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 qﬁﬁﬁﬂ@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 ngl y increase. Significant advances in high
t enper at ur Bhig dpygsttion febades Havsotpdive erahingsy der compaghtst brposast tullbgh on of

ni ckel anQCﬁPQt@{F{}eSbﬁ& as Wc@h{gﬂﬂ&*ﬂal %hn’ﬂ%‘x:eo%% cﬁag\/@uegin Seqné ogc{ ga S

conponent s of e turbine ust or anc gment
t ur bi ne emgrtimelariyuthis iavtmips inlioreddo e rméthmfm&mg thé mm@stdmfmgef by

oxi dation At { .Corrosi n not in 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-resistant diffusion coatings such as

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

material s %h%r Oglgta:ac P eratheﬁjj?ﬂ/g@s[ #ﬁlae SPEBT 15 ¢ ngwog%lﬁi RUEHGR) are

w dely usslr ms;nm@:sermeerdfﬁch&@e&we@fas bbawrnguegipextaaﬁmha*eweeﬂﬁapabi lity,
pl asma

cpr ayi no. PP AREPERRR firabiie R o Ry Braires Saon Otsciaeim Pish of BATPEEC i ques.

TBC s er’rphmy(&%nleﬁpdnhﬁngm igb@&de. Significant advances in high temperature capabilities
have been achieved through the formulation of mcke] 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 rare 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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tenperature regions of gas turbine engines are often deposited by electron

beam 1 8 July 2005 physical vapor deposition (EBPVD), \/\hi_cibp‘itiﬁel gﬁ a
columar, strain-tolerant grain structure that is able to e ¥ 202
contract w thout causing danmagi ng stresses that |ead to spallation.

Simlar columar mcrostructures can be produced using other atomc and-
nmol ecul ar vapor processes, such.as sputtering (e.g., high and | ow pressure,
st andar d ok, b LR elp D B IERE - osiition, and.gll forms of
nel ting ang IFS)qe)é\?apg?(fagti bn I(ggﬁgsﬁ}it\ﬁ%bﬁ%]?ocgs?g%gd %de}mdgﬁ’ TIREGTRLETE | aser

mel ting, esiguciure that gonalle 4 expang laad wantsget aythng daesihy deueging sedysasthati 1 pl asma
sprayi ng ( ) it TBC.material in the formof nolten "splats,"”

resul ting félr;:(?etlo %ﬁ%ﬁ@ﬁa‘r asg{ng?ri %Oz%t”w EEYrELn eéfca“ibﬁﬁlfﬂ‘é‘{f@ﬁéisw AU porosity
that reducesmbeaid molansiraapsipredsges,ideh 7EGuttbringQe 3e highQhd dov BfesiRe,r €Mai N

effective throughout .the planned life cycle of the conponént it protects,
it is i rrpo?‘?'&ﬁf"g Pheqilipalgd Pl elnion Rldw é‘iﬂ%‘ﬁPlﬂsrPé‘F’r?HI forra Al metting) ang

t hr oughout evapératibd 8erfkitibh rocipOREN! catmyr@,r]’asérlﬁ?eltﬁr%?@ B In%gﬁ'tg%gt ivities
C

of TBC materials such as YSZ have been observed to I ncrease by Yo oOr nore
over tine MASR Sud)iestecbnigesssheh aspwr plesing seraving 6hR®ndeposit EBGasatenial bi ne

engi ne. Thi;SmkN6AEBTEROES Q ﬁ&,’aﬁégﬁﬁngtiﬁda WHd ¢ Cﬁ?%%%@ﬁ V\é) ];(]ie%rgg of

zirconi a-based mcrostructlre through grain and poré gr nd “grain
boundary cpeuapogeToty aumoersistiat fedncdshicst tpnefeotherugh theTB@s - f or gas t ur bi ne
engi ne conponents are often deposited to a greater thickness than woul d

