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. Components within the hot gas path of a gas turbine engine are often protected by a
thermal barrier coating (TBC) systém. TBC systems include a thermal-insulatiﬁg
ceramic topcoat, typically referred to as the TBC, typically bonded to fhe component
with an environmentally-protective bond coat. Bond coat materials widely used in

- TBC systems include overlay coatings such as MCralX (where M is iron, cobalt
and/or nickel, and X is yttrium or another rare earth or reactive element such as
hafnium, zirconium, etc.), and diffusion coatings such as diffusion aluminides,
notable examples of which are NiAl and NiAl(Pt). Ceramic materials and particularly

“binary yttria-stabilized zirconia (YSZ) are Widely used as TBC materials because of
their high temperature capability, low thermal conductivity, and relative ease of

- deposition by plasma spraying, flame spraying and physical vapor deposition (PVD)
technigues.

TBC’s employed in the highest t.emperature regions of gas turbine engines are often
deposited by electron beam physical vapor deposition (EBPVD), which yields a
columnar, strain-tolerant grain structure that is able to expa'nd and contract without
- causing damaging stresses that lead to spallation of the TBC. 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 pfuine), ion
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such as sputtering (e.g., high and | ow pressure, standard or coIIinated.
plume), ion 1 26 January 2007 plasnma deposition, and all fornms of nelting

and evaporation deposition processes (e.g., cathodic arg jdnd §/"206?| ting,
etc.). In contrast, plasma spraying techniques such as air plasma spraying

" (APS) deposit TBC material in the formof nolten "splats,” resulting in a

TBC characterized by flat (noncolumar) grains and a degree of

i nhonogeneilasynaadepqstionsiang dlhftrmsasfugekingeald tvapomiish dbbaHER r}ﬁﬁ%s&:@ﬁ |
abl e therm

Wil e YSZ TBC s,.are w del e&gl oyed in-the art for their desi
and adhe<Fén cgﬂ!g,dg:&r&&pg%- TREUNg, (£45,). o b canfenste plasplacspraying teiobmiues sidhnage

<V\A'thinth%s|yﬁt 1438 - ' | he, For -e e, . YSZ coatings
are known to p%_ §u§€§%ﬁh§ﬁfe%t) gl%? ﬂ%lﬁﬁlﬁ%&fa;&g%j ) c‘t%ngnoéa Ig&lé?} oﬁi%i%tsr;mge by
hard part irequlting in tth@ B} gharaetenipid Py gt (roatslumhi)aghind 4RO ANed 'a?

occur along the |eading edges o

resul ting.:l,0 of .TBC parti.cul arl
conmponent dnhorggenei H}‘ﬁ‘?%gs%’lthﬂfé@/“‘iﬁﬁ P tapsfer broysh theTBCer eval ent  on the
concave and convex surfaces of the bl ades, depending on the particul ar

bl ade de3Vhite YRG! TBD¢ BFe MidelP ehpMyed! indaEBYCLR theil He; a%tforﬂéena[éo onent

life, but %Ils,o | ead to reduced engi'ne perfornance and Tuer "SFHPR RN cy. In
U.S. Pat eftheon chaggBristices, they apy susecpsibleato. mechaniealatsinoige Wi tiaHot EBC | S

di scl osed,, i 1 na. (AL203)  or LLi con carbjde (SiC) is deposited

as a prot g%‘?io\\gg g%%é@%ﬁ{gegl%m%‘ ‘Fé&?’)‘%PPISD‘?gZﬁ%WgéaI@ QU e sesesptible

Conmonl y- asthimghegifromSmpRed xdterd\dsd i4add 1508 bakicl i : ; Rigney
et al. disc]oses a TBC conpri sing al.tegreﬁfgcti ng'bl a;g?gn%%/l@é@vglﬁén&%? :
cont ai ni n§#&t demgge wadl (the resadtingnlose fof ARG pasticalilyo boain radohga tHeCr 208)

~ particles [ ' A resi.sfance of the TBC.. In order
for a TBCI éthging e ng%sﬁ@{z%{ﬁ eag)t%f}\l/tgg?ﬁ{r %ﬁ&gbblﬁe hﬁlgs’ VB REgSiPR fsmetrprevalent; he
" conponent o theprontaet ad ¢dnvexi stufades of dai B1a@dsN dépeh@ig LN BB rtfc AR WeddeVi LY

t hr oughou .thg%ét'hife of %rkrlle copponent. However, the therrmal conductivity of
YSZ has beek™ QP Plgp 3008k shorien somponénidifeyten akubj ect ed

