30 Nowernber 2006 THERVAL BARRI ER COATI NG MATERI AL FI ELD OF THE | NVENTI ON
This invention relates to thermal -insul ating coatings for conponents
exposed to high tenperatures, such as the hostile thermed0 Nowmbalt®nt of a
gas turbine engine. More particularly, this invention is directed to a |,
thermal barrier coating (TBC) of zirconia partially stabilized with |ess

than four weight percent yttria and further alloyed with | anthana,
neodym a or tantal a toffm&wmmﬂrﬁ%Tmmmlof t he TBC.

DESCRI PTI ON OF THE RELATED ART Hi gher operating tenperatures for gas
t ur bi ne er}ﬂﬁg@%ﬁﬁﬁ%ﬁﬁ&‘fbﬁ' y sought in order to increase their
[ hi gh

efficiency. Wever, ‘as operating tenperatures increase, the
tenperature durability of the conponents within the hot gas path of the
engi ne  mThis inventieapehttisitg ltherinabinsalatng Shaginpd fradvimpddvias egsosedtoThigh
tenperature capabilitjes  have been a?chi_eved t hrough the fornul ation of
ni ckel an&el%%%}"ief”b%’é’ ag %Pi%@glm RBEQRGNG 9F 2 dap BHDins cagine Mar

: h
conponent $a@kulall§, iy AbBRiontR MR & B, (R igas
t ur bi ne e'?lJ i.ng, g’uch" al | oi/osn al one aroe (@%@%ﬂsustgg%?i}t@%e 0 ?g%ﬁéé}“gy
oxi dat i onpamidilhetabitized sdiholesathnm ddur vesightger@nt gitih andrdiyrtieo allowddaith adequat e
mechani ca roperties.. For this reaspn, these, conponents are often
prot ect edhaﬂgpaga’ﬂqg‘ﬁma P aala o ingreass tﬁa ﬂﬂé@esé%PEﬂgﬁ‘Fﬁ@%yst ens typically
i nclude an environnental | y-protective bond coat and a thermal -i nsul ati ng

topcoat, DESCRATION SFETHEREDABEDIAYr TBC. Bond coat materials w dely used
i n TBC systens include oxidation-resistant overlay coatings such as MoxAl X

(where Mis iron, cobalt and/or nickel, and X is yttriumor another rare
earth or Higher pperating Aemporatusesdfos gas dusbine- enginest anst coptifmanslyospugbtain ngs such

s, O s g Ll bl AL el BB bt BhTdELS) o>
magnesi a kil @mpepatusendirakbilitypbk el compeadrithwithinedhe hot @as poifdfahd &8 or
another rare-earth netal oxide, . or. m xtures: of these oxides has been
enpl oyed Qgstapoqrgqgop;ge%f){ mereags. n3eyifigant aiyances in high temperature capabilities
have been achieved through the formulation of nickel and cobalt-base superalloys.
Nonetheless, when used to form components of the turbine, combustor and augmentor
sections of a gas turbine engine, such ailoys alone are often susceptible to damage by
oxidation and hot corrosion attack, and as a result may not retain adequate mechanical
properties. For this reason, these components are often protected by a thermal barrier
coating (TBC) system. TBC systems typically include an environmentally-protective
bond coat and a thermal-insulating topcoat, typically referred to as the TBC. Bond
coat materials widely used in TBC systems include oxidation-resistant overlay
coatings such as MCtAIX (where M is iron, cobalt and/or nickel, and X is yttrium or

another rare earth or reactive clement), and oxidation-resistant diffusion coatings such

as diffusion aluminides that contain nickel-aluminum (NiAl) intermetallics,

Zirconia (ZrOy) that 1s partiallgz or fully stabilized by yttria (Y,0s), magnesia (MgO)
or another alkaline-carth metal oxide, ceria (Ce0y) of another rare-earth metal oxide,
or mixtures of these oxides has been employed as a ;I‘BC material. Binary yttria-
_ stabilized zirconia (YSZ) has particularly found wide use as the TBC material on gas
turbine engine components because of its low thermal conductivity, high temperature

capébility including desirable thermal cycle fatigue properties, and relative ease of
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stabil.ized zirconia (YSZ) has particularly found wi de use as the TBC
material on gas turbine engine conponents because of its |ow thernal
conductivity, high tenperature capability including desi3aNbentbheloial
cycle fatigue properties, and rel ative ease of | 30 Novenber 2006
deposition by plasma spraying, flane spraying and physical vapor deposition
(PVD) techniques such as el ectron beam physical vapor deposition (EBPVD).
TBC s enpslepgstion by plsmii spraying, flamp spryingeandepfiysival wdpogdepdsitioni(B¥DYngi nes

ften - i ted PV ti.cul arly EBPVD, Whj i el
o Far .t orEtniande RS L& eiBidn Bear? HivbiGal, Hnok, Sioviton e VB erib R
contract winiphgut Batss Migltanedhmattle’ REFRMSE SN alas duﬁﬂﬁeteﬁ%iﬁgsflak@toh@ﬂ-

