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3micT aucepraunii. ucepranis npUcBsU€Ha 10CTIIKEHHIO TPUHLIUIIOBUX MTUTaHb
BIUITMBY METATypriiiHUX MPOIIECIB HA CKJIAJd Ta CTPYKTYPY 3JUBKIB JJIsl BUTOTOBJICHHS
KaTO/[IB, BUBUYECHHS BIUIMBY MOAM(IKYIOUUX €JIEMEHTIB Ha CTPYKTYpYy Ta BIACTHBOCTI
KAPOCTIMKUX TOKPUTTIB, BIIPOBA/KEHHIO HOBOI TE€OMETpli Ta CKIagy KaroliB y
TEXHOJIOT1I0 HAaHECEHHs MOKPUTTIB Ha jonatku ['Tl (ra3oTypOiHHUX JBUTYHIB).

Po3misiHyTO 4OTHpPU OCHOBHI METaJIypriiiHl METOJIM BUTOTOBJIEHHS KapOCTIMKOTrO
crmaBy Ni-Cr-Al-Y: BIB (BakyymHo-iHaykiiiHa BumiaBka), EIIIl (exekTpoHHO-
npoMeHneBuil mneperia), BJIII (BakyymHo-myroBuii mnepemnaB), I'M (rpaHynbpHa
MeTaypris).

[TpoBeaeHO MOCHITKEHHS BIUTMBY METATYPTiHHUX METOJIB BUTOTOBIICHHS CIIJIaBY
Ni-Cr-Al-Y Ha sKiCHI TOKa3HMKH KaTOIB, a caMe: XiMidyHa OJHOPIAHICTh, TUCTICPCHICTh
CTPYKTYpH, TOMOT€HHICTbh, HasIBHICTh JI€()EKTIB.

KoskeH 3 oTpuMaHuX KaToJIB MIJJISATaB MEPEBIpIl Ta OLIHII K eKCIUTyaTallliHuX
XapaKTePUCTUK POOOTH Ha yCTAHOBII (CTAOUIBHICTH MapaMeTpiB HAHECEHHsI, HAABHICTh
nedeKTiB Ta iH.), TaK 1 SKOCTI OTPUMAHOTO MOKPUTTS (OAHOPITHICTH XIMIYHOTO CKJIAY,
HasIBHICTH I€(PEKTIB, pO3MIp KpareybHoi (a3u Ta iH.).

Cepen Oaratbox (hakTOpiB MPOCIIIKOBYETHCS 3aJICKHICTh KpamnenbHOI (Ga3u He
TUIBKHU BiJ] TTapaMeTPiB HAHECEHHs, a W BIJl MOYATKOBOTO CTAaHY CTPYKTYpH Marepiany,
1m0 HaHocuTbeA. Tak, HaWKpalll pe3yiapTaTd 3a MapaMeTpoM BEIMYMHU KpareabHOi

¢a3u nokazanu metonu I'M ta BJIII. Ouinky npoBoauin 3a pe3yiabTaTaMu MiIpaxyHKy



KUTBKOCTI Ta pO3MIpy Kparneib Ha MMOBEPXHI MMOKPUTTS.

Ha ocHOB1 OoTpuMaHHUX PE3yJbTaTIiB PO3MOALITY CTPYKTYpH, XIMIYHHMX €JIEMEHTIB
Ta KpamnenbHoi (a3u Oyno oOpaHO ONTHUMAIbHUN METOJ] BUTOTOBIEHH:S. BcraHoBieHo,
mo Mmeron BJIII m03BONMB 3MEHIIMTH IUCIEPCHICTH CIUIAaBY Mailke B YOTHPU DPa3u
MOPIBHAHO 3 TIOX1IHUM, TIPU [ILOMY CTPYKTYpa CILIaBy CTajia OuIbI TOMOT€HHOIO.

BusnauuBmmce 3 MeTooM BurotoBiaeHHs karomiB (BJIII) ta 6azoBum ckiamom
crutaBy  (Ni-Cr-Al-Y), npoBoawiad TOCTIKCHHS 3 Migoopy MoaudikaTopiB s
MOJIMIICHHS HOTO BIACTHBOCTEN Ta OTPUMAHOTO 3 HHOTO MOKPUTTSI.

