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HccnenoBana cTpyKTypa U CBOMCTBA ra30TEPMUYECKOIO MOKPBITUS U3 TUTaHOBOrO cruiaBa OT4, momy-
YEHHOT'O0 METOJOM BBICOKOCKOPOCTHOW METaJUIM3allUH IPH Pa3IUdHOM JaBiieHnH nponana. [lokasano, 4ro
HalbLICHHBIC TOKPBITHS COAEPKaT B CBOEM (pazoBom coctase oT 50 10 70 06. % daser TiN. YcraHosieHo,
410 00BEMHAs 10JIs1 GOPMUPYIOLIETOCS HUTPUIHOTO CJI0Sl HAa TOBEPXHOCTH YaCTUIBI TUTAHA 3aBUCHT OT TIIIO-
1311 TOBEPXHOCTH TUTAHOBBIX YaCTHUI] U CKOPOCTHU UX NOJETa npu HanblUieHud. [loka3ano, 4To MUKpOTBEp-
JIOCTh HAIBUICHHBIX CJIOEB MOKPHITHS HaxomuTcs B npeneiax oT 1200 qo 1600 HV 0,025, a TBEpmocTh mo-
kpoiTuii cocrasiser 450—650 HV 10. CyuiecTBeHHOE OTIMYME 3HAUECHUI TBEPAOCTH M MUKPOTBEPIOCTH
CBSI3aHO C HAJIMYHEM B ITOKPHITUSIX HPOCIOEK YUCTOTO TUTAHA, HUMEIOIET0 OTHOCUTENFHO HEBBICOKYIO TBED-
JOCTh, @ TAKXKE C BBICOKOH MOPHUCTOCTHIO MOKPBITHHA. YCTAHOBJIECHO, YTO Ia30TEPMHUYECKHE MMOKPBHITUS U3
crutaBa OT4 xapakTepu3yroTcs BBICOKOW M3HOCOCTOMKOCTBIO B YCIOBHUSIX CYXOTrO U TPaHMYHOTO TpeHus. B
YaCTHOCTH, B YCJIOBHUSIX CYXOro TPEHHUs] H3HOCOCTOMKOCTh MOKPHITHM B = 14—16 pa3 mpeBbIlIaeT U3HOCO-
cToiikocTh 00pa3ua u3 MoHoJuTHOrO ciutaBa BT1-0, a B ycioBHsSX TpeHHs B CMa30YHOM MaTepHaje IO
~ 240 pa3. HambuleHHbIC TOKPBITHS M3 TUTAHOBBIX CIUIABOB, cojepikaimiue HUTpuanyo ¢asy TiN, moryrt
OBITh UCTIOJIB30BaHbBI B KAUECTBE 3aIIMTHBIX U H3HOCOCTOMKHX CIIOEB Ha MOBEPXHOCTSX Pa3IMUHBIX MaTepH-
aJIOB, B TOM 4HucCIIe, TUTaHa. CllenaHo 3aKJII0YEHUE, YTO METOJ] BBICOKOCKOPOCTHOTO HAIBIJICHUS MTO3BOJISIET
(hopMHpOBaTH IKOHOMUYHBIE TIOKPBITHS HA 0a3e HUTPHIIA, XapaKTEPU3YIOIIUECs BEICOKOW MUKPOTBEPIOCTh
Y U3HOCOCTOMKOCTBIO.

KuaroueBsble c10Ba: BRICOKOCKOPOCTHOE HANBUICHUE, YaCTUIBI TUTAHA, HUTPUIHBIN ciIoH, da3a TiN, BIco-
Kas U3HOCOCTOMKOCTE.
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Abstract

The structure and properties of a hypersonic coating from a titanium alloy Ti-4Al obtained at various
propane pressures have been investigated. It is shown that the sprayed coatings contain from 50 to 70 vol. %
TiN phase. It was found that the volume fraction of the nitride layer on the surface of a titanium particle
depends on the area of titanium particles and their flight speed during deposition. It is shown that the micro-
hardness of the deposited layers of coatings is 1200—1600 HV 0.025 and the hardness of the coatings is
450—650 HV 10. The difference in hardness and microhardness values is associated with the presence of
pure titanium interlayers in the coatings, as well as with high porosity. It has been established that hypersonic
coatings made of Ti-4Al alloy are characterized by high wear resistance under dry and boundary friction
conditions. In particular, under conditions of dry friction, the wear resistance of coatings is ~ 14—16 times
higher than the wear resistance of a specimen made of monolithic alloy Grade2, and under friction conditions
in a lubricant up to =~ 240 times. Sputtered coatings of titanium alloys containing the nitride phase TiN can
be used as protective and wear-resistant layers on the surfaces of various materials, including titanium. It is
concluded that the hypersonic metallization method makes it possible to form economical nitride-based coat-
ings characterized by high microhardness and wear resistance.
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DOI: 10.32864/0202-4977-2022-43-5-458-465

