Me:xaynapoanasi koonepaunusi kageapst MBH B 00/1acTH TeXHOJI0THH O0MOCOBMECTHMBIX H
HHCTPYMEHTAJIbHBIX MAaTEPHAJIOB Ha4YaJIach 0JIAarogaps MOJI0AbIM Y4€HbIM

Mornonbie yuensle kadenpsl «MaTepuanoBeqeHUEe U OHOMEIUIIMHCKAS WHKEHEPUS»
(MBU), naumnas c¢ 2012 roma W 1O HACTOSIIEE BpPEMs, MMEIOT CYIICCTBCHHBIA OIBIT
MEXIYHapOJAHON KOOMepaluu ¢ MPeJACTaBUTEISIMI HAyYHOU OOIIECTBEHHOCTH CTpPaH JAlIbHETO
3apy0exbs, B yactHocTu Yexuu, Benrpuu, Jlarsun, @panmnuu, Utanuu, Mcnanuu, [lopryranumy,
Wspawis u [epmanuu. 3HAKOBBIMH MEPONPHATUSIMH CTaIH 3apyOexkHbIe (MEXIyHAPOIHBIC H
eBpOICiiCKre) KOH()EPCHIMH H CEMHHAPHI, BBICTABKH pa3JIMYHOTO YPOBHS, UIMTEIBbHBIC
CTQXKHUPOBKM B  3apyOeXHBIX By3aXx M  KPYINHBIX TMPOM3BOACTBEHHBIX  KOMIIAHMSIX
METaII000padaThIBaONIEi U aBTOMOOWMIIBHON MPOMBIIUIEHHOCTH, a TakKe OIyOJIMKOBaHUE
AHTJIOA3BIYHBIX PYKOIUCEH B BHICOKOPEHTHHIOBBIX 3apyOCKHBIX M3AaHUAX — kypHamax Q1 (1-
Ol KBapTHIIH).

OcHOBHOE HampaBJIEHHE HCCIEOBAaHMN KacaeTcs HWHIYKIIMOHHOTO HarpeBa u
TEPMOOOPAOOTKH METAJUIMUECKUX W3MEIHiA, B TOM YHCIE MalorabapuTHBIX THUTAHOBBIX
KOHCTPYKIUH (MMIUIAHTaTOB) U METALI000pa0aThIBAIOIIET0 HHCTPYMEHTA (CMEHHBIX PEKYIIHX
IUTACTHH, BBITSOKHBIX U Pa3JCIUTEIbHBIX IITaMIOB). AKTHBHO pa3pabaThIBAlOTCS U
COBEpUICHCTBYIOTC KOMOMHHPOBAHHBIE IPOILECCH C HCIOIb30BAHUEM 3JIEKTPOILUIA3MEHHOIO
HANBUICHUS, BAKyyMHO-KOHJEHCAIIMOHHOTO PpACHBLICHUS, SJICKTPOUCKPOBOTO JIETUPOBAHUS,
TOYEYHONW KOHTAKTHOM CBapku, MOAU(UKAIMKM KOJUIOMIHBIMH HAHOYACTHIIAMH OHMOAKTHUBHOM
KepamMuku  (TUAPOKCHANATHTA), HUMITYJIbCHOW JIa3epHOM OOpabOTKM ©  MHKPOJYTrOBOTO
OKCUJAMPOBAHUS.

Havano MeXayHapoJHOTO COTPYAHHYECTBA OBLIO IMOJOXKEHO MOJIOABIM YYCHBIM —
nIorieHToM Kadeapbl «MaTtepuaioBeieHuss ¥ BBICOKOA(G(EKTUBHBIX MPOIECCOB 00pPabOTKH»
Adnexcanapom @omuHbIM. Pe3yiabrathl cBoell kaHmuaarckoi aucceprammu  (2008r.),
CBSI3aHHOM C TMOJYyYEHHEM BBICOKOMPOUHBIX OMOAKTHUBHBIX MOKPHITUI HAa TUTAHOBBIX HU3JETHSIX,
OH omyOJHMKOBall B BeAylleM >xypHaie u3 nepeduns BAK PO «YmpouHsmomue TEXHOJIOTHH U
nokpeitust» (2011r.) [1,2]. /laHHOE HCCiIeOBaHUE 3aMHTEPECOBAIO KOJUIer M3 MOCKOBCKOTO
uHctutyta cramd u cmwiaBoB (MUCuC). Tlocne dero emy mnmocTynmuio oO(UIHAIBHOS
NpHUTIAIEHUE OT IpeacTaBuTesieii Munoopaayku PO mas ygactust B oTdeTHOM (3apyOeiKHOM)
MEPONPHITHH, TOCBSAIICHHOM HauOojee SIPKUM pe3yabTaTaM [0 WTOTaM BBITIOJHEHUS
®denepanbubix 1eneBsix nporpamm (OIIII) [3]. Crout ormeruTs, uro corpyauuk CI'TY umenn
larapuna FO.A. cTan eIMHCTBEHHBIM MPEICTABUTENIEM MOJOJBIX YYEHBIX U3 APYTUX TOPOJOB B
cocTaBe JeNeranuu BeAyimux poccuiickux By3oB (MUCuC, PXTY, MUDT, Ckonrex u ap.),
opranmzauuiit PAH (MMET PAH um. A.A. BaiikoBa) u npeacrasureneii MunoOpuayku P®. Ha
BeicTaBke-KoH(Depennuu «New Nanostructured Biocompatible Materiglsypoxoausiieii B
[pare (Yexus) ¢ 10 mo 14 centsaops 2012r., oH BBICTYNHI C ABYMS TUICHAPHBIMH JOKJIaJaMU:
«Plasma-Induction Spraying Technology of Nanostmext Hydroxyapatite Coatings on
Intrabone Implants» TexHnonorus M1a3MEHHO-UHYKITHOHHOTO HAIIBUICHUS
HAHOCTPYKTYPHUPOBAHHBIX TUIPOKCHAMATUTOBBIX TMOKPHITHI BHYTPHUKOCTHBIX HMILIAHTATOB);
«Induction Heating Nanostructuring Modification Tieology of Intrabone Implants by Metal-
Oxide Films and Coatings»Té¢xHoaoruss HHIYKIIMHOHHO-TEPMHYCCKONH HAHOCTPYKTYPHOMR
MOJTU(PUKAIIME BHYTPUKOCTHBIX HMILJIAHTATOB META/UIOKCHIHBIMU IJICHKAMU M TOKPBITHUSMH)

(An.1).
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Wa.l. [Inenapaplii  mokiman AJieKcaHapa
®omuHa B lleHTpe Hayku U KyJIbTypHl B
[Mpare (2012r.); MopmepaTopoM CEKIIMU
BBICTYNIUJI  4ieH-KoppecnoHaeHT PAH,
npodeccop, MOKTOp XHMHUYECKHX HayK
KOproB E.B.



B pamkax oOMeHa OIBITOM COCTOSUTUCH pa0Ouyue BCTPEUH C MPEICTABUTEISIMHU YEIICKUX
By30B 1 Kommanuii (Mu1.2). [To uroram JaHHBIX BCTPEY POCCHIICKAs Jeerais 03HaKOMUIACh C
OCHOBHBIMH 00pa30BaTeIbHBIMUA IPOrPaMMaMH, NEPEOBBIMH HAyYHBIMH pa3paboTKaMu B
oOnactu OMOMENUIMHBI, 00pa30BaTEIbHBIMU TEXHOJIIOTUSIMH, MPOTrPaMMaMU MEXIYHapOAHOTO
COTPYIHUYECTBA U OCOOCHHOCTSIMH BBITIOJIHEHUS HAYYHBIX HCClenoBaHuN B UYemickom
TEXHUYECKOM YHUBEPCHUTETE. YKPENUIUCh TAKKe BHYTPUPOCCUICKHE CBSI3M, B TOM YHCIE C
npe/CTaBUTENIIMA  (MOJIONBIMA ~ YYCHBIMH) TPOQWIBHBIX TMOAPA3JCICHUI JIPYTUX BY30B,
Hanpumep WHcTUTyrOM OHOMEOMIIMHCKUX cHcTeM, HalnoHalIbHOTO HCCIIEeN0BaTeNbCKOIO
yHHUBepcHuTeTa «MOCKOBCKUI MHCTUTYT SJIEKTPOHHOU TEXHUKUY (3eIeHOrpa).
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Hn.2. Tlocemenue dakynprera OMOMEAUIUHCKON HH)KeHEpUH YemICKOro TeXHWYEeCKOTO0 YHHUBEPCUTETa
(r. Kmagao, 2012r.) u omHO# W3 COBPEMEHHBIX J1a0OpaTOpHii, B KOTOPOIl BBIMOIHSIOTCS PabOTHI MO

UCCJICIOBAHUIO TIOBEPXHOCTU MAaTEpUAJIOB U BaKYYMHO-KOHJICHCAL[MOHHBIM METOAaM HAHECEHUS TOHKHX
IUIEHOK Y MOKPBITHI.

B CaparoBckoM rocyapCTBEHHOM TEXHHYECKOM YHHUBEPCHUTETE €XErOHO MPOBOIATCS
KOHKYPCHI ISl TTPOXOXKICHHS 3apyOeKHBIX CTRXHPOBOK M YUACTHSI B KPYIHBIX 3apyOe:HBIX
KOH(pepeHIMIX B pamkax [Iporpammsl pa3BuTHS yHHBepcuTeTa. J[laHHas JoJrocpoyHas
nporpamMma HarleJicHa Ha MOJJICPKKY MOJIOJBIX Y4eHBIX (KaHIMIaTOB HayK 10 35JeT), B TOM
gyuclie o0y4arommxcs B JOKTOpaHType. Monojoil mAokTopanT AjekcaHap ®oMuH, Ha TOT
MOMEHT JOUEHT Kadenpbl «TeXHONOTHs MamMHOCTPOCHUs», OBUI HAlpaBlieH PYKOBOJICTBOM
By3a JUIsl ydacTusi B mpoduiibHOM MexayHapoaHoi koHgpepenuun «4th International Colloids
Conference: Surface Design & Engineeringpoxoausmeit B Maapune (Mcmanus) ¢ 15 mo
18wuronst 2014r. (Mn.3). OpraHuzaropoM JIaHHON KOH(PEPEHIMH CTajl0 H3IaTeIbCTBO
«Elsevier», cnenuanusupyromieecss Ha H3JIaHUM HAyYHOW JHTEpaTypbl (CIPaBOYHHUKOB) H
peLeH3upyeMbIX MyOIUKanui (craTeid, 0030pOB U KpaTKUX COOOIICHHIT) B )KypHaJIaxX BBICOKOTO
YPOBHSI.

HUn.3. Jokropant Auaekcanap Pomun —
YYaCTHHK MEXKIYHApOJIHONH KOH(PEPEHIUH IO
U3YYCHUIO KOJUIOMIHBIX CHCTEM U HWHXXCHEPUH
noBepxHoct B Maapune (2014r.).




OCHOBHBIM  HamNpaBJICHHEM KOH(MEPEHIIMH SBISUIUCH TIEPEOBBIE  HCCIEIOBAHUS
KOJUTOMJIHBIX CHCTEM U MH)KEHEPHM MOBEPXHOCTH, B YACTHOCTH, HAHOPa3MEPHBIX MaTepUasoB,
CaMOOPTaHU3YIOMINXCS CUCTEM, CEHCOPOB, TEXHOJOTHUW TONYyYeHHUS HAHOYACTHUII, TUICHOK U
MOKPBITHI. MacmTabHOCTh KOH(PEPEHITUU ONpeesuiach U reorpadueil y4acCTHUKOB — ITOMHMO
Ucnanuun wu Onwxkaiimux crpad, @Opannum, Wrammm, [lopryramwu, ObUTM TMpenCTaBUTENH
BenukoOputanuu, ['epmannu, IBeitmapum, IlIBeruu, Hopseruwm, T'ommanmuu, Wpnanauwm,
UYexun, bonrapuu, Typuuu, Uszpawnsa, Ounnaaauu, I'perun, Ionpmm, CrnoBenun, benbrum,
Mapoxkko, Kumnpa, Benrpuu, Pymbiauu, Jluteel, CIIA, Kananel, bpaswnuu, ApreHTuHsI,
Mexkcuku, Ynmu, Komym6buu, I[Tyspro-Puko, Benecyansl, DxBanopa, Anonun, Kuras, Uuaumy,
Nunonesun, Tawmnanma, Manaitsun, Amxupa, Erunrta, CaynmoBckoit ApaBum, PecmyOmuku
Kopest, ABctpanuu, HoBoit 3enanauu, a takxe Poccuu, Kazaxcrama u Apmenun. Bcero B
MEPOTIPUSTHH MPUHSIIO ydacTue cBbiie 350 yqacTHUKOB.