Simlar columar_ mcrostructures can be produced using o atom c and
Eryiiei@s 4 strajn-tolhiaghcodnonar @vaipr essur e,

standard | 4. 1B u i .deposition, and all for of

mel ting a%gu&gll\?a%%@gfa ?’(ljeg{ode and tml? %ﬁ&%ﬁfﬂ%ﬂ@g@g@t ¢ausing dapaging piressgs g’ﬁl aser

nel ting, ddad.tp. sphitatiomnt Saailar cqhhrdsdremBRSsatiigest &6NPé PrBcEIEIn@StRE M Pl asma

sprayi ng'(dAPSél d OEiqt‘ TBC material in the formof nolten "splats,"”

resul ti ng 4o aﬁfg’%o Blag ¥ ERArPIRAIS S SHchspipetiering (a.& o gl arshlom pressie,

Boove not S ok RO bltaehfon s MBiBn "R LIRS ol phd e e

~transf or mavdporatiat dapasitiorl PRO&ESes (ehy.,cdattiodivudrt Slakér @eltivg) il BXgaGaion t hat

can cause _spallation. At.roomtenperature, the nore stable tetragonal
i P

phase is BEta? ﬁ%r.&ylaﬁde‘flﬁ‘éq‘ﬁﬁa AhERIPYIRB A ABRA deposi TRGumateriall i f
zirconia st Al sEAGIRY BhlalsPaRbuhEh »TBCehHALARICHh didd ft An

yttria content of seventeen weight percent or nore ensures a stabl e
cubi ¢ phaibomTerngify andhporealty. conductivity of YSZ decreases with increasing
yttria content, the conventional practice has been to stabilize zirconia
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Limted eaaginbnsmbaveligephast transfoRahitdest M o0sRE AN ZE&HRTh S sai d
volume expansion that can cause spallation. At room temperature, the more stable
tetragonal phase is obtained and the undesirable monoclinic phase is minimized if -
zirconia is stabilized by at least about six weight percent yitria. An yttria content of
seventeen weight percent or more ensures a fully stable cubic phase. Though thermal
conductivity of YSZ decreases with increasing yttria content, the conventional
practice has been to stabilize zirconia with at least six weight percent, and more
typically to only partially stabilize zirconia with six to eight weight percent yttria (6-
8%YSZ). Limited exceptions have generally included plasma-sprayed zirconia said
to be stabilized by Ii’linl.II‘eS of yttria, magnesia, calcia or ceria, Ao which certainl
oxides may be added at specified levels to obtain a desired effect. - For example,
according to U.S. Patent No. 4,774,150 to Amano. et al., Bi; O3, TiO;, TbyO5, EuyOs
and/or Smy03; may be added to certain layers 9f a TBC formed of zirconia stabilized

by yttria, magnesia or calcia, for the purpose of serving as“luminous activators.”

Contrary to the conventional practice of stabilizing zirdonia with at least six weight

percent yttria, U.S. Patent No. 5,981,088 to Bruce et al. unexpectedly showed that if a

YSZ coating has a columnar grain structure (e.g., deposited by EBPVD), superior

spallation resistance can be achieved if zirconia is partially stabilized by less than six
2




to be stabilized by mxtures of yttria, magnesia, calcia or ceria to which
certain oxides may be added at specified levels to obtain a desired
effect. For exanple, according to U S. Patent No. 4,774, 3R8oembiriNG et

al ., Bi 203, Ti2, Th40O7, Eu203 and/or Sn2C3 nay be added to certain |ayers
of a TBC forned of zirconia stabilized by yttria, magnesia or calcia, for
t he purpose of serving as "lum nous activators.” Contrary to the

convent i OnalightrpRedeht 9tt@4. Sigdifibdntly) W 7, THUYS an Wcbdtdtice! RAR IBALK Vgl 9ht
per cent yttrglhg, u. S Patentgﬁlslo. 5y881,088 to %r Sce etcea‘?ﬁﬁunexpgct edly

showed t hepntpin' the megocliniephase, Whish avasdntentiemallyraapided irr thetpurioe attehyothe

deposi ted . ' .. spal lation resistance can be achieved if
zirconia F%)@Bg%ﬁ@ﬂg%}?@?q%ﬂk%%d by less than six 2 30 Novenber 2006
“weight-percent yttria. Significantly, YSZ TBC s in accordance with Bruce et
al . cont Gomnidndy-axsigned TS CPgthstspplivation Seds Ne\t 6971833001 foyRipviey éedl. i n the
prior art Q ei ght wel ght ttria, Comonly-assigned

bt\fl t he gi qut ﬁ%ce_nt ]