Cepen OaraTbox BIJOMHX €J€MEHTIB MoaudikaTopiB Oynu oOpaHi iTpiid, JaHTaH,
rapHid Ta iX crnomyku. Bci 1 enemeHTH n00pe MOEMHYIOTHCA 3 0a30BUM CKIIAJIOM
(HIKEIb, aTIOMIHINA, XPOM).

Ha nmouarky npoBowiu BiIpaIfoBaHHs MPOIECIB TAKUX SIK PEKUMU TIJIaBICHHS,
PO3paxyHOK MIMXTOBUX MarepiajiB, OLIHKY BIUIMBY METAIYPridiHUX (PaKTOPIB HA CKIA,
CTPYKTYpYy Ta T€OMETPIIO 3JIUBKIB ISl 3arOTOBOK KaTojiB. OCHOBHA BIAMIHHICTh HOBOT
reoMeTpii KaToAiB TOJSTa€e y BUTOTOBIEHHI iX y (opMi 3pi3aHOTO KOHyca 3 0a30r0
0araTopazoBOro BUKOPUCTAHHS.

BuroroBisuin crjlaBu 3 KOXKHUM MOAM(IKATOPOM OKPEMO Ta BU3HAYaIM MO0
BIUIMB Ha CTPYKTYpY CILJIaBY B IIJIOMY.

Buxoasuu 3 oTpuMaHUX pe3ysabTaTiB BCTAHOBIEHO, 0 HAHOLIbII €(DEKTUBHUM €
3acTocyBaHHs TadHIIO Ta JIAHTaHy Ui OTpPUMaHHS JpiOHIMIOT CTPYKTypH Ta
PIBHOMIPHOTO PO3MOJLIY €IEMEHTIB y CKJIal KaToja.

[{i enreMeHTH aKTUBHO B3a€MOJIIIOTH 3 JIOMIIIKAMHU - €JIEMEHTaMH BIIPOBAKCHHS
(mepeBa>kHO 3 KUCHEM 1 ByIJICIIEM) - 1 MOXKYTh YTBOPIOBATH CTaOUIbHI KapOiau 1 OKCUIH
Ha TPaHULAX PO3JLTY B CTPYKTypi (MiK(]A3HI IpaHulll, CKYITYEHHS AUCIOKALIA Ta 1H.).
Takox (HopmMyrOTh HaHOPO3MIpPHI BUJIITIEHHS (a3, sSKi CTa0UTI3yIOTh CTPYKTYPY CIUIaBy 1
M1JBUIIYIOTh 1OTO BIACTUBOCTI.

OpHak, KpiM OTPUMaHHS SIKICHUX 3JIMBKIB, METOIO € MIJABUIIEHHS MMOKa3HUKIB
HNOKPUTTS, TOXK 3 KOXKEHOTO 3alpOINOHOBAHOTO CIUIaBa OyJ0 HAHECEHO MOKPUTTSA Ha
3pasok yionarku 3i crary KC32-BI. [lokputts Hanocunu Ha yctanoBkax KIb ta ATTH-

250, koHTpONBHUM OYyB 3pa30k 3i ckiaagoM Ni-Cr-Al-Y, HaHeceHu# Ha 10HHO-TUTa3MOBI#
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ycranoBii AITH-250. Ha orpumanux 3paskax mnpoBenn MeTanorpadiuyni ta (izuuHi
JOCJIII)KEHHS MOKPUTTIB Ta MOPIBHSAHHS 3 BIACTUBOCTAMHU 1CHYIOUHUX.

Bci orpumani mokpuTTs Manu ofgHakoBy ToBHIUHY (30...50 MkM) Ta 6e3nedexTHy
CTPYKTYPY 3  PIBHOMIPHUM  PO3MOJUIOM  €JIEMEHTIB, 10  IATBEPIKEHO
MeTanorpadiyHIMU Ta METaa0(i3HIHUMH IO CIT1IKEHHSIMH.

