AEROSPACE

ADVANCED ONE-STAGE EB-PVD COATINGS
FOR AEROSPACE AND GAS-TURBINE APPLICATIONS

Description
Electron beam technology and equipment are developed
for one-stage deposition of functional graded coatings with
the use of a composite ceramic ingot for evaporation. This
technology allows replacing the flat interface between metal
and ceramic layers with a graded transition zone and
achieving good adhesion of the coating to the substrate.
The composite ingot incorporates the program of eva-
poration and deposition of a graded coating, embodied in
composition, shapes and sizes, of the respective inserts, num-
ber of them, and also in arrangement of them inside of the
basic ingot. Inserts determine composition, structure, and
properties of a graded coating at all levels including transi-
tion zones and coating layers.

Innovative Aspect and Main Advantages

As compared to traditional multi-stages technologies of
protective coating deposition, this technology allows to
achieve higher reproducibility level of composition, struc-
ture, and lifetime of the functional graded coatings.

Due to using only one EB-PVD unit and reducing
number of stages, total cost of one-stage EB-PVD deposi-
tion process is at least 2 times smaller than that of tradi-
tional multistage technological processes of protective
coating deposition.

Graded thermal-barrier coatings (NiAl/YSZ, NiCo-
CrAlY/AICr/YSZ) with about 250 um thickness allow to
increase gas turbine engine gas temperature up to 100 °C
maintaining the same temperature of the cooling blade sur-
face. Outer ceramic YSZ layer has low level of thermal
conductivity of about 1.2 W/m-K and reliable adhesion
strength with bond coat (more than 100 MPa). Thermal-
cyclic lifetime of graded TBC is about 1.8—2 times higher
in comparison with traditional TBC.

Graded hard erosion-resistant coatings (TiN-based,
TiC-based) of 15-25 um thickness that deposited with
high deposition rate (up to 1 um/min) can increase the
erosion resistance up to 15-30 times as compared to steel
substrate.

Graded hard damping coatings (Sn-Cr-MgO) with
thickness of about 25-50 um allow to increase by several
times the damping capability and erosion resistance of Ti-ba-
sed articles with 25 % improvementI w1 of fatigue resistance.

Areas of Application

—  Gas turbine blades and vanes;

—  Hot parts of aerospace technique;

—  Compressor steel and titanium blades.
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Fig. 1. Composite ceramic ingot
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Fig. 2. Graded thermal barrier coating NiAl/YSZ microstructure

Stage of Development

Patented and tested, available for demonstration.

Contact Details

International Center for Electron Beam Technologies of
E. O. Paton Electric Welding Institute of NASU

Contact person: Kostyantyn Yakovchuk

68, Gorky str., Kiev-150, 03150, Ukraine

Tel.: 044 289-2176

Fax: 044 287-3166

E-mail: yakovchuk@paton-icebt kiev.ua
http://www.paton-icebt.kiev.ua
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AEPOKOCMIYHI TEXHOJIOTIi

ITEPCIIERTBHI ®YHRIIIOHAJIbHI TPANIEHTHI IIOKPUTTS
JIJISI AEPOKOCMIYHOI TA TA3BOTYPBIHHOI IHAYCTPII

02110 npono3uuii

EJleKTpOHHO-IIPOMEHeBA TEXHOJIOTist Ta 0OJIa[HAHHS [1JIst
OJIHOCTA/IITHOTO HaHEeCEeHHs (PYHKITIOHATTbHUX IPAIIEHTHUX
TIOKPUTTIB 13 BUKOPUCTAHHIM KOMIIO3UIIITHOTO Kepamiu-
HOTO 3JIMBKY /11 BullapoByBanus. Ls TexHosoria 103BoJsie
3aMIHUTH TIJIACKY MeXKY PO3/Iy MeTasl/KepaMika Ha Tpa-
MIEHTHY TIepexiiHy 30Hy i 3a6e3meunTn 106py aaresiio 1mo-
KPUTTS 10 TiAKJIaAKA. KOMIO3UIIITHUN 3JTMBOK MiCTHTh
Tporpamy BUIIAPOBYBAHHS Ta OCA/KEHHS TPAIIEHTHOTO T10-
KpUTTs, BTizieny y popMi, po3mipax Ta KiJbKOCTi BiJIIIOBi -
HUX BCTABOK, IX CKJIQ/ly Ta B3AEMOPO3TAIIlyBaHHS BCEPE/IN-
Hi 3JIMBKY-0CHOBU. BCTaBKM y 3/IMBKY BU3HAYAIOTH CKJIAJL,
CTPYKTYPY 1 BJIaCTUBOCTI IIOKPUTTS Ha BCiX PIBHAX, BKJIIO-
Yalo4yy IPaJIieHTHI IepexijiHi 30HU Ta Iapyu MOKPUTTSL.