U.S. Pat efisCIR¥s 4 TEE oirinsania partially ssabilized wills vitea, mirefgeaplie notamore @pscl oses a
TBC of zi i =18 tabidAe ] tri pr r.apl . ore than
three wei ghgh%qggirggg?\%rbéltttﬂ?g (?g‘%géj% Wg}é\i}h(?%h&olﬁ%moa# 8{&% P gpré%f?i?t% %:161%% nmet al
oxi des  hbasimgjamivr sire diffeeende fréletientvezirainiiin Venst(Zr?) meanioysd k@ paluter 4) are
al l oyed tgo reduc t.he. t.hernal ctivity of the TBC. - The_ additj onal

metal oxi edicmal 89@8?*6‘@&&1{%6 BB The adsiticnalmetel axides sue dischases b al

oxi des megmasd o (A Skali iha i1eSt ks ) d ' | de
(BaOQ), the rare-earth nlgﬁag@hogli@%sgklldééhtlﬁa agl?l_(a' gj,ca%%r I((gﬁﬁ)'( ée%?d

neodyni a (2268 bagemaiXidd (BaQ)x Hheraf Ga@08 metal chxities amtharm (IRyQQ3kerias wel |

as such oxi des | ckel, .oxide (Ni ferric oxid Fe2O3), .cobal t ous
oxi de. (o ST R el eseds gy Gomar oiadhes Wby he
required gegicRanéhl oGAYS hahicRAr 3aé ENHSY, ek an r@lidy excl udes
such oxi des acs haf n(i)a (Hf 02 c, titania (Ti @)@géagg%{)gﬁ%?g%&ﬁ%,@ﬁ%obi a

. 02) . 4
(Nb205) , &b sandmcomiiym pxifeyBekhhi Rignel208]) feackes thatithe weuivethdesee of
crystallographic defects and/or lattice strain excludes such oxides as hafnia (HfO,),
titania (TiOy), tantala (TayOs), niobia (NbyOs), erbia (ErzO3) and ytterbia (Yb,Os), as

well as others,

In addition to spallation resistance and low thermal conductivities, TBC’s on gas
turbine engine components are required to withstand damage from impact by hard
particles of varying sizes that are generated upstream in the engine or enter the high
velocity gas stream through the air intake of a gas turbine engine. The result of
impingement can be erosive wear (generally from smaller particles) or impact
spallation from larger particles. In regard to the YSZ TBC of Bruce et al., it has been

| observed that impact resistance decreases with yttria contents of Iess<thaﬁ four weight
'percent. ‘Commonly-assigned U.S. Patent No. 6,352,788 to Bruce has identified that
. YSZ containing about one up to less than six weight percent yttria in combination
- with about one to about ten weight percent of magnesia and/or hafnia exhibits
improved impact resistance. It can be appreciated that it would be desirable if other
compositions were available for TBC’s that exhibit ’;improved impact resistance,
particularly as TBC’s are employed on components intended for more demanding

engine designs.




In addition to spallation resistance and | ow thermal conductivities, TBC s
on gas turbine engine conponents are required to w thstand danmage from

i npact by hard particles of varying sizes that are gener3iNdveupst208am i n
the engine or enter the high velocity gas streamthrough the air intake of

a gas t | i | pi ngenent can be erosive wear
(generaﬁ&ﬁgwggﬁgmﬁ&é N{T.rgpact spal l ation from |l arger
particles. In regard to the YSZ TBC of Bruce et al., it has been observed
t hat inpact resistance decreases with yttria contents of |ess than four
wei ght DPeclosad her€mmstntoatmgsgieadl, asicuRatyeathddmal 6adte? co8ing IBCYUce has
identified that YSZ, coqr;ggitgi ng about one up to |less than six wei 1ght
per cent 9F r¢ompanepbiptended; iR usqith 1 Besbile epreonpentpsiph asheniP§FO¥er cent

e
avai | abligatbeisl caB®Gesziidaata thxhisipattiallypasieed withagtria asd s amieh, lanthand,i cul arly

as TBC s are enpl oyed on conponents intended for nore demandi ng _engine
desi gns.negdgmig\endiomiantalpas alRedto SuurmsRYhoOmMMqE resivenem a\theicoeties ed

herein i,s_a coating nateri rticul ar a, therma] barrier ¢ LBg (TBCO),
or a comEREeon oAttt dbe cBRine m ol ¥oful BRGTRraRROSE k820 e
super al | @YtingsRdvifea cORMMET RAinaMhcAIERIGh Gk tRORNRIPOSHE&! By BBIOAD dndr bi ne
engine. The coating material can be zirconia that is partially stabilized
wi t h yt tother, P\XaRdechmiguies. cthotigin theagtating mesdelyatican akso/ter appdigalle 4o spdings| oyed to
I ncrease, t he, inpact, resi s(%anci of the .coating. |Inprovenents obtained by
the coatdCRESIHFGHYSUGh HE%?‘P SSPATLIENPE evi dent with YSZ coatings having
a columar grain structure, such as those deposited by EBPVD and other PVD
t échni ques, though the coating material can also be applicable to coatings
deposi t ed shymfcait adetitags odshel@mating spatasialng. that, shygmmpraant tlaelwapacge of
t he coati material is that, by_ inprovi he i mpact
resr%s ance, the coating is capable gf grreregter I'el{;l il%ty, espch:)iaﬁy on the leading edge
of a turbine airfoil. The greatest benefit appears to be with limited additions of
lanthana, neodymia and/or tantala, preferably in amounts of up to about five weight
percent for lanthana and neodymia and up to about ten weight percent for tantala.
Coatings disclosed herein can also exhibit desirable thermal cycle fatigue lives and
- thermal conductivities. It should be noted that while U.S. Pat. No. 6,586,115 to
Rigney et al. discloses a YSZ TBC containing lanthana, neodymia or another oxide,
. the purpose is to reduce thermal conductivity. Furthermore, Rigney et al. teach that
the amount of lanthana or neodymia added to the YSZ composition is based on the
; )
ability to create crystallographic defects and/or lattice strain with the TBC. To have
this effect, Rigney et al. require lanthana and neodymia in amounts‘of at least 5.8 and
5.7 weight percent, respectively, which are higher than what has been determined for
the disclosed coating material to have a significant effect on impact resistance.

