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This invention relates to thermal -insulating coatings for conponents
exposed to h tenperatures, such as the hostile thermal environnment of a

gas tur%wwmwm@ﬁMMﬁm More particularly, this invention is directed to a
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(where Mis iron, cobalt and/or nickel, and X is yttrium okgedgpt her rare
earth or Higagtd \é@aﬁ%geceﬁ@kaatur@sntbrogdsdﬁkulﬁaeﬁgiaessb@&ormnht)wss %Bu?ﬁaﬁn' ngs such
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be added at specified levels to obtain a desired effect. For exanple,
according to U. S. Patent No. 4,774,150 to Amano et al., Biz03, Ti02, Tb407,
Eu203 and/or Am may be added to certain layers of a TBC fornmed of zirconia
stabilized by yttria, nmagnesia or calcia, for the purpose of serving as

"l um nous activators."” Contrary to the conventional practice of stabilizing
zirconia with at |east six weight percent yttria, U 'S. Patent No. 5,981, 088
to Bruce et al. unexpectedly shomed that if a YSZ coatlng has a colunnar
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2 weight percent yttria. Significantly, YSZ TBC s in accordance wth
Br'uce et al. contain the nonoclinic phase, which was intentionally avoi ded
in the prior art by the six to eight weight percent yttria.

Commonl y-assigned U. S. Patent Application Serial No. 09/833,446 to Ri gney
et al. discloses a TBC of zirconia partially stabilized with yttria,
preferably not nore than three weight percent yttria (3%SZ), to which one
or nore agéfiokitiondy SPRXYHAKE 1RV $pp8lying ah® Phedié vepdr ®iposieen (BVBY i ve to
zirconiumions (Zr4+) are alloyed to reduce the thermal conductivity of the
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wei ght percent. Conmmonly-assigned U S. Patent No. 6,352,788 to Bruce has
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that the anmount of | anthana or neodym a added to the YSZ conposition is
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invention to have a significant effect on inpact resistance. O her objects

and advantages of this invention will 2be better appreciated fromthe
foll owi ng detailed description.



BRI EF DESCRI PTI ON OF THE DRAW NGS 4 Figure 1 is a perspective view of a
hi gh pressure turbine blade. Figure 2 schematically represents a
cross-sectional view of the blade of Figure 1 along line 2--2, and shows a
t hermal barner coating systemon the blade in accordance with a preferred
enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention is generally applicable to conponents subjected to high
tenmper at yefshy _p%FUénho%ﬁé.ClﬁiéﬁihMar{t , S AIRDE Sn Sdeebrdaseet RWRh BB aPdL! oW
pressure turbine nozzles and bl ades, shrouds, combustor |iners and

augment orottgindhmmenodlingaphdsey whick veasghteationally aveidep lie thef priorhartghy theessur e

t ur bi ne bJ%deg%g i%migomn gﬂ.Figure 1. The bl ade 10 generally includes an
airfoil 13 WQGEHYPERRPERN St ®onbust i on gases are directed during operation
of the gas turbine engine, and whose surface is therefore subjected to hot
combust i oRnBRsRE b6l SapaRht ApplidYioR Sefial NoN09/893 496 kORi@id cefahsi on. The
airfoil 12 is protected fromits hostile operating environnent by a thernmal

barri er disalopesp TBEQL Hiponennasiaibhatebibiagd yithepiriat pigtorablyingtimerg tharhe
e ; o i . ik "
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present havingendon kiat Wiffetrderrelagive whizirbortitneeidna (Zr* i) airé alieyed tbaeducanst er
parti cul A1 e FPRbERISPT e chbtor 168 atuommBretY SHdrete SPIOHS Ge shown
in Figur t ' f I SxilEY ek epgLal paligabl e to
any compammedtigoint ARERECEE mi pubey FREAST M DARE (UOPPRIERT: cct “the
conponen{(Si) amdabaniugh oxide{Ba@),uthe rereveartbnmmetal oxiflae lahB@ns (Ea£),2@&rias