[lepecBimuuBIIUCE y TOMY, IO KOXEH 3 MOAU(IKATOPIB HE MIKOJUTH
GbopMyBaHHIO SKICHOTO IIIapy TMOKPHUTTS, PO3pOOJIEHI KOMIUIEKCHI JBa CIUIaBU 3
koMmIutekcHUM MomudikysBanHsM: Ni-Cr-Al-Y-La ta Ni-Cr-Al-Y-Hf-La. Ananoriudo mo
MOMEePEeAHIX CKJIaAiB TPOBEACHI JOCHIIKEHHS MeTanorpadiyHux, QI3UYHUX Ta
MEXaHIYHHUX BJIACTUBOCTEH OTPUMAHUX CILIABIB.

BcTranoBneHo, 110 3MeHIIeHHsT KuUibkocTi JanTany 10 0,3% ta momaBanus 0,3%
ITpit0 JI03BOJISIE€ TOJIIMIIUTH JUCIEPCHICTh Ta CTaOLII3yBaTH MapamMeTpy HaHECECHHS
NOKPUTTS, 3MEHIIUTH IIBUAKICTh BIAIIAPYBaHHS OKCHUAHOI IUIIBKA AJIOMIHIIO 3
MOBEPXHI MOKPUTTS B IPOLIEC] eKCIUTyaTallli.

Hoseneno, mo aoxaBaHHs 0,2% radHil0 103BOJISE MOMINIIUTH (POpMyBaHHS
KAPOCTIMKUX OKCUJIIB XpOMY Ta MPUCKOPUTH (POPMYBaHHS OKCUAY AJFOMIHIIO B MPOLIEC]
eKCIUTyaTaIlli MOKPUTTS.

OOuaBa ckIaau TMOKPUTTS 3a pe3ysbraraMu MeTajaorpadiqHoro AOCHIIKEHHS
MaloTh OIHOPIAHY Oe3Ae(EeKTHY CTPYKTYpy Ta PIBHOMIPHHMIM pPO3MOALT EJIEMEHTIB.
Opnak, 3a ()I3UYHUMH BIIACTUBOCTSMH BOHH BiJIPI3HSAIOTHCSI.

Hactynaum eranmom poGotu Oyno BUIPOOYBAHHS OTPUMAHUX IOKPUTTIB Ha
KAPOCTINKICTD, JJIsI YOTO BUKOPUCTOBYBaM J1aboparopHy enekrporia SNOL 6,7/1300.
Ko>keH 13 BapiaHTiIB MOKPUTTA HaHOCWUIU Ha 3pa3ok 3i cmuiaBy JKC-32BI, narpisanu no
temneparypu 1150 °C ta BurpumyBanu Briponosx 100...400 rogus.

3a pe3ynbraTaMyd BHUMIPIOBaHb BTpaTH Macu 3pas3KiB B Tpoleci BUMPOOYBaHb
3p00JICHO BHUCHOBOK, IO HAWIIMNIIOr0 pe3yiabTaTy BIAJOCS AOCAITH JIOJaBaHHSIM
radHio y ckiaj criaBy. OOuBa CIjiaBu 3 raHIEM MOKa3aJIv 3MEHIIICHHS BTPaTh Macu
y TPOIIEC KAPOCTIMKUX BUTTPOOYBaHb.

[Tokputtss 3 Komiuiekcom MoaudikyBanHs Y-+Hf+La wmae mnepeBaru B

KAPOCTIMKOCTI Ta CTAaOUTHPHOCTI TapaMeTpiB BUIAPOBYBAHHS KaTofa, IO € OLIbII



NEPCIEKTUBHUM JIJIs1 BIIPOBA/IKEHHS B CepliiHe BUPOOHUIITBO.

BuKopUCTOBYIOUM KaToAM pO3pOOJIEHOro CKJaAy HOBOI IeoMeTpii, BUTOTOBJIEHI
metomqom BJIII, Ta pexumu mns mpommcioBoi ycraHoBku KIb, Oymo peamizoBaHo
HAHECEHHS TPaJIEHTHOTO TOKPUTTS Ha JIONATKU TYpOIHU 3 MiABUIICHHSM TOBIIUHU 3
50 MM 110 95 MKM Ha BXigHIN KpoMili. [[poro HeMoxuBO OyJ10 paHilie JOCITTH Yepes
TEXHOJIOTIYHI OOMEXKEHHS 001aJHaHHS Ta SIKICTh KATOIIB.