In a first aspect, there is provided a component having a coating on a surface thereof,

" the coating consisting of zirconia partially stabilized byup to about 10 weight percent

yttria




resi stance, the coating is capable of greater reliability, especially on
the |l eading edge of a turbine airfoil. The greatest benefit appears to be
with limted additions of |anthana, neodym a and/or tant ab Hoveptbed200ably in
anounts of up to about five weight percent for |anthana and neodym a and
up to about ten weight percent for tantala. Coatings disclosed herein can
al so exhibit desirable thermal cycle fatigue lives and thernal

conduct iaridtﬁoewl&ichtissﬂhngrbdl aneoxid¢ additivatofidantata h Sn aRadunt N .ab6utc86, thl5 t o

Ri gney et al i.scloses a YSZ TBC contajning | .anthana, neodym a or anot her
oxi de, Bt Buwsﬁtepﬁ@% the gride adiRhvRpesgrmitTY tjcorperateABYBY- Ri gney
et al. ta?@rﬁ*?hlrolﬂgﬁoutgﬂ c t of lanthana or neodym a added to the YSZ
conposition I s Based on " ability to create crystall ographic defects
and/orlattice strain with the TBC. To have this effect, Rigney et al.
require | anthana and neodym a in anounts"of at |least 5.8 and 5.7 weight
per cent ,Inrdesgsend asrach there isirayidediaggas tutbingenging CHRPOBRE FOMDIBING Bed f or

resi st amegEfip? SRt THhERIR oo PR Fu LGRS RLOE e s iR
coat i ng HaRié SBAHAChali Q0kolunidie ARGLMACIGRNhE! il batigoBbatingar tial |y

stabilized by up to about 10 wei ght percent vyttria 4 30 Novenber 2006 and
t o whi cleonsisiang of ecema pritidlyadelntizadeby fboutnend to abouhdoumweight pércettout 0. 5
to about, 8 i.ght, .percent, .the oxide. additive being unifo i,ncor por at ed
bt om by SRR FOUEh Aoy a8 SxiieaddieRy ot el flants B dpiuint Of e OESHF ov e
2 gas t ubBie vAghtSer6 4P ORI tadBRIVR! Bthd UnifBrmBHRREAIAYd Stk AdiSm 2
metal lic bond co tnlgerg tf’;lmfgurfacae of tlhe %uggt}'rg@g; aﬁJg a therrrjt?l)Fy grgrri er
coat i ng thwghgutdhe cbatmgar ni crostructure, the thernal barrier coating
.consisting of zirconia partially stabilized by about one to about four _
wei ght percent yttria and in which is alloyed an oxide additive of tantala
in an a t t. 8 wei r i i.thve being
uni f or m@ﬂ?ltn 8@%%%?%{“&@3?%#\8% )(/)?a is rlgn@cﬁ’fﬁ)'ngmll. BE "Rt ’apﬁl)&ﬁ?edaﬂgfn i

following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
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t hroughout the coating. O her objects and advantages of this invention wll
be better appreciated fromthe follow ng detailed description. BRI EF
DESCRI PTI ON OF THE DRAW NGS 4a 30 Novenber 2006 Fi gure 3D NovembpeOfpecti ve
view of a high pressure turbine blade. Figure 2 schematically represents a
cross-sectional view of the blade of Figure 1 along line 2--2, and shows a
thermal barrier coating systemon the blade in accordance with a preferred
enbodi nentFigyie 1 v parspeativeoviewDE 1 Aighe BERGRITNTE KO- THE | NVENTI ON The
present invention is generally applicable to conponents subjected to high

t enper at ures nd, particul ar| 0 _conmponents. such as, t hi .and | ow
pressure 3 8% it Q%aglg L X%’Ittsaaecg? sSfPtrgl ,W%H%G}éet gﬁdf’ iQ%ZFrlgurﬁnij
augment or aleas iy 2-0f 28aSsholwd! Bi tRESNObAIESr AR IPRER & the NISdL Ry eSSUre
“turbine blade 10 is shown in Figure 1. The blade 10 generally Includes an
ai rfoil 1zccagtaneewithieipseferred embotiment eftheymyentiax e  directed during
operation of the gas turbine engine, and whose surface is therefore

subj ect ed Wﬁ ' attack by oxidation, corrosion
and er osPtgﬁ‘.‘Ahe‘E]e) arr oﬁﬂ?ﬁgﬁ%ﬁgﬁggléﬁom its hostile aperating

environment by a thermal barrier coating (TBC) system schematically

depi ct ed The Fprepente irkrenfidre igi geherally dpplicsblene hesgsbnents asubjschidnes diigtk ( not
shown) with a dovetail 14 formed on a root sectjon 16 of .the bl ade 10.