Hayuno#i oOmiecTBeHHOCTH OblIa MpelcTaBlicHa pa3paboTka (CTCHIOBBIA TOKIIA):
«Oxide and Oxide-Bioceramic Coatings Obtained danium by the Induction Heat Treatment
and Modified with Colloidal Hydroxyapatite Nanopalts» (QOxcunHbie W OKCHIHO-
OrokepaMu4ecKre MOKPBITHS, OJy4YeHHbIe Ha TUTaHE UHIYKIMOHHO-TEPMUYECKONH 00paboTKOM
u Moau(pUIIIPOBAHHBIE KOJUTOMTHBIMHU HAHOYACTHUIIAMH THJIPOKCUATIATUTA).
[TponemMoHCTpUpOBaHHBIE PE3YNbTATHI, BKIIOYAsi 00pa3libl TUTAHOBBIX UMIUIAHTATOB C OKCHHO-
OMOKepaMUYECKUMU MOKPBITUSMHU, OTPaKaIH IJIOJOTBOPHYIO paboTy mo rpaHTy Poccuiickoro
donaa dbyamameHTabHBIX uccienoBannii PODOU 13-03-00898 a»> u crunenauu I[Ipesumenra
P® nans monompix yuensix U acmupanToB CI1-1051.2012.4 (pykoBoAMTENb IMPOSKTOB
Adexcanap domun). Pe3ynbTaThl JaHHOW HAydHOH PabOTHI OBLIM TaK:Ke MPEJACTABICHBI Ha
mexayHapoanom cumnosuyme «12th Russia/ CIS/ Baltic/ Japan Symposium ondesectricity
and 9th International Conference on Functional Kae and Nanotechnologies»
npoxoausiieM B Pure (JlatBust) ¢ 29 centsops no 2 oktsaops 2014r. [IpencraBineHHbIH 0K
«Induction Heat Treatment and Technique of Nana@&amic Coatings Production on
Titanium» Opu1 onyONMKOBaH B COOPHHMKE TPYIOB KOH(EPECHILMH, a TOJHAs BepCHs JOKJajaa
(ctatps) Obuta omyOnMKOBaHAa B JKypHaie OpuraHckoro wmimatenscTBa «IOP» (Institute of
Physics) 4l]. OcoGenHocTi pa3pabOTKH HOBOTO THUIA WHAYKIMOHHBIX HAarpeBaTeNbHBIX
YCTaHOBOK JUIsl MOJU(MUKALIMY U YIPOYHEHHS] TATAHOBBIX KOHCTPYKIIMM ObUIM MpeACTaBIECHBI HA
MexayHapoaHoin koHgpepennuu «55th International Scientific Conference on Powaerd
Electrical Engineering of Riga Technical University Pure (JlarBust), mpoxoamsmicii 14
okTs10pst 2014r. Tpynbl KoHepeHIMH ObUIM OMYOJIMKOBAHBI B BUE MOJHOTEKCTOBBIX CTaTeH
penensupyemoro cbopuuka B umsmareiabctBe «IEEE» (Institute of Electrical and Electronics
Engineers) ].

B nauane mas 2015roma Beimen B cBer cnpaBounuk «Handbook of Nanoceramic and
Nanocomposite Coatings and Materials®® HaHOKEpaMHUYECKMM ¥ KOMITO3HIIMOHHBIM
MarepualiaM ¥ MOKpbITHSIM. HUIIMaTHBA UCXOIMIa OT mpeAcTaBuTeneil uzaarenscrea «Oxford,
Butterworth-Heinemann» (imprint of Elseviempcnenyromas pabora Oblia BBIIOJHEHA MPU
noJyIep’kKe BeICOKOKBanuuipoBanubix pemakropos Prof. Dr. habil. Dieter Scharnweber u
Prof. Abdel S. H. Makhlouf (hn.4).

CocraBuTensIMH TaHHOTO CIIPABOYHUKA CTAJIM aBTOPCKHUE KOJIIEKTHBBI U3 Oojee 20 ctpan
mupa, Bkiarodas ['epmanuio, Kwuraii, CIIIA. Co croponsl Poccum ObUIM PEKOMEHIOBAaHBI U
HPOIIUTH MHOTOCTyMeHYaToe (MATHKPATHOE) PELICH3UPOBAHUE MATEPUANIbl HAYYHBIX Pa3pabOTOK
yuenbix CI'TY. J[Be rnaBel JaHHOTO CIPAaBOYHUKA MOCBAIIEHBI MEPEAOBBIM JOCTUKECHUSIM B
o0JyacTu MOJy4YeHHUs] HAHOCTPYKTYPUPOBAHHBIX OMOKEPAMHUYECKHX U OKCHIHO-KEpaMHUYECKHX
IUICHOK ¥ TOKPBITHH, (OpMHUpPYEMBIX Ha U3JIENHSIX W3 TEXHMYECKOTO THUTaHA U
KOHCTPYKIMOHHBIX TUTAHOBBIX CIUIaBOB. [10JIHBIE TEKCTHI I1aB IOCTYIHBI 1711 O3HAKOMJICHHUS Ha
miatdopme «ScienceDirect»:

«Chapter 13 — Plasma-Induction Spraying of Nanaahyse Hydroxyapatite Coatings Obtained
on Titanium Intraosseous Implantsbngsa 13 — I[1na3MeHHO-MHIYKIIMOHHOE HAIbUICHUE
HAHOKPUCTAJUIMYECKUX TMOKPBHITUN TUIpPOKCHANaTUTa Ha TUTAHOBbIE BHYTPUKOCTHBIE
UMILTaHTaThI) [6].

«Chapter 19 — Chemical Composition, Structure amogétties of the Surface of Titanium VT1-
00 and lIts Alloy VT16 after Induction Heat Treatrbeil nasa 19 — Xumuueckuii cocras,
CTPYKTypa Hu cBoiicTBa noBepxHocTH THTaHa BT1-00 u ero crutaBa BT16, moaBepruyroro
UHIYKITHOHHO-TEPMHUYECKOM 00paboTke) [7].



AMSTERDAM = BOSTON + HEIDELBERG * LONDON Hn.4. Copasounuk «Hanokepamudeckue u

NEW YORK = OXFORD = PARIS = SAN DIEGO HAHOKOMIIO3UIITMOHHBIC ITOKPBITUA u
SAN FRANCISCO » SINGAPORE = SYDNEY » TOKYO marepuanb» (M3marensctBo «BH — Elseviers,
Burterwarth-Heinemann is an imprint of Elsevier 20151")

JlokTopanT AJiekcaHap ®OMHH TPUHI ydyacTHE B MEXKIYHAPOIHOW KOH(MEpPEHIUU
«SPIE. Microtechnologies 2015w HaHO- 1 MUKPOTEXHOJIOTHSIM, POXoAuBIIeH B bapcenone
(Ucnanus) ¢ 4 mo 6 mast 2015r. Yuactie B JaHHOM MEPOIPHUITHH OBIIO MOIAEPKAHO B PaAMKax
BY30BCKOT'O KOHKYpCa, OPHEHTHPOBAHHOTO Ha MEXKIYHApPOIHbBIC CTAXXUPOBKH M KOH(EPEHINH
aCIMPaHTOB M MOJIOABIX HayuyHO-miemarorndeckux padotHukoB CI'TY mmenu [Narapmna FHO.A.
Kondepennust npoBoaunach M0 S HampaBiICHUSM: JATYUKA U MHKPOIJICKTPOMEXaHUUYECKHE
CUCTEMBI, KHOep(hU3HUECKUE CHCTEMbI; MEAMIIMHCKHE MHUKpPOYCTPONCTBA, HAHOTEXHOJIOTHUHU;
UHTErpaibHas (POTOHUKA: MaTepHalibl, yCTPOHCTBA U MpUMeHeHue. [IneHapHbIil JOKIax Ha TeMY
«Oxide-Bioceramic Coatings Obtained on Titaniunmieby the Induction Heat Treatment and
Modified with Hydroxyapatite Nanoparticles» OKcuaHo-OnokepaMudeckue TMOKPBITHS,
MOJIyYeHHbIE HAa TUTAHOBBIX HW3JEIMSAX  HHAYKIMOHHO-TEPMHUYECKOH  0O0paboTkoil U
MOAM(UIIMPOBAHHBIC THUAPOKCHANATHTOBHIMA HAHOYACTUIIAMHU) BBI3BaNT OOJNBILOW HHTEpEC Yy
3apyoexubix kosuter (Mi.5).

Wn.5. Monomoit y4ueHblid, JOKTOpaHT AJiekcaHap P®OMHH Ha MeCTe TPOBEIACHUS MEXTyHAPOTIHOM
KOH(EPECHIIMK MO HAHO-/MUKPOTEXHOJOTMSIM M BO BpPEMS BBICTYIUICHHS C CEKIIMOHHBIM JIOKJIAIOM
(Bapcemona, mait 2015r.).

B pabote kxoHbepeHIMM NPUHSIN y49acTHE HMEHUTHIC Yy4deHble u3 BemukoOpurTanuu,
Asctpanuu, lBenuu, Uuauu, Ucnanuu, @panuuu u apyrux crpad mupa. [IpeacraBieHHBIM
JOKJIaa B BHUJE IOJHOTEKCTOBOM CTAaTbU OBLI BKJIIOYEH B COOPHUK TPYAOB KOH(EpEeHIHH
uznarenbctBa «SPIE» (The International Society for Optical Hregring) B]. Ilo utoram
KOH(pepeHIIH ObljIa TIOCTUTHYTa JOTOBOPEHHOCTh O MPOXOKICHUH TOJTOCPOYHON CTaKUPOBKU
B MaraeOyprckom yHuBepcutere (['epMaHWU) W BBIMOJIHEHUM COBMECTHBIX HCCIICIOBAHUN
MEXTYHApOJAHBIM KOJIJIEKTUBOM.



Momnonsie yuenbie CI'TY mnpunsum ywyactue B eBporeiickoit koHdepenimn «23nd
European Dental Materials Conference: Ceramics-CHXDA-Compositesy npoxoausiiei B
HropuOepre ([epmanus) ¢ 27 mo 28 asrycra 2015 r. (Ma.6). B paGore kondepeHiuwy,
MOCBSIIEHHON HW3YYEHHUI0O KEepaMHUeCKUX U KOMIIO3ULMOHHBIX MAaTepuaioB, a TakKxke
aIIATUBHBIM TEXHOJIOTHSM, NPHUHSIM YYacTHEe YYeHble U3 eBporeickux crpan (['epmanuwu,
[Iseiitiapun, BenukoOpurtanuu, ®paniwu u Ap.), a Takke u3 Asctpanuu, CIIA, Kwuras.
CrenyioBsiii nokian Ha Temy «Superhard Bioceramic Coatings Produced on Démiallants by
the Induction Heat Treatment and Surface Modifaati (CBepxTBepasie OHOKEpaMHUUYCCKHE
HOKPBITHS, TIOJTy4€HHBIC Ha JEHTAIbHBIX UMIUIAHTATaX UHIAYKIHOHHO-TEPMUYECKON 00paboTKOM
Y TIOBEPXHOCTHON Mou(puKaIei) OblT MPeACTaBIeH B MPOPUIBHON CEKIHH M0 KePAMUIECKUM
MarcepuaiaM U UX IMPUMCHCHHUIO B BOCCTAHOBHUTEIbHOU MCEOUIINHC. MaTepI/IaJIBI KOH(bepeHI_II/II/I
onyOJIMKOBaHBI B CICIMAIBHOM BBIyCKe KypHaida «European Journal of Prosthodontics &
Restorative Dentistsy, unaexcupyemoro B 6a3e «PubMed (MEDLINE) / WofS»q].