Lo the opRidid RauceibiPRRBImSHoo dnd 8el LHIALAG. TN 8 Pacckl o, 5RE5 G35 N2

been associ ated wt ) )
to Bruce et al., an erosion-resistant TBC is disclosed in which alumina (ALOs) or

silicon carbide (SiC) is deposited as a protective coating on'a TBC, or co-deposited
with the TBC. Commonly-assigned U.S. Patent Application Serial No. 09/710,682 to
Rigney et al. discloses a TBC comprising alternating layers of YSZ and YSZ
containing at least five volume percent of alumina and/or chromia (Cr203) particles to

increase the impact and wear resistance of the TBC.

In order for a TBC to remain effective throughout the planned life cycle of the
bompdnent it protects, it must also maintain a low thermal conductivit} throughout
the life of the component. However, the thermal conductivity of YSZ has been
observed to increase by 30% or more over time when subjected to the operating
environment of a gas turbine engine. This increase has been associated with
coarsening of the zirconia-based microstructure through grain and pore growth énd
grain boundary creep. As a solution, U.S. Patent Api)lication Serial No. 09/765,228
to Rigney et al. discloses a TBC formed to contain small amounts of alumina
precipitates dispersed throughout the grain boundaries and pores of the TBC. ‘These
alumina precipitates getter oxide impurities that wodld otherwise allow or promote
grain sintering and coarsening and pore coarsening, the consequence of thch would
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coar seni ng of t he zirconi a=based mi crostructure through grain and pore
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t hi ckness(804). TBC, creating much higher stresses within the TBC due to
the msmatch in coefficients of thermal expansion (CTE) between the

ceram c TBC &?d the under]ying netallic substrate and bond coat. It is
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be desirable for ‘
YSZ. However lower thermal conductivities correspond to a much higher thermal

gradient through the thickness of a TBC, creating much higher stresses within the
TBC due to the mismatch in coefficients of thermal expansion (CTE) between the
ceramic TBC and the underlying metallic substrate and bond coat. It is possible that
such stresses can exceed the fracture strength of a YSZ TBC. As such, TBC’S that
exhibit improved strength and fracture toughness would be desirable for more

demanding engine designs.

BRIEF SUMMARY OF THE INVENTION

One aspect of the present invention provides a component having a thermal barrier
coating on a surface thereof, the thermal barrier coating consisting essentialty of at
least partially stabilized zirconia and a dispersion of chromia particles with diameters
of not larger than one micrometer, the thermal barrier coating having a microstructure
comprising grains and grain boundaries, the chromia particles being tocated within the
grains and at the grain boundaries in an amount sufficient to increase the strength and

fracture foughness of the thermal barrier coating.




demandi ng engi ne desi gns. BRI EF SUVMMARY OF THE | NVENTI ON One aspect of the
present invention provides a conponent having a thernal barri er coating on
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e a superélloy substrate;

« a metallic bond coat on a surface of the substrate; and

« a thermal barrier coating on the bond coat, the thermal barrier coating
consisting of 1 to 3 volume percent chromia particles dispersed in zirconia
stabilized by 3 to 8 weight percent yttria, the thermal barrier coating having a
microstructure comprising grains and grain boundaries, the chromia particles
having diameters in a range of about 0.01 to about 0.1 micrometer and being

dispersed within the grains and at the grain boundaries to increase the
strength and fracture toughness of the thermal barrier coating.

Disclosed is a thermal barrier coating (TBC) for a component intended for use in a
hostile environment, such as the superéiloy turbine, combustor and augmentor
‘components of a gas turbine engine. The TBC can exhibit improved strength and
fracture toughness as a result of containing a dispersion of fine chromia particles or
precipitates (hereinafter referred to simply as particles) within its porous
microstructure. The TBC preferably consists essentially of yttria-stabilized zirconia and
the chromia particles, which are dispersed throughout the microstructure of the TBC
including the YSZ grains and grain boundaries. |
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di spersed within the grains and at the grain boundaries to increase the
strength and fracture toughness of the thermal barrier coating. D sclosed

