THERMAL BARRI ER COATI NG MATERI ALS BACKGROUND OF THE | NVENTI ON FI ELD OF THE
| NVENTI ON This invention generally relates to coatings for conponents
exposed to high tenperatures, such as the hostile thermal environnment of a
gas turbine engine. More particularly, this invention is directed to a
protective coating for a thermal barrier coating (TBC) on a gas turbine
engi ne conponent, in 1.ch the protective coa
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| n cont r £&¢er tp increase their efficiency. However, as operating temperatures increase, the

high temperature durability of the components within the hot gas path of the engine

must correspondingly increase. Significant advances in high temperature capabilities

have been achieved through the formulation of nickel and cobalt-base superalloys.

Nonetheless, certain components of the turbine, combustor and augmentor sections of

a gas turbine engine can be required to operate at temperatures at which the

mechanical properties of such alloys are insufficient. For this reason, these

components are often protected by a thermal barrier coating (TBC).

TBC’s are typically formed of ceramic materials deposited by plasma spraying, flame
spraying and physical vapor deposition (PVD) techniques. TBC’s employed in the
highest temperature regions of gas turbine engines are most often deposited by PVD,
particularly electron-beam PVD (EBPVD), which yields a strain-tolerant columnar
grain structure that is able to expand and contract without causing damaging stresses
that lead to spallation. Similar columnar microstructures can be produced using other
atomic and molecular vapor processes, such as sputtering (e.g., high and low pressure,
standard or collimated plume), ion plasma deposition, and all forms of melting and

evaporation deposition processes (e.g., cathodic arc, laser melting, etc.). In contrast,
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pl asma spraying techni ques such as air plasma spraying (APS) deposit TBC
material in the formof nolten "splats,” resulting in a TBC characterized
by a degree of inhonbgeneity and porosity. Various ceram c naterials have
been proposed as TBC s, the nost notable of which is =zirconia (ZrQ2) that
is partially or fully stabilized by yttria (Y203), nmagnesia (MO or

anot her al kaline-earth netal oxides, or ceria (CeQ) or another rare-earth
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the thernmal conductivi tPE/ of YSZ. For exanpl e, commonly-assigned U.'S. Patent

Appl i cat i@ Wapiug (WS, Hatent ek BH34& to Mdaloneydy- Howsesr, yhrimistphdizedt al .

di scl 0S€S,5r00n4a (YSZ) has been the most widely used TBC material. Reasons for this
preference for YSZ are believed to include its high temperature capability, low
thermal conductivity, and relative ease of deposition by plasma spraying, flame

spraying and PVD techniques.

To protect a gas turbine engine component from its hostile thermal environment, the
thermal conductivity of a TBC is of considerable importance. Lower thermal
conductivities enable the use of a thinner coating, reducing the_ weight of the
component, and/or reduce the amount of cooling airflow required for air-cooled
components such as turbine blades. Though the thermal conductivity of YSZ
decreases with increasing yttria content, the conventional practice has been to
partially stabilize zirconia with six to eight weight percent yttria (6-8%YSZ) to
promote spallation resistance. Temnary YSZ systems have been proposed to reduce
the thermal conductivity of YSZ. For example, commonly-assigned U.S. Patent
Application Serial No. [Attorney Docket No. 13DV-13490] to Rigney et al. discloses
a TBC of YSZ and alloyed to contain certain amounts of one or more alkaline-earth
metal oxides (magnesia, calcia (CaO), strontia (SrO) and barium oxide (BaO)), rare-
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a TBC of YSZ and alloyed to contain certain anounts of one or nore

al kaline-earth netal oxides (magnesia, calcia (CaOQ, strontia (SrO and
barium oxide (BaQ)), rare- 2 earth netal oxides (ceria, gadolinium oxide,
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To be effective, a TBC must strongly adhere to the component and remain adherent
throughout many heating and cooling cycles. The latter requirement is particularly
demanding due to the different coefficients of thermal expansion (CTE) between
ceramic materials and the substrates they protect, which as noted above are typically
superalloys, though ceramic matrix composite (CMC) materials are also used. An
oxidation-resistant bond coat is often employed to promote adhesion and extend the
service life of a TBC, as well as protect the underlying substrate from damage by
oxidation and hot corrosion attack. Bond coats used on superalloy substrates are
typically in the form of an overlay coating such as MCrAIX (where M is iron, cobalt
and/or nickel, and X is ytirium or another rare earth element), or a diffusion aluminide
coating. During the deposition of the ceramic TBC and subsequent exposures to high
temperatures, such as during engine operation, these bond coats form a tightly

adherent alumina (Al,03) layer or scale that adheres the TBC to the bond coat.