European Dental Materials
COMPOSITES CAD/CAM CERAMICS

27.-28.08.2015 in Nirnberg, Germany

Nn.6. OtkpbiTHE eBporeiickoi KoHpepeHun o komno3utam, kepamuke 1 CAD/CAM texHonorusm B
Hropuoepre (aBryct 2015r.).

Momogsie yuensie CI'TY npunsim yuactue B eBpornelickoit konpepeniuu «5th European
Conference on Crystal Growthmpoxoausiieii B bonmonbe (Utanust) ¢ 9o 11 centsopst 2015r.
B pabore manHOW KOH(EPEHIIMH MPHUHSIN Y4acTHE yueHble W3 eBporeiickux ctpan (Mrtamuwu,
Ucnanuu, 'epmannn, @pannuu, Benrpuu u ap.), a Takke npuriaieHabie goknaaank n3 CLHIA
u Kuras (Mn.7). B pamkax cekiun «HaHOCTPYKTYpPBHI W HaHOIOPUCTBIC KPHUCTAIBI» OBLI
npeJCTaBieH cTeHaoBbI noknan «Bioceramic Coatings Produced on Commercially Pure
Titanium by the Induction Heat Treatment and Namamstire Surface Modification»
(buokepaMuveckue TOKPBITHS, TOJTYYCHHbIE HAa TEXHHUYECKOM THTAaHE HWHAYKIHOHHO-
TEPMUYECKO 00pabOTKOM, 1 HAHOCTPYKTYpHAs MOAH(HUKAIIHS TOBEPXHOCTH).

BrictaBka-cemuHap «HaHo- W Omomarepwalibl POCCHICKUX BY30B JJISi MEAHUIIMHBI»,
npoxoausiias B bynanemre (Benrpus) 5-6 wosOps 2015r., cobpana B PoccuitickoM IieHTpe
HAYKH ¥ KYJIbTYPHI IEJETallUi0 POCCHICKUX U BEHTEePCKUX Y4eHbIX. OOMEH 3HAHUSMHU U OMBITOM
B JaHHOM (popmare yke cTaj cTaOUIbHOW COCTABIIAIONIEH JBYXCTOPOHHETO COTPYAHHYECTBA B
Hay4yHO-TexHH4Yeckor cdepe. C poCCHHCKOM CTOPOHBI B CEMUHApe MPHHAIM Yy4acTHe
npeacTaBuTeIm MOCKOBCKOrO TOCYyIapCTBEHHOro yHHBepcutera umeHu M.B. JlomoHocOBa,
Cankr-IlerepOyprckoro rOCY/IapCTBEHHOTO YHUBEPCUTETA, Hauunonansnoro
HCCJIEIOBATENIbCKOTO  SIIEPHOTO  yHHBEpcUTeTa  «MOCKOBCKHH  WHXEHEPHO-(DU3NUECKUNA
UHCTUTYT (TOCYAapCTBEHHBIH YHHBEPCHTET)», MOCKOBCKOTO HHCTUTYTa CTald M CIUIABOB,
TBepckoro rocyqapcTBEHHOTO TEXHHYECKOTO YHHMBEpCUTETa, TOMCKOTO TIOCYIapCTBEHHOIO
yHHuBepcuTeTa, IleTpo3aBoAckoro rocyiapcTBEHHOIO YHUBEpPCUTETa, a Takxke (CapaTOBCKOIO
rOCyIapCTBEHHOIO  TEXHMYECKOro  yHuUBepcuTera uMeHM ['arapuna FO.A. JlokTopaHT
Anexcanap @oMUH TIPEICTaBIII IJICHAPHBIN TOKIA] IO pa3paboTKaM, BHITIOJTHEHHBIM B PaMKax
ycrerrHo 3aBepiiennoi LI u 3aBepmaromerocs npoekra PODU (Ua.8).



HUn.7.OtkpeiTHe  5-oit

eBporneiickoin

KOH(epeHITUH o
U3y4YCHUIO pocta
KpUCTaiIoB u pabora
CTEHJ0BOU CEKLINH

(bosonss, 2015r.).

C BeHrepckoW CTOPOHBI C JOKJIAJaMHU BBICTYOWIM CHEHUATUCTB MeIUIMHCKOTO
yHuBepcuteta uM. CemmenBeiica, byganemrTckoro TeXHWYECKOTO yHHBepcuTeTa, MHCTHUTyTa
ouopmsukn B Cerene wuccienoBarenbckoro 1eHtpa BAH, llentpa  npukmagHbIX
uccinenoBanuii uM. ban 3ontana u komnanuu «Ateknea Solutions>B xoxe BcTpeun cocrosuics
oOMeH wuHpopMalMeil O HOBBIX pa3paboTkax B cdepe OMOMEAMIIMHCKUX TEXHOJOTHHA U
MaTepuaioB, a TaKXe MPUOPUTETHBIX HAMpaBiIeHUM Ha OMDKAWIIYI0 MEpCIEeKTHUBY.
Bo3MoxHOCTH B3aMMOJCHCTBHS MEXIY CIEUATNCTaMUu 00X CTpaH ObUTH 00CYKIEHBI TAKKe
B XOJIe TOCEHICHUsI POCCUHCKOW peneranuen Jiadoparopuii B BymanmemTckoM TEeXHUYECKOM
YHUBEPCUTETE.

Ministry of Edu

2 of Russia
wiSTR S iENCE
T;:NA:'E;R‘“W
Exhibition-seminar

«NANO-AND BIOMATERIALS FOR MEDICINE

OF RUSSIAN UNIVERSITIES»

Nn.8. lokropant Anexcanap ®oMHH Ha BRICTYIUICHHHU C IDICHAPHBIM JIOKJIaJJIOM Ha BBICTABKE-CEMHHAPE
B Bynanemre (Hos6ps 2015r.).



B XO0J€ BBIIIOJIHCHUSA HAYYHBIX I/ICCJ'IGI[OBaHI/II\/'I 10 MaCLHTa6HOMy HUCCIICAOBAHUIO
OKCHUJHBIX M  OKCHIHO-KEPAMHUYECKMX TOKPBITUH 11  MajorabapuTHBIX — THUTaHOBBIX
KOHCTPYKIIUH, JOKTOPAHT AJiekcanap ®OMHMH MpH y4aCTHH MOJOJBIX KOJUIET K.T.H., JOIIEHTa
Baagumupa Komrypo u corpynaukoB CapaTOBCKOTO TOCYIapCTBEHHOTO YHHBEpPCUTETA K.(.-
M.H., 3aBeayromero jaboparopueil «/{MarHOCTUKH HAHOMATEPUAJIOB M CTPYKTYp» AHApes
3axapeBnya u K.Q.-M.H., HauanbHUKa «OTAeIa HaHOMEXaHUKH» AJiekcaHapa CkamnioBa,
HOATOTOBMJI PYKOIHUCH CTaThH JUIsl BBICOKOpEHTHHTOBOro kypHanma «Ceramics International
(Mn1.9). D0 cTamo 3HaKOBBIM COOBITHEM, TaK KaK JAHHBIH KypHAT HHICKCUPYETCS B OCHOBHBIX
HaykoMmeTpuueckux 0azax «Web of Science» (WofS) «Scopus»u 3a 2015r. umen ummakT-
daktop paBHbIil 2,986.PyOpukaTop m3gaHust mo SCOPUSBKIIIOYAET S 00JacTell Mccaea0BaHus:
Ceramics and Composites; Electronic, Optical andyMéc Materials; Materials Chemistry;
Process Chemistry and Technology; Surfaces, Ceatamgl Films,mo kaxmoii u3 KOTOPBIX
JICWCTBYET HAMBBICIIAs PEHTUHIOBOBAs OLIEHKA KauecTBa OMyOJMKoBaHHBIX MarepuanoB Q1 (1-
ast KBapTUJIb).
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Nn.9. HaykomeTprudeckue mnokasaten (MMIakT-(GakTop, KBApTHIb M OOJNAcTh HCCIENOBAHUIL) IBYX
Hanbosnee mpoduapHEIX M3maHmii «Ceramics Internationalu «Composite Structure$ B KOTopeIX ¢
2016r. Mmojozple yueHbIe MyOINKYIOT PE3YIbTaThl CBOMX HCCIEIOBAHHA.

Jannas cratest «Composition, Structure and Mechanical Propertéghe Titanium
Surface after Induction Heat Treatment Followed Mydification with Hydroxyapatite
Nanoparticles» ({ocraB, CTpyKTypa H MeXaHHYECKHE CBOWMCTBA IIOBEPXHOCTH THTaHa,
MOJIBEPTHYTOT0 HHAYKIIMOHHO-TEPMUYECKON 00paboTke ¢ mocienymoomed Moaudukanuen
HAHOYACTUI[AMHU THUAPOKCHAINATHTA) OblIa MOJArOTOB/ICHA B paMKax BBIMOJIHCHHS 3aBEPINAIOIICH
YacTH SKCIIEPUMEHTAIIBHBIX UCCIIEOBaHU 110 JOKTOPCKON quccepTaluu Anexkcanapa ®omuna
U MEKIyHapoaHo# mporpamMmbel «Muxamn Jlomonocos» B 2016r. (Ma.10) [10]. dauuas
nyONMHMKaIus, COTJIaCHO IaHHBIM 0a3pl «SCOPUS»,HAa JAHHBIH MOMEHT HMMEeT HauOoJbllee
[ATAPOBAHUE U3 YUCJIA HAYYHBIX PaboT mpodeccopcKo-TpenoaBaTeabCKoro cocraBa Kadeapsl
MBN.
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Composition, structure and mechanical properties of the titanium ( .
surface after induction heat treatment followed by modification with
hydroxyapatite nanoparticles

Aleksandr Fomin **, Sergey Dorozhkin®, Marina Fomina %, Vladimir Koshuro ?,
Igor Rodionov*, Andrey Zakharevich ©, Natalia Petrova ‘, Aleksandr Skaptsov©

B o 3 s e P e s e
Yiiri Gagarin State Technical University of Saratov, Institute of £l

b Kudrinskaja Square 1-155, Moscow 123242, Russia

* Saratov State University, Institute of Nanostructures and Biosystems, 83 Astrukhanskaya Street, Saratov 410012, Russia
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ARTIELE INFO ABSTRACT

Article history: Coatings of titania (TiO2) and "titania-hydroxyapatite" were prepared by oxidation of commercially pure
Received 4 March 2016 titanium VT1-00 using induction heat treatment (IHT), followed by modification with colloidal hydro-
Received in revised form xyapatite (HAp) nanoparticles. The IHT treatment was performed at temperatures within 600-1200 °C

26 March 2016 . i i % 5
Accepted 28 March 2016 for 300 s. According to the results of scanning electron microscopy (SEM), X-ray diffraction (XRD), energy

Available online 31 March 2016 dispersive )-(—ray ﬂuorescent analysis: (EDX), nanpindentatiop and in \-/ft'm testi!'lg., .titania coatings of high

morphological heterogeneity, and high mechanical properties and biocompatibility were formed on the
Keywords: titanium surface after IHT. The coatings were found to consist of nano- and submicron crystals of oval,
Titania

needle-like, plate and prismatic shapes. A subsequent modification with HAp nanoparticles of the coated
titanium substrate leads to accelerated formation of mechanically strong oxidebioceramic composite
coatings. It was established that the porous oxide coatings modified with nanoparticles of HAp that were
formed at temperatures from 800 to 1000 °C and holding for at least 30 s had a high biocompatibility.

© 2016 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

Hydroxyapatite
Coatings
Induction heat treatment

Wn.10. TutyapHas cTpaHMIlA TIEPBOM CTaThbM MOJIOABIX YyueHBIX Kadenpsl MBU, omyOinMkoBaHHOW B
BBICOKOPEHTHHIOBOM 3apy0OexkHOM m3nanun «Ceramics International(2016r.) [10].