" Cooling pi¥&® es, gand, parfeularly, do jcompgaenty speh jas 1t eﬂwfb@@%lowr@wum eed air

mvent | onLad AGRRS ) DR, gL SPuBpanF i all adnot AKARE BFBR 0 o °
the type tughnwenginesFidguaxemple affachigleprebsungBirbihe bhids 10 fs/shotvindn Figuze gener al |y
2B €205 oAl oD S BN el iR Tl L L T D Vo
. directed during operation of the gas turbine engine, and whose surface is therefore
subjected to hot combustion gases as well as attack by oxidation, corrosion and
- erosion. The airfoil 12 is protected from its hostile operating -environment by a
thermal barrier coating (TBC) system schematically depicted in Figure 2. The airfoil
12 is anchored to a turbine disk (not shown) with a dovetail 14 formed on a root
section 16 of the blade 10. Cooling passages 18 are present in the airfoil 12 through
which bleed air is forced to transfer heat from the blade 10. While the advantages of
this invention are particularly desirable for high pressure turbine blades of the type
- shown in Figure 1, the teachings of this invention are generally applicable to any
component on which a thermal barrier coating may be used to protect the component
from a high temperature environment. | ‘ |
The TBC system 20 is represented in Figure 2 as including a meta/'llic bond coat 24
that overlies the surface of a substrate 22, the latter of which is typically a superalloy |
-and the base material of the blade 10. As is typical with TBC systems for components
of gas turbine engines, the bond coat 24 is preferably- an _aluminum-rich composition,
. such as an overlay coating of an MCrAlX alloy or. a- diffusion coating such as a
diffusion aluminide or a diffusion platinum aluminide of a type known in the art.
“Aluminum-rich bond coats of this typé develop an aluminum oxide (élumina) scale

28, which is grown by oxidation of the bond coat 24. The alumina scale 28

5




The TBC system 20 is represented in Figure 2 as including a netallic bond
coat 24 that overlies the surface of a substrate 22, the latter of which
is typically a superalloy and the base material of the h3tadeeiber 20861 s
typical with TBC systens for conponents of gas turbine engines, the bond
coat 24 is preferably an-alum numrich conposition, such as an overlay
coating of an MCrAl X alloy or a diffusion coating such as a diffusion

al um ni de chemizaldy béndsiaGPBQ L4t formed af a thiephaleinaflativgtiyRerid @Whe bbnd bsatar t .

Al um num-r,i,.ch,.bagn pe devel op an _al um num oxi de (al um na)
scale 282%dpd E'ﬁ’ E‘%t%?oa“h {W%ﬁw oF TemiesenisA @s bedrg patramrelesantini na
scal e 28 nficrdShiewe K SRS, 3y Ty r
t hermal - i nsﬁl ating %glﬁ%@@r to tﬁ‘eﬁg coat 3121 tg‘%dﬁgug&?lr gﬁﬂn% The TBC
26 of Fir gun@rostm@urczepateb@acfw/edsbjhdepmug tht rEBQ26 alséigam tphysicslr agor uct ur e
of "col um r r.ai s 30. As kn e art,, col um m cr.ostructures
can be acHIRSyHHYD %ChBJ&BS’s% f}f?‘fgé\glﬁgﬁf "’ZBV%IPHQSEQ ‘?fgio ficabde p05|t|on
t echni queto HotedluinaEBRDdeptiRed BY%BE& %bth&isadszﬂasﬁpl @?naéﬁﬂ%rlﬂc ﬁm%psm i cabl e

S

to noncolunmar TBC de 03|ted by Such net hods ayi ng,” 1 ncl udi ng
air pl asﬂlﬂs@brsﬁwm E) ) . AAT QCOﬁfthls Hiype uwpethesfonm bﬁmdlmnn‘fspfats;fbl ten

frat tene ealﬁlﬁﬁﬁéﬁé%%m%@ta@‘cﬁsc Ablerb B eran s pbiony <8R pri o
art TBC sof inhemdgeidparef pordyity. |nvention Is intended to be deposi ted to a

thickness that is sufficient to provide the required thermal protection for
g substrate 22 and bl ade 10, generally on the order of about

the unde

75 to ab §¥’3‘30’1’10ﬁ?16 A&et dheT ﬁc?&)fpﬂﬁhwgntf@ltlph@s intenderd todre deplosited to a

t hermal - i | t based ,on ary

yttria- sttg%?&lhlggzse tzp?csgfﬁcgén $§z§’ con gllj%%n ﬁl?e ﬁlgn%?}oﬁfoq?c \ﬁ% 8}& per cent

yttria bumdﬁﬂmgeubmte@mdtbdndedm gemrhla;nblhmamdd;@z gBdut 76&6%8%@300( Nd203)
oxi de additive. Lanthana, neodym a and tantal a

and/or tantal a é%’aé}fS%ﬁ; agh
have eacH™M5EERC ng e dhe MyEntion, the emanlinsylagng material of thay FBChpact
resi stancg ff based on binary yttria-stabilized zirconia (YSZ) containing up to about ten

weight percent yttria but further alloyed to contain lanthana (LayOs), neodymia
(Nd,03) and/or tantala (Ta,Os) as an oxide additive. Lanthana, neodymia and tantala
have each been shown by this invention to have a clear effect on impact resistance of
YSZ, particularly YSZ containing up to about four wei ght percent yttria. Based on an
investigation discussed below, lanthana, neodymia, tantala or a mixture thereof is
~believed to have the beneficial effect of increasing impact resistance. Effective
' amounts for the additive oxide are believed to be up to about five weight percent
1anthapa, up to about five weight percent neodyniia, up to about ten fweight percent
tantala, or up to about\ ten weight percent of a mixture thereof. Preferred amounts for
the additive oxide are about 0.1 to about 4 weight percen_t' lanthana, or about 0.1 to
about 4 weight percent neodymia, about 0.5 to about '8 weight' percent tantala, or
-about 0.1 to about 8 weight percent of a mixture thereof.