The service life of a TBC system is typically limited by a spallation event brought on
by thermal fatigue. In addition to the CTE mismatch between a ceramic TBC and a

3



tenperatures, such as during engine operation, these bond coats forma
tightly adherent alum na (A1203) | ayer or scale that adheres the TBC to
the bond coat. The service life of a TBC systemis typically limted by a
spal | ati on event brought on by thernmal fatigue. In addition to the CTE

m smat ch between a ceramic TBC and a 3 netallic substrate, spallation can
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The present invention generally provides a coating material, particularly a thermal

barrier coating (TBC), for a component intended for use in a hostile thermal
environment, such as the superalloy turbine, combustor and augmentor components of
a gas turbine engine. The coating material has a cubic microstructure and consists
essentially of either zirconia (ZrO,) stabilized by dysprosia (Dy,0;), gadolinium
oxide (Gd203), erbia (Er;03), neodymia (Nd,O3), samarium oxide (SmpOs) or ytterbia
(Yb203), or hafnia (HfO,) stabilized by dysprosia, gadolinium oxide, samarium oxide
or ytterbia. Up to five weight percent yttria may be added to the coating materials to

further promote thermal cycle fatigue life.

According to the invention, zirconia and hafnia alloyed with their respective above-
noted stabilizers have been shown to have lower thermal conductivities than
conventional 6-8%YSZ, allowing for the use of a thinner coating and/or lower cooling
airflow for air-cooled components. In addition, the hafnia-based coatings of this
invention are resistant to infiltration by CMAS, thereby promoting the life of the TBC
by reducing the risk of CMAS-induced spallation. While others have proposed

additions of some of the oxides used as stabilizers in the present invention, including



conventional 6-8%SZ, allowng for the use of a thinner coating and/or

| omwer cooling airflow for air-cooled conponents. In addition, the

haf ni a- based coatings of this invention are resistant to infiltration by
CVAS, thereby pronoting the life of the TBC by reducing the risk of
CMAS-i nduced spal l ation. Wile others have proposed additions of sonme of
the oxides used as stabilizers in the present invention, including 4 the
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general ly applicable to conponents subjected to high tenperatures, and

parti cul a?{s

to conmponents such as the high and | ow pressure

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

following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective 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 system on the blade in accordance with

a preferred embodiment of the invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally applicable to components subjected to high
temperatures, and particularly to components such as the high and low pressure
turbine nozzles and blades, shrouds, combustor liners and augmentor hardware of gas
turbine engines. An example of a high pressure turbine blade 10 is shown in Figure 1.
The blade 10 generally includes an airfoil 12 against which hot combustion gases are
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
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turbi ne nozzl es and bl ades, shrouds, conbustor |iners and augnentor

har dware of gas turbine engines. An exanple of a high pressure turbine

bl ade 10 is shown in Figure 1. The blade 10 generally includes an airfoi
12 agai nst which hot conbustion gases are directed during operation of the
gas turbine engine, and whose surface is therefore subjected to hot
conbustion gases as well as attack by oxidation, corrosion and 5 erosion.
The airf oktosiba. | Theraiifeit ti@disf protecietdsirbmsits hestilpespatdting @Rifon@BAEBY DY a
thermal barrier coating (TBC). system schematically depicted in Figure 2.
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the conponent from a "high ténperature envitonnent. [The TBC syst m 20 is
r epr esent gwmirFFigure 1 thsteadnmmmgnsalmn*am iaze penedallyoapplizabletthamyover | i es

the surface of a subst the latter of ,which,is cal |

SUper al | oy RIRNY fb VBisee TEEA e OE ek BRYGE vt toaolebt i gopthoBapt n Tac
systens f®m 1P icSa uu@fengagnﬁl@mbl ne engi nes, the bond coat 24 is
preferably an Ium numrich conposition, such as an overlay coating of an