represented.in Figure i ncludin tallic,hQond co 4 that overlie
he cor f HeeDmepBbanBY. st Puite [Eode afd dRtrests fov:Pa. my v * e oS
super al | gy safifindch® Rars Btisd Jxid qbits, Riradxidd (F501)s chvaboaflbxidet h TBC

systens for conponents of gas turbine éngines, the bond coat 24 is

pr ef er ab§o@h aad seAndivm exidh (TaPpb sRighemnet aluichches thah thevequiesd degeaciafg of an
MCr Al X al | [ di ftusi on,, ¢ | n uc i4f fusion 1 R or a

di f f usi oﬁf-‘%@??ﬁﬁ%ga CE°%§Sn€“§é°rg${t%e%§r%€ Beiuel sl pieORs Rl ife.07 B
coats of titdnisS(TiQPE taseNS{ TR0 nRIbLINBI O Xite (EnOydndajitesial €bLB), ashi ch is
grown by oxidation of the bond coat 24. The alumina scale 28 S chemcally
bonds a WSt asetherorned of a thermal-insulating material, to the bond coat
24 and substrate 22. The TBC 26 of Figure 2 is represented as having a
strain- t ¢l Ghditbn T SpAtdAClisfine! af@IIMTHREmE) AcRudRitdS THOWRY ghst e art,
such columar mcrostructures can be achi eved by depositing the TBC 26

usi ng a physiecagincaporpodentssird rauied ¢h withsend sdaoiaga SrdBRvpPact Thehandvent i on
is al so bg&jrve to.be.%%phicable to HoncplungﬁthBC.de os'tg@%ﬁy such

met hods H8USISS Sy *SMESE RGN HE IETBTTAYC APPSR LhH S RELY ge“kel\ "R TBC of

this tpr_eliOSiéy Bad Reedn®thtokh TR bR MntakB oAl gas tuBbink ldnBhel NTRe MEsGItQst ruct ure
characterized by |rre%ular_flattened grains and a degree of inhonogeneity

and por odhpiagementyfarh bpr ¢resiverwearp@eserally efrmpcsinallast particles)i Ay dmppIn i s

i nt ended i ; i i i Ci i de the
oqut r oa bl AORPRIAE Palficd WNIGEERERTNL 187 TBCRABUG &0 BaBSEN. S 10
gener al | pbssivédhatdfmpact refistabaldecrdasdsowiath ouitia Solents of esethan $ourAegghtdi ng to
the invention, the thernal-insul ati ng_nmater.i of the TBC 26.is based on

al )
bi nary yPeiceRt. ScupmpplysagsignedUny £atopsPo- St BRita Pruge has 1demifteditb¥ wei ght
ercent I fAar I i (s : odym a
(Nd203) e %@t?gfﬁ’tga#é’h?%ezgé)tgggsgath&ogi%%@’ﬁtdF??%@%E‘é‘g‘{“ﬁ%%g‘?‘“arﬁ@gdy% a and
t ant al a ldthe aleac horleen abdwowien byeight peicamtenf intagnta hader shafhie aexhdfifsect on

i npact resistance of YSZ, particularly YSZ containi up tq.about four

wel ght paPERHE et sesidnB Tornchy saneststrd o dhvepid S dsiERGhen ant hana,
neodym acofBhdifbis Were?alibablé forl MBUEOTthdt Scld®dit GMBEVE® ipu6: thRtdeael i ci al
effect of increasing inpact resistance. Effective anmounts for the additive
oxi de ar attishiadyes TBClreangpemplopdsbon compenewss gitendsdr foe rmoreadenivadimg up to
about five wei.ght percent neodym a, up to about ten wei ght percent tantal a,
or up toCBEBEAYEK wei ght percent of a mixture thereof. Preferred anounts
for the additive oxide are about 0.1 to about 4 wei ght percent |anthana, or
about 0.1 to about 4 wei ght percent neodym a, about 0.5 to about 8 wei ght
percent tantala, or about 0.1 to aboul 8 weight percent of a mxture

t her eof .