ot herw se 1ReAECRSSATRC Aat.i ' I Led cqnpenents such
as bl ades andr nozzl es rrugﬂt }egr%“gteegf?%ln%dth{%@h%gﬁ Lfﬂyﬁﬁg(? Ig%gyﬁﬁgo(%f ow. Both
of these somppianhsit rretedinddsisr abpatanorthate &so0MBCr elaattiing at tow athainal conponent

life and ! fhCi alnovie t he above, Jjt can be appreciated
that furt %ggd#ﬁ‘ﬁﬁ)v%%éﬁﬁ(g&l F\heTI!%' &egﬁenocfogldjfng}te dfé‘%‘iv?va?frl gl}e &E&ﬂagul arly as
TBC s ar e cempictyigids o1 Béemawalalsysuch asllY$Zehave begnonteat-ad iohessiedyfos, nor e

“OF .THE | NVENTI ON The present

demandi ng en irgevdre ]i ans, . BI%IbEeE %U%?Y

i nvent i on géner al Py "B ol Fe okt PEFPPE enyisoment of ppegs whing
engine. This increase has been associated with coarsening of the zirconia-based
microstructure through grain 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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conmponent intended foruse in a hostile environnent, such as the superall oy

turbine, conbustor and augnentor conponents of a gas turbineg Etﬂg'zﬁﬁf» TBC s
of this ‘invention have mcrostructures that are |ess susceptq grain

sintering and pore 2 8 July 2005 coarsening during high tenperature
excursions, all of which |ead to densification of the TBC. |nprovenents
obtained by this invention can be realized with TBC s deposited to have a
col umar grain str#cture, such as those depgsited by EBPVYD and_  other PVD

t echni ques SOHENR Furipg Heh aPsrie erarEsens il of avhuch ispd todendisatiomatl  por ous
as a resul theoTBUE Kgpsx)de@@éﬂst 8bkalhid Ry 8@ iSRG LECHOIrESS vﬁﬂndi‘?@'ss air

pl asma sprayi ng. ( . Typical YSZ source materials avallable for use’in
deposi t i ondgiositekiodeven celimaanerainsiuptre sedhcas those depsisisedpby EBRVIbAnd

| U Ui @S othSUPPDARCRINAE SasAetP bt B ABANnl LRl hollbftiRhys SRO1 UM
l'ithium copper, mangahese and potassium According to 8he I'hventi on,
sever al of parhesss é mpult of basg dgmsitedchy plabiya sprhy cahniqmespgghegairgplammunt s of
as little,a ;Qg@!?P | e percent can be sufficient to form anorphous phases
with | ow g?pa S ransition tenperatures or phase/surface nodifications that
pronote surface diffusion. These undesirable phase types decorate nearly
al | of _t'heTymeal /Y SYosomdarmasridndvdilablespt ade inldeporitiuni jescetfed lofiph asimms pr ayed
TBC) or co ..boundarjes (for.PVD TBC) of a TIBC _At. such l.evels, these
phase type%&%}gg%gﬁi ’gefé:d’ ef%“ﬁﬁ? PRRYTEIT, Pt oFifEs Bgffﬁiﬁ‘é{%it’é%mu‘flo‘rﬁ‘i"l ow or
pronot e grrékel,ssaliehj Nighi@nd comay,s aitinpghedd Ghar paaskiace Midokdify B Henetics
that lead .to densific t'gn of the TBC,.the end result of which is an

i ncrease i"AVEHE™ FREPHY DESAARETISGS Porishlaplysilegldn segtrgateignquatsalissy | evel s
in YSZ souiitead @O hiod Sercdn®c b dutatientithirsmPsnshhdePhhRl valif 186iin the TBC
can be prohihitively expensive. As a solution, the invention enploys snail

amount s of AP PRSPt Riviesur fage grodifications thatmuepele sufatidiffesiered
t hr oughou m@&rﬂéﬁfa'ﬁh%!d%és%c&%tetﬂ%l Bfof {ﬂe'%%gﬁ ﬁ(guggélﬁgélﬁﬁh ttﬁees*?,}]aé an ? orm