Tak, Ha BXIJHIM KpOMIIl TOBIIMHA IMOKPUTTS CKJIala ~ 95 MKM, a B cepeaHii
YacTHHI MPOQUII0 JIOMATKU Ta BHUXIAHIA Kpomii ~ 43 MkM. BukopucTanHs Takoro
I'PaJIIEHTHOTO HAHECEHHS 31 301JIBIIICHOI0 TOBIIMHOIO 3a0e3Iedye MiIBUIICHHS PECypCy
pobouoi jonarku TypOiHM MiIHIMYM Yy JABa pa3u. [IpenactaBieHi pe3ynbraTd MEXaHiuHOT
00poOKkn oTpumanoro mokputtsa. g pobora pearnizoBaHa B MPOMHCIOBHX YMOBaX
AT «MOTOP CIY» Ta nmiaTBepakeHa aktamu BripoBapkeHHs (Jomatok A, lonatok b).

B po6oti HaBeneH1 pe3ynbTaTH 3acTocyBaHHs cepiitHoi ycraHoBku KIb 3amicThb
yctaHoBku AITH-250. Lle no3Bonmiio peani3yBaTH TpPATIEHTHY CXEMY HAHECEHHS
MOKPUTTSI Ta 3aCTOCYBaTH KaTOAM HOBOi T'€OMETpii, IO 30LIBIIMIO MPOAYKTHUBHICTH
HanWJIeHHS 3a OIuH poOoumi 1uki. BuxopucranHs ycranoBku KIb migBummio
palllOHATBHICT, BHUKOPUCTAHHS KaTOMIB 3 KapoCTiiikoro cmiaBy. Tak koedilieHT
BUKOpDHCTaHHS ~ Marepiany  karomy  Ha  ycraHoBmi  AIIH-250  cknanae
35... 0%, na ycranoBkax KIb — 70... 0%, mo maibke y nBa pa3u epeKTHBHIIIE.

[Tokazano, mo ycranoBka KIb mo03Bosisie po3MICTUTH B CepeluHI KaMmepu Y
4 pa3u Ounblle AeTaneil 3a paxyHOK CTAI[lOHAPHOTO 3aKpIIJIEHHS Ta pPO3TalllyBaHHS
KaTOJIiB IO Pi3HI CTOPOHH KaMEPH.

Came 1 KOHCTPYKTHMBHAa OCOOJIMBICTh YCTAHOBKHM B TIOEJHAHHI 3 HOBOIO
TEOMETPIEI0 KaTOMIB Ta ONTHUMI30BAHUM CKJIaJ0M JO3BOJISIE peali3yBaTd MPUHIUI
TPaIlEHTHOTO HAHECEHHs MIapiB MOKPUTTS. BUKOpHUCTOBYIOYM daHi, OTpUMaHi TMiCs
eKCIUTyaTalli JiomaTok TypOiH, po3poOjeHa HOBa CXeMa HAHECCHHS MOKPHUTT.
[TimpaxoBaHi MakcHMMasbHI TOBIIMHUA MOKPHUTTS, BIANPAIbOBAHI PEKUMU HAHECEHHS Ta
pO3TaITyBaHHS JIONATOK Y KaMepi BITHOCHO KaTO/IB.

Ha mincraBi mpoeaenux nociimkeHb Ha AT «MOTOP CIY» - poszpoOieHa

KOMIUIGKCHA TEXHOJIOTISI HAHECEHHS TOKPHUTTS Ha TPAKTOBY IOBEPXHIO pPOOOYMX
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Jomatok TypOiHM aBialllfHUX JBHUTYHIB, 3alpOINOHOBaHI MOAM(IKOBAaHI CKJIaau
MOKPUTTA. TeXHOoJOrisg J03BONSE 30UIBIIMTH pecypc poOOTH TypOIHHHMX JIOMATOK B
YMOBaX 3HAYHUX MEXaHIYHUX Ta TEMIIEpAaTypHUX HABaHTAKEHb. TEXHOJOTIS HAHECEHHS
saiicneHa Ha ycraHoBkax KIb po3pooku AT «MOTOP CIY» Ta miaTBepakeHa akToM
BUIMPOOYyBaHb. 3TiIHO 3 aKTOM Ta BHCHOBKOM OYIKYIOTHCSI TaKi TEXHOJOTIYHI Ta
eKOHOMIYH1 e()eKTH:

- MOKJIMBICTh HAHECEHHSI TPAIIEHTHUX TOKPUTTIB 32 OJIMH LIUKJI 00OpOOKH;

- 30L7BIIICHHS BTPUYl 3aBaHTAXKCHHS YCTAHOBKH JIOMIATKAMWA HAa OJWH ITHKI
HAHECEHHSI MOKPUTTS;

- 30LIBIIIEHHS palliOHAJIBLHOTO BUKOPHUCTaHHS Marepiany karomy Ha 35 ... 40 %,
10 CKJIaJJa€ EKOHOMIYHUI e(eKT OlIblle 3 MIIH. TPH 3a pIK Ha 2,5 T CILJIaBY.

Bunyieni po3nopsiadi TOKyMEHTH, 3TiIHO 3 kUM 3 2024 poky Ha JBUTYHAX
AUN-450, AU-450M, AU-450M1, AUN-450M-II, AUN-450M1-I1I, AUN-450M-b,
AU-450M2 cepiitne nokputts podounx sionatok TK Oyzae 3aMiHeHO Ha rpaJieHTHE.

Crnuparoynch Ha JITEpaTypHI JDKEpelia Ta BIACHI pe3yJbTaTH JOCIIKEHb,
BCTAHOBJICHO, 10 YWM O1JbIlIa TOBIIMHA HAHECEHOTO Iapy IMOKPUTTS, TUM HIDKIUN
KJIac MIOPCTKOCTI MOBEpXHI. BianmoBijHO BUHKKAaE HEOOX1IHICTh MPOBEICHHS 00pOOKHU
MOBEPXHI TPAAIEHTHOrO MOKPUTTA. [louaTkoBl 3HAYEHHS HIOPCTKOCTI TPAJIEHTHOTO
TIOKPUTTS CKJIamaroTh Ra 2,5 ... 3,5.

3a momoMororo oOJaJHaHHS ISl CIPSMOBAHOI OOpPOOKH BIOPOTLIAMH BHKOHAHO
NOJIIPYBaHHS MOBEPXH1 MOKPUTTS. Kiac 4ucToTH noBepxH1 301IBIIMBCA Y 4 pa3u 1 CKIIaB
Ra 0,6 ... 0,8.

Cruparoynch Ha pe3yibTaTd MeEXaHiuHOi O0OpoOKH, 3pOOJIEHO BHUCHOBOK, IO
BEJIMKa 1 CepelHsl 3a po3MipaMu KparenbHa (a3a moBHICTIO BiAcyTHi. Kparepu Ha
MOBEPXHI MOKPUTTS - 1I€ CIIAM yAapiB BIOPOTLI Ta MICIs BIIPUBY Kpanenb. Po3pobieHo
JOCTITHO-TIPOMHUCIIOBY ~ TEXHOJIOTIK0 MEXaHIYHOI OOpOOKM TOBEPXHEBOIO  IIapy
IPaJlEHTHOTO TOKPUTTSA BIOPOMONIpYBaHHSAM 13 3a0€3MEUEHHSIM  PIBHOMIPHOCTI
3HIMaHHS TIOKPHUTT, 110 JIO3BOJISE€ 3HAUHO 3HU3UTH MIOPCTKICTh 3 Ra 3,2 1o Ra 0,4.

JInst 301IbIIEHHS] PEMOHTONPUIATHOCTI JIOMATOK po3po0JieHa Ta 3alaTeHTOBaHa

TEXHOJIOTISI 3HSITTS JKAPOTPUBKOTO TMOKPUTTS METOAOM EJIEKTPOIITHO-TIa3MOBOI



00pOOKH.