The nmechani sm by which additions of |anthana, neodym a and/or tantal a

i nprove inpact resistance is not known. It nay be that these oxides are
able to internally absorb energy, and/or may inprove bondi ng of the TBC 26
to the substrate 22. Tantala is believed to inhibit sintering of the grains
30 of the TBC 26, which may 6 contribute to the observed i nprovenent in

i npact resistance, and may al so slow the increase in thermal conductivity

t hat occupgRrt SIMMNARSS OF TEBEYNVENTIN N sintering. In an investigation
| eading to this invention, TBC s were deposited by EBPVD on speci nens

formed of the superalloy Rene NS on which a diffusion platinum alum nide
bond coat Thagrasestrindentioni gendrallgaprevides eroadng alatasiat nastieulaly 8 dhemfabr t he
pur pose of eyal uati ermal cvcle fati sistance, ..whil e others were
o her ovfier odtfing WHCID BT, e ool BubBHR foF Uog LA sl e o5 oo
each typesnfh a8 BRCiupBRllvE hebmeaisibudibr aMd REgMérteGcoRiponB@e bf 8fgay fiMSZe
(zirconia stabilized by about 7 wt.% yttria) to deposit a conventional
79(SZ TBCEngRh e Fhesprasingapaierjgd ri%zwweélabgs neitighlorsabiliggdawith wiea apd taor'sz to

d_epOSIt awﬁ@ﬁ léﬂhzﬁ"%? Récgi?ﬂﬁf aM\ﬁ/Enhtathaﬁl axjgaayggéd Mncrgas%qgte B‘gﬁac} Pes@faltll% et al .

Final ly, additional” specinens were coate y Co-evaporating separate ingots

of 4%rSZ efhic @bdthgy Ihpndvearats obedayhbythiy invemtion ae pditieulaBE esidest witlleposi t ed

to have tgi knesses on the order of about 110 to ab%ﬂt 120 {;n'crometers. As
g sposhed by

a result Patingsduying Ll pRgRgrain fEG G MCh A 89S et PRABRIVD wer e
uni form yafieark Lievipatemhiiesd Al d iRUaRRHior i1also! E3ARGHIVER YouinkEC S,

i.e., not as particles or concentrated in certain regions or |ayers of the
coat i ngs. dégmesiteddfy such nTdB©ds as phsingtspayimgsent i al |y of zirconia stabilized by
about 3 to about 4 weight percent yttria, and one of the additional oxides

of this ipvent.i.on.in the follow n nopunts: .a t.0..07 to about 0.90 weight
obr ot | A pingh dhileel Ob 6 bR TRYARh BB o Jrbuind o iimeistor
about 0. 7resfsin88) AW cohtiAB i¥BarBle dTasreRet religbllig), 8spelfally dnahaBadingedpa!
conductivities and densities of the specinmens are summarized in Table |

bel ow. Thek Adprbiemaniorl viThg areatest heneléidannsasiie be vddpbaiteéaddiinns ©f on and
o100t oo Bl 0 AR gy Sl IGO0 WSS, 127,
ther mal spabentifoy lanthanhend arbingin andAGD Fo laboukhten vedightquedient ifori tantala,
TSz 1. GOUNBES 124 s GO AR, SONP derehld shopsel HpbrphEde I e e
6.84. 74 Yinital"@AHYT R esA AL sBSUid Be HbtedIhatKhite LA kG, AfpBLalR Sernf- 89

No. 09/833,446 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 by this invention to have a significant effect on impact resistance.

Other objects and advantages of this invention will be better appreciated from the

following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS



The above results evidenced that the nodified YSZ coatings containing

| ant hana, neodymia and tantala in the anbunts eval uated had aged t her nal
conductivities conparable to or lower than that of the industry standard
79%'SZ material |npact and erosion tests were conducted on the pin specinens
at high tenperatures (about 1230EC) and high gas velocities while subjected
to an alum na powder injected into the gas stream An alum na powder with
an aver agggRal tid £ h&rspdchife HewdiQUigh Preflits ANBILEbRJWAS used to eval uate

i npact resistance using a gas streamvelocity of about Mach 0.03, while an
al um na powder with an average particle size of about 560 m cronmeters was
used to diguraak echematically repedsentsricerosssastjoral gdew safr tharhisds of Figurefl about