is a thermal barrier coating (TBC) for a component inte%%n{'glryébgg in a
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up to ab8UT"€8% vol une percent of the TBC. The resulting inproved strength
and fracture toughness of the TBC can increase its ability to wthstand
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strength ﬁrﬁg{ﬁctge t Lighne,ss tBrou h di spersjon hardeni ng? of the TBC
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that woulh@t deareRrrfedsbehs Bgallatibh Pssistasdesérans 8. ThBalisBksion BEcKtbmRer si on of
chrom a ggrgrtlcles can,serve to_increase the stre%th and fracture
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chrom a particles. Wien present as a dispersion_throughout the TBC
\Bﬁich cﬁsc?oses EBCD cor%prising alternating layers of YSZ agd YSZ containing

alumina andfor chromia particles. When present as a dispersion throughout the TBC
(as opposed to layers), the chromia particles can provide a uniform improvement in

strength and fracture toughness throughout the life of the TBC.

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

following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is & perspective view of a high pressure turbine blade.

Figure 2 is 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 this invention.
DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally applicable to componeﬂts subjected to high .
temperatures, and particularly to components such as the high and low pressure
turbine nozzles and blades, shrouds, combustor liners and augmeritor hardware of gas

turbine engines. An example of a high pressure turbine blade 10 is shown in Figure 1.
) ,




(as opposed to layers), the chroma particles can provide a uniform
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tur bi ne dj t 1.h v Bl 14 forged o 0ot section 16 of
the. bl ade g eebof TS Betichwiy 5 XELAlbed i FRned % oo BiER n3%04s, oughn
whi ch bl éxetiinai blades 10 chowdl inoFigusnsf te badings' OMHiH enktndos ok gedibllye t he
advant ages 1of this invention will be described with reference to t'he high
pr essur e “PRUfABlEHE ¥Iagempenedt sinwhichm Hiereal bamrige coatin imrysbeo tisadhias

| nvent i ORrAER HPRRRIRNEY FrARRIHISPR CmgRent on which a thermal
barrier ?{)ati ng ma)?%be used tH(l) pb@?feag[{é? ‘_g?corr%g'nent froma high
tenperature environment. The TBC system 20 is represented in Figure 2 as

i ncl udi ndhe THEE systane 20da defresentedldin 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 an aluminum-rich composition, such as an
overlay coating of an MCrAlIX 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 chemically bonds a
thermal-insulating ceramic layer, or TBC 26, to the bond coat 24 and substrate 22.
The TBC 26 of Figure 2 is represented as having a strain-tolerant microstnicture 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. While the following discussion will focus on columnar TBC of the type
shown in Figure 2, the inyention is also applicable to noncolumnar TBC deposited by
such methods as plasma spraying, including air plasma Sprayiﬁg (APS). The
microstructure of this type of TBC is characterized by splat-shaped (i.e., irregular and

flattened) grains and a degree of inhomogeneity and porosity.

The present invention is particularly directed to yttria-stabilized zirconia (YSZ) as the
- material for the TBC 26. A suitable composition for the YSZ is about 2 to about 20




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 systenms for conponents of gas turbi neZ%r]ghﬂglg obhe bond
coat 24 is an alumnumrich conposition, such as an overlay coating of an
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' form of a fine limited dispersion w1thln the TBC 26, without discrete and
homogeneous layers of chromia. Improved strength and fracture toughness of the
TBC 26 increases the capability of the TBC 26 to withstand high thermally-induced
stresses that occur as a result of large thermal gradients through the thickness of the
TBC 26. These benefits should persist throughout the life of the blade 10 as a result
of the chromia particles 32 being insoluble in YSZ, and therefore remaining
thermodynamically stable with YSZ at elevated temperatures to which the TBC 26

will be subjected within the environment of a gas turbine engine.

The chromia particles 32 are preferably present in an amount of at least one volume
percent of the TBC 26 in order to contribute to the strength and fracture toughness of
‘the TBC 26. A suitable upper limit is about ten volume percent, more preferably
about five volume percent, so as not to compromise other desirable properties such as .
spallation resistance and thermal conductivity. In a preferred émbodiment, the
chromia particles 32 are present in a range of about one up to three volume percent of
the TBC 26. Within this range, it is believed that sirength and fracture toughness is
éigniﬁcantly improved through precipitation hardening, with minimal effect on
processing, spallation resistance and thermal conductivity of the coatiné material.
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As a result of the process by which the TBC 26 is deposited, the indivi dual
grains-30 of the TBC 26 are characterized by a uniform di spersion of

