8 July 2005 THERVALLY- STABI LI ZED THERVAL BARRI ER COATI NG FI ELD OF THE

| NVENTI ON This invention relates to protective coatings for copponents '
exposed to high tenperatures, such as the hostile thermal e qﬁlﬁﬁﬂ@ﬁt of a
gas turbine engine. More particularly, this invention is directed to a

met hod of stabilizing the mcrostructure of a thermal barrier coating
(TBC) with alumna precipitates in order to. inhibit degradation of the.
thermal insulatin roperties. of the TBC during high tenperature

excursi ons. BACK YTHEA BNNERD TRERVIgh B ABBER COAJ INGnper at ures for

gas turbine engines are continuously sought in order to increase their

ef fi ci encypIEipVeHaIE BRSVEREIGLI Ng tenperatures increase, the high
tenperature durability of the conponents within the hot gas path of the

engi ne nust correspondi ngly increase. Significant advances in high
t enper at ur Bhig dpyasition ¢ felates” knpsotpaiiva enahingsy def compenghtst erpofies talhagh on of

ni ckel anQCﬁPQt@{F{}eSbﬁ& as Wc@h{gﬂﬂ&*ﬂal %@Lm%i%%% cﬁag\/@uegin Seqné ogc{ ga S

conponent s of e turbine ustor augment
t ur bi ne emgrtimelariyuthis iavtmips inlioreddo e rméthmfm&mg thé mm@stdmfmgef by

oxi dati on A1 { .Corrosi n not ai n a uat e chanl cal
proper ties. IEOgl b kg rcé)gé%%ﬁﬁzs‘gﬂl ﬁ%rﬁrgc'@?aéesof"t &H rtﬁtﬂ’(l,‘f Y by a

t her mal baiegnaéatldmaﬁ‘tthdﬂgaenﬁalBﬁ‘éu]zﬂmgt;edspert'léBGfﬂ}éSTBﬂﬁluhM@hi‘gﬂ|tlar)vipérﬁ‘tﬁl-eUde an

envi ronrrent aI I é §1pr otective bond coat and a thermal-insulating ceramc

t opcoat, U8M'y referred to as the TBC. Bond coat materials widely used
in TBC syst em; i ncl ude oxi dation-resistant overlay coatings such as MCrAlI X

(where M IBACKGROUNIbAIRTRPUNVENTIOKel , and X is yttriumor another rare
earth element), and oxidation-resi stant di ffusion coatings such as

di ffusion;a s that cont num i.nternmetal.lic Cer am c

material s éﬁh% T Oglgta:ac PRy feﬁjj?ﬂ/ £ #ﬁlae SPEBT i’rfectfl’ngf"foé'glﬁi RUEHGR) are

w dely usslr mnﬁﬂ@:sermeerdfah&@e&we@fas bp@btindicgipeiatii@ehalesbeeaeapabi l i ty,
e of depositjon by plasm

| ow t her ngl conductl Pty a%d rel ative ea
spr ayi nngE PéFpr%rﬁtPﬁﬁl _@‘%h%‘t’n th%ﬁ%?‘ifﬁi’“\?‘é{ tediob s Py Ofﬁ“\?lﬁf’g?’échm ques.
TBC s enphayesriespontimghi igbesde. Si%ﬁﬁ@hﬁ&dﬂaﬁce@ eQhASerRberfa® dapdRiRg engi nes
are often,_deposite éﬁeﬁlec ron

have been achiev rough the formulation of nickel and cobalt-base superalloys.

Nonetheless, when used to form components of the turbme combustor and augmentor

sections of a gas turbine engine, such alloys alone are often susceptible to damage by

oxidation and hot corrosion attack and may not retain adequate mechanical properties. -

For this reason, these components are often protected by a thermal barrier coating

(TBC) system. TBC systems typically include an environmentally-protective bond

coat and a thermal-insulating ceramic topcoat, typically referred to as the TBC. Bond

coat materials widely used.in TBC systems include oxidation-resistant overlay -

coatings such as MCrAIX -(where M is iron, cobalt and/or nickel, and X is yttrium or

another rarec earth element), and oxidation-resistant diffusion coatings such as

diffusion aluminides that contain aluminum intermetallics.

Ceramic materials and paﬂicuiar]y binary yttria-stabilized zirconia (Y SZ) are widely
used as TBC .maten'als because of their high temperature capability, low thermal
conductivity, and relative ease of deposition by plasma spraying, flame spraying and
physical .vapor deposition (PVD) techniques. TBC’s employed in the highest

femperature regions of gas turbine engines are often deposited by electron beam
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8 July 2005 physical vapor deposition (EBPVD), which yields a col umar,
strain-tolerant grain structure that is able to expand and contr§ﬁ5

wi t hout causi ng danmegi ng stresses that |ead to spallation. S iy 2005
columar mcrostructures can be produced using other atom c and nol ecul ar
vapor processes, such as sputtering (e.g., high and | ow pressure, standard
or collimted plunme), ion plasma deposition, and all forns of nelting and
evaporatio Lt . e dj , sh.asern nelting, etc.).
- Gont  asP I Ral sand RpRIARFRREVIE vhich SRIBACLGuihd: sl gy (apS
deposit TB&rutirethalis ple tthexfapd mmodfcomtodct svithbstplaasisg damaging biredgesi thata TBC

characteri eqr f _i.nhonobgenei ty and r OSi hat reduces heat
t ransf er tﬁe(rggﬁgg)ﬁp %hagiO%B(éﬁmﬂ I GPumpar fcr%smf'éérqsocaﬁ rﬂé%’ﬁ% SRR hr oughout
t he pl annealomid sdoyeleailafvapiigproceeuEpanen bs dputtprinl @S, highl dndiidw pflRQRE ant that
the TBC mai ntaips a [.owth rmal . conductivity throughout the |ife of the
conponent . 5{13—15%9‘{;8? coltippated plipmg)) ion PUwmicdspositipmandraliigonyaf mcltmesnduch as
YSZ have beapoahseiMaditbh pdeds8aRSs. DYaiRRe 2@ TSR el ety TR HER: Subj ected
to the operating environment of a gas turbine enging. This incredse has
been assocPIATRUSRAIYIRE teshmigeasisnel a5Fait plasips siraying (ABSettposit EBEInateral ur e

t hrough gr@i fe 399, R Bo1e:0 n L Ny P yRear To. conpensate for
this phen(;nengn, TBC s0 %]r. ggs?t gﬁsg{tﬁgqgnagi ne g%aﬁ%%%%% sbyaf? ed%%rggeor%
deposi t ed nkpraoggneist and pondsisk Hes edutbamesdrndfeothhaphitiecTBE. necessary.
Alternatively, internally cooled conponents such as bl ades and nozzl es