particularly the oxide inplrities noted above. ) rern,
"getter” PABIdaHEs (paPlasts-spy e TiB Hsoheolwinh deurdaries (fon & VI AEBWoef @ be

enhanced g t Desoh %ﬁ/@@ﬁﬁéé@fphgﬁ%&tfﬁ@ﬁdje%et{%%hff?cliénﬁﬁ et H]%%%L&ge)neg roat
| east mnimzed. Exanples
to allow or promote grain sintering and coarsening and/or surface diffusion kinetics -
that lead to densification.of the TBC, the end result of which is an increase in the
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



of getter| ng nmechani sns include (a) the formatlon of al um na- cont ai ni ng
crystalline conpounds such as mullite (3A12C3.2Si O2), alum na titanate
(A1203Ti @2) and/or Al12ABWMh2, and (b) the formation of solid solutions

wi th various conpounds, i ncl ud| ng FeO Fe2®3, etc. As a result of being
insoluble in zirconia, these alunina- based reaction prddd®ly 280

preci pitates that can advant ageousl y reduce grain boundary nobility of the
YSZ TBC. W r Iahhi i ficatfjon and the
associ at eﬁtncr egllgegi&ﬁ%n&grm oqcs%?f E%Pﬁ/ulgﬁy Hg’ggﬁlgéeylaﬁ%e egﬁllgfﬁr?%@’}é%ul y 2005
si nt eri ng mesgnooaf simphrigesand’bm!hes behafite isdtifat, Lifi the akimiahi geciphaks are

pronot ed e esence of riti er henefit is that, if the

al uni na pr%’gI %‘?’?lg% gas gﬁf]}qu# A I“‘g"‘ft zﬁg%gﬁ’eht Presypitates ab‘fﬁ%‘?“’of about
2 10 500 nyh tHel@aiR) Sit Bhd/8F RathRfEsubbinfctire boRidaritd RitihahO TBRO 1R &

feat hery substructure boundaries within the TBC. In doing 'so, t tendency

i s reducedof B tendency isrgduced derthe micTashucteEfithe TBAtersinten spereen zndd
under go pgj; éag ores _coal esce or
coar sen | andegB phirtAgtiblith (o8 depitn o st Blelle B B e o
t enper at urfesn langes pomsydurafg lﬁ@ﬁ)ﬂaﬁaﬁmm aprdnms anlnle ahtimpgesueailhextkssa gas

t ur bi ne engi orACCOr di tion, .i.ncor oratlngrelatlvelylow
levels of Ogllgﬁnq %QC ’Pe‘&tgﬁ ‘tA‘?‘é ga%@? atggstpgamfceg “elimnate undesirable
impurity effects, while higher levels provide the additional benefit of
further Sl‘ﬁa:boﬂdn@ to the dneentiod, caiporating uﬂhtmgslowgawel&éf alﬁiﬂﬁfai’]ﬁéhl]ﬁiﬁites ‘
attributable to s rface dlffu5|on al n hound ry ti.on. Accordingly,
by provi di SHYeHOIRHCP OBGIL’mEﬁf"f‘f”@FﬁY@P%‘Hg{? ectsy W l%ﬂ‘ rigvels srovidet at es
wit hin a FRCadditi6hadSbénsit Usf furtie E%%hﬁiﬁ? DR YEBS BAE Nk tgindiO

