28 'February 2007 THERVAL BARRI ER COATI NG MATERI ALS BACKM a‘ E
| NVENTI ON° FI ELD OF THE | NVENTI ON Thi s invention general 4yl
coatings for conponents exposed to high tenperatures, such as the hosti | e
thermal environment 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 engine conponent, in which the protective
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I n contr asder to 1ncrease 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 plasina deposition, and all forms of melting and

evaporation deposition processes (e.g., cathodic arc, laser melting, etc.). In contrast,
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28 February 2007 plasma spraying techni ques such as air _plasm spraying
(APS) deposit TBC material in the formof nolten "splat§5F3ﬁ8§ﬂV§pﬁg ina
TBC characterized by a degree of inhonogeneity and porosity. Various
cerami ¢ materials have been proposed as TBC s, the npbst notable of which is
zirconia (ZrQ2) that is partially or fully stabilized by yttria (Y203),
magnesia (MyO or another alkaline-earth netal oxides, or ceria (CeQ2) or
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‘content, ‘the conventional practice has been
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zirconia (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 ytiria (6-8%YSZ) to
promote spallation resistance. Ternary YSZ systems have been proposed to reduce
the thermal conductivity of YSZ. For example, commonlyFassigned 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 (Ca0), 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 kal i ne-earth metal oxides (magnesia, calcia (CaO), stfoFetHay308y and
barium oxide (BaQ)), rare- 2 28 February 2007 earth netal oxides (ceria,
gadol i ni um oxi de, lanthana (La203), neodym a (Nd2G3), and ‘dysprosia
(Dy233)), and/or such netal oxides as nickel oxide (NO, ferric oxide
(Fe2®B), cobal tous oxide (CoO, and scandi um oxide (Sc203). According to
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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 superailoy substrates are

typically in the form of an overlay coating such as MCrAIX (where M is iron, cobalt

and/or nickel, and X is yttrium 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,O3) 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
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tenperatures, such as during engine operation, these bond coats forma
tightly adherent alumina (A1208) |ayer or scale that adRéFeduppy20§BC to
the bond coat. The service life of a TBC systemis typically limted by a
spal | ati on event brought on by thermal fatigue. In addition to the CTE
m smat ch between a ceramc TBC and a 3 28 February 2007 netallic
substrate, spallation can be pronoted as a result of the TBC being
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herein is coating materjal, particularly a thermal barrier coating (TBO),
for a coﬁﬁgﬁﬁ@?ﬁaﬂqﬁ%ﬂ%@’aﬁwmﬁ Si ¥specHvelyi | e thermal environnent, such as
the superalloy turbine, conmbustor and augnentor conponents of a gas

t ur bi ne Wie: ks i bi. 1M Cr0st nd may
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samari um _gxj or..ytterbia (Y , or hafiiia stabilize
by dyspr&&jé\&gﬂgg‘g&ﬁ%%mfg%?%; samari um oxi de or ytterbia. Up to five
wei ght percent yttria nay be added to the coating materials to further
pronot e BRIBFsRIMEYIRE ORTHEURVENTEION he present invention relates to a
conponent conprising an outer coating having a fluorite cubic

m crostruycture and consisting essentially of either a zirconi a-based
Disclosed herein is 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 may consist essentially of either
zirconia (ZrO;) stabilized by dysprosia (Dy»0s), gadolinium okide (Gd;0s), erbia
(Er203), neodymia (Nd203), samarium oxide (Sm;03) or ytterbia (Yb,03), or hafnia

(HfO,) stabilized by dysprosia, gadolinium oxide, samarium oxide or ytterbia. Up to

- five wéight percent yttria may be added to the coating materials to further promote
thermal cycle fatigue life.

The present invention relates to a component comprising an outer coating having a
fluorite cubic microstructure and consisting essentially of either a zirconia-based
‘composition or a hafnia-based composition, the zirconia-based composition consisting
of zirconia and a stabilizer chosen from the group consisting of erbia, neodymia, and
samarium oxide, the hafnia-based composition consisting essentially of hafnia and at
least one stabilizer chosen from the grdup consisting of dysprosia, gadolinium oxide,

samarium oxide, and ytterbia, and optionally a second stabilizer consisting of yitria.
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conposition or a hafhia-based conposition, the zirconi a-based conposition

consisting of zirconia and a stabilizer chosen from theZ§Feupayadiiy sting

of erbia, neodym a, and sanarium oxide, the hafnia-based conposition

consisting essentially of hafnia and at |east one stabilizer chosen from

t he group consisting of dysprosia, gadoliniumoxide, sanarium oxide, and

ytterbia, and optionally a second stabilizer consistinﬁ of yttria. 4 28
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The coati P?s of_dt he. di scl o%ed ephodi mrents can be readily _deposited by PVD
to have &-)OF PXidgs pdder do therbiragy Yivdatysisruinyviueh geganiadss siahilierd begtides i he

thermal GoORGYEL eé&sgoﬁnﬁmegmrggﬁ%gg%ra@ %55*’%@?%3 2 drNEcGRat i ng.