[To pe3ymbraramMm OTOOPOYHOM MPOLETYPHI KOMHUCCHS, COCTOSIIAS W3 POCCHUUCKHX U
HEMELKHUX MPO(eccopoB, MOJIOKUTEILHO OLICHUIA 3asBKYy JOKTOpaHTa AJsiekcanapa ®domMmuHa
JUTS BBITIOJTHEHUS TOCymapcTBeHHoro 3aaanus (mpoekt Ne 11.687.2016G1AA/] ot 11.01.2016.)
B pamkax CoBmecTHOM mporpammel «Muxawia JIoMoHOCOB» MuUHHUCTEPCTBA 00pa3oBaHUs U
Hnayku P® wu Hewmenkoin ciayx0bsl axamemudeckux obmerHoB (DAAD):  nayuHo-
UCCIIEIOBATEIbCKHE CTHIICHINM M Hay4YHble CTaKUPOBKH. IIpoekTHas Tema «3McHEHUS
(ha30BO-CTPYKTYPHBIX XaPaKTEPUCTUK U (PU3UKO-MEXAHMUYCCKUX CBOHCTB OHOCOBMECTHMBIX
METAJUIMYCCKUX ~ MAaTepHajioB  MpPH  00pabOTKe  HHU3KOTEMIIEPATypHOW  IUIa3MOM |
MOAU(PUIIMPOBAHUN TOKAMH BBICOKOW 4YacTOTHI» ycmemHo 3aBepmieHa B 2016 rogy Ha Oase
YHuBepcuTeTa NpuKiIaaHbix Hayk (bpanaenOypr-na-Xadene) u MaraeOyprckoro yHuBepcurera
umenn Otrto ¢on I'epuke (MaraeOypr) [11]. [laHHBIH MPOEKT JAa€T BO3MOKHOCTH POCCHHCKHM
acrupaHTaM, JOKTOpaHTaM M mpernojaaBatessaM (no 45 jer) TeXHUYeCKUX M €CTeCTBECHHBIX HayK
HPOWTH CTAKUPOBKY B YHHBEPCHTETaX M BHEYHHMBEPCUTCTCKUX HAYYHBIX IEHTpax ['epMaHuu C
IENBI0 TIPOBEJICHUS HCCIICAOBAaHUI B paMKax pa3pabaThiBaeMOW TUCCEPTALMU WA HHOTO
HayuHoro npoekta (Ma.11). YHUKaNIbHOCTh TAKOTO MEXKIYHAPOIHOTO COTPYIHHYECTBA CBA3aHA
C TEM, YTO Yy MOJIOJIBIX HCCIIEIOBATE/ICH MOSBIACTCS peajbHas BO3MOXKHOCTh HCIOJIB30BATh
BBICOKOTEXHOJIOTHYHOE O00OpYIOBAaHUE <UHCTBIX KOMHAT», B YaCTHOCTH JIICKTPOHHBIC
MHUKPOCKOIIbI, PEHTT€HOBCKHE AU(PPAKTOMETPhI, HHPpPAKpaCHBbIC CIIEKTPOMETPBI, KOH(OKATbHbIC
MHKPOCKOTIBI, BBICOKOTOYHBIC 3JIEKTPOHHO-U3MEPHUTEIbHBIC MPUOOPHI, YCTAHOBKH BaKyyMHO-
KOHJ/ICHCAIIMOHHOTO ~ pAaCTbUICHUS W  HAHECEHHS  TOHKMX  IUICHOK W TOKPBITHIA,
doTonuTorpadUUECKUX M XHUMHUYECKHX Y4YaCTKOB. 3apyOexHble ydueHble (MpUIIIAIIArOIIUe
npodeccopa) B cilydae IUIOAOTBOPHOW pabOTHl MpPEAJIararoT PacUIMPUTh MEXKIYHAPOIHYIO
KOOIICPAIMIO0 B pPaMKax BYXCTOPOHHHMX M MHTEPHAIMOHAIBHBIX HMCCIIEIOBATEILCKUX MPOCKTOB
Pa3IMYHOTO YPOBHSI.



HNn.11. loxtopant Anekcanap @©OMHMH BBITIONHSIET 3JIEKTPOHHO-MHUKPOCKOMUYECKHNA  aHAU3
MaTepHalioB M XMMHUYECKOE TpPAaBJICHHE MOBEPXHOCTH THTaHAa B <«HUHCTOHW KoMHare» MaraeOyprckoro
yuuBepcutera umeHn Otro ¢pou [epuke (ceHTsiOpp—nexadps 2016r.).

HNuTepec kK Takoll JEATENTbHOCTH TaKXe CBS3aH C O3HAKOMJICHUEM C COBPEMEHHOM
TEXHUKOH M anmaparypoi JJjisi BBIIOJIHEHUS HAay4YHBIX HCCIEIOBaHW, a TAaKXKe MPOBEICHUEM
3aHITUI U N3ydeHHeM OHOIMOTEYHBIX (DOHIOB COBPEMEHHOM HAYYHO-TEXHHYECKOH JIUTepaTypBbl,
BKJIFOYAsl CTaThH, clipaBOYHUKH, cTanaapThl (ISO)u npoune Hopmer (Uo1.12).

Nn.12 Jlexuuonnast ayautopusi (BBepxy, cjieBa), Oubnmoreka (BBEpXy, CIpasa), MPOHU3BOJICTBEHHBIN
YYACTOK JIA3EPHOU BBIPE3KU CTATBHBIX (QMIBTPYIOIINX W3JICTHNA JJIsI aBTOMOOWILHON TPOMBIIIUIEHHOCTH
(BHU3Y, ClieBa) M BHICOKOTEXHOJIOTHYHBIC 00Pa3iibl METAIIONOJIMMEPHBIX H KEPAMUUCCKUX KOHCTPYKIIHI
JUISL DIIEKTPOHHOM TEXHUKU.



3angaHupOBaHHBIM HMTOTOM HAaYYHBIX HMCCIEJOBAHUN SIBIISETCS OIYOJHMKOBAHUE CEPUU
CTaTell B PELEH3UPYEMbIX OTEUECTBEHHBIX W BBICOKOPEHTHHIOBBIX 3apyOeXHBIX JKypHalax,
CHEIUAIN3UPYIOIIUXCS HAa OCBEUICHUM [EPENOBBIX JOCTHKEHUM HAayKM UM TEXHUKH.
[IpoxoxaeHne CTaXUpOBKM HE MCKIIOYAeT, a Hao0OpoT, CHOCOOCTBYET pPACHIMPEHUIO
MEXIYHapOAHBIX CBSI3EH ¢ By3aMu Apyrux crtpaH. Tak, npencrasurens CI'TY npunsn yuyactue B
OTYETHOM CEeMHHape YHHUBEPCUTETa MPHUKIAIHBIX HayK bpanmenOypra-na-Xadene (Mn.13) u
MexayHapoaHoin koH¢pepennuu «57th International Scientific Conference on Powaerd
Electrical Engineering of Riga Technical University Pure (JlatBust) 13-14 oxTsi0pst
2016r. [12].

Phase-stryc,
Physico-mecha;

tural charact,

Nn.13.JJoktopanT Anekcanap ®oMuH BBICTyIaeT
C JIOKJaJIOM B paMKax oTdeTHoro cemmHapa DAAD
B YHHUBepcUTETE MPUKIAAHBIX HayK bpanaenOypra-
Ha-Xagene (Hos6ps 2016r.).

[Tomrmo akageMU4YeCKOM 4YacTH MCCIENOBAaHMI, B paMKaxX CTaXUPOBKH HMENIACh
BO3MOXXHOCTh TPUHATH Yy4YacTUE B KPYIMHEWINEH OTpacieBOil BBICTaBKE OOOpPYIOBaHUS U
TEXHOJIOTHH 00paboTKH arcToBoro Meramia «EUroBLECH»B I"annosepe (Mu.14).

I Wi—
Nn.14. Beicrabka «EUroBLECH 2016» B TaHHOBepe © HEKOTOpbIE €€ OKCIIOHATBHI. pPOOOTHI-
MaHUIMYJIATOPBI OOJIBIIOH rPY30H0ABEMHOCTH (BBEPXY, CIIPaBa), yCTAHOBKA AJIsI THAPOaOpa3sUBHOM Pe3KU
METaJUIOB M KepaMHKHU (BHU3Y, CIIPaBa), 3allUTHBIC MAKCH JJIsI CBAPKHU (BHU3Y, CIIPaBa).



B oxrsa6pe 2016r. «EuroBLECH 2016»mnpexncraBmsi ydyacTHUKaM M IOCETUTEINSIM
MOJIHBIA 0030p Tpeo0IadaroNIuX TEHICHIIMM B MHAYCTPUH OOpaOOTKH JUCTOBOTO MeTawia. B
BocbMHU 3anax okonio 1550 yuactHukoB u3 40 cTpaH NpOJEMOHCTPUPOBAIN BIEUATIISIOLIHIA
aCCOPTUMEHT 00OpYAOBaHUS, MHCTPYMEHTOB M CHUCTEM. TeMaThKa BBICTABKM OXBaTWJa BECh
CIIEKTP TEXHOJIOTHH METaI000pa0OTKU: JIMCTOBOM MeTaii, TpyObl, mpoduau (depHble |
[[BETHBIC METAJIbI); TOTOBBIC M3JENIUsI, KOMIIOHEHTBI, COOpPKA; MEXaHU3Mbl M TEXHOJOTHUH IS
nepeMelieHUs] U TPAaHCIOPTUPOBKU; TEXHOJIOTUHM W O0OpydOBaHUE il PE3KH, HITaMIOBKH,
(GbOpMOBKHM M THOKHM JTHCTa; 00paboTKa TpyO M mpoduiieii; KOMIOHEHTH 000pyA0BaHMs,; COOpKa,
CBapKa M Kpemex,; o0paboTka MOBEPXHOCTH JHMCTOBOIO METAJlIa; MHCTPYMEHTHl M IITAMIIBI,
U3MEpHUTeNIbHAs ammaparypa M TOpuOOpbl KOHTPOJIS; CHCTEMa YIPaBJICHHS KadyeCTBOM,
CAD/CAM, texHoornu o0pabOTKU JaHHBIX; 000pYJOBaHHE IS CKIAIOB M XPAaHCHUS; 3alUTa
OKpY)KaloIIeH cpeapl, BTOpHYHAs TIepepaboTka; Oe30MacHOCTh Ha pabodeM MecTe;
UCCIeIoBaHus U pa3paboTku. OOpaslbl TUTAHOBBIX KOHCTPYKIMHA C TMOKPBITHSIMH U CHCTEMBI
KOHTPOJISI CTPYKTYPBI METAIJIOU3AENUi ObUIH MPEICTaBICHBI B paMKax cekiuu «3meputenpHas
anmaparypa 1 npuOopbsl KOHTPOJIS».

[To mepe pa3BUTHS HCCIENOBATEIBCKONW NEATEIBHOCTH M TOBBIIIEHUS 3(PPEKTUBHOCTH
BBITIOJIHEHUSI HAYYHBIX IPOCKTOB CTAHOBHUTCS BAaXKHBIM IIOBBICUTH KayeCTBO JOCTUTHYTBIX
pe3yNbTaToOB 3a CYET HE3aBUCHUMOW CTOPOHHEH OLIEHKH IOJYYEHHBIX pe3yJIbTaTOB, HANPUMED
IpY UX OMYOJIMKOBAHUU B PELIEH3UPYEMBIX U BEICOKOPEHTHHTOBBIX M3AaHUAX. MOJIOAbIE yUeHbIe
kadpeaper MBU mpomomkunu paboty B gaHHOM HampasieHun u B 2017 romy mpencraBuiv
BTOPYIO PYKOIUCH B KypHan «Ceramics Internationalc nassanuem «Structure and Mechanical
Properties of Hydroxyapatite Coatings Produced aanium Using Plasma Spraying with
Induction Preheating>CrpykTypa u MexaHH4YeCKre CBOMCTBA THPOKCUATIATUTOBBIX IMTOKPBITHH,
MOJIyYEHHBIX Ha THUTaHE C TMPUMEHEHHEM IUIa3MEHHOIO HAIMbUICHUS C WHAYKIUOHHBIM
nojgorpesom ocHoBsl) (Ma.15) [13].
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Structure and mechanical properties of hydroxyapatite coatings produced @CWMM‘
on titanium using plasma spraying with induction preheating

Aleksandr Fomin®", Marina Fomina®, Vladimir Koshuro®, Igor Rodionov®, Andrey Zakharevich”,
Aleksandr Skaptsov”

& Yuri Gagarin State Technical University of Seratou, Institute of Electronic Technology and Engineering, 77 Politechnicheskaya str., Saratov 41 0054, Russia

b Saratow State Un fversity, Institute of Nanostructures and Biosysterns, 83 Astrakhonskaya str., Soratov 410012, Russie

ARTICLE INFO ABSTRACT

Keywords: Coatings of hydroxvapatite (HAp) were prepared by plasma sprayving with induction preheating of titanium
Hydroxyapatite coatings substrate from 200 to 1000 °C. The combination of conventional plasma spraying and induction preheating
Indudtion preheating ensured high mechanical properties of HAp coatings. The coatings produced in the temperature range 400—

Plasma spraying

S 600 “C were characterized by homogeneous nancstructure of splats with an average grain size of 12-31 nm.
anm

According to the results of nanoindentation HAp coatings with high hardness 0.9-1.2 GPa and elastic modulus
7-16 GPa were formed on the fitanium.