chrom a particles and/or precipitates 32 (hereinafter, 2%‘%1%%&%)]7‘"" thin
" the grains 30 and at and between the grain boundaries. According to the
I nvention, the chrom a particles 32 dispersion harden the porous YSZ
m crostructure, which is believed to pronote the overall strength and
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While similar in many respects to conventional EBPVD, the process for deposmng
the columnar TBC 26 of this invention requires that sources of yttria, zirconia and
chromia are present within one or more ingots. For example, the TBC 26 can be
deposited by simultancously evaporating separate ingots of YSZ and chromia.
Alternatively, a single ingot containing YSZ and chromia regions or a dispersion of
chromia can be evaporated to produce the TBC 26. Another alternative is to
evaporate an ingot of YSZ and a separate ingot that contains chromium metal, the
latter of which when evaporated produces chromium vapors that oxidize in the

presence of oxygen and result in the deposition of chromia vapors along with YSZ.

Other process variables or fixturing, such as rotation and masking of a component,
can be used to selectively deposit the TBC 26 of this invention on particular surface
regions of the component that are relatively more prone to damage, such as the
leading edge of the blade 10 in Figure 1. In any event, deposition is carried out so
that chromia condenses to form the discrete and fine particlcs‘ 32 represented in Figure
2. Because chromia is not soluble in YSZ, the particles 32 remain as discrete particles
that will not alloy with YSZ within the TBC 26. The TBC 26 is not fully dense, but
instead has a porous microstructure with the fine chromia particles 32 dispersed
7




TBC 26 are believed to be undesirable as being significantly | ess effective
at - strengthening the TBC 26. A suitable process for depositing the
columar TBC 26 of Figure 2 is a physical vapor deposi tigon.p50c888, al one
or- assi sted by. chem cal vapor deposition (CVD). A preferrea process is
believed to be EBPVD, which generally entails |oading a conponent (such as
the blade 10 of Figure 1) to be coated into a coating chanber, evacuating
t he cha : Glf J 4l er. with.oxygen and ap inert gas
~ such asngﬁg%ﬁﬂggT?gﬁ?3@§3§f@ﬁé%@%%’%ﬁgﬁﬁ@ﬁgﬁﬁéﬁé?“%&%égﬂPEWn CB¥¥ponent
~is then ofithpdiSZed in proximty to one or nore ingots of the desired
coating material, and one or nore electron beans are projected onto the

i ngot ('s) .as. to evaporate the ipgots and produce a vapor that deposits

( condenseYPilg the Fl‘éve%%bé‘ﬁ%ﬁ’ﬁe% @F?‘%{Q’ég n\fgropse o prpreterrer rembodiments fetst s t o
convent i ohreRERUDhBrRS E6AADe:ApHEBYBhE bibfled P ol UMD aIHG, 42 OF this
invention'fequires that sources of gttr a, zirconia and "“"chro >are
present \sicops of thegventiorisdo badiotied oty bethefpll@vinghiifBC 26 can be

deposited by sinmultaneously evaporating separate ingots of YSZ and chrom a.
Alternatively, a single ingot containing YSZ and chrom a regions or_ a

di spersion of chrom a can be evaporated to produce the TBC 26. Anot her
alternative is to evaporate an ingot of YSZ and a separate -i ngot that
contains chromummnetal, the Jlatter of which when evaporated produces
~chrom um vapors that oxidize in the presence of oxygen and result in the
deposition -of chrom a vapors along with YSZ. Oher process variables or
fixturing, such as rotation and nmaski ng of a conmponent, can be used to
selectively deposit the TBC 26 of this invention on particular surface
regions of the conponent that are relatively nore prone to damage, such -as
the leading edge of the blade 10 in Figure 1. In any event, deposition is
carried out so that chrom a condenses to formthe discrete and fine
particles 32 represented in Figure 2. Because chromia i's not soluble in
YSZ, the particles 32 renmin as discrete particles that will not alloy
wth YSZ within the TBC 26. The TBC 26 is not fully dense, but instead has -
a porous mcrostructure with the fine chroma particles 32 dispersed