Subj oot o U 8 AR bfs Nl Shucly) Hafinl] o8 b BB RO < ance

wer e nmeasidEdedarics wihl drefthretl RMbodiiak odfhediiventionf erodent required to break
through the thermal barrier coating tv the underlying bond coat. The

m ni mrum and_ maxi mum erosi on and i npact resistances exhibited by the

eval uat e®EheliERRESGRIPFIN Qe FHEANVANEON  pel ow. TABLE 11. Speci nen

Erosion (granms) Inpact (granms) (Coating)m ni munmaxi mumm ni nmumraxi num 7%/SZ
900 1000 140,200 Euved ST FORIBOMIAREIRO (o' SEitoARLNENGHIAA1800RH002500
YSZ+neodym a 1000100011002100 YSZ+tantal a 900100010001900 From t he above,
it can bdéempaatutdsaand partiBl@rly tl cappohentst budhaas Henhighnawldow gpressdret ant al a

exhibite he sane or,better, resi stance t.o erosjion re capabl g of

ni 11 CAWEHy rag: e Pl al: SORRGET e T e SpEERRER eting

exhi bi t eduibaie daBinker AhRRARPleloPa hidhepieRuidtabind Bladd¥EE shoRa i epare FUr nace
cycle tests were perfornmed on the button speci nens using one-hour

FCT) . ! : :
cycles tdhg hi@i\ni@r@mna@yémclmy@@n aprfiib (EF agaipy uvhigh Betrgmbuatien gasas areued unti |
about 10% | @t.| . at | ed. Th oY 9 speci nens
exchi bi t eataney fBhhg Befiaiht 3 BT GuBFE ShERE b S ralhy des T
conpar i saubjettbé to/Ibt| canibustich givesdinwell andatfaslnthyl axidmish, RS sieN indi t ed
average FCT |i ve;ﬁof, about 513, 727 and 873 cycles, respecti vel%.{ The tests
repor t ed SE5#e  dhevitol Hat isaprotctadnfipmy ity dgstils -apssbing Tesirenmenti BY 3y about
three to i | . : i tc0.05 to
about 1 v i VEHGDLooRRE TEBL) kiokirh Sompgeh UG BB T, TREMbl 00,
n_eod_y][n: a,lZﬂs w_bhm’ed G 2 t_ud)iramdisk (prtﬂiogxht) Vit aedég;ae(tsazﬂnlhgmdmm? troot oy
significan i Vv i npact r.esistance over nd. conventi ona
coat | ngs Sl G BISBE Plad 1By aacl BE G RRONS SR ENGIDE BRI MHGRER ¢« abl o
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these results, it was concluded that conparable results shoul d"be obtained
for YSz HEEigwntion armpartipdetly desirable fo haglo pressuse tyibinglagesrafehe typet ri a and
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addi t i ongofpotknt b whistea @#air@bl bRaEC&ating ndydrtsad do protete dibyddngopentup to ten
wei ght percent of tantala being acceptable. It is also believed that a
conbi nat ifeyn ahighdgmpgralire sSE@PMCEt- and/ or tantala in an anount of about 0.1
to about 8 weight percent should also be effective. 9

The TBC system 20 is represented in Figure 2 as including a metallic 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 type develop an aluminum oxide (alumina) scale

