAMIPUKIIA, TAbMIBHI CYTIOPTH), SIKI HEMOKJIMBO BUTOTOBUTH 32
TexHooriero nuTBa. Lle 3menmnye ix Bary Ha 40% 0e3 BTpaT 3a MiLIHICTIO.

B ocTanni poku B aBTOMOO11€0y/IyBaHHI HAMITUBCS TPEH]T HA BUKOPUCTAHHS JCTaJICH
i3 TUTAHOBUX CIUIaBIB BXKE B CEpIHHOMY BUPOOHHUITBI (OCOOIMBO B ENEKTPOMOOUIAX Ta
ribpunax). Ykpaina mMae onHI 13 HaHOUIBIIMX 3amaciB TUTAHOBUX Py Y CBITI 1 TOMY Ui
Haloi MPOMHUCIOBOCTI € BaXJIMBUM BHUPOOHUITBO THUTAHOBMX CIUIABIB, JOCHIJKEHHS
BJIACTUBOCTEH Ta MOIIYK HOBUX MOXKJIMBOCTEH U1 iX e()eKTUBHOIO 3aCTOCYBaHHS.

AHami3 octaHHix gocaigxenn i myoaikanii. CrmaBu turany BT6 (Ti—6Al1-4V) ta
BT9 (Ti—6Al-3Mo—2Zr) MatoTh BUCOKY IIUTOMY MIIIHICTh TIPOTE MAIOTh CYTTEBUI HETONIK —
HU3bKY 3HOCOCTIMKICTD (CXHMJIBHICTH 10 YTBOPEHHS 3aIHpiB Ta IHTEHCHBHOTO CTHPAHHS IIiJ
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gac Tepts) [1-3]. BimoMi MeToan MOBEpPXHEBOTO 3MIIIHEHHS a30TYBAaHHSIM Ta OKCHIYBaHHSIM,
(GbOopMyIOTh Ha TIOBEPXHI TUTAHOBUX CIUIaBIB TOHKY (pa3oBy mumBky 2...3 pum i3 HITpuay abo
OKCHJy TUTaHy 3 TPaJi€HTHUM 3a BMICTOM a30Ty 4H KucHIO mapom (20...30 pym) TBepaoro
po3umHy i Hewo [4-6]. Takuii TOHKMN 3MIITHEHWH IIap HE MOXE ICTOTHO ITiJBUIIUTH
3HOCOCTIHKICTh THTAHOBOT'O CIUIaBYy, OCOOJIMBO 3a BHCOKHMX IMHUTOMHMX HaBaHTaXeHb. J[is
MiBUIICHHS 3HOCOCTIMKOCTI THUTAHOBUX CIUIaBIB IIMPOKO BUKOPHUCTOBYIOTH HOHHO-
IUIa3MOBUI MeTo (OpMyBaHHs Ha IX MOBEPXHI APy HITPUAY TUTAHY TOBIIUHOIO 2...20 um
[7, 8]. [IpoTe 1 B IbOMY BHMAJAKYy TaKi TOHKI TMOKPHUTTS HE MOXYTh 3a0€3M€UNTH HEOOXiTHY
3HOCOCTIMKICTh KOHCTPYKLIHHUM €J€MEHTaM 3 TUTAHOBHX CILIaBiB, IO €KCIUTYaTYIOThCS 3a
MiBUIICHUX TUTOMUX HABAaHTA)KEHb. B OCTaHHI POKYU MOMIUPHUIIAC TSHICHIIS 10 MMiIBUIIICHHS
3HOCOCTIMKOCTI THTAaHOBUX CIUIABIB IIJISIXOM 3aCTOCOBYBAaHHS TOBCTIIIMX 3HOCOCTIHKHX
MOKPUTTIB, CPOPMOBAHUX TMOETHAHHSIM PI3HUX METOMIB (IYTUIEKCHI MOKPUTTS), SKI MOXYTh
BUKOPUCTOBYBATHCH 32 MiIBUIICHUX MUTOMUX HaBaHTaxeHsb [9, 10].