MCr Al X aIon or a diffusion coating such as a dlffu5|on alum nide or a
di f f usi onlTHeakB G swsten 24 isirepressnted inyiiguieoaminchidingsa gefallic pontheepidtr i ch

bond coat I Erq]&lg 't%fﬂ: )

which is %?génwglggsstgéll%%cg?g%o 8% e g%ﬁtgb coat § 3 ér]n%n%ég%@lgy%

chem cal | andtbe taseanalBi(al 26 thef thadeelD. oAs & typiealneith TBSdyatcinsdonainpdnehts to the
bond coat , 24 and substrate 22. The TBC Fi qure i.s, represented as
v g a. B e I bR ST o400 P TR D A A G SRS ko i 1
the art, dEhsCRl By cditiff QT UMY S8y Bleaacﬁmlﬁuﬁ%mngimlshg hng the
TBC 26 usi ng a physical vapor deposition technique, such as EBPVD. The

i nvent i ordiffesian sdimisidecorcal diusien ainneapluminide oidh e meam iPBbedsposi t ed
by such r@f“upnqglin-afchplgo%%%a%pé%sn%pe d@%lglglaﬂgal&hfnum oxide (alumina) scale

28, which is grown by oxidation of the bond coat 24. The alumina scale 28
chemically bonds a TBC 26, formed 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-tolerant
microstructure of columnar grains 30. As known in the art, such columnar
microstructures can be achieved by depositing the TBC 26 using a physical vapor
deposition technique, such as EBPVD. The invention is also believed to be applicable
to noncolumnar TBC deposited by such methods as plasma spraying, including air
plasma spraying (APS). A TBC of this type is in the form of molten “splats,”
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 may be a two-component system of zirconia stabilized by dysprosia, gadolinium
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pl asma spraying (APS). A TBC of this type is in the formof nolten
"splats,” resulting in a mcrostructure characterized by irregul ar
flattened grains and a degree of inhonogeneity and porosity. As with prior
art TBCs, 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 wunderlying substrate 22 and bl ade 10, generally on the order of about
75 t o abouokidd0érbiayineodyneinesanariac okidicny fterbiheor ovwoicomponéesystem of
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Thr ee- conponanit ofsytétia rgeneraly b foofime dvedghtt feeceat, cowh asi dbioohd tfoyatmatisng a

limted anmoupt of 'y ia, generally up ta fjive.weight .percent, such as
about 4 t JoRpbheroent’ hertorBEREdte B ctlg (FLE TR s R e, £
(f1uoriteof $hB&) cothsdsRiont hHE benesho®AWY thiRfintditRa 16 REROS shibseitiallpSogen shown
by this invention to have a substantial ‘lp‘é | ower thermal conductivity than

YSZ, par t theunarcondictivesithaml 84, particuler ¥P§isontasiingsix fe eighhweight peicent These

conposi ti . Vj | ati.vel i .de cubic
region in %?J?ﬁ%ﬁg?eﬁ?’a%‘gg‘%%%%@%‘%%ﬁe ? &‘é*{}‘?*}éf%g"g rhlg%/il’ngsaﬂladr%1 Flﬁfa%]‘gg rcgglices in
t he coat i rgioncinethies tphyseadiagla@ss sahkihy iniurlti8 &nll dndccpfaaie ih tensbpingat i on.
Based on gn i.nvesti gat | di scussed bel ow, sujtable, preferred and target

cheni st r i SSTAERY %Fted?ﬁsélkgg’rft?éﬁ%@ tofgophase, gransfeymationg Rased pn ap AvesHEAtow i n
Table |I. ! 6 | | AlIE i th
sl |, Fasesonsoinss, GONLH duigbl o, o el e 1

expect ed tenperature range
deposi t edIBO 26 gees satuiolthneel@mgin rikabbo fop oRterse .chfBlnkes! ensBees e Stabidé Icitlzier

4590t 0 BIIPLDES DT Egp sl b S SR oS d T3S9A0 I F0%

subjected if deposited on a gas turbine engine component.