The mechanism by which additions of lanthana, neodﬁnia and/or tantala improve
impact resistance is not known. It may be that these-oxides are able to internally
absorb energy, and/or may improve bonding of the TBC 26 to the substrate 22.
* Tantala is believed to inhibit sintering of the grains 30 of the TBC 26, which may




YSZ, particularly YSZ containing up to about four weight percent yttria.
Based on an investigation discussed bel ow, |anthana, neodym a, tantala or
a mxture thereof is believed to have the beneficial eff#Nowemberddasi ng
| npact resistance. Effective anounts for the additive oxide are believed
to be up to about five weight percent |anthana, up to about five weight
percent neodymi a, up to about ten' weight percent tantala, or up to about
ten wei ghtcopiibutento thé obsanvedt impeotdnene af impce featst@de, 2 undis alb@Elow the
additive oxide are abqut 3 1 to _about 4 wely%hi percent | ant hana, or about
0.1 to afBarass et conduatixtty fhapasryrswith ¥u: asq mssylpofgseinsingening ght
percent tantala, or about 0.1 to about 8 weight percent of a mxture

thereof . ThennRekapktin RYdinDits MiddeichlionSTHE d @&%h&éﬁasiteaqgﬂtéﬁbwgﬂ/ or
~tantala-i'mprove impact resistance is not known. |t nay be that these
oxi'des ar epegimensformet effthe superallal Rend NSrerwhich andifficiomplytinup aloxdnidendi ng of

- the TBC 2 trate 22 Tant.al a I.s believed to.inhibit sintering
of the gr §P%£¢%3%¢H$e§ed eéB,SOWﬁ pfﬁpeﬁgwmgn%weﬁé}ygﬂ%@r BEREri but e
to the obsedlvaihe thphol enele fatighe &éﬁﬁmice,rﬁﬁiiléaﬁe&ewe@gﬁ PR T Pir @Y t he

increase in thermal conductivity that occurs with YSZ as a result of grain
si nt er i ng€valpating erepienandgampreresistantien §oms ofishch fype efisiecimenTBEe soated e

2 G Tt usi b ek e o TR0, PR b R B edh Bk of 't he
speci mensdepesit alsohtentiondl 3% Y $© TBAY. [Oher specinfma wedd ddatditiasapdratyehe fatigue

resi stance, Wnﬁ“‘?;% er%we_re in the formof pins for evaluating erosion.
and i npactiePeel $pIRdeto dspasit 3TRG ihagopptanes Wﬁgeléisml.?ﬁteWeNe- 2,981,886 ty

cuepgL o DAy Lot GMRASH SRR B0 BRI
evapor at i mgotanof HHGRZ aind 4€B1EY lamthalmp arbdymiaTBE thmalaC C Thd amBE’ swindeke U. S.
U ER LN TN TR RN T
neodym a PresutNdfathd depb§tidPprotedde idhthana, neodymia and tantala were uniformly
deposited atom-by-atom throughout their respective YSZ. TBC’s, i.e., not as particlés
or concentrated in certain regions or layers of the coatings. Each of the TBC’s |
consisted essentially of zirconia stabilized by about 3 to about 4 weight percent yttria,
~and one of the additional oxides of this invention in the following amounts: about
0.07 to about 0.90 weight percent lanthana, about 0.25 to about 0.58 weight percent

neodymia, or about 0.77 to about 3.93 weight percent tantala.

The average thermal conductivities and densities of the specimens arg summarized in

Table I below. Thermal conductivity is reported in the as-deposited condition and
following a thermal aging treatment in which the spechneﬁs evaluated for
conductivity were held at about 1200EC for about two hours to determine the thermal

stability of the coatings. - .
TABLE L.

Thermal Conductivity B

SpecimenAs-Deposited AgedChangeDensity




deposited to have thicknesses on the order of about 110 to about 120
mcroneters. As a result of the deposition process, |anthana, neodynia and
tantala were uniformly deposited atom by-atom t hr oughout 3¢ Xaiemberedp@ct i ve
YSZ TBC's, i.e., not as particles or concentrated in certain regions or

| ayers of the coatings. Each of the TBC s consisted essentially of
zirconia stabilized by about 3 to about 4 weight percent yttria, and one

of the addCbataipdl (WxinK$S(WimKDi%) ign;l_%fnti on in the foll owi ng anbunts: about
0.07 to about 0.90 wei ght percent Tanhthana, about 0.25 to about 0.58 weight
per cent ma, or about 0.77 to about 3.93 weight percent tantala. The

neqd
aver age tﬂg/‘r l-é@h%&ﬁ@‘ﬁ?i es and densities of the specinens arp
sumari zed in Table |I below Thernmal conductivity is reported in the