t be degi ik - _ o o
o o IS, TR PRI AR B SR

undesirable for reasons re cOoS I'ne
ef fi ci encyompanant ey rbtecthe italoweporiant chat Be APEr emimdied at ot therdaher

i nprovene |- ol,0gy..ar sirable, particularly as TBC s are
enpl oyed {l %ﬁ(%'{?grlrrgﬁf'{/otu%ﬁggl !aee)ﬁfeé oﬁfpgﬁ%n & Hoﬁ?néhde%mf’%ver’nﬁ%e ‘E"erﬂjé‘ di ng
engi ne despyhstiviBR GFISUMMMRY]Glacl HEYISKVENE beN dlheval ®siaditadebyesotd on

general ly provides t hermal _barrier coating (TBC) for conpanent
i nt ended gr“ﬁ(g‘é TR g"heo r[’ei"I %‘Ibéer‘fgﬁdrté’n%ncfp,emé’gg FYEoRmpat §gﬁ‘e$aa?| USRS ur bi ne,
conmbust or engide. aulii® iidase BEPOEENhS06ihted WS chaERIMEoL MY FifoonkBiaséd of this
i nvention:_have r’ritcrogtrulg:tur_es that are |ess dsusc_:epti ble to grain sintering
and pore mécrostruc ure through gramn and pore growth and grain boundary creep. To

compensate for this phenomenon, TBC’s for gas turbine engine components are often

deposited to a gréater thickness than would otherwise be necessary. Altematively,

internally cooled components such as-blades and nozzles must be designed to have

higher cooling flow. Both of these solutions are undesirable for reasons relating to

cost, component life and engine efficiency.

In view of the above, it can be appreciated that further improvements in TBC
- technology are desirable, particularly as TBC’s are employed to thermally insulate

. components intended for more demanding engine designs.
BRIEF SUMMARY OF THE INVENTION

- The present invention generally provides a thermal barrier coating (TBC) for a
component intended for use in a hostile environment, such as the superalloy turbine,
combustor and augmentor components of a gas turbine engine. ‘TBC’s of this

. invention have microstructures that are less susceptible to grain sintering and pore
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8 July 2005 coarsening during high tenperature excursions, all of which

| ead to densification of the TBC. Inprovenents obtained by this i ntion
can be realized with TBC s deposited to have a col umar grai%"‘é’ylzﬁﬁgure,
such as those deposited by EBPVD and other PVD techniques, as well as
noncol umar TBC s that are inhonbgeneous and porous as a result of being
deposited by plasnma spray techniques, such as air plasma spraying (APS).
Typi cal YSZ source,naterials available for use in deposition processes

of ten cont SPFSCOHg Wrmgdretytempagatnre sxeursinps. gl of whueh kepdio denstficatien eki des of

silicon, tieamBEM Ihp@fement 6k@Ined RN IVehEdN 4R bEPRISET WiRNgRREse and
potassium _According to the invention, several of these Iinpurities T

(parti cul affRpsided todye 7 golumgrerainstan®m sechofs these depasitpdbyn EBPVIPamb| e

percent cagmbepow felichiGit. gsgﬁ&psghgwmsfd@%%? W inh?r'ﬁgg%&&%sas

transition tenperatures or ase/ surtace nodifications t prorque surface
di f f usi on. porPhesea sdesf et depokivskby plassa dgep rabidqusasici alar ésnidhe grain
boundar i esSp %glgé Q@@pl at boundaries (for plasma-sprayed TBC) or col umm

boundari es TBC) of a TBC. At such |levels, these phase types are

believed to sufficiently wet the boundaries to allow or pronote grain
si nt eri ng hymacal d@Zsewreegnaaikloavalabledorudt ih fdepdsitionkpiroakies Sfteh kadtainead t o

densificatjon 1e TBC, the end result of which [s..an increase in the

t her mal co’hguctﬁ iI‘Q/H]ymSP qeﬁcem%mlﬁggﬁﬁ’i Wﬁgiaﬁrﬁﬁﬂei 9lr Pl PRI SHFOR o ce

mat eri al s nithel,ebddiimatiehiih] SoptRRAS nfangaiesOnngf fRkiutd) t RcofBifg GBNtHRE

prohi bitively expensive, As a sqlution, the invention enploys snail anmounts
of al um ndnﬁ%‘gg’il’pﬁef’%ff’le%f these ippaies ﬁwéﬂmadwd%)sry aEEssaie e uptsrdughout t he
grain bounfgé 2£802mold\gerddBCcdObdRili&bnt th mﬂ{érhbxﬁﬁausamﬁis&%m 164 Ay the
oxide inpurities noted above. As used herein, the term"getter™ includes

vari ous mERRHHPR HRORSTAWRT @TPhepeitusacn sradiisetionsuhet peenetn Rarfeedliffegon: he
presence qmeéermidfeéi;a!b%ﬂas% tggéétcfe%r'al_?e%fn(lf' g0 (@g lﬁﬁg%gﬁlgf ?(ﬁltnd.lflr%,%sagld Orﬂi}erypmt zed.

Exanpl es ofrﬁ?e,tterl ng mechani sns 1 ncl ude - formation :
al um na- c &AvRdaRE §fos Masmatsprayed TESHpUerdems hohndasiesn(for iV (HX2eBa 2Si C2)
al um na t htganat EsucMNKROR T n%lg M}%}Z C ion of
solid solutions Wi th va’rtlhg%)st‘)hg%q oéjnaaéi}é%nc uaﬁﬁge%ﬂg%?eth‘g%&%%. As a
resul t of thallayy of rmhaidleein sintering enil axoartstrése amd/amiunface e rideatics on

products $0f A" EHRLERLES. THN R4 a shy.reduce grai.n . boundary
nmobi lity of Pﬁ’e Y7 #E%&Bisotfsﬁ%:h, t’ﬁ@e é‘?&uﬁﬁsﬁgggr‘” ggﬁhplftagtlgg |Sﬁ’rﬂ‘6f‘?
thermal conductivity of the TBC. Reducing impurity levels in YSZ source materials

to eliminate this densification effect in the TBC can be prohibitively expensive.