TABLE L.
Base Stabilizer Content (at.%)
Material Stabilizer Broad Range Preferred Range

ZrQ, Dy;03 10 to 45% 10 to 30%
ZrO; Er,Os 10 to 25% 12 to 25%
ZrQ; Gdy 03 10 1o 25% 10 to 20%
ZrQ, Nd,05 81022% 810 18%
Zr0; Smy0 10 to 25% 10 to 20%
Zr0, Yb 0 8 to 30% 15 to 25%
HfO, Dy,03 10 to 50% 10 to 45%
HfO, Gdy0s 5 to0 30% 10 to 25%
HfO, SmyO 510 30% 10 to 20%
HiO, Y.03 10 to 45% 15 to 40%
HfO, Yb,0s 10 to 50% 15to 25%

In addition to low thermal conductivities, the hafnia-based compositions of Table I
have also been shown to be resistant to the infiltration of CMAS. While not wishing
to be held to any particular theory, it is believed that the high melting temperature and
surface energy of hafnia leads to little or no bonding tendency to the CMAS eutectic
composition, and therefore inhibits the infiltration and bonding of CMAS to the TBC
26 while CMAS is molten and therefore capable of infiltrating the TBC 26. To

7



Zr 02Nd2038 to 2298 to 18% Zr 02Sn2010 to 25%0 to 20% Zr Q2Yb2038 to 30%5 to
25% Hf O2Dy20310 to 50%10 to 45% Hf 02Gd2035 to 30940 to 25% Hf 02SnR205 to
30940 to 20% Hf 02Y20310 to 45%5 to 40% Hf 02Yb20310 to 50%15 to 25% In
addition to |l ow thermal conductivities, the hafni a-based conpositions of
Table I have al so been shown to be resistant to the infiltration of CVAS.
While not wwshing to be held to any particular theory, it is believed that
t he hi gh beddfit foprt dhnip erpability, thechafisasbhsglecomtiaggpf dfis rnkniien tanbsutal | ittl e

or no bondj ng tendency to the S euyf ect] onposi ti,on, .a refore
i bi s ERBEPHA 6 CHSTBRSAE BEAIL oo ERRS TR Pipen J8SsBBORRM b oS | 5
nol ten anﬂaxﬁe%r&il&hﬁarcgﬁﬁp'sﬁu&ﬁre' & 'shé\&ﬁltih rl@lfgﬁﬂt%ﬁz,-r% Rénialfisdd Q@&ﬁfg t f(rjom

this capability, the hafnia-based coatings o i's 1nvention can be use
al one or esmpértianstodithie stvehtigrehavefbean pbidervddeay eejeqIBE mikinare thechrmapasi t ed by

PVD to have. a,caolu [n structure as shown J.n. Fiqur th

af ni a- baBlGmEHEOR COUAS Jafo e SERFis Tl PR CTe AT FoB0%r ved o
rej ect ortydpailafliceofitheTBOZARtion and infiltration of CMAS that woul d
otherwi se result in a CTE m smatch that can lead to spallation of the TBC
26. In an_investigation leading to this invention, TBC s were deposited by

EBPVD on Inspeénvesiigatioprlggding fo this mveptipn) TBG Repe deposited by EBPY Ibon

di f fusion J. Lo The: i r by
cvapor at 1 fne et 1om R P GER-AHER AR ol REARSRATRIR I AR AR Y |
deposi t edbden depoeitddni Thaapesemens wehe costde byodvapatating a/fingle iapausdt tis0

m croneters, The chem strje d thernmal . conductiyjties of the _coatings
re SumefieEd SORDTSBPE. 1hE Jal o err rted Bhbkte RS o Beruorited ot
about  8904pdupl5 RYhBH P99 thistbARtdrd. ZPid HinfbtridMH thdP0 Cosidiidieb 6r Rl agi ng

treatnment in which the specinens were held at about 1200C for about two
hour s t o coatings are summarized in Table II below. Thermal conductivities are reported at

about 890°C following both stabilization at about 1000°C and a thermal aging
treatment in which the specimens were held at about 1200°C for about two hours to

determine the thermal stability of their coatings.

TABLE IL

Thermal Conductivity
Specimen Stabilizer Content Stabilized Aged
(Coating) (at.%) (wt.%) (W/mK) (W/mK)
ZrOy+Dy>04 15 348 1.13 1.19
ZrOytErOs 17 38.9 1.14 1.13
ZrOy+Gd05 ® 19.6 41.0 0.95 1.21
ZrOs+Gdy0; P 14.3 32.0 0.96 1.20
Zr0y+Nd, 05 13 29.0 0.95 1.14
Zr0y+Sm; 03 15 33.3 n/a n/a
ZrO;+Yby0 20 44.4 1.16 1.16
Zr02+Yby0s 20 44.4 1.11 1.17
ZrOy+Yh03 ¢ 19.5 43.0 0.95 1.03
ZrOy+YbyO; ¢ 18.9 42.0 1.09 1.17
HfO»+Dy,04 30 43.2 0.84 0.96
HfO,+Gd,03 15 233 0.96 1.13
HfO;+Sm,0; 20 29.3 n/a n/a
HfO,+Y,04 30 315 n/a n/a
HfO;+Y1,0s 20 319 1.16 1.16



determne the thermal stability of their coatings. TABLE II. Thermal
Conductivity Speci menStabilizer Content StabilizedAged