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



VWil e the invention has been described in ternms of a preferred enbodi nent,
It is apparent that other fornms could be adopted by one skilled in the art.
Accordi ngly, the scope of the invention is to be limted only by the
follow ng clainms. 10 CLAI MS: 1. A conmponent (10) having a coating (26) on
a surface thereof, the coating (26) consisting essentially of zirconia
partially stabilized by up to about 10 wei ght percent yttria and to which

is all oyedh@ﬁlcélgawnd@aermadefoadﬁh of & refhAlS R ThAtBRaIJIOME b6R 88t | NG Of
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(26). 2. ﬁhﬁoamnaenan b&@):hlambb}dldﬂppsitﬁlgclhalma zmmgumﬁybeanmr ng (26)

contains gnly, one of the a Ieast one oxide additive, 3. conmpaonent (10)
accor di ngdergsitiog;teshniqugwich pn EBRY D x Thednyentiopiiy alse ?elleé(ﬁ‘li Habﬁaapplucah*ﬁe

component ¢ ndihAGE 1 64 By udh NGRSE! A b nthe
coating (tZOgSS1 I n an armquEln%]le%(?s1 a%o:.)ft o oégb%uégﬁﬁ gﬂgﬁlﬁber ce‘rﬁl{kt .
conponent plasiha) )speayoy (ARS). t A dBO wf Jthisvﬁype as rin tthe fax o€ moltknt ‘spdats,d
neodym a. resulting in a microstructure characterized by irregular flattened grains and a degree

of inhomogeneity and porosity.

As with prior art TBC’s, the TBC 26 of this invention is intended to be deposited to a
thickness that is sufficient to provide the required thermal protection for the
underlying substrate 22 and blade 10, generally on the order of about 75 to about 300
micrometers. According to the invention, the thermal-insulating material of the TBC
26 is based on binary yttria-stabilized zirconia (YSZ) containing up to about ten
weight percent yttria but further alloyed to contain lanthana (La,O;), neodymia
(Ndy03) 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 weight 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
lanthana, up to about five weight percent neodymia, up to about ten weight 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 percent 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, neodymia 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



6. The conponent ( 10) according to claim5, wherein neodyma is present
I n an anmount of about 0.1 to about 4 wei ght percent.

The conponent (10) according to claim1, wherein the oxide additive is
tantala. 8. The component ( 10) according to claim7, wherein tantala is
in the coating (26) in an anount ,of about 0.5 to about 8 weight
9. The conponent (10) according to claiml, wherein the coating

the coating (26)

pr esent
per cent .

(26) conshafribudf tozhé 6PYRd 1 grwe?nenanﬂnﬁ t PslsBic@dfidth ¥ alsd Qlow! B

conponent (10) according to

is a diffspedimendloahedofNthakibrilicyeRené N5 on which a diffusion platinum aluminide

bond coat had been deposited. Some of the specimens were buttons for the purpose of
evaluating thermal cycle fatigue resistance, while others were in the form of pins for
evaluating erosion and impact resistance. Some of each type of specimen were coated
by evaporating an ingot of 7%YSZ (zirconia stabilized by about 7 wt.% yttria) to
deposit a conventional 7%YSZ TBC. Other specimens were coated by evaporating an
ingot of 4%YSZ to deposit a TBC in accordance with U.S. Patent No. 5,981,088 to
Bruce et al. Finally, additional specimens were coated by co-evaporating separate
ingots of 4%YSZ and either lanthana, neodymia or tantala. The TBC’s were
deposited to have thicknesses on the order of about 110 to about 120 micrometers. As
a result of the deposition process, lanthana, neodymia and tantala were uniformly
deposited atom-by-atom throughout their respective YSZ TBC’s, i.e., not as particles
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 are summarized in
Table I below. Thermal conductivity is reported in the as-deposited condition and
following a thermal aging treatment in which the specimens evaluated for
conductivity were held at about 1200EC for about two hours to determine the thermal

stability of the coatings.
TABLE L.
Thermal Conductivity

SpecimenAs-Deposited AgedChangeDensity

7.