As a solution, the invention employs small amounts of alumina precipitates
(crystalline structures) dispersed_throughoﬁt the grain boundaries of the TBC to getter
impurities, and particularly the oxide impurities noted above. As used herein, the
term “geﬁ'er” includes various mechanisms by which sintering that would be enhanced
by the presence of impurities is neutralized (negated) or at least minimized. Examples
of gettering mechanisms include (a) the formation of alumina-containing crystalline
compounds such as mullite (3A1;03+28i0,), alumina titanate (Al,O3+TiO;) and/or
Al O3*MnQ;, and (b) the formation of solid solutions with various compounds,
including FeO, Fe,03, etc. As a result of being insoluble in zirconia, these alumina-
based reaction products form precipitates that can advantageously reduce grain
. boundary mobility of the YSZ TBC. As such, the alumina precipitates inhibit
densification and the associated increase in thermal conductivity caused by grain
3



grain 3 8. July 2005 sintering and coarseni ng and/or surface diffusion
Kinetics that are pronoted by the presence of inmpurities. Another benefit,
is that, if the alumna precipitates are sufficiently fine, such as on the
order of about 2 to 500 nm the precipitates are able t& I 29895gr ai n,
pore and/or feathery substructure boundaries within the TBC. In doing so,
t he tende I r ' - T i nter,
Coar sen ande R LEREnIAY ol SHEEP SHENEDISRAD, ol Horlgle bOME | o,
por es coalmseaceonf cmanstics. t Anofler rbanafigéy tipgrifsthe dilurhing Megpititesaey at ur e

exposures, ch as. tenpgratures i.n. es 1000C found w thin the hot
gas path d?’%%"a’gﬁ-}"ﬁ’rgﬁiés an e ‘.icrﬂ%ﬁ?‘ﬂiiﬁﬁ%Q)"'Phg’eipmwf’é‘ﬁfe Hlewr porati ng

rel ativel ypih e érﬁﬂ,e#cﬁ'e @hd/at FFiHRA RibSFhdtire Bb@fiari &ECWHRR thOTBEI Un SR
elimnate undesirable inpurity effects, while higher |evels provide the

addi t i onalSopisdendeneyt istrgduged forsthgspicrostmeurerns thes¥BErtaisinten, cowsar sl agai nst

coar seni ng, aTRL:] > Qﬁﬁql £ f s | undar tion.
Accor di ngl-;r/l,a&rggjl[/) pr ov%@ib{r]lgmg&éka eg%}{' ﬁ*’%ﬁj gﬁ%ﬁi&%ﬁ%@ﬁ?&o&%?%g@l um na
preci pi t atiesn Wirgdnipores) diBidg higl tengieratetelaxposutds psutB@s temipehures hseteant | y
heated to ures. j.n ss_of 200" C.wi t hout densification and an
- associ at ed’t_fﬁﬁ@fggé'émfwdﬁiﬁéﬁ%ﬁ?q g@%ﬂ?ﬂ)é’% P gfg Yrbmeengier o1t conponents can
be designed for thinner TBC and/or, where applicable, |lower cooling air
f1 ow r at esAcooddingfto tedineasion] mcapsrangg a¢latively watlevdlodf Aaraina prétdpipienot es
conponent life and engine.efficlency.. In one_ aspect, there i.s provided a
conponent A tﬂde‘ﬁ’cf ﬁgFﬁlﬁf"aH’a Fﬂ’r-ai’ nuRl fects: “’gﬁ? F'&E%V leyels poviderhe
thermal balid ia@diti6RAl ba@fiNo Fartier ToabilShE Ule UYSZC O | hlfrdd abfifst Orain
boundari es, and defects and pores at and between the grain boundaries, the

t her mal -b&PFedinealiEbPtaliede sutface diffusion and gainchoupdary mebonntAcsordingly.ent to
cause at hLeasivi® ok | Ht"aSﬁt% ] - Orain. . j

coar seni ng?ﬁana g%ﬂgnc]e]gﬁg%%gge | %ﬁgjlicgﬁéatgwgg %gﬁﬁf%t‘gfetiﬁ@%f?%‘gtion of
t he t her nilicrpsiriciuge, the EABE pan thsesublsequently beated &r tepymtatwrgs finirexbess of

cont ai ni n 28GRI - Of . lpa. wthin.the mcrkostructure in gn anount
of at Ieag%&{)e%lmﬁ%ﬁe&%ﬁc@g% H'{i?pg 8853&?7{06?@%%3? t&h e%'fal tcﬁléd{’tcﬁ% Sbarri er
coati ng t ereyelttcempbhents cqnisd desizaed for thianerdBOimdior, wileeaipplicabld, wepf t he

t her mal bggor.i er:C at i ng. ab. Iheagt sone of. the Ap.r:eci:_;?j-.t:.a,t.{.es bei ngesl ocat ed
wi thin t h&UBE&E SO A EoPBichEayees RRPESSYRg Al paferal costs and promo

component life and engine efficiency.

In one aspect, there is provided a component having a thermal barrier coating on a
surface thereof, the thermal barrier coating having a microstructure comprising grains,
grain boundaries, and defects and pores at and between the grain boundaries, the
thermal barrier coating containing impurities in an amount sufficient to cause at least one
of grain boundary sliding, grain sintering and coarsening, and enhanced surface diffusion
that lead to densification of the thermal barrier coating, the thermal barrier coating further

- containing precipitates of alumina within the microstructure in an amount of at least 0.1
mole percent up to 3 mole percent of the thermal barrier coating to getter the impurities so
as to inhibit densification of the thermal barrier coating, at least some of the precipitates
being located within the defects and pores of the microstructure.
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4 8 July 2005 1In another aspect, there is provided a gas turbine engine
conponent conprising: a superalloy substrate; a netallic bond coat on a
surface of the substrate; and a thernmal barrier coating of
yttria-stabilized zirconia on the bond coat, the thernah aﬂiﬁ é oatlng
having a mcrostructure with defects and pores at and b€t % ®n
boundaries of the mcrostructure, the thermal barrier -coating contalning
oxide inpurities of at |east one elenment chosen fromthe group consisting
of silicon, titanium iron, nickel, sodium I|ithium copper, nmanganese and
pot ass ﬂmmmothﬁeasmctd@ler&rpmm‘ml%a Bas fbipe esaine compameniggmeg%l% a anpunt of at
| east Q, ﬁ Wﬁ:b@ﬁé&ea‘m&émé Bénd Qek BRL sﬁﬁé&é ﬁi’th&%éﬁétfb@e dnbl@ théRfdrel barrier

coatlng al um na regeé)ltates W t mcrostructure I n an anount
of at |bekisr cgatmg afyltda-giabilized zigeniacorathelnond casl, theghermeal basier eepding her mal
barri e | ' wthin

t he de egiﬁgta rﬂgrosgpgtgﬁea\?ﬁl} ﬂe mS%frngSBruct urgbeh%&he%?‘ggpgjgdgﬁgghgg?w ng to
get t er mitresinudtare, trmibermal barrignagalingrirentaining oxdde impiwrities elaldeasbonss t o

| nhi bi e%ﬁ&it@pééd@ f?drh%@@ﬂ;? Eofisif 'o‘Pgmch‘i’i ahﬂﬁﬁ SN, hu@ﬂ&él i itlidrh.cat i on

of the therm arrier at 1 ng. yet ario ‘aspect, ere’is provided a
gas t urchppm, maggmse@mpcmmsiuuum Oxdengnpusities bging arasept mlalnsatggeelgete a

| A ot b [
Coat | ngTisER) o 4 feey BatnallpEREH & nd Werntfinhfidh coaniihemefiféiBRiner J07 L2 o
coat i ngoaling/havingealuminagsecipittes within tive thsresttustusmit groaresuniof atldadidilveen
grai s RAYBERLRET, Rlakley BERASLALS Y RemhdiBafiF bBIn B kA8 E0RBY ! 10

cont ai ni ng" oxl one hasen froms he group
consi stthenpreoipitateb |benn| lodatechwithinthe defacts and lpetes of dui mitrostiucluiresthe copper,