(Coating)(at.%w. %W nKW /nK) Zr02+Dy2031534. 81.131. 19

Zr 02+Er 2031738. 91. 141. 13 Zr R2+Gd2C3al19. 641. 00. 951. 21

Zr 02+Gd203b14. 332. 00. 961. 20 Zr 02+Nd2031329. 00. 951. 14 Zr 2+Sn2031533. 3n/ an/ a
Zr 2+Yb2032044. 41. 161. 16 Zr 02+Yb2CB82044. 41. 111. 17 Zr 02+Yb2(8

C19. 543. 00. 951. 03 ZirOFn¥ineCaledéd +«dohtal 400t1% 1, O5f(BEotPs 103304 3. 20. 840. 96

Hf 02+Gd2081523. 30. 9 L. Fi3hkf Aeshed e 348 4306a% grzcb-gf @ggﬁ@p@g@g; 5nl anl a

Hf 02+Yb2(032031. 91. 1@1 2 WL . % Y203
(about 3.1 at.%. ?uﬁ‘trhre oye

Lin @l 410 d;‘{ ?
at.%%}. c - Fu&ther aIIo ed (9%%\113& w&%@ao %/% %3 (about 3 :
F %.Y20 . T
Foeults arheRtws né‘?%%wsﬁl ﬁ@&m%ma%&?%é%ﬁh%lﬁﬁ?@ﬁﬁ %Eéo %0&395%3*29"6? this
i nvent i onlmmlﬁwm hA¥Rlovel BidiRbl SradMRLiid ﬂm&eﬁletlmtrw@anum@g%vys% andar d

6-8%SZ naterial (above about 1.6 WnK), and are sighificantly nore

t her mal | ymstezial éahowarabom%(SZW/mKt) candsargfsigmificantiyrivete themenllyt stableitkan Based
on these 1’7‘%»%2 ter[ns (?f t% tﬁermal conductivities. Based on these results, it is also _
believed that the thermal conductivities of the zirconia and hafnia-based compositions

of this invention might be further reduced by the inclusion of third and/or fourth

oxides. Suitable oxides for this purpose include those evaluated above, namely,
dysprosia, gadolinium oxide, erbia, neodymia, samarium oxide and ytterbia, as well as
potentially zirconia (for the hafnium-based compositions), hafnia (for the zirconia-
based compositions), barium oxide (BaO), calcia (CaQ), ceria (CeQ,), europia
(Euy03), indium oxide (InyOs), lanthana (La;0s), magnesia (MgO), niobia (Nb,Os),
praseodymia (Pr,0s), scandia (Scy0;3), strontia (SrQ), tantala (TayOs), titania (TiO-)
and thulia (Tm»03).

While the invention has been described in terms of a preferred embodiment, it is
apparent that other forms could be adopted by one skilled in the art. Accordingly, the

scope of the invention is to be limited only by the following claims.



believed that the thermal conductivities of the zirconia and hafni a- based
conpositions of this invention m ght be further reduced by the inclusion
of third and/or fourth oxides. Suitable oxides for this purpose include
t hose eval uat ed above, namely, dysprosia, gadolinium oxide, erbia,
neodym a, samarium oxi de and ytterbia, as well as potentially zirconia
(for the GlaANBm based conpositions), hafnia (for the zirconia- based
conpositions), bariumoxide (BaO, calcia (CaQ, ceria (CeQ2), europia