Al'ternativély, the CToatings can osite rayi ng to have
m cr ost r pyroghlese pherpstotcbre flekdldoyy)swhish tlsdrefoeddifigr dionsthe Quber(flabjieet s and

~advant ages_of .this invention will be.better appreciated fromthe follow ng
det ai | ed%@eegﬂ??fﬁtf%ﬂ%m%%ff PIEEEHMVERIYN OF THE DRAW NGS

The coatings of the disclosed embodiments can be readily deposited by PVD to have a
strain-resistant columnar grain structure, which reduces the thermal conductivity and
promotes the strain tolerance of the coating, Alternatively, the coatings can be
deposited by plasma spraying to have microstructures characterized by splat-shaped

grains.

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.




"Figure 1 is a perspective view of a high pressure turbine blade. Figure 2
schematically represents a cross-sectional view of the blaHebreary@08lre 1
along line 2--2, and shows a thernal barrier coating systemon the bl ade
in accordance with a preferred enbodi nent of the invention. 5 28 February
2007 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is
general ly applicable to conponents subjected to high tenperatures, and
particularly to conponents such as the high and | ow pressure turbine

nozzl es and bl ades, shrouds, conbustor |iners and augnentor hardware of gas
turbi ne qhgf %}%ﬁp [ re turbine blade 10 is shown in
Figure 1. T&hg“%b]??gg giecﬁ\ér@fglmﬁilﬁgllﬂgi e?%gn airfoil 12 against which hot
conbustion gases are directed during operation of the gas turbine engine,
and whosdlsuprfesane insertiver &f gererallyubpplatable too chopoanbustijeaed gasigighas wel |
as attack by oxidation, coyrosion and 5a 28 February, 20Q7 erosion. The
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The airfoil 12 is anchored to a turbine disk (not shown) wth a dovetail
14 f or meduibhes£nginet. Asexampin of 8 high nressuts! tabineltdadeGdok sngyvipasigyes. 18 ar e

present i it £.0] h. i£h bleed.air is forced to transfer
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parti cul diregtedidaiingoperafier ohitghgariefsty endind, bindavisadedadyf isttherefore  shown
in Figure 1, tfpe teachjngs of this invention are generally applicable to
any conpdesied orhofppmbusiion gaseras weH o ptgckdyaxidagonesprmsionsad t o prot ect

t he conponent froma high tenperature environnment. [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 blade 10. As is 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
~MCrAIl X alloy or a diffusion coating such as a
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di f.fusion alum nide or a diffusion platinum alum nide of type known in
the art. Al uminumrich bond coats of this type devel op %Eﬁ ehirvary 2009 oxi de
(alumna) scale 28, which is grown by oxidation of the bond coat 24. The
alum na scale 28 chemcally bonds a TBC 26, forned of a thernmal-insul ating
“material, to the bond coat 24 and substrate 22. The TBC 26 of Figure 2 is
represented as having a strain-tolerant mcrostructure of columar grains
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neodyni a, m oxi de or ter bia, or a two-conponent systemof hafnia
stabi | i zdtf gﬁw}gﬁ%%%“e flhm oxi de, samarium oxide, yttria or

ytterbia. Three-conponent systens can be forned of these conpositions by

addi ng a [Thé'TBEsysRIP2M s Rprekbited th FIRARED Al hﬁblﬁtﬁn% Q nflétMﬁc WehdBbatRAr cent,
such as about 4 to about 5 weight percent. When Tornulated to have a cubl C
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.region in their phase di agrans, such that inpurities and inaccuracies in
the coat FYf 2% AR AVEEIRY C%tlélgl elsan INEEALK eloy ena dibfusioprieeting sughs pHamat i on.