7 26 January 2007 wthin the TBC grains 30 and at the grain boundaries <t'o
provi de di spersion hardening of the YSZ. Wiile the invention has been

described in terns of a preferred enbodinent, it is ap “%30 ot her
forms could be adopted by one skilled in the art. AccorE?é;l“(;]’%{}é/‘‘,El t e7 scope

of the inventionis to be limted only by the following clains. 8 26

January Zﬁgg AlMS: 1. A conponent having a thermal barrier coating on a
surface thereof, the thermal barrier coating consisting essentially of at
| east partially stabilized zirconia and a dispersion of chrom a particles

wi th dianeters,o ay ge n N croneter, th her nmal rrier
~ coating Eﬁvi ngA acforr1"|ﬂj %b%étt ﬁ%%traglﬂ gnbn%%?qasr!{?%{gcogaglﬁé e aasr!i'ﬁaéﬁ g?%g(gb Ydar i es,
t he chr onthernped biarridr esatreg capsistiogeesentieiyhonatt lbast gradially stabidized zirédméa gr ai n

boundari es., 4 n fi.cient to l.nc h r th d fracture
toughness&ﬁ1c()]1c Iat ﬁ%p%ﬁr@ %ﬁ%ﬂ:?ﬁ?@c&% i“}r'ltg. 5%&1%% r%oﬁp%é\te%?&e c@%ﬁd?'ieg to claim
1, wher ei mictdnesteh teriterpal bardéresoatiog $iaving tae micbsiuictute wpmpdsiadp graingl0 vol unme
percent of_ it he. t . i C Ii: nt dj o claim
e oher ei it A B Bted e bEPnEPBEEs oling b GRET PRGN BB ST AP ure

per cent dhe tdrain theandatiesbaani amownd stiffinignt . infreasentienstingngttc end fiactgret o ¢l ai m

1, Wnereitguéffh%sggfmt'?ﬁ{ﬁﬁ‘hﬁ{ﬁéf grﬂﬁ g not present in discrete and

honogeneous” I'ayers wi t barrier coating. 5. A component
according to claim1l1l, wherein the chrom a particles are about 0.01 to

about 0. g?ﬁm crp H%EB?ér{@ ﬁg&cﬁﬁ@{; %Flaﬁg 1Aw%8r@ﬂ1o &%”éhr@rﬁ%ﬁ%\%cgﬁgs éo%sﬁﬂu%i m i,

wher ei n e grains o rirer ~coating ummar so that the
m cr ost r LRbout tup o aledul i aplunig, pepcend nhibe dmermatioarriel eogting clai m 1, wherein
the zirconia is at least partially

3. A component according to claim 1, wherein the chromia particles constitute

about 1 to about 3 volume percent of the thermal barrier coating.

4, A component according to claim 1, wherein the chromia particles are not
present in discrete and homogeneous layers within the thermal barrier coating.

5. A component according to claim 1, wherein the chromia particles are about
0.01 to about 0.1 micrometer in diameter.

6. A component according to claim 1, wherein the grains of the thermal barrier
coating are columnar so that the microstructure is columnar.

7. A component according to claim 1, wherein the zirconia is at least partially
stabilized by about 2 to about 20 weight percent yttria.

8. A component according to claim 1, wherein the zirconia is partially stabilized
by 3 to 8 weight percent yttria.

9. A component according to claim 1, wherein the thermal barrier coating
congists of the at least partially stabilized zirconia and about 1 to about 10 volume
percent chromia particles.




stabilized by about 2 to about 20 wei ght percent yttria. 8. A conmponent |
according to claiml1l, wherein the zirconia is partially stabilized by 3 to

8 weight percent yttria. 9. A conponent according to cl a%e{n W |n t he
thermal barrier coating consists of the at |east partially §PELTT zed

zirconia and ahQémpbné@ RR6MENglLO d&WMbQ@fﬂ%@%o%Bﬁéﬂt% laatslédé?bieé 9 26
January 2007 10. .conponent according to claiml1, wherein the conponent

is a bl ad8eoiuraine gaging. #nsi the thergiahbarrighgoating is Aerasiied Bara leading s8ge ng i s

deposi t edofdRe Blddeadi ng edge of the blade. 11. A gas turbine engine

~ conponent conpri sing: a superalloy substrate; a netallic bond coat on a
surface of the substrate; and a thermal barrier coating on the bond coat,

the thermy, baA@beursiﬁéibh%Se c@rﬁﬁéﬁe&ﬁb&ﬁ gssgntially of yttria-stabilized
zirconia and about 1 to out vol unme percent chromia particles, the