Otpumani BucHOBKH 3 AT «MOTOP CIY», B sAkux 3a3Ha4yeHl MOJOXKCHHS
JUCepTaIliitHoi poOOTH, BIIPOBAKEH] y CEpiifHE BUPOOHUIITBO JIOMATOK poO0UHX TypOiH
3 BUCOKUM TEMIIEpaTypHO-€pO31MHUM HaBaHTAXKEHHSIM Ha MaJorabapUTHUX aBlallliiHUX
JBUTYHAX.

OCHOBHI MOJOXEHHSI POOOTH BUKOPUCTOBYIOTHCS MPH BUKIAJAAHHI HABYAIBHUX
muciumunid Ha kKadenpi OT3B B HY «3amopi3zbka momitexHikay. Bug Ta 00'em
BIpoBaKeHHS: Kiacudikamis >kKapoMIITHUX TMOKPUTTIB Ta Marepiaad Ijis KaTofiB,
JTOCTiaHI AaHl (I3UKO-MEXaHIYHUX BIJIACTUBOCTEH 10HHO-TIJIA3MOBHUX IOKPUTTIB Y
JeKuifHoMy Kypcl: «Marepiaau s HalJIaBJCHHS Ta HaMWICHHS»; CIOCOOU
BUPOOHUIITBA BUTPATHUX EJEKTPOMAIB JUIsl 10HHO-TJIA3MOBHX TOKPUTTIB Yy Kypcl
«BupoOHUIITBO MaTrepiaiiB JjIsl 3BapIOBAaHHS HAIUIABJICHHS Ta HANWICHHS»; CrocoOu
HaHECEeHHs MOKpUTTIB Ha Aetani ['T/] BopoBampkeHi B JnekuiitHuil kypc «HamnaBneHHs
Ta HANWICHHS»; METOAM KOHTPOIIO SKOCTI 10HHO-TUIA3MOBUX IIOKPUTTIB y Kypcl
«KOHTpONb SIKOCTI MOKPUTTIBY; 3QJIEKHICTh SKOCTI 10HHO-TJIA3MOBHUX TMOKPHUTTIB BiJ
napameTpiB peKUMY HAIWICHHS B JJaOOpaTOpHI poOOTH AUCHUILTIHU «KOHTPOIIb SIKOCTI
MOKPUTTIB»; TMPOIECH Ha MEXKI KOHTAaKTy METaI-MOKPUTTS B JIEKI[IHHUN Kypc
«IToBepxHeBi (izuko-ximiuHi npouecu» (Jomatok B).

Kiro4oBi cjioBa: Mertanypris, 371MBKH, KaTOAH, MOKPUTTS, CTPYKTypa, pecypc,

JIOIIaTKH.
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SUMMARY

Yefanov V.S. - Improvement of manufacturing process of nickel alloy cast
cathodes for heat resistant coating deposition on aircraft blades - Qualifying scientific
work on the rights of the manuscript.

Dissertation for the degree of Doctor of Philosophy (PhD) in specialty 136 -
Metallurgy.

The work was performed at the National University "Zaporizhzhya Polytechnic"
of the Ministry of Education and Science of Ukraine, Zaporizhia, 2021.

Dissertation content. The dissertation is devoted to research of fundamental
questions of influence of metallurgical processes on structure and structure of ingots for
production of cathodes, studying of influence of modifying elements on structure and

properties of heat - resistant coverings, introduction of new geometry and composition
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of cathodes in GTE (gas turbine engine) coating technology.

Four main metallurgical methods of manufacturing heat-resistant Ni-Cr-Al-Y
alloy are considered: VIV (vacuum-induction smelting), EPV (electron beam
remelting), VDP (vacuum-arc remelting), GM (granular metallurgy).

The influence of metallurgical methods of alloy production is estimated

Ni-Cr-Al-Y on the quality of the cathodes, namely: chemical homogeneity,
dispersion of the structure, homogeneity, the presence of defects.

Each of the obtained cathodes was subject to inspection and evaluation of both
the operational characteristics of the installation (stability of application parameters, the
presence of defects, etc.) and the quality of the coating (homogeneity of chemical
composition, the presence of defects, the size of the droplet phase, etc.).