IMocranoBka 3aBaaHHsi. Mera poOOTH — MIJBHIIUTH 3HOCOCTIHKICTH THTAaHOBOTO
criaBy BT9 mmsixom 3actocyBanHS Audy31MHOTO HACHYEHHS MOTO TOBEPXHEBHX IIIApiB
a30TOM 3 HACTYNHUM HAHECEHHSM 3BEpXy IHOr0 IIapy HOHHO-IJIa3MOBOTO TOKPUTTS 13
HITpUAY TUTaHy a00 HITPUIY UUPKOHiIO. [ JOCATHEHHS METH HEOOX1/IHO:

e cdopmMyBaTH Ha OBEPXHI TUTAHOBOTO CILJIABY a30TOBAaHUII IIap METOA0M XiMiKO-
TEPMIYHOTO 0OpOOICHHS

e Ha a30TOBaHUU IIap HAHECTU WOHHO-TUIA3MOBHM METOJOM IIap HITPUIY THTAHY
a00 UPKOHIIO

® TIPOBECTHU MOPIBHIBHI JOCHIHKEHHS TPHOOJOTIYHUX XapAKTEPUCTUK TUTAHOBOTO
CIUIaBY 13 PO3POOIECHUMU TYTUIEKCHUMHU MOKPUTTAMHU

Marepiaan Ta MeTOAMKH JOCTiMxKeHb. A30TyBaHHs TUTaHoBoro craBy BT9 (Ti—
6Al-3Mo—2Zr) 3iliCHIOBaIH Y peakiiifHiil KaMepi 3 ra30moAi0HIM a30TOM 32 MapIiaIbHOTO
TUCKY Ta3y 10° Pa ta temneparypu 850°C 3 BUTpHMyBaHHM BIpoxoBxk 4h. MoHHO-m1a3MOBi
nokputTs (PVD) 3 HiTpuay TUTaHy Ta HITPUAY IUPKOHIKO 3aBTOBIIKH 30 Lm HAHOCWIM Ha
MTOBEPXHIO 3pa3KiB 3 THTaHOBOTO ciuiaBy BT9 nHa ycranoBmi “bynar-3” 3a po6o4oro THCKy
6,65-10° Pa ta manpyru 800...1000 V. [ToBepXHIO 3pa3sKiB MONEPEIHBO OUMILYBAIA B PO3PSII
3a Harpyru 1000...1500 V ynponosx 3 min.

MiKpOCTpYKTYpHI JOCHIJDKEHHS 3IiHCHIOBAJM Ha CKaHIBHOMY €JIEKTPOHHOMY
mikpockomi EVO 40XVP (SEM anam3) i3 cucremoro wmikpoananizy INCA Energy.
MikpoTBepaicTh 3amipsian BianosiaHo 1o Bumor 'OCT 9450-76 na mikpotBepaomipi IIMT—
3M 3a HaBaHTa)keHHs Ha iHaeHTop 100 g. BukopucToByBaiu iHAEHTOp, poboda yacTHHA
KOTporo maya ¢GopMmy Mipamian 3 KBaJpaTHOIO OCHOBOIO. Po3moxin MiKpOTBEpAOCTi 3a
rUOUHO JuQy31HHUX IMapiB BU3HAYaJM HAa CKicHUX nuridax. KyT Haxwiy miomuHu
CKicHOTO Mikpomutida odupanu Tak, o0 I IUIOMKUHA OyJia SKOMOTra OJIMKYOI0 IO ONTHYHOT
oci MeTanorpadivHOro MiKpOCKOTIIa.

JIiis BU3HAYEHHSI CXWJILHOCTI TIOKPUTTIB JI0 BIJKOJIY Ha iX MOBEPXHI HAHOCHUJIM JTYHKH
aJIMa3HUM KOHYCOM Ha mpuiajii TBepaoMmip PokBena 3a HaBanTaxenHs 150 kg.

3HOIIYBaHHS TMOKPUTTIB JOCTIDKYBAIM 32 CTHPAHHA iX MOBEPXHI T'YMOBHUM JHMCKOM
(miametp 48...50 mm, mwmpuHa 15+0,1 mm) 3a HaBaHTaxeHHs 25 N Ta HIBUAKOCTI HOTro
obOepranHs — 25 m/min; abpa3uB y BHUIJISNAI KBaplIeBOTO MICKYy 3 PO3MIPOM YacTOYOK
200...1000 pm Ge3nepepBHO MOJaBaBCs y 30HY TepTs. TpHuBaicTh BUIIPOOOBYBaHb 15 min.