TRNGANGC ARG btk e iAo R biAIG RIS RERBADL spidsdp 200! egat e

anount nol' e perce arri coating, the

t her nalinHitat griaizr sintediag and)cdeaséniap, @ndrtherabypinbibitpletsificasioniof trerthervel

m crostructure.in an anount of at least 0.1 nole percent up to about 2

nol e peblag O%fngthe thermal barrier coating to getter the oxide inpurities
and/ or neutrallze their effect so as to inhibit grain sintering and

R R N
500 namapetatassubtirate; aunetalBOBoNd coat on a surface of the substrate; and a thermal
barrier coating of yttria-stabilized zirconia on the bond coat, the thermal barrier coating
having a microstructure with defects and pores at and between grains boundaries of the
microstructure, the thermal barrier coating containing oxide impurities of at least one
element chosen from the group consisting of silicon, titanium, iron, nickel, sodium, lithium,
copper, manganese and potassium, the oxide impurities being present in an aggregate
: ) amount of at ieast 0.02 mole percent of the thermal barrier coating, the thermal barrier
coating having alumina precipitates within the microstructure in an amount of at least 0.1
mole percent up to about 2 mole percent of the thermal barrier coating to getter the oxide

impurities and/or neutralize their effect so as to inhibit grain sintering and coarsening, and

thereby inhibit densification of the thermal barrier coating, the precipitates having
diameters in a range of about 2 to about 500 nanometers.
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Ot her objects and advantages of this invention will be better appreciated
fromthe followi ng detailed description. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure | is a perspective view of a high pressure turbine blade. Figure 2
is a cross-sectional view of the blade of Figure | al®ngulyneods-2, and
shows a thermal barrier coating systemon the blade in accordance with a
first enbodiment of this invention. Figure 3 is a cross-sectional view of
a thermal barrier coating systemin accordance w th a second enbodi nent of
t hi s i nvedtheroobjeath aid ddvant20Obf thikiigeeneod will te bikttenapeciated fi@sefiteat i on- of a
colunnarigﬁﬁln % ?ﬁwﬁhernal barrier coating of Figure 2. DETAILED

DESCRI PTI B The present invention is generally applicable
to conmponents subjected to high tenperatures, and particularly to
conponentBRIEFAPESCRIPARONI @ THEDRAWRNGSsur e  turbi ne nozzl es and bl ades,

- shrouds, conbustor |iners and augnentor hardware of gas turbine engines.
An exanpl essure thi ne bl shown in Figure 1. The
bl ade 10 Pg%ﬂérlé‘ofﬁlgp ’ﬂ%‘é’g‘”é’ﬁ §f€’5‘f ) ulg)é%c?or%% “whi ch hot conbusti on
gases.are directed durlng operation of the gas turbine engine, and whose
surface iBgurb2nsed cmss—saetidnjadavtceobﬂtbe biade obFigustl donglaecs-2asnddiowsas at t ack
by oxi dat orr05|on an si,qn, .The ai,rfoil..12_.i ected.fromits
hostil e ibé‘?’ﬁlt TR BTN mO’B elﬁa?%’é‘rﬁ?ﬁ‘l’r‘iwfr‘\”g‘rag g?’%‘@fsfﬂ?@d system
schemat i ¢k knvefitggp.cted in Figure 2. The airfoil 12 is anchored to a
turbi ne disk (not shown) with a dovetail 14 formed on a root section 16 of

the bl ade_ 10. _Cool i ng passages 18 are present in the airfoil 12 through
whi ch bl é’alf%l?rlswr%%fé@n%owmfsaf '@mﬁ%i{amwﬁ?tf%esysﬁ%@ afGOTJ‘]WﬁCI e the

advant ag%ﬁthojsec(glmeg,goayﬁg,ttbpﬂu%%mpﬁ, described with reference to the high
pressure turbine blade 10 shown in Figure 1, the teachings of this
invention are generally applicable to any corrponent on which a thernal
barrier coating nay be used to protect the component froma high
tenperature environnment. The TBC system 20 is repr esented in Figure 2 as
including a netallic bond coat 24 :

~
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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 conponents of gas turbine engi rfeduly 28@5 bond
coat 24 is an alumnumrich conposition, such as an overlay coating of an
MrAl X alloy or a diffusion coating such as a diffusion aluminide or a
~di ffusion platinumalumnide of a type known in the art. Alum num rich
bond coats of this type devel op an al umi num oxi de (alum na) scale 28, which
is grown bigued Batdetitedfeprdsentitimobfaomtunidr gralhe thd tieinnd beoik eodtidg

chem cally %g;gﬁi% thermal -insulating ceramc |ayer, or TBC 26, to the
bond coat p. Substrate 22. The TBC 26 of Figure 2 is represented as
having a strain-tolerant mcrostructure of columar grains 30, one of

whi ch i s rPpTédieid &ESCGRIPTENY OF THEE ANVENTIOGNgure 4. As 5 8 July 2005
known .in the art, such columar mcrostructures can be achi eved by

depositin i ng SIC or osi.tion techni , such as
EBPVD. A 8%%" rre'gq"%g}&eérﬁl lie S‘r% P%ﬁ‘&’\f‘égo wmfﬁ"?}tﬁ PF@-‘”’%‘F‘gﬂPl gl

zirconi a (WSByratuesprad artedlady npoginifonents Beitngs #kohighdaridoloab@rdss?d wei ght
percent yttria alper ceram c  mat e{]| al s coul d be_ used, such as

h
zi rconi a_ fUIHRY %‘{258%1?’}‘12@ By SHQUds; ombYSRE tings fdaugmento Bepdwaredi 285 1 coni a