t her mal bar rf e‘?s'd&‘.?é?'%gwlﬁ(ﬂ ?rg a microstructure conprising grains and

grai n boundar i @emetdliteooHarcori éh #aifacd Ftshe Qﬂisﬂgtedéﬁdﬂersed within the grains
and at the grai bounﬂ)érles tg increase the rength and fracture

t oughness of t% frigh59efieg ¥oks H@nd ant Ah@a%ermi BT angting

conponent accogdhsRind @sSéritialy bi yttmél@fa%luﬂed hRcéitid @b 3abde it - hBsutconstitute
about 1 up to a out voI une I_gercent of the thermal barrier coating. 13. A

gas turbine enffl BcerdrIRY frt? Hhesnah barriepseatinch haWed chr oni a

particl es are mifostratiars cdnﬁﬁkl%w?@ﬂhs@ﬁ@ gFdilf beURIafEs, ithe ShrBAms Ssﬁrtlcléél A gas
t ur bi ne engi ne conponent , accor g to claim 11, wherein the chrom a

particles are 2ILSeR8Ad WENIa s gratys angiad theraseisboupdaries ie insreasedhe A gas
turbine engi nestedghIftacArs Wudhngss of tifd iefmd baréles4ting. t he grai ns of

12. A gas turbine engine component according to claim 11, wherein the chromia
particles constitute about 1 up to about 3 volume percent of the thermal barrier
coating.

13. A gas turbine engine component according to claim 11, wherein the chromia
particles are not larger than about one micrometer in diameter.

14. A gas turbine engine component according to claim 11, wherein the chromia
particles are about 0.01 to about 0.1 micrometer in diameter.

15. A gas turbine engine component according to claim 11, wherein the grains of
the thermal barrier coating are columnar so that the microstructure is columnar.

16. A gas turbine engine component according to claim 11, wherein the yttria-
stabilized zirconia contains about 2 to about 20 weight percent yttria.

17. A gas turbine engine component according to claim 11, wherein the yttria-
stabilized zirconia contains 3 to 8 weight percent yitria.

18. A gas turbine engine component according to claim 11, wherein the thermal

barrier coating consists of yttria-stabilized zirconia and about 1 to about 3 volume
percent chromia particles.
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the thermal barrier coating are columar so that the mcrostructure is
columar. 16. A gas turbine engi ne conponent according to claim1ll, wherein
the yttria- stabilized zirconia contains about 2 to abouj 20 ighy percent
yttria. 17. A gas turbine engine conponent according to clal umg\?f% wherein

the yttrim Asjasliibireeshging eohipchefPadcaldisy B difimS MRIraRtin RRY &ifonkht ri a. 18.

A gas tur.bi qe engi n co(gﬁonent accor di nq, to claim11l, wherein the thernal
barrier doit Frll?@e%&?fgei%ri Grthermal PaTrier seAting Jeaenasied AN 2 lapdingiBEIR ©1 t o about
3 vol une thebrdent chrom a particles. 10 26 January 2007 19. A gas turbine
~engi ne conponent according to claim 11, wherein the conponent is a turbine
bl ade and the thermal barrier coating is deposited on a | eadi ng edge of

t he bl ade0. 2QasAurbing chyinbicompengitempasiagnent conpri si ng: a superal | oy
substrate; a netallic bond coat on a surface of the substrate; and a
thermal barrier coating on the bond coat, the thermal barrier coating

consi sting bf &supgraoy,sbstateser cent chronia particles dispersed in zirconia

stabi | i zed by a3mb@lli bbRd 86t RS SiPRke Vi fhbisBbstidl dHaer mal barrier coating
having a mcrostructure conprising grains and grain boundaries, the

chrom a parti & BS™MAG3HEr gPaiifgr en sthe rhoadr eargethsr thepal barrien ceafingbout 0. 1
m crometer an@oRaithg ofd &PENSRFheMNEBEM dhisnid Rritfestfidhétbed nﬁzi%ﬁfﬁ\n
boundaries to increase the strength and fracture toughness of the thernal
barrier coati ﬁ&l_bllfiq_d by 3 to 8 weight pefcent yitria, the thermal barrier coating having a
microstructure comprising grains and grain boundaries, the chromia particles
having diameters in a range of about 0.01 to about 0.1 micrometer and being
. dispersed within the grains and at the grain boundaries to increase the

strength and fracture toughness of the thermal barrier coating.
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