further conprising a netallic bond

in

aiml or 9, wherein the zirconia is partially
st abi | i zeukcrbase abthetmawendwtixiip that boamrs weh JZ ger reault ofygraini sinteddg. The
conponent (10) according to claiml1,
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13. The conponent ( 10) according to any one of the preceding clains,
wherein the conponent (10) is a superalloy airfoil conponent (10) of a gas
turbine engine. 12 . Al. A3! 3. As[Y. ASY. Al F. A53. Al F. AF5F. A[ Y. AHY. Al . A5Y" 9&
C?1&&& ' Z' ' " O(V(}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]calca
]calca] ca] ca]ca]ca] cal]ca]lca]calca]c:alcalcalca]c:al V(Z-//28QVI99?A] A" AAB[ B
BBFFFFFG) GcGH@ zNNN Ont{ vql gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] ca]

ca] ca] ca] &%gg%ﬁ%@hﬁﬁd)cghgg{]}\?gyﬁg%gg] ca] ca] ca] ca] ca] ca] ca! mMosO[ OQQ R{ RR
SbSSSGTT val g cal ca]ca]ca]calca]ca]]calcalca]ca]calc
a] ca] ca] ca{ca ] cal ca ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca"9& a?! 8s@
109008 () 1%l @@&2(5)4 1 g&10%008& () -3 s10%0& ()- | s10%& ()-10%0& () -

C @f 10%& ()-!3&10%(Y& ()-3y 10% ()- 100 100 100 : MLO%E () - 31

10908 () - 4519851 Bo% AWK 4D
YSZ + lanthanal 621.73 6.84.74
YSZ + neodymial 441.69 17.44.49
YSZ + tantala1.691.80 6.54.89

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 industry standard 7%YSZ material.

Impact and erosion tests were conducted on the pin 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 erodent required to break through the
thermal barrier coating to the underlying bond coat. The minimum and maximum
erosion and impact resistances exhibited by the evaluated specimens are reported in

Table II below.
TABLE II.

Specimen Erosion (grams) Impact (grams)

(Coating)minimummaximumminimummaximum

7%YSZ 900 1000 700 900
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4%YSZ 900 100011001400
YSZ+lanthana 1100 120021002500
YSZ+neodymia 1000 100011002100
YSZ+tantala 900 100010001900

From the above, it can be seen that the TBC’s alloyed with lanthana, neodymia and
tantala exhibited the same or better resistance to erosion, were capable of significantly
greater impact resistance than the 4%YSZ specimen, and exhibited far better impact

resistance 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 7%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 thermal 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 percent 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
weight percent of lanthana or neodymia or up to ten weight percent of tantala being
acceptable. It is also believed that a combination of lanthana, neodymia and/or tantala

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

10T 10T
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scope of the invention is to be limited only by the following claims.
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1. A component (10) having a coating (26) on a surface thereof, the coating (26)
consisting essentially of zirconia partially stabilized by up to about 10 weight percent
yttria and to which is alloyed at least one oxide additive chosen from the group
consisting of up to about 5 weight percent lanthana, up to about 5 weight percent
neodymia, and up to about 10 weight percent tantala for a combined maximum of
about 10 weight percent of the at least one oxide additive, the oxide additive being

uniformly incorporated atom-by-atom throughout the coating (26).

2. The component (10) according to claim 1, wherein the coating (26) contains only

one of the at least one oxide additive.
3. The component (10) according to claim 1, wherein the oxide additive is lanthana.

4. The component (10) according to claim 3, wherein lanthana is present in the

coating (26) in an amount of about 0.1 to about 4 weight percent.
5. The component (10) according to claim 1, wherein the oxide additive is neodymia.

6. The component (10) according to claim 5, wherein neodymia is present in the

coating (26) in an amount of about 0.1 to about 4 weight percent.
7. The component (10) according to claim 1, wherein the oxide additive is tantala.

8. The component (10) according to claim 7, wherein tantala is present in the coating

(26) in an amount of about 0.5 to about 8 weight percent.

9. The component (10) according to claim 1, wherein the coating (26) consists of

zirconia, yttria, and the oxide additive.

10. The component (10) according to claim 1 or 9, wherein the zirconia is partially

stabilized by about one to about four weight percent yttria.

11. The component (10) according to claim 1, further comprising a metallic bond coat

(24) adhering the coating (26) to the component (10).

11
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12. The component (10) according to claim 11, wherein the metallic bond coat (24) is

a diffusion platinum aluminide.

13. The component (10) according to any one of the preceding claims, wherein the

component (10) is a superalloy airfoil component (10) of a gas turbine engine.
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