partial |y tamidadnkines t &l exdngRelobyhipRgReSir@iurkifg blade FERRAOWn RIFighlqr OXi des
sol ubl e i ir &a The. TBC 26 I s degosmed to a thickness that is
suf fici ent ]‘bi{%o] geaerplhpinchudgy dry dgfotl e agaipstyyhichchaticombpgiontgagesiiler | yi ng

substrate d%%ct@@@uﬁbégﬁerét%n &leﬂﬂ@ fg% kb Re engilﬂ@ Ma98hos su &ufs thetefofe 200Ut 300

m cronmeters. Wiile nuch of the | ow n I Scussi on W f ocus on col umar
TBC of t hévbigged tahelaomhustivy geses 25 smul ag, attaple bwmﬂefﬂﬂtloonwrsosmns@ndael i eved

to be appledhl eTho arrﬂ)@in??lly LetedBirofleR® ?lk]%gg 09¥rﬁ§r'lgnlamﬁ?0 F‘Peg§ 1§S, Pl asma

spraying, including air na sprayl ng Cros uct e of this
type of THernel fra@pﬁrr@g@nmda‘ﬂqi syfterg seleengtically Wmdﬂd inégwsade Thefafdhce

e b ond 1205 WBgfoktors furbfle (MR Yacll§ wiih W0 1¥G0GR08, 8 051 (210 22

and bond coat are now use dent
coat 24 opeakihi dh of thedrials! mnﬁmolfﬁgqia%gmalﬁ aiepas&rﬁadthethyrfqnlm&&oﬁg)ﬂ’ aying. In

the plasng,sgr Bl% rla 0|té:%|nthe m of
ol t on+ S G AP OHAIIE BTASEE e P HohRloe pPuC O BaiR5ne B g @ 3 havi ng
a m cr'os-thiajmwwgmohﬂrt&odeem&ddmtiyrdﬁfré:egub alie hikpteafnied ngbik fadd00and a
degree of shown in Figure 1, the teachings of this invention are generally applicable to Aany
component on which a thermal barrier coating may be used to. protect the component

from a high temperature environment.

The TBC system 20 is represented in Figure 2 as including a 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 MCrAIX 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 alurﬁinum 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.
Th_e TBC 26 of Figure 2 is represented as having a strain-tolerant microstructure of

columnar grains 30, one of which is represented in greater detail in Figure 4. As
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i nhonogeneity and porosity. As is typical in the art, the YSZ source
material used to deposit the TBC s 26 of Figures 2 through 4 may contain
more than 0.1 nole percent of inpurities, such as oxides of &Jul¥g00%m
silicon, sodium iron, nickel, lithium copper, manganese and potassium
and potentially oxides of calcium nmagnesium and others. Aggregate anounts
of as little as 0.02 nole percent of such inpurities can be sufficient to
form precipitates that decorate nearly all of the grain boundaries of the
TBC mi cr oskrergn ify the arg suglepqlumsarthisraspriretorep sam bepihdeve( foyr deppeiimmthe pr ay ed
TBC) or co I} f . . th B hese precipitates
are beli evgg%é)%ﬁ?g? &e@ %?%i‘ﬁﬁorbdg%%dgﬁ%gﬁ%?&ef E%CRIEEC‘}?E?) 6\”}- a?\ Bﬁ%ﬁﬁg or
pronot i ng geatral footheddH 26 isi ai yngia asmabilped kincons (VSE),i angefarreld cogposigiohng t hat

| ead to depsifi,cation of e TBC 26 and,. consequently, . an increase in the
t her nal coﬁ%r&%?lfo\}’ls #30 8‘%)0%‘ ?E WFB%??%?C‘?%G%EBJ%?@HP%"§°éf“l"é’€‘?t,e“? REYE 8 July
2005 TBC BSusfl, duth 3s kiv@id Rl stbildep 05 ivitad, todsasiNied Aircofim) dr Adpmiat s of

al um na whi ch, resul.t of being. insqgluble in YSZ, do not alloy with

t
the sur r oubETHY Bkt 2q9uy magagsia geRdritrRmlia of sther prides priublede” 34
di sper sed iiﬂibﬁidghﬂigTB@eZtg'i@Bé}OQ%%a{ HBSness hhsis shRfcicaP 1o ?H)Q/kdé 9?1

adj acent the defects and pores 32 as represented in FigureS 3 an
Accor di ng tegvitaddhermabprotastion fasdhpumatelping sulstra@22ged blade { fegeatrolleomot ed

oxi de i rrptHgi),tdieleéﬁ ARt 4 ASEEL 06 nliBlhRid 9rai n boundary sliding, grain
sintering and coar seni ng. %e endalrag}s%tf t is that the TBC 26 has a
stabilized mcrostructure that resists mcrostructural changes that would

ot her wi se YBHei mush (i iB¢ follerring disgussiani whkfocus lee ravhimneo ABGE of tiettype As a
It of [ TRC: ietddIur Arpugh 4 are
resu of &b&n RLORSIRES? Wi Gl E—Jggrca)t]w% ﬁia]%géﬁ*js Eéélgg) g2 Ca%gp%%g)u%

deposited, the individual grdins t are erized by
m cr ost r udeo¢cmukef EBE sdemositgdobe su@p nwittiddk mst jlesngr spragng Oinaludingtaiand

bet ween t rain. .ho ries. Accordin .anot her pect of the

i nvent i onfﬁ?ﬁsﬁlggs@&c\fle’ﬁe@{ S janﬁk?epg’?éerg& lur%f)lé ls’ef)fpé’vogcirﬁ ‘%Ee@Feéggﬁdqfrhe t her mal
conduct i vifigurof, mhevigelaites s@i: efferche TBAbRS usahith Figosr 2ftoridediife thBC 26 as a
whol e. However., - i romh, sinteri nd re redistyibutio

(coal esci \rl(l\:gl)umvl\lnart %:é? ?‘?’I n'laBierf%atﬁ[}!Pi ﬂﬁlnﬁq"ghcoﬁg%é‘}:ea?w‘?s Ef’u'?@?tﬂﬂ? tend to

el i m nat e sinfilar ehetiseate 22 and bped et 32 on Whechpr BSColumnBVEBC D6 Wk Fepdlia t 0

i nhi bit '

by plasma spraying. In the plasma spraying process, TBC material is deposited in the
form of molten “splats,” resulting in the plasma-sprayed TBC 26 of Figure 3 having a .
microstructure characterized by irregular flattened grains 30 and a degree of

' inhomogeneity and porosity.