(Eu203), 4 ndi ' )3} 1 anthan L magnesi. a Q.. .niobia
(Nb205), l'pgadég]@g)é‘%n&g(léi%w q,m%ca% %5@?@3%@ h%‘??%ﬁtcfl lc( lr\%s?[mf"télﬁet al a
(Ta2@B) , anilt eonsBtingdi d3BgntiaBN oft hisddnta (sTEBRANRY . withi dyepidaR, i sidiaNtneodyriias been
described in terns_of a preferred enmbodiment, it _i s, apparent that other
forms codfUHENLFMR YIsIPiamE gksaatabiized with gadolmiwa ogidsgng ytirigeor scope
of the i ' ! Ll t t ' i,i;s. 9 CLAI MS:
1. A corrgl\éﬁg%]%tg?i%fd %:Vg}rlrg ?ﬂ&% g%ﬂolgg{l%ﬁr&g%é?ﬁ%rm&g%‘fdﬁg{f n‘gb?cubi C

m crostructure and consisting essentially of zirconia stabilized with

dysprosi & Erbeampaneoti(it) accordiageie iclamol ivderan th dvetebiestingr(26) casisia
stabilized w.t dol i ni um.oxi.de an ttria r. _hafnia stabilized with
dyspr osi g,sse\é\‘hﬁgl l{fﬂ{wga&’élfzegg’%&g?%rﬁé&? iah‘éutéj's RIS ST SYSPHIFEL. conponent

(10) according to claim1l, wherein the outer coating (26) consists

essent i al3l yrief componeit (A0 piabiding R0cliih 8RO twhkbeih theaabrasyt 132& @bpearziseer cent
dysprosia. 3. The conmponent %10 according to claimfor 2, wherein the

out er | apérirgeny stabjligedsbsaboyt 16 fo aheyt 30 atorms pereey dysprasisut 10 to about 30
atom c percent dysprosia. 4. The conponent (10) according to claiml,
wherei n ih i : i i bANY J bilized
by about 10! o SHRRAGURY b ARding R Tlehh, wERIAR thude arkl (B8N Bef

accor di ngsseotidlya¢fmilconia stabilivee bgiahoutH® toabaurt 25 ayenic(pBGencabiz st s of
zirconia stabilized by about 12 to about 25 atomi c percent erbia. 6. The

Q ing to clai : in th t t 26
coner ot o5~ aenBRSRA @D arfordisi ' bomed 7 Sotharg)® bbfenBo BRIt ar oni o
percent gageddniv stabiliged weatane 12 dRuedPatbmic yataeripgr cent yttria.

=

6. The component (10) according to claim 1, wherein the outer coating (26) consists
essentially of zirconia stabilized by about 10 to about 25 atomic percent gadolinium

oxide and up to about 5 weight percent yttria.

7. The component (10) according to claim 1 or 6, wherein the outer coating (26)
consists essentially of zirconia stabilized by about 10 to about 20 atomic percent

gadolinium oxide and about 4 to about 5 weight percent yitria.

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

essentially of zirconia stabilized by about 8 to about 22 atomic percent neodymia.

9. The component (10) according to claim 1or 8, wherein the outer layer (26) consists

of zirconia stabilized by about 8 to about 18 atomic percent neodymia.

10. The component (10) according to claim 1, wherein the outer coating (26) consists
essentially of zirconia stabilized by about 10 to about 25 atomic percent samarium

oxide,

10



7. The conponent (10) according to claiml or 6, wherein the outer coating
(26) consists essentially of zirconia stabilized by about 10 to about 20
atom c percent gadolinium oxi de and about 4 to about 5 wei ght percent
yttria. 8. The conponent (10) according to claim1, wherein the outer
coating (26) consists essentially of zirconia stabilized by about 8 to
about 22 atom c percent neodyma. 9. The conponent (10) according to claim
1 or 8, wherein the outer layer (26) consists of zirconia stabilized by
about 8 tiq a i \ |
accordindqfoqgggpﬁﬁfg&gggggﬁﬁkﬁﬁgé5%?%?%Q%g¥i%g‘TE%?nggggﬁgfggyéigé%tiaIIy
of zi r corvoasists abzir¢anédstityilizdacayt abbt t btoadbout 2R&oali©parcerp sameiim Sa@ar i um

oxi de. 10 11. The component (10) according to claim1 or 10, wherein the

outer |ayer {26 consists of zirconia stabilized by about 10 to about 20
atonic pGI?Ce]I(‘he g}p@pﬁﬁr@@&?%@;dﬁ&@o %Wén opEENt e(of\é}' corisr ﬁh@o%st?tscl aim 1,
wher ei n teB@n@slE6f ARBhIANKIZRH b5 ARSI B ab8SSRIMtbALd Yer@int 6N @ stabil i zed
by about 8 to about 30 atomi c pércent ytterbia. 13." The Conponent (10)