Buxiax ocHoBHOro marepiaiay. CTpykTypa IyIUIEKCHOTO TIOKPUTTS CKJIaIa€ThCs 13
mdy3iiHOro a30ToBaHOIO Iapy (2) Ta ioHHo-11a3MoBoro mmapy (PVD) (1). AzoroBanuii Ta PVD
Iapy Maiu NPUOIU3HO OJHAKOBY TOBIIMHY ~30 um, a cymMapHa TOBIIMHA TYTJIEKCHOTO
mokputTs craHoBmiaa 60...70 um (puc. 1). ®a3oBuM aHAII30M BCTAHOBIICHO, IO TU(Y31HHUN
A30TOBAHMI IIap BiJINOBIJaB TBEPAOMY PO3UMHY a30Ty y THTaHi 0e3 ¢a3oBoi miiBku, a PVD
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map — HiTpuay tutany TiN, a6o Hitpuay mupkoHiro ZrN. CroekTpajibHUM aHaIi30M
miarBepkeHo, mo PVD mapu mepeBakHO MICTATH THTaH ab0 IMPKOHIM 3 a30TOM 3
HE3HAYHO KUTHKICTIO JOMIIIOK aJTFOMIHIFO.

Mikpotsepaicte PVD mokpuTTiB Ha OCHOBI HITPUIy LIHPKOHIIO € JIEI0 MEHIIOK HiX Y
MTOKPHUTTIB Ha OCHOBI HITpHIy TUTaHy (Ta0u. 1). Tak MakcumanbHa TBepaicTh MOKpUTT PVD ZrN
ctaHoBUTh 2465 HV, 1, a TIN — 2707 HV 1. MikpotBepaicts PVD nokputTiB, HanujiaeHux Ha
MoTepeIHhO a30TOBaHI THTAHOBI 3pa3ku, € Ha 50...150 HV(; 6inbmoro Hixk PVD mokputtiB
0e3 azoroBaHoro migmapy (tadn. 1). OueBuaHO IIe TIOB’SA3aHO 13 JIesIKO0 au(dy3ier0 a3oTy B
nponeci PVD B nonepenHbo HacuyeHHUH a30TOM migmiap. AJpKe MiJBUIIEHA MIKPOTBEPIICTb
nudy3iitHOTO miAmapy 30epiraeTbes 10 oro ToBmuHU 60...70 pwm.

L il - R L B e e
Croextp 1 Coextp 2

Enement | Barosuii % ATtomunii% Enement | Barosuii % ATtomunin%

N 2.90 9.28 1;1 %Zg 8.54

Al 0.02 0.02 1 . .

Ti 97.08 90.70 Zr 97.08 90.46

Cyma ] 100.00 ' Cyma | 100.00

a 0

Pucynok 1 — CTpykTypa Ta CIEKTpaJbHHI aHali3 MOBEPXHEBUX IIAapiB TYIUIEKCHUX MOKPHUTTIB HA THTAHOBOMY
craBi BT9: a) — nudysiitnuit a3otoBanuii miap + (PVD TiN), 6) — audy3ilinuii a3otoBanuii map + (PVD ZrN).

1 — PVD miapu, 2 — qudy3iiini mapwu.
Hoicepeno: pospobnero agmopamu

Tabmuus 1 — MikpotBepaicte HV | AymiekcHUX NOKPUTTIB HAa TUTaHOBOMY ciuiaBi BT9

Binnane Bix noBepxHi Bumnpo6oByBani nmokpuTTs Ha criasi BT9
HOKPUTTA 10 MICUA | AsoroBanuit audysiiinuii | PVD | AsoroBanuii audysiiinuit | PVD
3aMipy MIKPOTBCPAOCT1 migmap + PVD TiN TiN nigmap + PVD ZrN Z1N
[, MKM Mixkpotsepaicts, HV
5 1658 1502 1025 965
10 2355 2335 2078 1943
20 2820 2707 2502 2465
30 2330 2301 2223 2183
40 801 532 575 425
60 562 405 490 410
80 450 390 421 385
. Mixporsepmicts 425 395 420 395
MIAKIaaKH 31 criasy BT9

Iicepeno: pospobneno asmopamu
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[IpoBeneni BumpoOyBaHHS Ha CXWIBHICTH JO YTBOPEHHS BIAKONIB Yy MOKPUTTSIX
MOKa3aJin, 110 3a HASBHOCTI a30TOBAHOTO IMiIIIAPY PO3MIPH BIIKOJIIB CYTTEBO 3MEHIIUIIUCS K
y IyIUIEKCHOMY MOKPHUTTI (azotoBanuii miamap + PVD TiN) (puc. 2a), Tak 1 Ha AyIJIECHOMY
nokpuTTi (a3oroBanmii migmap + PVD ZrN) (puc. 26). SIk BuaHO Ha puc. 2 TUIoNia CKOIy
HAaBKOJIO YKOJIy ajJMa3HMM KOHYCOM € Maibke B 2 pa3u Oulbllla Ha TOBEPXHI MOKPHUTTA
OTPUMAHOI0 JIMIIE MHOHHO-IJIa3MOBUM HANWJICHHSIM HITPUAY THUTaHY HIK Yy THOKPHUTTA
OTPUMAHOTO KOMOIHOBaHMM METOJIOM — HAHECEHHS MWOHHO-IJIa3MOBOTO TOKPHUTTS Ha
TOIEPEIHBO A30TOBAHUH ,I[I/I(l)y_3il7¥HI/II71 map.