As is typical in the art, the YSZ source material used to deposit the TBC’s 26 of
Figures 2 through 4 may contain more than 0.1 mole percent of impun'ﬁes, such as
oxides of titanium, silicon, sodium, iron, nickel, lithium, copper, manganese and
potassium, and potentially oxides of calcium, magnesium and others. Aggregate

~ amounts of as little as 0.02 mole percent of such impurities can be sufficient to form
precipitates that decorate nearly all of the grain boundaries of the TBC microstructure,
as well as the splat boundaries (for plasma-sprayed TBC) or column boundaries (for
PVD TBC) of the TBC 26. These precipitates are believed to wet the grain -
boundaries of the TBC 26, allowing or promoting grain Boundary sliding and. grain
sintering and coarsening that lead to densification of the TBC 26 and, consequently,
an increase in the thermal conductivity of the TBC 26. To counter this effect, the
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these mmicrostructural changes if the precipitates 34 are sufficiently fine
and located within the defects and pores 32, such that the precipitates 34
anchor and pin the grain boundaries and pores 32. In. order 8H3leRPRRti vel y
serve as an inpurity getter, the precipitates 34 nust be present in an
amount sufficient for this purpose wthout adversely affecting other
desirable properties of the TBC 26. A suitable nolar fraction for the
precipitates 34 is believed to be at least 0.1 nole percent up to about 3
nmol e per cerBC &b phthis ipretftien issttpodted & cdntdimgnabandunis & aleniabedich] asrml e
percent. As _an iJypuriit tte the si of. .t he r ecj. pi es 34.is not

bel i eved t(ge%g ? r.eﬂ‘lgc’g%/",’g@f f’hji(g?aﬁ%f‘gﬁ'éﬁ’éffw‘gbgﬁtsu O‘f‘lﬁll"%b%gi mMFHH P m bei ng
accept abl e.indterdgusi distetegirtapitdtesedaydifichel BRoREhahithd BHIRIIN8Sids D the
precipitates 34 nust be fine, geperally on the order of the size of the
pores 32 arﬁgc pP-degiuding adieeay fedtedctsandinoms P2 asderjesnied imbigures 3aa9ng t he
grain boundar iseSerditl, P! ALEHoR] ﬁaerﬂieapnﬁesofwfgg&é@dle%rob ibed Thdde T ange
for the alumna precipitates 34 is about 2 to 500 rim The volune fraction
necessary tBPWitiest Hadddfcedfers dmibiparas Boundafy sliding Zxdiy sde@eng nendur al | y
vary with n . r A 41 D .
However, - ak{;/%f%@gf ?%%%?dgﬁgsgﬁt‘%%hgrg’aes gif%é%csg%?ﬂ%eg rﬁ’éﬁ’fo?%\]/%gr%t%aqbe :
necessary fesrsts midetuctual changes thyt getlt ethangise Sud tabbmeifprocesskesighar f or ni ng
t he precipjtates 3 ill depend in part on the manner in ~which the TBC 26
i s deposi tlehgfmﬁfcoﬁéeluﬁggﬁ‘ed by plasma spraying, a fine alumna powler can
be mixed with a YSZ powder, so that fine alunina precipitates 34 form

wi t hi n t heAk rndresult wdll the ppicasses fy avlich B ABCShdewof iRigdrésghrterodgh Mf ardeposi t ed

by PVD to ield the columar grainp,.st t sh in Fiqures .2 and 4, a

suitabl e t%%’ﬁﬁ’f%ﬂehfs"}%&)vm'@va P4t 2\0 m(fﬁ[ Bﬁ%lﬁﬁ?ﬁgg& f"reatCETrg%ngchngyof whi ch

i s formed mfcramuygtuidddefobis laed porseSDWithinithe £Qm8Bd afd atadnd Bef@en &leqitgn M Xed
resent, as discret iong wthin a ot, Alternatively,

with YSZ ar re YSZ | ng
N Single (IUBHTRN AR O EDOBH DR GT BIam gk (h R 2elrs S paier 52 al unt nam
can be evagpebalicadd t®dedd06thethdral JBGuafrity Y€ theaRahI80 ofdhk QBTAL4 VERd 1S tO

evapor at e g Yg%bsource material_ in the presence of a chenical vapor
deposi t i orfrereEID)the Jdc&0ots a1 WRIRuNtIRYRYG BFaHy eteipbr ginteppg Andpereduced

into the Ge&kirddtior pvakRe&inWhivitRin &L 'I'I:]lfﬁj bei AFingViaRP t@hReatule & cursions

al um num cont ai ni ng vapors react wt ) o L
tend to ehminate the defects and pores 32. The present invention is able to inhibit

these microstructural changes if the precipitates 34 are sufficiently fine and located
within the defects and pores 32, such that the precipitétes 34 anchor and pin the grain

boundaries and pores 32,

In order to effectively serve as an impurity getter, the precipitates 34 must be present
"in an amount sufficient for this purpose without adversely affecting other desirable
properties of the TBC 26. A suitable molar fraction for the precipitates 34 is believed
to be at least 0.1 mole percent up to about 3 mole percent, with a preferred range
being about 0.2 to about 1 mole percent. As an impurity getter, the size of the
precipitates 34 is not believed to be critical, with diametérs of about 2 to about 1000
nm being acceptable. However, to effectively pin the grain boundaries the
precipitates 34 must be fine, generally on the order of the size of the pores 32 and
process~induced defects within the grains 30 and along the grain boundaries. To
~ perform this role, a preferred particle size range for the alumina precipitates 34 is
about 2 to 500 nm. The volume fraction nccess'ary to pin the defects and pores 32 will
7



t he oxygen-contai ni ng at nosphere within the chanber to deposit alum na
within the TBC Still another nethod is to use an ion beam source of

al um num (cat hodic are source) while evaporating a YSZ ingot8 4Wy@P8ate the
precipitates 34. In any case, the deposition process of this invention is
carried out so that alumna is evaporated and condenses to formthe
discrete and fine precipitates 34 represented in Figures 3 and 4. Wile
the invention has been described in terns of a preferred enbodinent, it is
appar.ent t haturatly heiry fedthmehecanduht b detiept adl pyreone prsieht @d ther TBIGR26rt . For
exanpl e, t TBC 26, coul.d be depqsited by other .atom c and nol ecul ar vapor
deposi ti on%B“F?S?,regsvé’gfmesﬁﬁﬁ"’&s&sfgﬂ?aﬁ%(ﬁiln@cqnbll? %‘?iﬁg?fjatod@bag‘?eﬁaﬁh forang al
forms of mefftdtive idpshity gMapRpat i on deposition processes. Accordingly, the

scope of the inventionis to be limted only by the followng clains. 8 8
July 2005 _WHAT | S CLAI |S: 1. A_conponent (10) having a thernal barrier
coati ng (2§)“t35’# pogssier dudoppiag dmredmitcs BhenHgrerepd in pEk o Berangerim6) havi ng