Wn.15. TutyasHast cTpaHuiia cTatbi MooAbIX yueHbX CI'TY, onmy0auKoBaHHON B BRICOKOPEHTHHIOBOM
3apyOexxHoM m3nanun «Ceramics International(2017r.) [13)].

JlanHast cTaThs SIBUWIACH 3aBEpIIAIONICH MyOJMKAIMed meped 3alluTod JOKTOPCKOM
nuccepraiud Ha Temy «HayyHble OCHOBBI TEPMHMYECKHUX IPOLIECCOB IMOJYYEHUS OKCHIHBIX
MOKPBHITUH Ha TUTAHOBBIX MEAMIIMHCKUX M3JENUSAX C MPUMEHEHHEM TOKOB BBICOKOM YacTOTHI»,
KOTOpyIo AJiekcanap ®oMUH TpeacTaBui U 3ammTii B Hostope 2017t. [14]. Ctout OTMETHUTS,

YTO OAMH U3 OT3bIBOB Ha aBTOpedepar AuccepTaluy OblI HAPaBIeH OT 3apyOeKHOTr0 KOJUIETH

Dr. S. Aman, crapuiero Hay4dHOro COTpyAHHMKAa Marne0yprckoro yHuBepcutera uMeHu OTTO
¢on I'epuxe. B 2017 roma momomoit yuenwli kadenpst MBU Taxke mpuHsI y4yactue B
MEKIyHApoaHO#M KoH(pepeHnuu o kommnosuram «20th International Conference on Composite
Structure»s IMapmxke (@pannus) ¢ 4 mo 7 centsiops 2017 fn.16).



b -

Nn.16. OTkpbiTHe KOH(MEPECHIMU 10 KOMIO3uTaM B HalMOHAIbHONW KOHCEPBATOPHU HCKYCCTB H
pemecen ([Tapmwk, centssops 2017t.).

YdacTHUKaMM JaHHOTO MepomnpusTHs crand Oosiee 650 ydeHbIX CO BCero Mwupa.
Mouon0it KOJUTeKTHB Kadeapsl MPEICTaBUII HCCICAOBAHHUS MO CO3MaHHI0 (YHKIMOHAIBHBIX
MOKPBITHH Ha TaHTale M I[HMPKOHMHM 32 CYET WHIYKIMOHHO-TEPMUYECKOW 00paboTKu:
«Composite System Ti-Ta-(Ti,T.&y Obtained by Spark Alloying and Thermally Stimutate
Modification» (Kommosunuonsas crpykrypa Ti-Ta-(Ti, Ta)Oy, nomyueHHas 31€KTPOHCKPOBBIM
JeTUpoBaHMe M TepMmuueckol Monaudukarmeit); «Surface Morphology of Zirconium after
Treatment with High-Frequency Currents»Madpdonorus TOBEpXHOCTH  LUPKOHHS,
MMOJIBEPTHYTOr0 00pabOTKEe TOKaMH BBICOKOW YacToThl). O0Oa IOK/Iaga BBI3BAIH OOJIBIIOMN
WHTEpPEC Y OpPraHU3allMOHHOTO KOMHUTETa M OBbUIM PEKOMEHIOBAHBI Ui OMYOJMKOBAaHHS B
BBICOKOPEHTHHIOBOM >KypHaie «Composite Structures (ummnakr-daxrop 3,858 3a 2017r.).
Benacek ciokHas ¥ TutaHomMepHast paboTa MO MOATOTOBKE JaHHBIX PYKOMHMCEH W emie Oosee
cioxHas padota 1o padote ¢ perier3enTamu, B urore B 2018rony Mosozpie yueHsle kadeapsl
OIMyOJIMKOBAJIM YEThIPE CTaThi B u3fanusx 1-oi keaprunu (Q1) [15-18§ (Mn.17(1-4).
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Metal oxide (Ti,Ta)-(TiO5,TaO) coatings produced on titanium using )
electrospark alloying and modified by induction heat treatment o
Vladimir Koshuro, Marina Fomina, Aleksandr Fomin®, Igor Rodionov
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ARTICLEINFO ABSTRACT

Keywords: Metal oxide coatings (Ti,Ta)-(TiO,,TaO) on VT1-00 cp-titanium and VT16 titanium alloy (Ti-3Al-4.5 V-5.0Mo)
Electrospark alloying were formed by electrospark alloying (ESA) at an operating current from 1 to 2.5A and subsequent induction
Induction heat treatment heat treatment (IHT) with the duration from 30 to 300s at the temperature of 800°C. ESA at a high operating

Tantalum
Tantalum oxide
Metal oxide coating

current] = 2.5 A and subsequent THT with a long exposure time t = 300 s ensured the formation of coatings with
a high content of tantalum (about 4.5-5%) and tantalum oxide TaO (about 7-8%). The resulting coatings were
characterized by high hardness of 9.5-15GPa and elastic modulus E of 450-700 GPa.

Mn.17(1) TuryneHass ctpaHuna crtathd  Mojomeix  yueneix CITY, onybOnukoBaHHOH B
BBICOKOPCHTHHIOBOM 3apy0OexxHoM m3nannu «Composite Structureg2018r.) [15].



Composite Structures 202 (2018) 210-215

Contents lists available at ScienceDirect

Composite Structures

journal homepage: www.elsevier.com/locate/compstruct

Surface morphology of zirconium after treatment with high-frequency |
currents ekt

Vladimir Koshuro®, Marina Fomina®, Aleksey Voyko?, Igor Rodionov®, Andrey Zakharevich®,
Aleksandr Skaptsov”, Aleksandr Fomin™*

 Yuri Gagarin State Technical University of Saratov, Instinete of Hlectronic Technology and Engineering, 77 Politec hnicheskaya Str., Saratov 410054, Russia
B s aratov State University, Institute of Nanosrucnres and Biosystems, 83 Astrakhanskaya Str., Sararov 410012, Russia

ARTICLE INFO ABSTRACT

Keywords: Coatings of zirconia were prepared by oxidation of zirconium grade E110 using induction heat treatment (IHT)

Zirconium with high-frequency currents. The IHT was performed at temperatures within 600-1200°C for 30-300s.

Zirconia coatings According to the results of scanning electron microscopy, X-ray diffraction, energy dispersive analysis, and

Induction heat treatment nanoindentation, zirconia coatings with high hardness (about 17 + 0.4 GPa) and elastic modulus (about

Surface: morphology 270-320 GPa) were formed on zirconium surface after semi-rough turning followed by IHT at 1000 °C for 30 s.
The coatings consisted of nanocrystals with an average size of 37 + 2nm. Zirconia coatings with high mor-
phological heterogeneity (nanocrystals with an average size of 45 * 2nm), moderate hardness (about
4.5-5.5GPa) and high elastic modulus (about 272-285 GPa) were formed on zirconium surface after abrasive
blasting followed by IHT at 1000 C for 30s.

Wn.17(2) TurynpHas  ctpanuMma cratbi  Mojdoabix  yueHbix CITY,  omyGnmkoBaHHOM
BBICOKOPEHTHHIOBOM 3apyOekHOM m3mannn «Composite Structureg2018r.) [16].

Opna u3 crarei Obl1a OCBSIICHA HOBOMY HAMPaBIICHUIO KaQeApbl — HHCTPYMEHTAIBHOMN
TCMATUKC, @ UMCHHO CO3JaHUI0 CMCHHBIX PCKYIUX INJIACTHH C TBEPABIMU U U3HOCOCTOHMKUMHU

nokpeitussMu cuctemsl (Ti/TiO2) Ha TOBEPXHOCTH XPOMHUCTONH MHCTpyMeHTanbHOU ctanu [18].
JlanHoe HampaBieHue ceifyac pasBuBaercs acnupantamu Kadeapsr MBanom EroposbiM,

Anpapeem IleaxkyHoBbiM, AJiekceeM Boiiko 1 Makcumom @DenoceeBbIM 1107 HayYHBIM

PYKOBOJICTBOM JI.T.H., 3aBeAyloIiero kadeapoii Anexkcanapa ®@omuHa.

Ceramics International 44 (2018) 12593-12599
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Composition, structure and mechanical properties of metal oxide coatings
produced on titanium using plasma spraying and modified by micro-arc

oxidation )
= Ghachk for
Vladimir Koshuro, Aleksandr Fomin®, Igor Rodionov e |

Yuri Gagarin State Technical University of Saratov, Instimte of Electronic Technology and Engineering, 77 Politechnicheskaya sir., Saratov 410054, Russia

ARTICLE INFO ABSTRACT

Keywords: Metal oxide coatings on VTG titanium alloy were formed by plasma spraying of aluminum oxide powder and
Alumina subsequent microarc oxidation at a current density from 1 to 3kA/m® As a result of combined treatment, metal
Plasma spraying oxide coatings consisting of a mixture of aluminum and titanium oxides were obtained on the surface of titanium
Tifanis L samples, The most pronocunced changes in the morphology of the plasma-sprayed coating were observed at the
Micx e oxkision highest current density of 3 kA/m”. The open porosity decreased from 56% to 38% due to the modification by
micro-arc discharges, whereas the microhardness increased from 1013 + 150 HV to 1639 + 31 HV.

Wn.17(3) TurynpHas  crpanMna cratbi  Mojdoabix  yueHbix CI'TY,  omyGnmkoBaHHOM
BBICOKOPEMTHHIOBOM 3apyOekHoM m3mannu «Ceramics International(2018r.) [17].
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resistance welding with subsequent induction heat treatment m
Aleksandr Fomin®, Ivan Egorov, Andrey Shchelkunov, Marina Fomina, Vladimir Koshuro,
Igor Rodionov

Yuri Gagarin State Technical University of Saratov, Insimte of Electronic Technology and Engineering. 77 Politechnicheskaya sir., Saratov 410054, Russia
ARTICLE INFO ABSTRACT

Keywords: The composite *1.2361 tool steel - Ti — TiO." structure was prepared by resistance welding (RW) with sub-
Titanium sequent induction heat treatment (IHT). RW of tool steel with titanium was performed at an electric power in the
Tf"’t ffeet ) range of 3.5-4 kW with the pulse duration of 0.25-1.0s, IHT was performed at the temperatures in the range of
Tiania coatings 950-1600 “C for 5-60 s for titanium inserts, and the temperature of the steel substrate did not exceed the melting
Resistance welding point {about 1370 °C). At the electric power of 3.5kW with the pulse duration not more than 0.5s, Fe-Ti

Induction heat
HEHOR REATTreatment o nsition area of the weld joint with the moderate hardness about 4.0 + 0.5 GPa (410 + 50HV,) was formed.

According to the results of scanning electron microscopy with energy dispersive X-ray analysis (EDX) and
Vickers hardness test, titania coatings with high hardness about 2500 + 250 HV, and 950 + 50 HV; were
formed on titanium surface after THT at 1500 + 50°Cfor 30 = 10s. Preliminary results on the cuttability tests
of the experimental replaceable cutting inserts were obtained, according to which the composite “1,2361 tool
steel - Ti — TiD,” structure enabled the fine turning of X40Crl 3 steel (43 HRC or 415 HV).

Wn.17(4) TurynpHas  ctpanMma  cratbi  Mojdoablix  yueHbix CI'TY, omyOnukoBaHHOW B
BBICOKOPEMTHHIOBOM 3apyOekHOM mM3mannn «Composite Structureg2018r.) [18].