“as=deposi q@@(@ng@;ﬁpﬂ, g following a thermal aging treatnment in which
t he speci nens eval uate or conductivity were held at about 1200EC for

about two hours to determne the thermal stability of the coatings. .
TABLE |. Yibe&rhiantt@oatl621.73i6t84.74Speci menAs- Deposi t ed AgedChangeDensity 7 30
Novenber 2006 (Coating) (WnK) (WnK) (% g/cc) 70/0YSZ 1.601.8012.54. 60

4%rSZ1. 80 18 Y, nal . 621. 73 6.84.74 YSZ + neodym al . 441. 69
17.44. 49 §V§gz%éf4dm%§%%99gf%@ 54. 89 The above results evidenced that
the nodified YSZ coatings containing | anthana, neodyma and tantala in the

anount s eY8PZuataathldlagP189e4d.5418er mal conductivities conparable to or |ower
than that of the industry standard 7%'SZ materi al .

The above results evidenced that the modified YSZ coatings containing lanthana,
neodymia and tantala in the amounts evaluated had aged thermal conductivities
comparable to or lower than that of the induétry standard 7%YSZ material.

Impact and erosion tests were conducted on the piﬁ specimens at high temperatures
(about 1230EC) and high gas velocities while subjected to an alumina powder
injected into the gas stream. An alumina powder with an average particle size of
about 50 micrometers was used to evaluate impact resistance using a gas stream
velocity of about Mach 0.03, while an alumina powder with an average particle size
of about 560 micrometers was used to evaluate erosion resistance using a gas stream
velocity of about Mach 0.5. The specimens were rotated at a rate of about 500 rpm

" while subjected to the high velocity powder. Both erosion and impact resistance were
measured in terms of the number of grams of eredent required to byeak through the
thermal barrier coating to the underlying bond coat. The minimum and maximum
erosion and impact resistances exhibited by the evaluated specimeﬁé are reported in
Table II below. ‘

TABLE IL | R
Specimen Erosion (grams) Impact {(grams)

{Coatingyminimummaximumminimummaximum

T%YSZ 900 1000 700 900




| npact and erosion tests were conducted on the pin specinmens at high
tenperatures (about 1230EC) and high gas velocities while subjected to an
al um na powder injected into the gas stream An al um na PoMokembai 2006 an
average particle size of about 50 mcrometers was used to eval uate inpact
resi stance -using a gas stream velocity of about Mach 0.03, while an

al um na powder with an average particle size of about 560 m croneters was
used to evibWdEe WOdODONI 00240t ance using a gas stream velocity of about
Mach 0.5. The specinmens were rotated at a rate of about 500 rpm while

subj ect ed he hi gh. ve Bot h erosion and inpact resistance
were neas ? @%&L@ﬁﬁ&ger of granms of erodent required to break
t hrough the thermal barrier coating to the underlying bond coat. The

Comenimum-angS Zveeb e FI00SI001 Bgdd1pgrpact resi stances exhi bited by the

eval uated specimens are reported in Table Il below TABLE Il. Specinen

Er osi on (g;{am;) | mpact ggrams) (Coat i ng) M ni munmMaxi muMm ni nuMEaxi mum
79%SZ 900 M¥otantgs 00 180R00REWMber 2006 4%rSZ 900100011001400

YSZ+|l ant hana 1100 120021002500 YSZ+neodym a 1000 100011002100 YSZ+tantal a
900 10001 e he.see he T s.alloyed with
| ant hana, @g(g% n?ﬂ;({vgn Q‘?Q%E% athgﬁttfl]]‘ecﬁ‘% afl ge@gﬁg?g}tﬁ yf"é%?%‘fance to

erosi on, ventala e:apmdahmame grbeiteesisialice ©rRai6, Wem)@eq)hm@%%fg&nm han the
an exhi bi t ed far hetter i npact resistance than the 7%'SZ

4%/SZ speci ngn,
speci mens & egf?F H&B@ gsristance dhagnsthe %Sm@np@hfa@ﬂ resbibised fardebet impackpeci mens
usi ng Onerditiince than the 7%YSZ specimens.

Furnace cycle tests (FCT) were performed on the button specimens using one-hour
cycles to a temperature of about 2075EF (about 1135EC), and continued until about
10% spallation of the coating occurred. The '}%YSZ and 4%YSZ specimens
exhibited an average life of about 500 and 550 cycles, respectively. In comparison,
the YSZ-+lanthana, neodymia and tantala specimens exhibited average FCT lives of
about 513, 727 and 873 cycles, respectively.