a microstr ukicHrfe GBIPDE Si lagpcgﬁain?fée%%ted%ﬁbmsmmyﬁ?ﬁ@j £Snedftimflf ects and
pores (32) at and between the grain boundaries, the thermal Dbarrier '

coating (2BYWdsHisembarmeed s piSZepowderaie Gatofing aleminkipseadpitatasBicome at

| east one : i - w Sl di I I ri i ng, and
ennanced sqr P A il RRHNCRE, Baa0ds ofhALR e 1P R P PR
barrier cogetldibe ¢dhepnartgen stierturakhdyar inilgurenAtindhg, a uBehle tachbiqee isgont ai ni ng
precipitat 4) qf alumna. wthin e m crostructure.dn.agn ampunt of at
| east 0.1 &N%P ((gargtﬁ&uglé?{f: md%’]t % %]?S%%'fee(ﬁlp@?%ﬁ orgyedy 8“#’@@%@@%3??‘?"8{3 coati ng
(ﬁG) t?) bgetfmmfedtdfe]dnﬁnwa]dn')egmim vlaﬁh YB8Zio pidskrit adﬁlmfeid fegtdnemiﬂﬁn'f(ahe) 1

t her ma rrier coating.(26), .at .l east sone the precipitates (34 ei ng
| ocat ed WIaY# &he E‘S?’gtﬁéﬁaﬁﬂ“%&“@?t GPRPIRmE ﬁ%%,aﬁ f‘?gﬂft"(s é’ﬁ“‘?‘.“aﬂrcorrponent __
(10) accorgitsigc bRmfihmah tinlbe ¥WapsRIAA 16 PRATECHE TBCUEY. UY & aabththaid-heiveal

barrier coating (26) is_columar. 3. A conponent (10) according to claiml,
wher ei n t H2UhFEPYEtErAEPHPeunsE mplcaiak dhemresenss of # sherpigaltvapgr depeyitipy

I nhonogengowD)aitrde VToMSminkm-AnERRE Vapdrs.( MheR GfRUHEAGni tfe! &alhd, 2 or
;wherein the thermal barrier coatin (26) is predomnantly -

yttria-st shumberavhile; Y% is being evaporated, the aluminum-containing vapors react with
the oxygen-containing atmosphere within the chamber to deposit alumina within the

TBC. Still another method is to use an ion beam source of aluminum (cathodic arc
source) while evaporating a YSZ ingot to create the precipitates 34. In any case, the
deposition process of this invention is carried out so that alumina is evaporated and

condenses to form the discrete and fine precipitates 34 represented in Figures 3 and 4.

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. For 'examp]e, the
TBC 26 could be deposited by other atomic and molecular vapdr deposition
processes, such as sputtering, ion plasma deposition, and all forms of melting and
evaporatibn deposition processes. Accordingly, the scope of the invention is to be

limited only by the following claims.



5. A conmponent (10) according to any one of the preceding clains, wherein
the inpurities include an oxide of at |east one el enent chosen fromthe
group consisting of silicon, titanium iron, nickel, sodium |lithium

copper, manganese and potassium 6. A conponent (10) a8cdudiyngd00b6 any one

~of the preceding clainms, wherein the inpurities are present in an

aggregate anount of at |east 0.02 nole percent of the thermal barrier .
coating (2 (10) according to any one of clainms | to 5,
wherein thghrigl$k#ﬂgﬁﬂﬂf e present. in an aggregate anmount of at least 0.1
nol e percent of the thermal barrier coating (26). 8. A conponent (10) -
according to any one of the preceding clains, mhereln the precipitates

34 th t
Sbout 3 hof Bt "B aviig F lnsh el e Be) g sflsedd BB i, “Boos
9. A ctmpmakbrerrigri@ptinr@6) tavieg amlemystrmtereafomﬁnemglgea:mjﬁmg otdiai ns, wherein
th 1 at h at,| 26 t
R e N ST
10. A banieooeating (28))coatainiiglingurities angn ameumfsuﬁ‘ubenpma:aash algeadt aa'nermf wher ei n
t he preC| I tate

t hi the d f h
i ot 8780 PROeRL G o1 Ging sh BarbAing T AR L gacs I 2C Fur b ne
Eng:}I netmmaﬂzwﬂénirﬂdé)aon?ﬁmmtlse;mt@l bamegcr{m&hgI(iﬁ;ythetﬂb&rmabanéﬂﬁjanngbrret allic
on C on a.,surrace,o e, supstral ma rrier

cont niBsufhes eSaPirtre e Gian ot AR G iRt sl 8 FhouRf | o
E htza ; matbf ﬂ&é:ﬁétgﬂt meat;jer@nﬁ dplo hm(;@ge@em (?fﬁl;@ﬁbﬂﬁél%ﬂ;%bftl@ﬂ?ﬁ?ﬁs ?Rd polr es

a e r a S un (0] oSt ructur e er na
borr i opefBine REPYBES ORI B ABnahsain i FeMal bifeL foaga L2IAE o emont
chosen Iéa@DéBrhélﬁf ;13 wupnam%l(snj tng Rcated|witinthe defeddl anh porésf thei ckel ,

sodi um i thi um copper, nmanganese and potassium the oxide inpurities
bei ng HF@Q@FH WIR an aggregate anount of at |east 0.02 nole percent of the

th | b h
al ur nchgh COPRIREL 0) PSS q AR fo R B¢ Pl PR, 0o tiehhall 01 "2

| east QlidfRbaling (26) is columnar.

3. A component (10) according to claim 1, wherein the microstructure of the thermal

barrier coating (26) is inhomogeneous and porous.

4 A component (10) according to claim 1, 2 or 3,wherein the thermal barrier coating

(26) is predominantly yitria-stabilized zirconia.

5. Ai:i:omponent {10) according to any one of the preceding claims, wherein the ‘
impurities include an oxide of at least one element chosen from the group consisting of

silicon, titaniurm, iron, nickel, sodium, lithium, copper, manganese and potassium.

e

6. A component (10) according to any one of the preceding claims, wherein the
impurities are present in an aggregate amount of at least 0.02 mole percent of the

thermal barrier coating (26)
7. A component (10) according to any one of claims 1 to 8§, wherein the impuritiés

are present in an aggregate amount of at least 0.1 mole percenf of the thermal bamier
coating (26).