Taxke K KOJUIEKTHBY COaBTOPOB npucoeauauics Bauecaas Ilanmes (Dr. V. Papchev)
B 1poIioM BeimycKHHUK Kadenpbl «MBITO» (CI'TY) 1 Ha TOT MOMEHT Y€ Hay4HbIH COTPYIHUK
3apyoexxHoit kommanuu «TAV Dental» (rnermanusaiuss Ha W3rOTOBJACHHHM HMILIAHTATOB W3
IUPKOHUST M AMOKCcHIAa IUpKOHUs). CoBMecTHas myOnuKanusi Obula MOCBSIICHA pa3padoTKe
3¢ (HeKTUBHOrO aNrOpUTMa UCIOIb30BAaHUS CHEIUAIU3UPOBAHHOTO MPOTPAMMHOI0 OOecTeueHus
UIE  MOP(OJIOTUYECKOTO aHalu3a IMOPUCTO-KPUCTAIIMUECKOW CTPYKTYpPhl METATHUECKUX
(TaHTaJIOBBIX) TMOKPBHITHHA HA TUTAaHE, TOJYy4aeMbIX JJIEKTPOMCKPOBBIM  JICTHPOBAHHEM
(Mn.18) [19].
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Surface morphology data of tantalum coatings
obtained by electrospark alloying

Marina Fomina?, Vladimir Koshuro?, Vyacheslav Papshev *°,
Igor Rodionov*, Aleksandr Fomin **

#Yuri Gagarin State Technical University of Saratov, 410054 Saratov, Russia
" TAV Dental, 2283202 Shlomi, Israel

ARTICLE INFO ABSTRACT

Article history: The article presents the data of scanning electron microscopy of
Received 12 March 2018 the surface morphology of tantalum coatings produced by elec-
Received in revised form trospark alloying, To perform the statistical analysis of open por-
24 July 2018

osity and morphological parameters of the coatings, raw digital
images of the structure were studied. In this case, “AGPM" soft-
ware for the analysis of geometric parameters of microobjects was
used. When processing digital images of the surface morphology,
open porosity, total quantity, average size and dispersion of the
structural elements (particles and pores) were determined, and

Accepted 10 September 2018
Available online 14 September 2018

WNn.18.TutynpHast cTpaHuIa CTaTbu

typical distribution patterns of structural elements were obtained
from linear dimensions. MOJIOJBIX Y‘ICHBIX CFTY,
© 2018 The Authors. Published by Elsevier Inc. This is an open OHy6HHKOBaHHOﬁ B 3apy66)KHOM

access article under the CC BY license

(http://creativecommons.orgjlicenses/by/4.0/). U3JaHUuU «Data |n Br|ef) (20181'*) [19]




Momnonoit nmoktop Hayk, mpodeccop AJiekcanap POMHUH TPEACTaBUI PE3YJIbTAThI
KOJUIEKTUBHOTO HAYYHOT'O HCCIIEJJOBaHMS Ha KPYMHOM MeXAYyHapoAHOW KOH(EpeHLHUHU IO
Mexanuke kommo3utoB «4th International Conference on Mechanics of Cagrips»
(MechComp2018)upoxoausiieii ¢ 9 mo 12 urons 2018r. B MaapuackoM yHUBEPCUTETE MMEHU
Kapnoca Il (Mcnanus) (Ma.19). B pamkax cekmuu «Functionally Graded Materials and
Structures»moaepaTopoM KOTOPOM BBICTYIHII CApaTOBCKUN yUEHBIH, ObLT MPEICTaBIICH JTOKIIAT
Ha Temy. «Composite Structure "Steel 1.2361 — Ti — Ji@nd Its Production by Contact
Welding with Subsequent Induction-Heat Treatmeromosunnonnas crpykrypa "Craib
1.2361 — Ti — Ti@' u eec monydeHHe KOHTAKTHOW CBApKON C IMOCIEAYIOIICH WHIYKIHOHHO-
TepMudeckoii oopabotkoit) (Ma.17(4) [18]. Yuenomy cooOinecTBy OBUIM TMpPEACTABICHBI
pe3yNbTaThl HCCIIEAOBAHKS HOBOTO THUIIA KOMITO3UIIMOHHOW CTPYKTYPBI «CTallb — TUTaH / PyTHI»

C DKCTPEMAaJIbHO BBICOKOM TBEPAOCTHIO. /laHHBIE 00pa3libl KOMIO3UIIMOHHBIX CTPYKTYP UMEIOT
BBICOKHI MOTCHIIMAJ JIJISl MCIIOJh30BaHMs B METAIO00pa0aThIBAIOIIEH OTpaciiv, B YaCTHOCTHU
IIPU U3TOTOBJICHUM CMEHHBIX PEKYIIUX IJIACTHUH PE3LIOB.

Universidad
Uedm  Carlos i
de Madrid

Mn.19. TIpodeccop Aaexkcanap DPomuH u mnpeacemarenas koudpepernun «MechComp2018»
Prof. Antonio Ferreira (Manpuackuit yauBepcuter umenu Kapioca [, 2018r.); auckyccus mocine
CEKIIMOHHOTO JOKJIA/IA.

Momnoasie yueHsle A.T.H., ipodeccop AJiekcanap ®oMHUH U K.T.H., JOIIeHT Biaagumup
Kommypo cranu noGeautensMu KOHKypCa, MPOBOIUBIIETOCS B paMKaX COBMECTHOU POCCHIICKO-
repMaHckoi mporpammbl «Mmuxaun JlomoHOocoB» MwuHHCTEpCTBA 00pa3oBaHUS W HAYKH
Poccutiickoit @eneparuu u ['epmanckoii cinyxO0bl akagemudecknx oomenos (DAAD). B pamkax
nanHou mporpamMmbl B 2018 rogy ydeHble MpONLIM TPEXMECAYHYIO HAYYHYIO CTaXHPOBKY B
I'epmanuy, riae uMu OBLTH BBITTOJIHEHHI JIBa TPOEKTA MO TOC3aIaHUIO:

1. dlccnenoBanue cocTaBa, CTPYKTYpPhl U MEXaHUYECKUX CBOWCTB METAINIMYECKHX MaTepHUajioB
U TTOKPBITUH, TTOJIBEPTHYTHIX BEICOKOTEMIIEPATYPHOH 00pabOTKE TOKAMU BBICOKOW YaCTOTHI»
[20];

2. diccnenoBanre  CTPYKTYpbl W MEXaHHYECKUX CBOMCTB HMHCTPYMEHTAIBbHOH  CTaiH,
MOJIBEPTHYTOMN 3IeKTporCcKpoBoMy JierupoBanuio TiC u TiC-WC kepamukoi U GUHHITHON
obpabotke» [21].

B xome craxxupoBKM ObUIM YCOBEPIIEHCTBOBAHBI BBICOKOTEMIIEPATYPHBIE IPOLIECCHI
UHAYKITHOHHOW TEpMOOOpPAOOTKU TYrOIUIAaBKMX METauloB (TUTaHa, LUPKOHUS, TaHTAJa),
3JIEKTPOUCKPOBOTO W (UHUIMIHOTO (HOpMOOOpa30BaHUS TOKPHITUH U3  BBICOKOIPOYHBIX
TBEPAOCIUIABHBIX MAaTEpPHAJIOB Ha CTANBHBIX HM3AenusaX. JlaHHOe HampaBieHHE paboT SIBISETCS
MPOAOJKEHHEM JABYCTOpOHHEro coTpyanuuectBa Mexay CI'TY wumenm ['arapuna [O.A.,
HEMELKMMHU By3aMHU U TIPOU3BOACTBeHHbIMU KoMmmaHusmu (Mn.20).



PSS SN - .- g1
Nn.20. Monoapie yuenbie Kadeapsr MBU mpomnuti HaydHyr CTaXHpOBKY B ['epmanum (cieBa —
9KCIIepUMeHTaNbHas (abpuka / JUTEHHOE MPOHM3BOJCTBO MPEIU3HOHHBIX ATIOMHUHHUEBBIX CIUIABOB) U
MIPHUHSUIA y4acThe B paboTe KpyHHeWIIeH BBICTaBKH 10 00paboTke ymcToBoro meramia «EuroBLECH
2018»8 I'annosepe (2018r.).

[ToMuMoO TyOIMKAITMOHHONH aKTUBHOCTH, MOJIOJIbIE YUeHBIE Kadeapsl yAeIsitoT O0IbIIoe
BHHMAaHHE MOBBIIICHUIO KaYeCTBA PYKOMUCHBIX MaTepuayioB. [Ipodeccop Asekcanap ®oMuH ¢
2018r. cran perieH3eHTOM psifa MPOQPIIBHBIX MaTEPHUATOBEIYECKUX JKYpHAJIOB HM3AAaTEIbCTBA
«Elsevier» 1 3a MHOTOKpaTHOC M BBICOKOKAYECTBEHHOE PACCMOTPEHHUE PYKOMUCEH ObLT
ynocroen ceprudukara [logerHoro pernensenra «Outstanding Contribution in Reviewingmis
KypHaia «Ceramics International(oxts6ps, 2018r.) (Mn.21).

Seraeiles
ELSEVIER

Ceramics International

@)m&z/n@/y/&/@ %MMWM@ tre %7
j awarded October 2018 to

Aleksandr Fomin

in recognition of the contributions made to the quality of the journal

O ) 3 3 s oy 2y 0 3 3 S ey e O 3 S Sy ) S Y S SO SN BB e &

Nn.21. Ceprudukat nouetHoro perensenra (2018r.).



B 2019rony uccnenoBatenbckas paboTa mo psay IPOEKTOB, B 4acTHOCTH Poccuiickoro
Hayyaoro ¢onma (mpoekr PH® 18-79-10040)u I'panra Ilpesumenta PD (mpoexkr MJI-
157.2019.8) minst MOJIOABIX JOKTOPOB HayK, ObLIa OTpakeHa B MOHOABTOPCKUX CTaThsX,
U3JAaHHBIX B BBICOKOPEHTHHIOBBIX KypHaigax «Ceramics International u «Composite
Structures (Ma.22(1-2) [22,23. Tlocneanue  pa3pabOTKH  KacarOTCs — HCCICIOBaHHS
CBepXTBepAbIX MaTepuanoB (¢ TBepaocthio > 40I'TIa) B BuAEe TOHKHMX TMOKPBITHH H
(YHKIIMOHATBLHO-TPAIUCHTHBIX CTPYKTYP, (OPMUPYEMBIX Ha THTaHE, IUPKOHUHM U TAHTAJIC 3a
CYEeT MHAYKIIMOHHO-TEPMHUIECKON 00paboTKH.

Ceramics International 45 (2019) B258-8264
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Superhard titania coatings produced on titanium using induction heat
treatment
m |

Aleksandr Fomin b

Yuri Gagarin State Technical University of Saratov, 77 Politechnicheskaya Str,, Saratov, 410054, Russia

ARTICLE INFO ABSTRACT

Keywords: Superhard titania coatings were prepared by high-temperature oxidation of commercially pure (¢p) Htanium
Superhard materials using induction heat treatment (TIHT). IHT was performed at the temperatures in the range of 850-1300°C for
Tiani coatmpe 1-300 s in air atmosphere. According to the results of energy dispersive X-ray analysis (EDX), X-ray diffraction

Induction heat treatment
Crystal structure
Titanium

(XRD), scanning electron microscopy (SEM), micro- and nanoindentation tests, titania coatings with submicron
crystals characterized by high hardness H = 52-65 GPa, plasticity index H/E = 0.1-0.13, and britte fracture
resistance H'/E® = 0.55-1.09 GPa were formed on cp-Ti due to THT at T = 1200-1250 "C and exposure duration
t = 3-55. The resulting TiD; coatings indicate that there is a possibility for creating superhard materials using
high-temperature conditions for the growth of crystals at the atmospheric pressure of air.
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Fig. 1. General view of the IHT process, where: a - the beginning of the glow of 10 rf'r =
the titanium sample (I - a tubular copper inductor with insulation, 2 - a quartz ;
chamber, 3 - a titanium sample), b - T = 850-950°C (“low level”), ¢ - !
T = 1000-1100°C ("medium level"), d - T = 1200-1300°C ("high level"), and e 08 1.0 1.7 1.2 1.2 1.4

7]

- the dependence of exposure temperature on energy parameters. 3
T >x10 , °C
WNn.22(1) TurynapHas cTpaHuna W Tpaduueckuii marepuan craTtbd Mojomoro yuenoro CITY,
OIyOJIMKOBaHHOI B BEICOKOPEHTHHIOBOM 3apyOexHoM u3nanuu «Ceramics International(2019r.) [22].
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ARTICLE INFO ABSTRACT

Keywords: Zirconium oxide coatings were produced by induction heat treatment (IHT) of E110 zirconium. The THT was
Functionally graded coatings performed at temperatures within 600-1200 C for 30-300 s. According to the results of scanning electron mi-
Zirconium oxide croscopy (SEM), energy dispersive analysis (EDX), X-ray diffraction (XRD), and nancindentation, zirconium
Zrconium oxide coatings with high hardness of 44.56 + 7.40 GPa (at load of 10mN), 25.76 + 278 GPa (at load of

Induction heat treatment

_ 200mN), and elastic modulus of 387 + 55 GPa (at load of 10mN), 372 = 20GPa (at load of 200 mN) were
Superhard materials

formed on zirconium by IHT at 800-850 °C for 300s. The functionally graded oxide coatings consisted of a
mixture of a-ZrQ» (baddeleyite) and y-ZrQ, (cubic zirconia), the oxygen concentration on the surface reached a
maximum of 69.52 + 3.16 at% and the thickness of the oxygen-rich layer was about 8-10 pm.