% ; 3

Puc. 2. ®oro ciiiiB yKOIIiB aIMa3HUM KOHYCOM MOBEPXHi THTaHOBOTO cruiaBy BT9 3 nokpurtsimu: a — PVD
TiN, 6 — azoroBanuii nigmap + PVD TiN, ninsHka ckotoBaHHs Ouist citiy Kpyriol ¢popmu Bif ykoiy
IHIEHTOpA, BUJIIIEHA CHHBOIO JIIHIEI0
Hoicepeno: pospobneno asmopamu

Taky camy TEHIEHIIisI CIIOCTEPITaiv 1 AJisi MOKPUTTIB Ha OCHOBI HITPUAY IUPKOHIIO

(puc. 3). Ilmoma Bigkoy Jyisi KOMOIHOBAHOTO TTOKPUTTS € CYTTEBO MEHIIIOK HIX JIJI1 HOHHO-
IIa3MOBOr0 NOKPHUTTS O€3 a30TOBAHOI0 Au(y3iiHOro miamapy.

[543 .. B =y . o Lol ; ¢ j / . . /; 74

PucyHoxk 3 — ®oro ciiiiB yKoIIiB alMa3HUM KOHYCOM MOBEPXHi THTaHOBOTO cruiaBy BT9 3 nokpurrsimu:
a—PVD ZrN, 6 — a3oroBanwmii migmap + PVD ZrN, minsHKa CKOITIOBaHHS OIS CITiAY
KpyTrJ10i ()OPMH BiJ] YKOJIy IHIEHTOPA, BUAJIEHA CHHBOIO JIHIEIO.
Loicepeno: pospobaeno agmopamu
3a HagBHOCTI 000X HOHHO-ILUIA3MOBHX HOKDI/ITTiB Ha TUTAaHOBOMY cIuIaBi Horo
abpas3vBHA 3HOCOCTIMKICTh CYTTEBO 30UIbIIMIACH (TabM. 2). A a30TOBaHMIA MimIap B 000X
BHUITAIKaX JOJATKOBO ITiABUIIUB Ti.

Tabmmus 2 — 3HOCOCTIHKICTh MOKPHUTTIB HA THTAHOBOMY ciuiaBi BT9

Howmep TokpuTTst Ha cruiasi BT Brpara macu ::zpasrciB 3a SHOIIYBaHHA B
MOKPUTTS yMOBax He3akpiruieHoro abpasusy, 10~ g
1 PVD TiN 1,2
2 azotoBanuii migmap + PVD TiN 1
3 PVD ZrN 13
4 azotoBaHui migmap + PVD ZrN 1,1
BT9 100

Iicepeno: pospobneno asmopamu
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Tak aymiaekcHi moKpUTTA (Ne2 ta Ne 4) maroTh OuIbiny Ha ~20% 3HOCOCTIMKICTD HIXK
3eukii PVD mokputrrs 06e3 mudysiiino TBepao 3MminHeHoro aszorom migmapy (Nel ta Ne3).
3aranoM, AYIUIEKCHI TOKPUTTS Ha OCHOBI HITPHUIIB TUTaHy Ta IUPKOHIIO IiIBHIIYIOTh
3HOCOCTIMKICTh TUTAHOBOTO CIUIABY HA JIBA MOPSIIKH.