according to claim 12, wherein the outer coating (26) further contains up
to about 13- idieqiemnsaedh@) deceuding tordainThd wharpioribaouten ogating ¢36)dfurthett o cl ai m

st abi || Sey BT PP ST Ser AR 1O, Cont yiterbia and about 4 to

about 5 weight percent yttria. 15. The conponent (10) according to claim1,
wher ei n tlhe Theatcemponat (HY ac@Gingaosiadngl, 125 40) whirkin thé otitef toatingl(28) | | zed
he conmpaonent (10)

by about 10.to ahout.50 atom.c percent dysprosia, 16. T (

accor di n§OrBsE P%’Fﬁofnaosttab%z,eg'm @E@Wﬂl i’] tﬁ@%B ey atpicpergepg yterbiaand apeuiof

haf ni a quggb&qumggmgQgght%gﬁio about 45 atom c percent dysprosia. 17. The
conponent (10) according to claim1l, wherein the outer coating (26)

consists _essentially of hafnia stabilized by about 5 to about 30 atomc
percent gdaddiliersompensatd) acgordingstocdaipo hemer¢inghe gutev eefiting (26) winaistn 1 or

17, wh Lt . i st f.ni tapilized b bout 10
L1 quher ShantlE A4Sl LHBed RPN 0% 5150 sBR e Bh naRE” ) "
according to claiml1l, wherein the outer coating (26) consists

16. The component (10) according to claim 1 or 15, wherein the outer layer (26)

consists of hafnia stabilized by about 10 to about 45 atomic percent dysprosia.

17. The component (10} according to claim 1, wherein the outer coating (26) consists

essentially of hafnia stabilized by about 5 to about 30 atomic percent gadolinium oxide.

18. The component (10) according to claim 1 or 17, wherein the outer layer (26)

consists of hafnia stabilized by about 10 to about 25 atomic percent gadolinium oxide.

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

essentially of hafnia stabilized by about 5 to about 30 atomic percent samarium oxide.

20. The component (10) according to claim 1 or 19, wherein the outer layer (26)

consists of hafnia stabilized by about 10 to about 20 atomic percent samarium oxide.

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

of hafnia stabilized by about 10 to about 45 atomic percent yttria.
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essentially of hafnia stabilized by about 5 to about 30 atom c percent
samari um oxi de. 20. The conponent (10) according to claiml1l or 19, wherein
the outer layer (26) consists of hafnia stabilized by about 10 to about 20
atom c percent samarium oxide. 21. The conponent (10) according to claim1,
wherein the outer coating (26) consists of hafnia stabilized by about 10
to about 45 atom c percent yttria. 11 22. The conponent (10) according to
claiml1l or 22, wherein the outer coating (26) consists of hafnia

stabilized b%%ﬂoln%& &%) %\gﬁg&inﬁq% £ £ oP8hCGMErent {}f(s;%telz&atiﬁgt?%ﬁonponem

(10) according to claim1 rern e outer coating consi
essent i akbysiss$ oflzdfmiaatabileded by 2bouthy takbatt 40Gitdicpement Bhiaat omi ¢ per cent
ytterbia. 24. The conponent (10) according to claim1l or 23, wherein the

outer |ayer (26 consi . sts of hafnia.stabilized, by about. 1 0 about 25
otom o prcdYE SrannnTOsordiE Bl BB e bt Siaigetab CeRRis,

wher ei N efen@altyedf Ha@dh biaBilizedhy a60H: 30 S abolp 80 hitothit %eﬁ&ﬁ%egbiwei ght percent
yttria. 26. The conponent (10) according to claiml, further conprising a

netal lic_bond coat (24) adhering the outer coating (26) to the conponent

(10). 2724ThEheeppponsat (T00gccarkes i Agimdl er aP mvherslih dicepwer fRyee é#onent
(10) 1's BonsHPEF RhiQ%taBlIIARbY S6ANASNE Bbodt 2 )atdHhic PefBSt Jitdkhne engine. 12

25. The component (10} according to claim 1, wherein the outer coating (26) contains

about 4 to about 5 weight percent yttria.

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

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

27. The component (10) according to claim 1, wherein the component (10) is a

superalloy airfoil component (10} of a gas turbine engine.
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