Based ong ﬁfh% Y RRRAAA 0P d1f‘fu§x)ﬁﬂﬁﬁ§cﬂ1uﬁr?laﬂl‘fﬁlnﬁi‘é'éfa§)|tﬁe Blowhcl 88 A0d target

chenmistries (by atom c percent
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
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
6




TBC 26 are set forth belowin Table I. These chem stries_ensure a stable
cubic mcrostructure over the expected tenperature rang% FebrmiveR0f he TBC
26 woul d be subjected if deposited on a gas turbine engine conponent.
TABLE |I. Base Stabilizer Content (at.% Material Stabilizer Broad Range
Preferred Range ZrO2 Dy203 10 to 45% 10 to 30% Zr2 Er203 10 to 25% 12 to
25% Zr2 Gd203 10 to 25% 10 to 20% ZrO2 Nd2CG3 8 to 22% 8 to 18% zZr2
Sm20 10 t % LR t 0 03 10 to
5006 10 t o ez erbit, heodilh, i cRidctn oAl dion Ko oottt oy AT 1o bov
Hf G2 Y203hafpia sfaInb%dﬂay tpspasia, gafolnivin2@dde Gamerigioexide, tytrid Soyttertasldi t i on

to lowth I tivities, ,t haf ni a- based conpositigns of, Ta

have al so?@‘[%""’ﬁﬂ%@aﬁﬁ SRS rcgt%bg?ﬁ ‘{%%%ﬁ%e FoTRpsit l'%pél'tg @rﬁdgf eam | e not
Wi shing #&foff dfelitid, Qeasylipaipt toCﬂ{f@ﬁNeﬁélﬂq{eYoent tsubﬁ al &lbbftY @40'[4%{& she high
nelting tenperature and surface energy of hafnia leads to little or no

bondi ng t &Rgkhesroen. tkendomeuletedde hipve aé@iﬁpﬁéﬂﬂfﬂ@ﬂfpeahnd?mmwﬁo;@chnm bits
BC., 26 nol t en
e 01 G0 G VS Byl Rk S

and there

benefi t fmemalfcbﬁdmpﬁpltﬁantYSZtﬂh@udmérﬂYSZ B&ﬁ@ﬂn@oﬁi kdEighOdeighi Serbdpyent i on
can be used aI one or as ., the outernpst of a rrultl | ayer C. Even when

deposi t ed’tHip- PUkgse Gompasitions alen havsdhe g‘i“é?iﬂ ggtof b@ﬁgg@ralgtlgﬂﬁmdd: wtrrq’: gure 2,
the haf ni deRASEANGP PhhddiiaGRIRONIC BASnRfurititl Ao TheBBILAD: HRXE RBED 333%%0'

to reject mnimze the
ot her wi sechersstiyt are hesa kTl tmlmﬂlstb@rpﬁabﬁatraﬁsﬁhﬂaﬁaﬁl Based on an investigation

discussed below, suitable, preferred and target chemistries (by atomic percent) for the

TBC 26 are set forth below in Table I. These chemistries ensure a stable cubic
microstructure over the expected temperature range to which the TBC 26 would be

subjected if deposited on a gas turbine engine component.

TABLE L
Base __ Stabilizer Content (at.%)
Material Stabilizer Broad Range Preferred Range
ZrQ, Dy20; 10to 45% 10 to 30%
ZrQ, ErO; 10 10 25% 12 to 25%.
- 210, Gd,y0s 10 to 25% 1010 20%
Zr0, Nd,0, 8 to 22% 810 18%
210, SmoO 10 to 25% 10 to 20%
ZrQ; Yb,05 810 30% 15 to 25%
HfO, Dy20;5 10 to 5(0% 10 to 45%
HfO, Gdy05 5to 30% 10 to 25%
HfO, Smy0 5 10 30% 10 to 20%
HfO, Y203 10 to 45% 15 to 40%
H{O, Ybo 04 10 to 50% 15 to 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 hafhia 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
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to spallation of the TBC 26. In an investigation |leading to this invention,
TBC s were deposited by EBPVD on specinmens forned of th& Eejess2087 Rend
N5 on which a PtAl diffusion bond coat had been deposited. The speci nens
were coated by evaporating a single ingot of the desired conposition.. The
TBC s were deposited to have thicknesses on the order of about 75 to about -
150 m croneters. The chem stries and thermal conductivities of the
coati ngs [ B o . tivities are
reported g‘%&ﬁg ou?ﬁgég%#gftﬁg@mhﬁjghg%? Eéeg\t/\éé)%ﬂ‘] z%sﬁ&ggﬁg%o% ]130555: and a
t her mal aglongor s thabuenhnostdaysh of b niubélapaekBOreRsenv@hen delosital byalP¥Dtto 1200C

for about two hours to determne the thermal stability of their coatings.
TABLE | | . haiged Fofungsy qgrain Jiryghure Bse Q7 TSEABIT | 2 dibe distitiabesed; goRting s ed Aged