8. A component (10) according to any one of the preceding claims, wherein the
precipitates (34) are present in the thermal barrier coating (26) at a level of up to about.2

mole percent of the thermal barrier coating (26).
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percent up to about 2 nole percent of the thermal barrier coating (26), at
| east sonme of the precipitates (34) being |ocated within the defects and
pores (32) of the microstructure, the precipitates (34) serving to getter
the oxide inmpurities and/or neutralize their effect SO gagy 0 bﬂﬁi bit grain
sintering and coarsening, and thereby inhibit.densification o?' the thermal -
barrier coating (26). 12. A gas turbine engine conpgnent (10) according to
cl ai m21, whepapenankEl0) geeqrnivotia aay opeal thg pregsdigiAims whei@inther nal barri er
coat i ; f : - mal

bar 1 o I B o oo e o Ponent
(10) avelsrreresit elidhe thermahbiarger coptingf@lei n the oxide inpurities are present
in an aggregate anount of at |east 0.1 nole percent of the thernmal barrier
coating (26). 14. A gas turbine engine conponent (10) according to claim
11, 1216 16,00mﬁ@m¢%§ifz1(ﬂ|$§00f9mdpQﬂYQB%Qf the pregedingtdaimgi whgraindhe def ects and
pores ). fcRBRLSLifin oneters.
15. A %%éa){t%%?arﬁ‘ eng?jﬁlg'&é%{rﬂr‘ggdﬁzﬁwﬁ(gémggw g}aﬁ%m{éo C g?nméﬁgeﬁerei n the
m cr osabaut ue ebaift SpBpantreeters. barrier coating (26) is columar. 16. A gas
tur bi ne engi ne conponent (10) according to claim1l, wherein the

m crostrnuct ur f the thernmal [k ier .ing (26) is inhonbgeneous and
porous‘.;li‘ ﬁgasi"rgg’ée?gpﬁﬁ@@%ﬁﬁgﬁ%ﬁﬁﬁt (10) conprising: a superalloy -
substrate (22); a netallic bond coat (24) on a surface of the substrate
(22); arsdpealidyeubstratd22)i er coating (26) of yttria-stabilized zirconia on,
the bond coat (24), the thernmal barrier coating (26) having a

m o1 0sLrGLe G Ll 895 66 b SuRll HONATGRR Y A0 bt ween gr i ns

boundaries o em structure, the barrier coating (26)

contai ning oxide inpurities of at |east one el engn&r C oserz ‘b‘r, m t he group
consi stithgmsl banser teating @6 elnyitria-stabilized zifcepiaion &g Pﬂ‘l?jrf")ﬁti £ g?ﬁ copper,
mangan R ARG B i HEstTRiS ivith 88fcb@ 2@ pBcEERY bt drd an

aggr egﬁ%&%ﬁ%%@mﬁ%egﬁ%%ﬁﬁ%l e percent of at h]e) tt%?mal barrier
coat i nhetvash , gréihe botralaries of dhe imicrogtantinag the2Byrmad \hamder 00aHNH 420k eci pi t at es

(34) iU DADS0E SIRREGH Y Rask BB BreMERHGlos i the Btp Qotsidilge Per cent up

of silicon, titanium, iron, nickel, sodium, lithium, copper, manganese and potassium,

the oxide impurities being present in an aggregate amount of at least 0.02 mole
percent of the thermal barrier coating (26), the thermal barrier coating (26) having
alumina precipitates (34) within the microstructure in an amount of at least 0.1 mole
percent up fo about 2 mole percent of the thermal barrier coating (26), at least some of the
precipitates (34) being located within the defects and pores (32) of the microstructure, the
precipitates (34) serving to getter the oxide impurities and/or neutralize their effect so as

to inhibit grain sintering and coarsening, and thereby inhibit densification of the thermal

Y

barrier coating (26).
12. A gas turbine engine component (10) according to claim 11, wherein the

‘precipitates (34) are present in the thermal barrier coating (26) at a level of up to about 1

mole percent of the thermal barrier coating (26).
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percent of the thernmal barrler coatlng (26) to getter the OX|de I mpurities
and/or neutralize their effect so as to inhibit grain sintering and
coarsening, and thereby inhibit densification of the thernal barri er
coating (26), the precipitates (34) having dianmeters ig gyfian about 2
to about 500 nanoneters. 11 THERVALLY- STABI LI ZED THERVAL BA IER COATI NG
ABSTRACT G: THE DI SCLOSURE A thermal barrier coating (TBC) (26) for a
corrponq @ sitfib ifeXomptheht|18) ad8fdind ® v T MRNvheitCiReas the
superal oy t ab| ne, compustor and augnentor conponents of a gas turbine
engi ne OXitt EnmBties 28 presemtdn ﬂéégﬂfégé'@rﬁ'%ﬁwt ghatleast Gfgnele LerrentPiiie na

precip ) ed throughout the grain boundaries and pores (32)
of thekﬁlﬁ%s%agﬁé co%ﬁ??leﬁ oxide inpurities that would otherw se allow or
pronote grain sintering and coarseni ng and pore coarsening, the consequence
of —whi,gh wy 104 8& {LdimPd 1bfe>er1§fm&einrtﬁéeased
thermal1g1 con a((%ttP@"%e&aéééﬁ’?é&%Pe ?y fofcﬁigi; t he precipi tates (34) also
serve moeqmltﬂtaSKé‘lypmtﬁ@ witgin)the defactp@and peeasr{da) have digmeths i IFBCANISY!, t he

ef f ect the tendency for the mcrostructure of the
TBC (Zf??&ftwgca%togfwdg%%@%&gnd undergo pore‘redistribution, which also

i ncrease thermal conductivity of the TBC 26. Figure 2

15. A gas turbine engine component (10} according to claim 11, wherein the

microstructure of the thermal barrier coating (26) is columnar.

16. A gas turbine engine component (10) according to claim 11, wherein the
microstruciure of the thermal barrier coating (26) is inhomogeneous and porous.

17. A gas turbine engine component (10) comprising:
"a superalloy substrate (22);
a metallic bond coat (24) on a'surface of the substrate (22); and
a thermal barrier coating (26) of yitria-stabilized zirconia on the bond coat (24), the
thermal barrier coating (26) having a microstructure with defects and pores (32) at and
between grains boundaries of the microstructure, the thermal barrier coating (26)
containing oxi&e impurities of at least one element chosen from the group consisting of
silicon, titanium, iron, nickel, sodium, lithium, copper, manganese and potassium, the
oxide impurities being present in an aggregate amount of at least 0.02 mole percent of the
) thermal barrier coating (26), the thermal barrier coating (26) having alumina precipitates
(34) within the microstructure in an amount of at least 0.1 mole percent up to about 2 mole
percent of the thermal barrier coating (26) to getter the oxide impurities and/or neutralize
their effect so as to inhibit grain sintering and coarsening, and thereby inhibit densification
of the thermal barrier coating {26), the precipitates (34) having diameters in a range of

about 2 to about 500 nanometers.
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