Wn.22(2) TuryneHass cTpaHmiia cTatbu  Mojomoro  yueHoro CI'TY, omny6GnukoBaHHOW B
BBICOKOPEHTHHIOBOM 3apyOekHOM m3mannu «Composite Structureg2019r.) [23].

3aBepIieHbl UCCIEIOBAHMS M0 YIPOYHSIOMICH WHAYKIIMOHHO-TEPMHUYECKON 00paboTke
KOHCTPYKIIMA W3 HEPXKABCIOIIEH XPOMOHUKENEBOMH CTalld, pe3yibTaThl KOTOPOW ObUIH
onyOJIMKOBaHbl B KOJUIGKTHBHOH CTaThe XypHana «Composite Structures (mekadps, 2019r.)
(Mn.23). YcTaHOBICHO, YTO TOHKHE OKCHIBI XpoMa 00pa3yloT PYTHIIONOMAOOHYIO CTPYKTYDY,
KOTOpasi MUMEET BBICOKYIO MPOYHOCTH, TBEPIOCTh M OMOCOBMECTUMOCTH (BBIMOJIHEHBI 1N VItro

TecThl) [24].
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Composite metal oxide coatings on chromium-nickel stainless steel
produced by induction heat treatment )
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Yuri Gagarin State Technical University of Saratov, Instimee of Electronic Technology and Engineering, 77 Politechnicheskaya Str., Saratov 410054, Russia

ARTICLE INFO ABSTRACT

Keywords: Metal oxide coatings were formed by induction heat treatment (IHT) on the surface of 12Cr1 8Nil0T stainless
Metal oxide coatings steel. The phase composition of these coatings comprised oxides of alloying elements, such as CrO, (rutile-type
Stainless steel phase), Ni0, and slight amount of other oxides (Cra0Os, FeaOs, Fes0,4). Nanosized morphology parameters were

Induction heat treatment
Surface morphology
Hardness
Biocompatibility

determined on the surface of steel samples with coatings subjected to low temperature IHT at T = 800-850°C.
The average size of nanograins was about 30-80 nm at an exposure within t = 30 s The equivalent hardness
value (Vickers scale, HV) of the near-surface layer was 445 + 10 HV, which was slightly lower than the initial
hardness value of untreated 12Cr18NilOT steel. Hardness of the metal oxide coatings themselves
H=10.86 + 4.47 GPa determined by the nanocindentation method was almost 4 times higher than the initial
hardness of the steel surface. In vitro testing for biocompatibility of the metal oxide coatings confirmed that high
morphological heterogeneity of the surface ensured excellent adhesion of cells.

Wn.23. TutynbHas cTtpaHuna ctatby MoloAbX yueHslx CI'TY, onmyOnuKoBaHHON B BBICOKOPEHTHHIOBOM
3apyOexxHoM m3mannn «Composite Structureg2019r.) [24].



C 15 no 29 urona 2019 rona npodeccop Anexkcanap ®omuH nocetun ['epmanuio B
paMKax MepBOTrO 3Tara KpaTKOCPOYHOH CTaKUPOBKH B MarneOyprckoM YHHBEPCHUTETE MMEHU
Otro ¢on I'epuke. OcHOBaHMEM i CTQXHUPOBKM CTAJIM BBICOKMH HAay4HBIH ypPOBEHBb
pEe3yNIbTaToOB, MOJYYECHHBIX IPHU BBHITOJHEHUH paboT mo mporpamme «Muxamn JIoMoHOCOB»
(craxupoBkrn B 2016 m 2018 ropax), npuriamieHue 3apyOekHbIX Kosuier Jun.-Prof.
Dr. Stefan Palis u Dr. Alexander Aman st pa3BUTHS COBMECTHON TeMbl «DOpMHUPOBaHHUE
U3HOCOCTOMKUX METaJUNIOKEPAMUYECKUX MOKPHITHA HA CTAbHBIX IITAMIOBBIX MHCTPYMEHTAX».
JlanHOe MepornpuaTHe ObUTO TOAJIEPKaHO PYKOBOJACTBOM By3a B paMkax I[Iporpammel pa3Butus
CI'TY umenu 'arapuna FO.A. na 2017-2020r. 3a BpeMsi KOPOTKOT'O BU3UTa OBLIM YTOUYHEHBI
HapaMeTphl MTaMIIOBOIO MHCTPYMEHTA, BKIIIOYAsl THITBI M3HOCOCTOMKUX MOKPBITHH, B KOTOPBIX
3aMHTEPECOBAHBI 3apyOexHbIC KOMIIaHUH. Mononoi YUEHBII IOCETHUII
MeTaI000padaThIBAIOIINE IPEAIPUATHS [ 'epMaHNH, TOCTABIAIONINE CBOU JAETATN U COOPOYHBIC
€IMHHIIBI Ha BCE aBTOMOOMIIECTPOUTENbHBIC 3aBObI cTpaH EBpocoroza (M1.24).

=
-

Hin.24 Tlpodeccop Anexcanap ®oMHuH Ha MeTaI000pabaTHIBAIOIIEM 3aBOJIE, CTICHUATN3UPYIOMIEMCS
Ha poOOTH3MPOBAHHOM CBapKe M LITAMIOBKE METAJUIOM3ACNUH (Ha 3a7HEM (OHE PACIOIOKEH MHpecc C
yemmem 1000tc) (r. Lénun, 'epmanus, 2019r.).

B xone MHOTOIETHETO COTPYAHMYECTBA MEXKTYHAPOAHBINA KOJIJIEKTUB ClI€Ial 1I0CTaTOYHO
OoJbIION 3amen Uisl pa3BUTHS HMHCTPYMEHTAJIBHONM TEMaTHMKHW B paMKax KPYMHBIX Hay4yHO-
UCCIICIOBATEeIbCKUX W TPUKIAAHBIX (X03J0TOBOPHBIX) TeM. [IpeaBapuTeNbHbIC PE3YJIbTaThl
CBS3aHBl C M3TOTOBJICHHUEM IITAMIOBBIX (OPM M TECTOBOTO HWHCTPYMEHTa MAJisi TIyOOKOMH
BRITSDKKH (M1.25). AKTHBHO BemyTcsi MCCIEAOBaTelIbCcKue paboThl MO pa3pabdOTKEe TBEPABIX H
W3HOCOCTOMKHX MOKPBITMM JJI IOTAMIIOBOIO HHCTPYMEHTA, BBINOJHSAKOTCS TECThl IO
3apyOeXHBIM CTaHIAPTaM JUISl OMPEICIICHUS BBITSDKHON CIIOCOOHOCTH KOHCTPYKIITMOHHON H
BBICOKOTIPOYHOM CTajlei, a TakKe aJIOMHUHHUEBBIX CIUIaBOB. B paboTe MpUHUMAIOT ydyacTue
crynentsl U acnupanTsl IlaBea IMaakanoB u Ajiekceid Boiiko, Moyiopie yueHble — JOLICHTHI
Baagumup Komypo u Anekcanap IMdymuamn u 3apybexssie kosterm Dr. N. Mukhin,
Dr. A. Aman u Dr. S. Palis



Induction heat treatment of steel punches with Zr-containing
coatings and preliminary results of FLD characteristics when
drawing C45 carbon steel

A Fomin', V Koshure', A Slmmilin], A \"o‘\'kot. P Palkanov', A Aman™,
N Mukbin®™, § Palis’

"Yun Gagarin State Technical University of Saratov, Saratov 410054, Russia

* Otto-vou-Guericke Univessity, Magdeburg 39106, Germany

¥ Otto Vollmann GubH & Co. KG, Gevelsbers 55285, Gennany

*Saint Petersburg Electrotechnical University, Saint Petersburg 197022, Russia

Abstiact. The paper presents data on strengthening nduction heat treatment (THT) of die tools
(punches) and production of wear-resistant Zr-containing costings on therr surfaces.
Preliminary results were obrained on the forming limit diagrams (FLD) during drawing
(Nakazima's test) of sheet C45 carbon steel. It was established that punches with Ze-containing
coatings after THT lad better charactensties for stretehing compared to the uneoated too] steel.

Nn.25. DxcniepuMeHTabHBIe 00pa3iibl IITAMIIOBOTO HMHCTPYMEHTa JIJIsl TECTUPOBAHUS METAIUIOB U
CIUIABOB, OCHACTKHU JUIS BBITSDKKH M MOJUQUIMPYIOMIETO WHIYKIIMOHHO-TEPMUYECKOT0 000PYI0BaHMS,
pa3paboTaHHOTO MOJIOJBIMHU YYCHBIMH.

[Mpodeccop Adjekcanap POMHMH B OUYEPEAHOW pa3 MPEACTABHI  PE3yJIbTaThl
KOJUIGKTHBHOTO HAYYHOTO HCCJICHAOBAaHHS HA MEXKIYHAPOAHON KOH(EPEHIHH M0 MEXaHUKEe
xommo3utoB «5th International Conference on Mechanics of Castipe» npoxoausieii ¢ 1 mo
4 wrons 2019r. B JIuccabone (ITopryramus) (Ma.26).

~| TECNICO
LISBOA

Nn.26. Joxknamunku n3 Kuras, Typuun, [onsmm n Poccun Ha ceknnu «DyHKIMOHANBHO-TPAIMCHTHBIC
MaTepuaibl U CTPYKTYpBI» Ha MEXKIyHApOAHOW KOH(pEpEeHIHH MO MEXaHHUKe KOMIIO3MTOB B Briciiem
TexHUYeCKOM uHcTHTyTe Jlnccabona (2019r.).