(Coati ng) < : - 9 .71 Q2+Er 203
17 38.9 1°9 Of.lﬁioé’% 5%%%@@)55’%{%?%%gg‘g%e}%t§gm§‘?%§t&éf‘%ﬁ“a€ 4.3 32.0
0.96 1. 20andAnfivaNda 08 CMBAS hid voubibotherivise EROPMSNCUR wiSmaGh Shankan lhd

Zr 02+Yb2QB 20, 44. 4 .1, 16 ZrOp+Yb208 20 44.4 1.11 1.17 ZrR+Yb2@B C
19.5 43.o‘°c§.1’§'éa1‘f.nd}§1‘hezlf%é b2C8 d 18.9 42.0 1.09 1.17 HF 02+Dy203 30 43.2

0.84 0.96 Hf02+Gd203 15 23.3 0.96 1.13 Hf02+SnR03 20 29.3 n/a nl/a
Hf 02+Y2QBin34h ileftightian Wallind o Bts"RReRi THCY verd Qleposiid B3 EBPVD on

specimens formed of the superalloy René N5 on which a PtAl diffusion bond coat had

been deposited. The specimens were coated by evaporating a single ingot of the
desired composition. The TBC’s were deposited to have thicknesses on the order of
about 75 to about 150 micrometers. The chemistries and thermal conductivities of the
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)
Zr0Oy+Dy, 05 15 34.8 1.13 1.19
Zr0+Er0Os 17 38.9 1.14 1.13
Zr0,+Gd; 05 ° 19.6  41.0 0.95 1.21
ZrOp+Gdy0; ° 14.3 32.0 0.96 1.20
ZrOyNdy, O3 13 29.0 0.95 1.14
Zr0y+Smy0;. 15 33.3 n/a wa
Z1r0+Yb,04 20 44 4 1.16 1.16
ZrOy+Yby O3 20 44.4 1.11 1.17-
Z104+Yb 03 ¢ 19.5 43.0 0.95 1.03
ZrOs+Yby05 ¢ 189 420 1.09 1.17
HfO;+Dy,0;5 30 432 0.84 0.96
HfO»+Gd,04 15 23.3 0.96 1.13
- HfO,+8Smy,0; 20 29.3 n/a n/a
HfO»-Y,05 30 31.5 n/a n/a

HfO,+Yby,04 20 31.9 116 1.16




28 February 2007 a - Further alloyed to contain 4 Wt . % Y208 (about 3.1 at
%. b - Further alloyed to contain 4.8 w.% Y208 (about 23 Hebypary2007 ¢ -
Further alloyed to contain 4 wt.% Y203 (about 3.2 at.%. d - Further
alloyed to contain 4.1 wt.% Y2O3 (about 3.2 at.% . The above results

evi denced that the zirconia and hafni a-based TBC coatings of this

i nvention had nuch | ower thernal conducti vities than the industry standard
6-8%SZ nmateri al (ab r nificantly nore
thermally stable th n9 % f??{dﬂ F@Q g tivities. Based
on these results, i IFEﬂB‘Fr OYB‘EYqCé\?Ef’dIn Rt ﬁﬁ@%ﬂ@?%f’ c%f@uctlwtl es of
the zirconia and hafnFatthaadayediores taﬁliéh\g%é’fzon (absut hdehtdon m ght be
further reduced by ﬂhEuﬁh@IalﬂQV@dﬂOdfontam#d vt/ Yo O3 f(ahout B.2 abfé)des. Suitabl e
oxi des for this purpose include those eval uated above, nanely, dysprosia,

gadol i ni ufhoabale, reaﬂﬂmea;dene@ﬂmm the ZAR0ORial ahhakiisbakddIBC ce4thigs ofakis\Wel | as
potenti al| y zircg for the hafnium based conpositions), haf n| a for the
zi r coni a- MR r%‘é?i% lpwenthsrmal copdnptiyities thangheyndustsy spadarda@PeYS8r i a

CeX2 nesi a
EI\/QO)? ni o &Hhﬁﬁgé@%@p}r’%ﬂo i ah%gr ﬂ ﬁ a%rgﬂé “@%ﬂ%?gﬂgst r8‘g??a o
(Sro), t aﬂﬁHlSZ (nT'aﬁgﬁpf the Itl(;aaninal (:d'litcﬁ)z)mftlamd Baheti o ﬂl@ﬂéﬁn?l()jlts \thid ﬂsd} he
i nvention has scriped .in.terns e odi ment, is
appar ent (‘g‘?‘ﬁ&p W %&Pﬁ“ﬂee ¢ @300%53 @%ﬁ'reh@f‘% qoﬁ’ﬁ"ﬁ@"ﬁ t.