Among many factors there is a direct dependence of the drip phase not only on
the application parameters but also on the initial state of the structure of the applied
material, so the best results on the parameter of the drip phase showed the method of
GM and VDP. The evaluation was performed based on the results of counting the
number and size of drops on the surface of the coating.

Based on the obtained results of the distribution of the structure, chemical
elements and drip phase, the optimal manufacturing method was chosen. It was found
that the FDP method reduced the dispersion of the alloy by almost four times, while the
structure of the alloy became more homogeneous.

Having determined the method of manufacturing cathodes (VDP) and the basic
composition of the alloy (Ni-Cr-Al-Y) as the starting point, we began work on the
selection of modifiers to improve its properties and the coating obtained from it.

Among the many known rare earth elements, yttrium, lanthanum, hafnium and
their combinations were selected. All these elements are well combined with the base
composition (nickel, aluminum, chrome).

At the beginning, metallurgical processes such as smelting regimes, calculation of
charge materials, evaluation of the influence of metallurgical factors on the
composition, structure and geometry of ingots for cathode blanks were tested. The main

difference of the new geometry of the cathodes is to make them in the form of a
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truncated cone using a reusable base.

Alloys with each modifier were made separately and its effect on the structure of
the alloy as a whole was determined.

Based on the results, it was found that: the most effective is the use of hafnium
and lanthanum to obtain a finer structure and uniform distribution of elements in the
cathode.

These elements actively interact with impurities - elements of introduction
(mainly oxygen and carbon) — and can form stable carbides and oxides at the interface
(interfacial boundaries, clusters of dislocations, etc.). Also form nanoscale phase
releases that stabilize the structure of the alloy and increase its properties.

However, in addition to obtaining high-quality ingots, the goal is to improve the
quality of the coating, so each obtained alloy was applied like a blade made of alloy
JXKC-32BI. The coating was applied on KIb and AITH-250 units, the control sample was
the composition of Ni-Cr-Al-Y applied on the ion-plasma unit AITH-250. The obtained
samples were subjected to metallographic and metallophysical studies of the obtained
coatings by analyzing and comparison with existing coatings.

All the obtained coatings had the same thickness (30 ... 50 um) and a defect-free
structure with a uniform distribution of elements, which was confirmed by
metallographic and metallophysical studies.

After making sure that each of the modifiers has the right to exist independently
and does not harm the formation of a quality coating layer, complex modifiers of the
alloy composition have been developed.

Two alloys with complex modification have been developed: Ni-Cr-Al-Y-La and
Ni-Cr-Al-Y-Hf-La. Similar to the previous compositions, metallographic and
metallophysical experiments of the obtained alloys were performed.

From the obtained results it is established that reducing the amount of lanthanum
to 0.3% and adding 0.3% of yttrium allows to improve the dispersion and stabilize the
coating parameters, reduce the rate of detachment of aluminum oxide film from the
coating surface during operation.

The addition of 0.2% hafnium allows to improve the formation of heat-resistant
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chromium oxides and accelerate the formation of alumina during operation of the

coating.

According to the results of metallographic research, both coating compositions
have a homogeneous defect-free structure and uniform distribution of elements.
However, they differ in physical properties.

The next stage of the work was to test the obtained coatings for heat resistance,
for which we used a laboratory electric furnace SNOL 6,7/1300. Each of the coating
variants was applied on a sample of )KC-32BI alloy and heated to a temperature of 1150
°C and kept for 100 ... 400 hours.

According to the results of measurements of the weight loss of the samples, in the
process of tests it was concluded that the best result was achieved by adding hafnium to
the alloy. Both alloys with hafnium showed a decrease in weight loss during heat-
resistant tests.

The coating with the Y+Hf+La modification complex has advantages in heat
resistance and stability of evaporation parameters, which is more promising for
introduction into serial production.

Using cathodes of the developed composition and new geometry, made by the
method of VDP, and modes for industrial installation of KIB, gradient coating was
applied to the turbine blades with increasing thickness from 50 um to 95 pum at the inlet
edge. This could not be achieved earlier due to technological limitations of the
equipment used and the quality of the cathodes.