Aodpec ons nepenucku: Address for correspondence:
A.H. I'pueopuux A.N. Grigorchik
Obvedunennviil uncmumym mawunocmpoenus HAH Benapycu, Joint Institute of Mechanical Engineering, National Academy of
ya. Akademuueckas, 12, 2. Munck 220072, Benapyce Sciences of Belarus,
e-mail: GrigorchikAN@gmail.com Akademicheskaya Street, 12, Minsk 220072, Belarus
e-mail: GrigorchikAN@gmail.com
/nsa yumuposanus: For citation:
B.A. Kykapero, M.A. Benoyepxosckuii, A.H. I pucopuux, V.A. Kukareko, M.A. Belotserkovsky, A.N. Grigorchik, and
A.B. Cocnogcruil. A.V. Sosnovskiy.
Crpykrypa u TpuboTexHmdeckue cBoicta mokpsrtust Ti—TiN, [Structure and Tribological Properties of the Coating Ti—TiN, Obtained
MOJIYYEHHOT'O BBICOKOCKOPOCTHBIM HAIlbLICHHEM. by High-Speed Deposition].
TpeHue u U3HOC. Trenie i Iznos.
2022. —T. 43, Ne 5. — C. 458-465. 2022, vol. 43, no. 5, pp. 458-465 (in Russian).
DOI: 10.32864/0202-4977-2022-43-5-458-465 DOI: 10.32864/0202-4977-2022-43-5-458-465

459



Tpenue u usHoc
2022. —T. 43, Ne 5. — C. 458—465
B.A. Kykapexo u op.

Friction and Wear
2022, vol. 43, no. 5, pp. 458—465
V.A. Kukareko et al.

CHcoK HCOJIb30BAHHBIX HCTOYHHKOB

1.

IMo6oab U.JI. MeTo1pI BEICOKOIHEPTETHYECKON 00-
pabotku MarepuanoB. OMBIT OCBOCHUS B IPOMBIII-
nerHoctd // BectHuk BpecTtckoro rocymapcTBeH-
HOTO TEXHHYECKOTO YHHBEpcUuTeTa. MammHocTpoe-
aue. — 2018, Ne 4(112), 64—68

Kyiasmentbher A.U., KyasmentseBa O.II., Ma-
xmya A.M. CTpyKkTypa 1 CBOHCTBa HAHOKPUCTAJLIN-
YECKUX MOKPBITHH U3 HUTPU/A TUTAHA, HOJTY4YSHHBIX
IPU HENPEPHIBHOM OCAXKICHWH WJIM HOHHO-ILIA3-
MeHHO# umranTauu // KoMipeccopHoe u 3Hepre-
THaeckoe MamuHocTpoerne. — 2011, Ne 2, 36—39
Jlanan E.IL., Jlagan U.E., 3apmaeB A.A., Kaan-
Hudyenko B.II. Texnomormueckoe 00OpymOBaHHE
JUISl HAHECCHMSI IETOHALMOHHBIX MOKPBITHH // Bect-
HUK Akanemun Hayk YedeHckoil PecmyOmukn. —
2012, Ne 1(16), 76—84

IManTteneenko @.U., BbenouepkoBckuii M.A.,
Kapnen M.H. CocHoBckuii A.B. CpaBHUTENBHBIH
aHanM3 (PU3UKO-MEXaHHYECKUX CBOWCTB MOKPBITHH,
HaHECEHHBIX CIOCO0aMH 3JIEKTPOAYTrOBOW U THIIep-
3BYKOBOW MeTajutu3aiuu // MexaHuka MallvH, Me-
XaHH3MOB U MatepuaioB. — 2019, Ne 4(49), 48—54

. Cnoco0 ¢popMHpoBaHusi CTAJIbHOI0 MOKPHITHSA:

ITaT. 034648 Pecm. bemapycs, MIIK C23C 4/06; 3a-
ABUTENb [ OCymapcTBEHHOE HAaydHOE YUpEKICHHE
«OOBeIMHEHHBI  MHCTUTYT  MAIIMHOCTPOCHUS
HAH benapycu» Ne a 201800211; 3asBi.
28.02.2018; omy6a. 03.03.2020. EBp. maTeHT. Be-
nomctBo. Ne 3/2020 rox. / M.A. BenotiepkoBCKHid,
A.H. I'puropunk, B.A. Kyxapekxo, A.B. CocHog-
ckuid, J[.H. Tpycos

Kyxkapexo B.A., I'puropuux A.H., Beironepkos-
ckuii M.A., CocHoBckuii A.B. O npupone popmu-
POBaHMS METACTAOMILHON ayCTEHUTHOH CTPYKTYpPBI
NPU TA30TEPMUYECKOM HANBUICHUH BBICOKOXPOMH-
CTOH CTamM MapTeHCUTHOro Kiacca 95X18 //
YupodHsIom#e TeXHOIOTHHA U MOKpeITHI. — 2017
(13), Ne 7(151), 318—322

Konono A.I'., Kykapexko B.A., beaslii A.B.,
lapkees FO.I1. Monno-moauduimpoBaHHbie cyo-
MHUKPOKPHCTAITIMYECKHE THTAHOBBIE M IIMPKOHHE-
BbI€ CIUIABBI ISl MEAMIMHBI U MeXaHuku // Mexa-
HHUKa MaIlliH, MEXaHH3MOB U MaTepuaaoB. — 2013,

10.

Ne 1(22), 47—53

I'pomoB A.A. 3aKOHOMEPHOCTH MPOLIECCOB MOJyYe-
HUS HUTPUJOB U OKCUHUTPHUIOB 1eMeHTOB |1 u [V
rpymm: yuyeOHoe nocobue; ToMmckuil nonuTexHude-
ckuil yHusepcurer. — Tomck: M3n-so Tomckoro
MOJMTeXHIIecKoro yauBepcurera. — 2009

. Camconos I'.B., Kyiuk O.IL., IToaumyxk B.C. ITo-

Jy4eHHEe M METOABl aHaIN3a HUTPHIOB. — Kues:
Hayk. Ilymkxa. — 1978

PadunoBuu B.A., XaBun 3.51. Kparkuii xummde-
ckuit cipapounuk. — JI.: Xumust. — 1977

References

1.

10.

Pobol I.L. Bulletin of the Brest State Technical Uni-
versity // Engineering. — 2018, Ne 4(112), 64 (in
Russian)

. Kul'ment'yev A.l. // Compressor and power engi-

neering. — 2011, Ne 2, 36 (in Russian)

Ladan Ye.P. // Bulletin of the Academy of Sciences
of the Chechen Republic. — 2012, Ne 1(16), 76 (in
Russian)

Panteleyenko F.1I. // Mechanics of machines, mech-
anisms and materials. — 2019, Ne 4(19), 48 (in Rus-
sian)

Steel Coating Forming Method: Patent BY
Ne 034648. 03 March 2020 / M.A. Belotserkovsky,
AN. Grigorchik, V.A. Kukareko, A.V. Sosnovsky,
D.I. Trusov (in Russian)

Kukareko V.A. // Hardening technologies and coat-
ings. — 2017, Ne 7(151), 318 (in Russian)
Kononov A.G. // Mechanics of machines, mecha-
nisms and materials. — 2013, Ne 1(22), 47 (in Rus-
sian)

Gromov A.A. Patterns of the processes of obtaining
nitrides and oxynitrides of elements of groups I11 and
IV. — Tomsk. — 2009 (in Russian)

Samsonov G.V., Kulik O.P., Polishchuk V.S.
Preparation and methods of analysis of nitrides. —
Kiev. — 1978 (in Russian)

Rabinovich V.A., Khavin Z.Ya. Brief Chemical
Reference. — Saint-Petersburg. — 1977 (in Rus-
sian)

E-mail: FWJ@tut.by

J1nst nproOpeTeH st MOTHOTO TeKCTa CTaThH, 00paIafTeCh B PEAAKIMIO XKypHaa.

Anpec pemakmuu: 246050, yi1. Kuposa 32a, r. 'omens, benapycs. Tenedon/dakc: +375 (232) 34 06 36 / 34 17 11
Full text of articles can be purchased from the editorial office.
Address: 32a Kirov Street, Gomel, Belarus, 246050. Phone: +375 (232) 34 06 36. Fax: +375 (232) 34 17 11

460


mailto:FWJ@tut.by