BucnoBku. CTpykTypa AyIUIEKCHOTO IMOKPUTTS HAa MOBEPXHI TUTaHOBOro cruiaBy BT9
CKJIAZaeThes 13 MU(y31HHO HACHYEHOTO a30TOBAHOIO MiJIIApy Ta HAHECEHHX 3BEpXY Ha HBOTO
ionHo-masmMoBux 1apis PVD TiN ab6o PVD ZrN. Mikporsepaictb PVD moKpuTTiB,
HalWICHWX Ha IMONEPEeJHbO a30TOBaHI THUTAHOBI 3pa3KH, MepeBUIIMIa BiactuBy PVD
MOKPUTTSM, HAHECEHUM Ha 3pa3ku 0e3 a30ToBaHOro miamapy ta 3pocrana Ha 50...150 HV ;.
BcraHoBieHo, 10 a30TOBaHWM MiJIIap CYTTEBO 3MEHIINYE IUIONLYy BIIKOJIIB B 000X
MYTUIEKCHUX TIOKPUTTSIX sAK Tumy (asoroBanwii migmap + PVD TiN), tak i (a3oToBaHuit
migmap + PVD ZrN). JlymiekcHi MOKPUTTS Ha OCHOBI HITPHAIB TUTaHy Ta LUPKOHIIO
i ABUIIYIOTH 3HOCOCTIWKICTh TUTAHOBOTO CIUIABY Ha JIBA MOPSIKH

PobGora BukoHaHa 3a ¢iHaHCOBOi miaTpuMku HamionamsHOro (oHIY HOCHTITKEHB
Vkpaiam B wmexax mnpoekty 2025.06/0028 «Po3pobneHHs TEXHOJOTIl MOBEPXHEBOTO
3MIIIHEHHS JIeTalieil 3 TUTAaHOBUX CIUIABIB JBUTYHIB aBialiiHOI TE€XHIKH PETJIAMEHTOBAHHM
mudy31HHUM HACHUEHHSM €JIEMEHTaMU BTIUICHHSDY
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Structure and Wear resistance of Duplex Nitride Coatings on VT9 Titanium Alloy

The combination of high specific strength and low weight of titanium alloys (titanium weighs almost
half as much as steel) makes them indispensable in the aviation, automotive, and chemical industries, as well as
in medicine. In recent years, there has been a trend toward using titanium not only in high-performance
automobiles but also in the mass production of components for electric and hybrid vehicles. Ukraine has some of
the world's largest titanium ore deposits (specifically, the Irshanske and Samotkanske deposits). Therefore,
titanium production is of paramount importance for Ukraine.

Titanium alloys VT6 (Ti-6Al-4V) and VT9 (Ti-6Al-3Mo-2Cr) are among the most popular titanium
alloys worldwide. While possessing high strength, they nevertheless have one significant drawback: low wear
resistance (susceptibility to scratching and abrasive wear due to friction). Known surface hardening methods,
such as nitriding and oxidation, form a thin phase film of titanium nitride or oxide, 2...3 microns thick, on the
surface of the titanium alloy. This film transitions into a 20...30 micron thick layer hardened by interstitial
elements (nitrogen or oxygen). However, this thin hardened layer also cannot significantly increase the wear
resistance of the titanium alloy, especially under high specific loads. To improve the wear resistance of titanium
alloys, physical vapor deposition (PVD) of a 2...20 um-thick titanium nitride layer onto the surface is widely
used. Even in this case, such thin coatings cannot provide significant wear resistance to structural components
made of titanium alloys operating under increased specific loads. In recent years, there has been a trend toward
increasing the wear resistance of titanium alloys through the use of thicker wear-resistant coatings formed by
various methods (duplex coatings), which can be used at higher specific loads.

Nitriding of the VT9 titanium alloy was carried out in a reaction chamber with nitrogen at a partial gas
pressure of 10° Pa and a temperature of 850 °C for 4 hours. Physical vapor deposition (VPD) of titanium nitride
and zirconium nitride with a thickness of 30 pm on the surface of the VT9 alloy was carried out using a Bulat-3
installation at an operating pressure of 6.65x10” 3 Pa and a voltage of 800...1000 V. The specimen surfaces
were pre-cleaned by discharge at a voltage of 1000...1500 V for 3 min.

To determine the tendency of the coatings to chip, their surfaces were indented using a diamond
indenter with a conical surface, using a Rockwell tester, under a load of 100 kg.

Conclusions. The duplex structure of the resulting coating consists of a diffusion-nitrided layer and a
physical vapor deposition (PVD). The nitrided and PVD layers had approximately the same thickness (30 pm)
and the total thickness of the two-layer coating was 60...70 um. The microhardness of zirconium nitride-based
PVD coatings was significantly lower than that of titanium nitride-based coatings. For example, the maximum
hardness of a ZrN PVD coating was 2465 HV,, ;, while for TiN it was 2707 HV, ;.

The microhardness of PVD coatings deposited onto pre-nitrided titanium specimens were significantly
higher than that of specimens without a nitrided underlayer. Thus, the maximum microhardness of PVD coatings
increases by 50...150 HV .
titanium alloy, diffusion nitriding, ion plasma coating, structure, microhardness
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