Thus, at the inlet edge, the coating thickness was ~ 95 um, and in the middle part
of the blade profile and the outlet edge was ~ 43 um. The use of such a gradient
application with increased thickness provides an increase in the service life of the
turbine blade at least twice. The results of machining of the obtained coating are
presented (Application A, Application B).

The paper presents the results of using a serial «KIby installation instead of the
APN-250 installation. This installation allowed to implement a gradient coating scheme
and apply cathodes of new geometry, which increased the productivity of spraying in

one operating cycle. The use of the CIB installation allowed to increase the rational use
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of heat-resistant alloy cathodes. Thus, the utilization factor of the cathode material on

the AITH-250 installation is 35 ... 40%, on the KIb installations this coefficient is
70 ... 80%, which is almost twice as effective.

It is shown that the installation of the CIB allows you to place in the middle of the
camera in 4 times more details due to the stationary mounting in the middle of the
installation, and the location of the cathodes on different sides of the chamber.

This design feature of installation allows to realize the principle of gradient
drawing of layers of a covering. Using the data obtained after the operation of the
turbine blades, a new coating scheme was developed. The maximum coating
thicknesses are calculated, the application modes and the location of the blades in the
chamber relative to the cathodes are worked out.

On the basis of the conducted researches at JSC Motor Sich - the complex
technology of drawing a covering on a tract surface of working blades of the turbine of
aircraft engines is developed, the modified structures of a covering are offered. The
technology allows to increase the service life of turbine blades in conditions of
significant mechanical and temperature loads. The application technology was tested on
the «KIBb» units developed by Motor Sich JSC and confirmed by a test report.
According to the act and conclusion, the following technological and economic effects
are expected:

- the possibility of applying gradient coatings in one treatment cycle;

- increasing the load of the installation for one cycle of coating with blades three
times;

- increase of rational use of cathode material by 35 ... 40%, which is an economic
effect of more than UAH 3 million per year per 2.5 tons of alloy.

Administrative documents have been issued according to which from 2024 on
engines Al-450, AI-450M, AI-450M1, AIl-450M-P, AIl-450M1-P, AIl-450M-B,
Al-450M2, serial coating of TC blades has been replaced by gradient.

Based on literature sources and own observations, it was found that the greater
the thickness of the applied coating layer, the lower the surface roughness class.

Accordingly, there is a need for surface treatment of the gradient coating. The initial
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values of the roughness of the gradient coating are Ra 2.5 ... 3.5.

The surface of the coating was polished with the help of equipment for directional
treatment with vibrating bodies. The class of surface purity increased 4 times and
amounted to Ra 0.6 ... 0.8.

Based on the results of machining, it is concluded that the large and medium-
sized droplet phase is completely absent. Craters on the surface of the coating are traces
of vibration and impact of droplets. The experimental-industrial technology of
mechanical processing of a surface layer of a gradient covering by vibropolishing with
maintenance of uniformity of removal of a covering that allows to increase roughness
considerably is developed from Ra 3,2 to Ra 0,4.

To increase the maintainability of the blades - developed and patented technology
for removing heat-resistant coating by electrolytic-plasma treatment.

Conclusions are obtained from JSC "Motor Sich" in which the provisions of the
dissertation are introduced in the serial production of blades of working turbines with
high temperature-erosion load on small aircraft engines.

The main provisions of the work are introduced into the educational process
when teaching at the National University "Zaporizhzhya Polytechnic™. Type and scope
of implementation: Classification of heat-resistant coatings and materials for cathodes,
experimental data of physical and mechanical properties of ion-plasma coatings
introduced into the lecture course "Materials for surfacing and spraying"”; methods of
production of consumable electrodes for ion-plasma coatings introduced into production
of materials for welding surfacing and spraying *; methods of coating parts of the gas
turbine engine introduced in the lecture course” Surfacing and spraying "; methods of
quality control of ion-plasma coatings introduced in the lecture course" Quality control
of coatings"; the dependence of ion-plasma coatings on mode parameters spraying in
laboratory works of discipline "Quality control of coverings"; processes on the border of
contact of a metal covering in a lecture course "Surface physical and chemical
processes” (Application B).

Key words: metallurgy, ingots, cathodes, coatings, structure, resource, blades.
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