OCHOBHOU CEKIIMOHHBIN TOKJIa OTpakall HauboJjee BaXKHBbIC PE3yIbTaThl UCCIICTOBAHMI
no mpoektry PH® 18-79-10040 cBs3aHHBIE C CO3JaHMEM HOBOTO THIIA  CJIOHCTOM
KOMITO3UIIMOHHON CTPYKTYPbI «THTaH — TaHTal / IEHTOKCHU/I TAaHTaJIa» ¢ 3KCTPEMAIIbHO BBICOKOH
TBepAocThio (okono 55ITIa), momyueHHOW BaKyyMHO-KOHICHCAIMOHHBIM pAacCIbUICHHEM |
KOHTAKTHOM CBapKoW ¢ mocienyromed Moaudukanyueld TOKaMH BBICOKOW 4YacToThl. J[aHHBIE
00pa3ibl KOMITO3UIIMOHHBIX CTPYKTYpP HMMEIOT BBICOKMH MOTEHIMAN JUIsl WCIOJIb30BaHUSA B
BOCCTAHOBUTEJIBHOW  MEAMIIMHE TpPU  M3TOTOBJIECHUM  MallOra0apuUTHBIX  KOHCTPYKUUMN
uMmIDIaHTatoB. CtaTbs B BBICOKOpEHTHHTOBOM wm3iaHuu «Composite Structures seimuia B
navaie 2020roga (Mn.27) [25].
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Functionally graded “Ti-base + (Ta, TayOs)-coatings” structure and its

production using induction heat treatment m
Marina Fomina®, Vladimir Koshuro®, Aleksandr Shumilin®, Aleksey Voyko?,

Andrey Zakharevich®, Aleksandr Skaptsov®, Aleksey Steinhauer®, Aleksandr Fomin™’

* Yuri Gagarin State Technical University of Saratov, 77 Politechnicheskaya Str., Saratov 410054, Russia

® Seratov State University, 83 Astrukhanskaya Sir., Seratov 410012, Russia

ARTICLEINFO ABSTRACT

Keywords: On the surface of the “Ti-base + Ta-coating” layered system, tantalum oxide coatings were obtained by in-
Tantalum duction heat treatment (IHT) within 600-1600°C for 1-120s. It was established that in the entire range of
Tﬂmfﬂ_‘-‘m oxide temperature and duration of IHT, the highest oxide with an oxygen concentration Cyoy = 70.35-72.48 at.% was
Induction heat treatment formed on tantalum. An oxide coating without cracks having an average grain size D = 170-340 nm and pore

Hardness

size Dp = 130-150 nm was formed at T = 1000-1050 "C. With an exposure time t = 30-120s in the temperature
Layered system

range from 850 to 900 to 1000-1050 °C, high hardness values about 39-47 HRA (105-135 HV) for the tantalum
layer and about 69-84 HRN15 (240-495 HV) for the near-surface layer were noted. These samples also had a
superhard oxide coating with Hy o = 55.27 + 16.00 GPa and Hy; = 39.09 * 13.10 GPa. The results of the
study of these samples showed that high microhardness of 1579 = 537 HV,, » combined with high Rockwell
hardness and low defectiveness of the oxide coating allowed the creation of a mechanically stable “Ti-
base + (Ta, Ta,Og)-coating” layered system.

HUn.27. TutynbHas cTtpaHuna ctatby MoloAsiX yueHslx CI'TY, onyOnuKoBaHHON B BBICOKOPEHTHHIOBOM
3apy0exxHoM u3nannnu «Composite Structureg2020r.) [25].

B nauane oktsa6ps 2019 roma mpormren BTOpoW 3Tam CTaXKUPOBKH B MaraeOyprckom
yuuBepcurere umeHu Otro don [epuke (['epmaHMs) MO pacHIMPEHHOMY HANPABICHUIO TEMbI
«MccnenoBanne CTPYKTYphl U CBOMCTB CBapHOM CTalb-TUTAHOBOM KOHCTPYKIIMM M MpoIiecca ee
MOCTEAYIONIEH XUMHUKO-TEPMUYECKOW 0OpaObOTKM TOKAMHU BBICOKOM YACTOTHI IS CO3JaHUS
METaJIJI000pabaThIBAIONIET0  HMHCTPYMEHTa  C  M3HOCOCTOMKHUMH  METAJUIOOKCHUIHBIMU
HOKPHITUAMU». OCHOBHBIE PE3yNIbTAThl 3TOW PabOTHI JETJIM B OCHOBY IPOMEXKYTOUYHOTO OTYETa
Hay4YHbIX HccaemoBanuii o ['panty Ilpesuaenra PO (mpoekr MJI-157.2019.8)m1s MOI0ABIX
JIOKTOPOB HAYK.

[Ipy BBITOTHEHUU TEOPETHUECKOM dYacTH wuccienoBaHuii mo rpanty PH® Ne 18-79-
1004Q pyxoBoauTenb mpoekTa — 3aBeayromuil kageapoit MBU, Bexymunii HayqyHBI COTPYTHHUK
Anekcanap ®OMUH MPEICTABUI HAYYHOW OOIIECTBEHHOCTH KIACCU(DUKAITUIO U TEOPETHIECKOE
000OCHOBaHME 3aBUCUMOCTH TBEPAOCTH [UII KEPaMHUYECKHUX MAaTepHaAIOB OT IapamMeTpoB
KPUCTAJJIMYECKON CTPYKTYpPHI, B UACTHOCTU 00bEMa U THUIMA PEIIETKH, a TaKKe MPEI0KEHHOTO
«cTpykTypHOro K-gakropa», ompenensonero <«(QeKTuBHbII 00beM KpHCTAIIINYECKOM
CTPYKTYpbI». B uccienoBaHuu NpeiokKeHO OMUCAHHE YCTAHOBJIEHHOM 3aKOHOMEpPHOCTH MJIst
CBEpPXTBEPABIX MaTepHanoB (anMa3, BIOPTIUTHBIA W KyOMUYECKHI HUTpPHUI Oopa, OeTa-HUTpH]
yriepona, cyookcus 6opa, IMOKCH] THTAHA CO CTPYKTYpPOH CTUXOBHUTA), TBEPIBIX MATCPHUAIIOB
(kapOug 6opa, KOPYHJI, KBapIl, pyTHJ, KapOUIbl, HUTPU/IBI U OOPHUIBI TYrOIUIABKUX METAJIOB) U
MSITKAX MarepuasioB (rpaduT, rekcaroHadbHbIA HUTpU Oopa). JlaHHbIE COCTMHEHHS] UMEIOT
Pa3IUYHYI0 MOJIEKYJSIPHYIO CTPYKTYpPY, KOTOpasi MOXET OBbITh OTHECeHa K «IPOCThIM» WM
«CJIOKHBIM» COCIUHEHUSM CO CBEPXCTPYKTYpoi. B pabore Taxke NMpHUBOAATCA PE3YIbTaThl
MOMCKOBOT'O HCCIIEJJOBaHMS, COTJIACHO KOTOPOMY HMMEIOTCSl JIaHHBIE IO MEpPeXOoAy TBEPIbIX
MaTepHajioB B CBEPXTBEPAOE COCTOSHHE, COMPOBOXKIAIOMIEMYycs (ha30BBIM IEPEXOJIOM B
TBEPJAOM COCTOSIHMM, TIOJ] BO3JEHUCTBHEM OSKCTPEMAlbHO BBICOKOTO JaBieHUs. Crarbs
oIyOJIMKOBaHa B BBICOKOPEHTHHTOBOM kypHaie «International Journal of Refractory Metals and
Hard Materials (ummakr-pakrop 2.794 3a  2018r.), KOTOpbIi HHICKCHUPYETCS B
HaykoMmeTpuueckux cucremax: Ql — «Web of 8ence»no pyopukatopy «Metamunyprust u
MeTayuryprudeckue Textojaorun»; Ql — «Scopusmo pydpukaropam «KepaMuka U KOMIIO3UTBI»
(ocHOBHOI), «XuMusi MmatepuanoB», «“Metaisl U ciuiaBe» (Ui1.28) [26)].
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HUn.28. TutynpHass  cTpaHuua  cratbu  Mojogoro  ydenoro CITY,  onyOnukoBaHHOH B
BBICOKOPEMTHHIOBOM 3apyOexkHoM m3manmu «International Journal of Refractory Metals and Hard
Materials> (2020r.) [26)].

[lepenoBeie  HcciaenoBaHMS —~ KOJUIGKTMBA  MOJOABIX  y4yeHbIX  Kadenpst MBU
HPOJIOIDKIIINCH B YaCTH PA3BUTHUS TEPMUUECKON M XUMHUKO-TEPMUIECKOH 00pabOTKH METAJIIOB U
CILUIaBOB C TPUMEHEHHEM HHIYKIMOHHOTO HarpeBa. Ha JaHHOM HampaBiIeHWW 3HAYUTEIbHAS
9acTh AKCIIEPUMEHTAIFHONH pPAa0OTHI BBIMOJIHIETCS ACHUPAHTOM IIEPBOTO Kypca AJiekceeM
Boiiko, KOTOpBIi  BIUIOTHYIO  NpUONU3WiICs K  pa3paboTke  BBICOKOI()(HEKTUBHOM
JIEKTPOTEXHOJOTHN HMHIYKIIHOHHOTO YIPOYHEHHS THTAHOBBIX TOHKOCIOWHBIX JJIEMEHTOB 3a
CUET BBICOKOTEMIIEPATYPHOI IIEMEHTAllMd U (POPMUPOBAHUS KAPOOHUTPUIHBIX MOKPBITHH C
BBICOKOI TBEPOCTHIO, HIIEKTPOIIPOBOJHOCTEIO M OMOCOBMECTUMOCTHIO. Pykomnucs, oTpakatomas
JIaHHBIC WCCIeoBaHMs, OblIa 0J00peHa K myOnuKanuu B xypHaine «Composite Structuresu
yKe TOCTYITHA Il O3HAKOMIIEHHs Ha caiite uzmarens (M1.29) [27].
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Functionally graded Ti(C,N) coatings and their production on titanium using
solid-state carburization associated with induction heat treatment

Check for
Aleksandr Fomin®, Aleksey Voyko, Marina Fomina, Sergey Mokrousov, Vladimir Koshuro
Yuri Gagarin Sire Technical University of Saratov, 77 Politechnicheskaya str., Sararov 410054, Russia
ARTICLE INFO ABSTRACT
Keywords: On the titanium surface functionally graded layers in the form of carbonitride TiCo 45.072No 28 0 47 coatings were
Titanium obtained by solid-state carburization associated with induction thermochemical (ITC) treatment at temperatures
Carbonitride coating from 1050-1100 to 13001400 “C and exposure time within 8 min. A homogeneous porous structure of coatings

Induction thermochemical treatment
Hardness
Functionally graded structure

with the thickness of 2.9-5.9 pm was formed in the low (1050-1100 "C) and medium (1250-1300 °C) tem-
perature ranges. The average nanograin size varied from 63-68 to 100-121 nm and the size of the holes (pores)
ranged from 45-58 to 64-84 nm. The hardness of coatings varied from 20.8 to 49.7 GPa and elasticity modulus -
from 235 to 525 GPa. However, a high hardness value H = 47.6 = 129 GPa, a low elasticity modulus
E =290 + 73 GPa combined with microhardness Hyye = 120 = 0.9 GPa and caleulated plasticity index H/
E = 0.16 and brittle fracture resistance H*/E® = 1.28 GPa were provided by ITC treatment of titanium at a
temperature T = 1250-1300"C and exposure duration t = 4 min. High hardness at various indentation loads of
the carbonitride TiC, 55N, 4; coating was also explained by the formation of an underlying modified layer with
an a’-Ti structure.

1
(a) (b) (c)

Fig. 1. Arrangement of structural elements of the device for thermochemical

treatment of titanium samples at high-temperature exposure (a, b) and slow
cooling (c): I — an inductor; 2 — a quartz tube; 3 — a sample container; 4 — a
cover plate of the container.

Wn.29. TutynpHass  cTpaHuiia  crathl  Momomoro  yuenoro  CI'TY,  onyOnMKOBaHHOW B
BBICOKOPEHTHHIOBOM 3apyOekHOM m3mannn «Composite Structureg2020r.) [27].



Takum 00pa3oM, OCHOBHOH 3amayeil Monoabix ydeHbIx Kadeaper MBU B pamkax
MEXTYHAPOIHOW KOOTEpAaIMH SIBISICTCS COXpaHCHHWE HapaOOTaHHBIX CBs3eil C 3apyOeKHBIMH
KOJUIEraM#, OCOOCHHO HAy4YHBIMH COTPYAHUKAMH TEXHUYECKUX BY30B, MPEACTABUTEISIMU
HAYKOEMKHX CTapTar-MpOEeKTOB U KPYITHBIX MPOM3BOJCTBEHHBIX KOMITAHUH METAIIIO00PaOOTKH.
JIns yCTIeIIHOTO BBINOJIHEHHS WHAWKATOPHBIX MOKA3aTelle NeWCTBYIOIIUX HAYYHBIX MIPOTPaMM
(PH®, PODU, rpanros/crunenaunii [Ipesumenta PO u mpoekToB rocyaapCTBEHHOTO 3aaHus) U
Oynymmx 3asBOK HEOOXOJMMO MOBBINIATH YPOBEHb HMCCICAOBAHUN B YaCTH IPEICTABICHUS
IKCMEPUMEHTAIBHOTO M TEOPETUYECKOr0 MaTepuaia B BHJIC CTaTed, MyONUKyeMbIX B
BBICOKOPEHTHHTOBBIX W3AaHusx mepBoit kBaptwim (Q1L), manmpumep «Composite Structures»,
«Ceramics International», «International JournaRefractory Metals and Hard Materials»
APYruX IPOMIIBHBIX KypHATIaX.
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