Accor di ngﬁ'}’ﬂus‘i ﬁﬁ'entﬁﬁpﬂﬁ%‘gfbet RBthleP YaRIch@ 'Bx' the 190195&1'1 IJF thizd Q8)c¥ B¥ruf he

foll ow ng cl ai ns bruary 2007 conponent conprising an
out er coawdidey. hBvitatde axidesdor tkis pupise mmkudos&hasac&uahmtﬂlnabmnsmb]yng

essenti al of. ei %ﬁ zi.r,coni.a- based. rg}osm n (51 af ni a- based
conposit i PIopia. 8 %‘m%mg%tfé L N5ORGL}% F"Hﬁ APLFIGPI2 AT WEHAS and a
stabili Z@’ot&ﬂ@ﬂ?&lrﬁéﬂm(fdiethg ﬂﬁﬂﬁuﬁ%écﬁ%blﬂﬁos@tﬁons?rﬁfﬁa (PSTOfY¥ Bir@eoniaNd
samari um oxi de, the hafni a-based conposition consisting essentially of

haf ni a arhgsedt cpepesitionrg. denwnl pxide evalciofCe@p ceria (CeO,), europia
(Eux03), indium oxide (InyOs), lanthana (LayO3), magnesia (MgO), niobia (NbyOs),
praseodymia (Pr,0;), scandia (Sc;03), strontia (SrQ), tantala (TayQ3), titania (TiO,)
and thulia (TmyO3).

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.




roup consisting of dysprosia, gadolinium oxide, samarium oxide, and
3tte$bia, and ogtioharls'a second stabilizer consisting %ﬁFﬁﬁﬁwvépﬂé A
conponent according to claim1, wherein the outer |ayer consists of hafnia
stabilized by about 10 to about 50 atomic percent dysprosia. 3 A conponent
according to claim1, wherein the outer coating consists of zirconia
stabilized by about 10 to about 25 atomic percent erbia. 4. A conponent
according to MR1, wherein the outer coating consists of hafrua, either
gadol i ni um oxi de or ytterbia as the stabilizer, and -~ about 4 to about 5

wei ght percent yt #rdomporent A cwm‘faia@hngut@;q;g@mﬁi ng h_bvf]né:bﬁd,dﬁéel, thei“ra]isnaggﬁt
outer coatin cONSi e haf ni a- ed. ¢ osition and conta .

4 to about SQCL\I/E\)gcl '{gq%'{ogté%pggeﬁyvpf"aqng.es%e{"gi'yet)‘?f%g'pr%mw%ﬂ%’ﬁ?e&i ng to claim1,

wher ei n t he otaneposioratriartgfnizbased soraposftion, itiecAtomfa-BisRBiching@stiony about 8 to

‘ ‘ / ent accardi ng to claimi1,

22 L £ : Vg 7. A C n
anerein the. oot rot eonB AT Slfiiec dsof PR ARER e Br AT B0 by about 10t o
about 25 at ongrbiapwaodwnia, and sematiumoxidei the hathi-based composition

consisting essentially of hafnia and at least one stabilizer chosen from the

group consisting of dysprosia, gadolinium oxide, samarium oxide, and
_ y_tterbia, and optionally a second stabilizer consisting of.yttﬁa. '

2 A component according fo claim 1, wherein the outer layer
consists of hafnia stabilized by about 10 to about 50 atomic percent

- dysprosia.

3 - Acomponent.  according fo claim 1, wherein‘the outer coating
' consists of zirconia stabilized by about 10 to about 25 atomic percent erbia.

4. Acomponent according to claim 1, wherein the outer coating
consists of hafrua, either gadolinium oxide or ytterbia as the stabilizer, and
about 4 to about 5 weight percent yitria.”

5. A component 1 according to claim 1, wherein the. outer coating
. eonsists of the hafnia-based composition and contains about 4 to about 5
* weight percent yttria.

.6, Acomponent  according to claim 1, wherein the outer coating
- consists of zirconia stabilized by about 8 to about 22 atomic percent .
- neodymia. '

7. A component according fo claim 1, wherein fhe outer coating
~ consists of zirconia stabilized by about 10 to about 25 atomic percent
samarium oxide. '
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