Innosauitinuii acnexm ma ocnosmni nepesazu
Iz Texmomorist Mae GBI BUCOKUI CTYTiHb BiTBOpIOBa-
HOCTI CKJIaay, CTPYKTYPW Ta JIOBTOBIYHOCTI TPa/liEHTHUX
MOKPUTTIB y MOPIBHSHHI 13 TpaauIiiiHO0 GaratocTyiHya-
TOIO TEXHOJIOTI€I0. BapTicTb 0/{HOCTA/IITHOTO €JIeKTPOHHO-
[IPOMEHEBOTO IPOIIECY OCAKEHHS MIOHAlMeHIIe B 2 pasu
HIDKYA Y TIOPIBHSAHHI 3 TPAAWIIHHUMHI TEXHOJIOTITHIMHI
MporecaMi HAHECEHHS! 3aXMCHUX MOKPUTTIB 3aBASKN BU-
KOPHMCTAHHIO TiJIbKY OJIHI€] €JIeKTPOHHO-TIPOMEHEBOI yCTa-
HOBKH Ta YCYHEHHIO 3 TIPOIecy GaraTtocTyneHeBOro UKIIY.

Ipazgientri tepmobap'epui mokpurrts (NiAl/YSZ,
NiCoCrAlY/AICr/YSZ) i3 roBuuHo0 1pubimsHo 250 MkM
MIIBUIILYIOTH TEMIIEPATYPY a3y Ha BXOI y ra30TypOiHHUI
neuryn #Ha 100 °C, He 3MiHIOIOUN TIPU I[LOMY TTOBEPXHEBY
TEMTIEPATYPy OXOJIOIKYBAHOI JIOTIATKY Ta30TyPOIHHOTO 1BHU-
ryHa. 30BHIlIHIl KepamiuHMii map i3 crabinizoBaHOro 1io-
KCHJly IIUPKOHII0 MAa€ HU3BKUI PiBEHb TEIJIONPOBIHOCTI
(mpubausno 1,2 Br/m-K) i mazgiiiawit aaresiitamii 38'130K
i3 38's13yt0unM MetasieBuM mapom (Oisbiie Hixk 100 MIla).
TepMonuKIiuHa JOBrOBIYHICTD MPaAiEHTHOrO TEpMOOap'ep-
Horo mokputTsa y 1,8—2 pasu Bullle, HiXK y TPaAUIIHHUX
TepMoOap'€PHUX MOKPUTTIB.

IpanienTHi eposifinoctiiiki moxkputTs (Ha ocHOBi TiN
ta TiC) ToBInHOK© 15—25 MKM, HaHeceHi i3 BUCOKOIO B I-
KicTio KoHmeHcalii (6isbiie, Hisk 1 MKM/XB) MOKYTb ITPO-
tucrositn eposii y 15-30 pasiB kpatie y mopiBHSHHI 3i
CTAJIBHOIO TiKIAIKOIO.

IpamientHi tBepai nemndipyioui nokpurrs (Sn-Cr-
MgO) i3 ToBIIMHOIO TIPUGIUZHO 25—50 MKM 03BOJISIOTH Y
JIeKiTbKa Pa3iB MiABUIINTH IeMIIhipyTovy 3/aTHICTh Ta epo-
3ilHY CTiHKiCTD BrupobiB Ha ocHosi Ti i3 mOKpameHHAM
OIOpy BTOMJTIOBAaHOCTI Ha 25 %.

TIany3vs 3acmocysanns
—  Po6oui Ta HANpaBJIsIOUl JIONATKY Ta30TyPOIHHUX JABU-
TYHIB;
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Puc. 1. Komnosuniitnuii kepamiyHuii 3J1MBOK
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Puc. 2. MikpocTpyKTypa TpaJi€HTHOTO TepMoOap €pHOro Io-
kpurts NiAl/YSZ

—  BucokoremneparypHi KOMIIOHEHTH aePOKOCMIYHOI TeX-
HIKI;
—  Kowmmpecopsi cTasbHi Ta THTAHOBI JIOMATKH.

Cmadis po3pooxu
3anareHTOBaHi Ta BUIIPOOYBaHi, FOTOBI 10 JIEMOHCTPALLII.

Konmaxmmna ingpopmauin

MixHApOIHMI IIEHTP eJIeKTPOHHO-TIPOMEHEeBUX TeXHOJIOTi
Incrutyty enexkrposBapioBanns iM. €. O. Ilarona HAHY
Kownraxtaa oco6a: Kocrsinrun STkoBuyk
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