The tests reported above showed that a columnar zirconia-based TBC containing
about three to four weight percent yttria and alloyed to contain about 0.05 to about 1
weight percent lanthana, about 0.2 to about 0.6 weight percent neodymia, or about 0.7
to about 4 weight percent tantala exhibit significantly improved impact resistance
over 4%YSZ and conventional 7%YSZ coatings under hostile thetmal conditions,
while also exhibiting suitable thermal properties and resistance to erosion and thermal
fatigue. From these results, it was concluded that comparable results should be
obtained for YSZ TBC containing about one up to about ten weight percent yttria and
about 0.1 to about 4 weight pércent lanthana, about 0.1 to about 4 weight percent
neodymia, or about 0.5 to about 8 weight percent tantala; with additions of up to five
Wéight percent of lanthana or neodymia or up to ten w_eight percent of tantala being
acceptable. It is also believed that a combination of laﬁtiana, neodymia and/or tantala

in an amount of about 0.1 to about 8 weight percent should also be effective.




cycles to a tenperature of about 2075EF (about 1135EC), and continued until
about 10% spallation of the coating occurred. The 7%SZ and 4%/SZ

speci nens exhibited an average |ife of about 500 and 5503&Mcteeder 2006
respectively. In conparison, the YSZ+lanthana, neodymi a and tantal a

speci nens exhi bited average FCT |ives of about 513, 727 and 873 cycl es,
respectively. The tests reported above showed that a col umar

zi r coni a- helikdtheBEvanivnahay bgn dbaibiedtifiregnd of hoprefoneli HMbodRR&GRN: iyt tria
and alloyed to conta{n about 0.05 to about | weight percent |anthana,

about 0. 2 2PRsrens Sipt other fogmspepidfe adented by eag skilled in thetselutA@ordlingly, thbout 4
wei ght pe iRl s S gni h L L 00r O i npact resistance
over 4%ys%&?EEfg%ﬁ@@%@?ﬁﬁ%?”#ﬁ&@%ﬁ@%@#?ﬂg%fﬁ%@@@gﬁ%§@%|e t her mal ‘

resistance to erosion and thermal fatigue. Fromthese results, it was
concl uded that conparable results should be obtained for YSZ TBC
cont ai ni ng about one up to about ten weight percent yttria and about 0.1
to about "4 weight percent |anthana, about 0.1 to about 4 weight percent
neodym a, or about 0.5 to about 8 weight percent tantala; with additions of
up to five weight percent of |anthana or neodyma or up to ten wei ght
percent of tantala being acceptable. It is also believed that a

conbi nati on of |anthana, neodym a and/or tantala in an anount of about 0.1
to about 8 wei ght percent should also be effective. 9 30 Novenber 2006
Wil e the invention has been described in terms of a preferred enbodi ment,
it is apparent that other forms could be adopted by one skilled in the
art. Accordingly, the scope of the invention is to be limted only by the
followng clainms. 10 30 Novenber 2006 CLAIMS: 1. A conponent having a
coating on a surface thereof, the coating consisting of

10




zirconia partially stabilized by up to about 10 wei ght percent yttria and
to which is alloyed an oxide additive of tantala in an anpbunt of about 0.5
to about 8 weight percent, the oxide additive being uni farKbynbacmopor at ed
at om by-at om t hroughout the coating. 2. A conponent according to claima1,
wherein the zirconia is partially stabilized by about one to about four

wei ght percent yttria. 3. A conponent according to claim1l, further
conpriGLAPMSE: netal | i cs bond coat adhering the coating to the conponent. 4.
A component according to claim3, wherein the netallic bond coat is a

di ffusion platinumalunmnide. 5. A conponent according to claim1l, wherein

t he cofponeRtcofrpofert RO 4 8atindi dnf 9lshrfwmﬁe&eptthefco&mg%n&@ﬁ pe engine.
6. A gas turbiné engine cConponent conprising: a superalloy substrate; a

—metal |zlmob:@rmarmjb/t stglmhaecbby fupcte about he veeighit peacant yind aadtthevhielh ibarri er

consi SHieNg! e € BEVE e TSR ROMCHE piieRor By dehationRb & kel 1 oo

vei ghtpep@ing ané oxM& taﬂﬂlavarbemgmnvfenﬁllsr 1h§or§bﬂat6d&iﬂoxﬁfby03tb1€l&hﬁd§hddt‘ﬂ@e of tantala
in an ampunt of about 0.5 to about 8 weight percent, oxide additive being

uni for%laglng ncor por at ed atom by-atom throughout the coatl ng. 7. A gas

ur e SO\ BOR NS MGTOSR, y6L PR BBl € bond
accor diynpotpore taiabo, fowdweeightpekdeat gtaigponent is an airfoil conponent. 11
3. A component according to claim 1, further comprising a metallic bond coat
adhering the coating to the component.
4, A component according to claim 3, wherein the metallic bond coat is a diffusion
platinum aluminide. -
5. A component according to claim 1, wherein the component is a superalloy
airfoil component of a gas turbine engine.
6. A gas turbine engine component comprising:
a superalioy substrate;
- a metallic bond coat on a surface of the substrate; and
“a thermal barrier coating having a columnar microstructure, the thermal barrier coating
consisting of zirconia partially stabilized by about one to about four weight percent
yttria and in which is alloyed an oxide additive of tantala in an amount of about 0.5 to
about 8 weight perc.ent, oxide additive being uniformly incorporated atom-by-atom
fhroughout_the coating. . '
7. A gas turbine engine component according to claim 6, wherein the metallic
bond coat is a diffusion platinum aluminide.
- 8. A gas. turbine engine component according to claim 6, wherein the component is

~

an airfoil component.
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