terrperatures in excess of 1200° C withou den5|f|cat|on and an associ at ed

i ncrease [cPRrEeREEAribatshise spifaceydiffiagion gnd evsim houndasymatient Accerdingly,desi gned
for thi nngp pRiaiA0g Ak HNGIBRRMMEH L fin Afiina r,g@&éﬁd?& Rihin'd PHET AL €S,
whi ch reduces processi n , materral costs a onotes conponent life
and engi ngigpftivetuencthe T mae tgspbsequenthe heateds tqotenmeweurea iz enpsseaft havi ng
a thermal o u e ther eof her mal. barri er
coating h(!lg(lﬂj;lfg: vgilihr%%g ?%ﬂssi}ﬂ:gg{v]ugnd %}) l"ralr;psr%g' ated mcrease in ttherma LShduetivity, Als

a result, components can be designed for thmner 'I‘BC and/or where applicable, lower

cooling air flow rates, which reduces processmg and matena] costs “and promotes

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
thet 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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grai n boundaries, and defects and pores at and between the grain
boundaries, the thermal barrier coating containing inpurities in an anpunt
sufficient to cause at | east one of grain boundary sliding, grain
sintering and coarseni ng, and enhanced surface diffusiop _that é&gd to
densification of the thermal barrier coating, the therntl YB&¥r#%92 coating
further containing precipitates of alumna within the mcrostructure in an
anount of at least 0.1 nole percent up to 3 nole percent of the thernal
barrier coating to getter the inpurities so as to inhibit densification of
t he t hén argtherAspPrel %&ﬁiﬂﬁg\ﬁd%ﬁagé&gﬂb@@ﬁmm COMBORRTE EPHPTIHRESR  bei ng

| ocat eduLbityuuoRfafich SR SHshd R i Alsui e B ik QbHAL UG a tiothaful v 2005

I n anot her aspect, there is provided a gas turbine engine conponent

conpr i darigr ceatinguy yttba-siapilizedeirgoniacen werhond(cpaic thedherme Sarrignceatisgr f ace of

t he subst; - [ | £k Qs Ld | zirconi a
on- e "Bang 2nsfetfule FiTBctpot 2 pBFos 2l RinRenkiralh BoBhddbs bERE, U L it h
def ect snignogtryaiures thetthenmial batrige egatijo giontiring exide impurities ofat least epeost ruct ur e,
e o et BRGLdont A7 rBp ORI o et Hianh P tioh! hiERel Xadlim. lifiAgh, On°

el ement” chosen tromthe ro%p consrsting of silicon, titanium "1ron,

ni ckel ,coppeti manganeaskiaptpotassivpe the axideymmmeidesbeing present inan agheegeld de

i mpurit] ' | nol e

por centrErE R il 638 b BoRlind HEhE HRlnip| et Toaflo, Mo HEARS ESrbf, 10 2 ng
al um naoptirechavingaalewing predipitatéewitiic themicestuctire in amamowiof adeasti0.1 east 0. 1
nol e p 0, r | ting, at

| east g@%%g%?cgﬁtt%etozér@gf%hog é‘ss\"”'g@iﬁg{%‘é‘gﬁﬁ'ée' %\r/\r}e{? Ef’%m{ghgﬁéée%tgé{ngq’gnd por es
of .t he the preoipitates being, lodater withie thepdefatte and poresmf theomigeastractureh dheoxi de

inpurities . r. i ' £ nhi ki rai.n sintering
and coé’f%cze{%n?eg’{soe%ﬁﬁﬁé&%y eié})ﬁ(féo{n}p%&éﬁé%n?qﬁ%@g%ﬁ%effhP Egﬁ%ﬁgrgr?gltg barri er
coat i ndnhibihgraiet sisteondend esarsariing, tandrtkeereby iphibitidéesificatigaof therthémai engi ne
corrponz)rét .e(%%n%ri sing: a superalloy substrate; a netallic bond coat on a

te" R

surfac "ubstrate; and a thermal barrier coati ng of
yttria-stabilized zirconia on the bond coat, the thermal barrier coating

e o0 8ol T SR et B So PRl PRPERATRIRE RS, 1 o
oxi de isupenatldy @sbstriiteats metalfit bomcoat 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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el enent chosen fromthe group consisting of silicon, titanium iron,

ni ckel, sodium Ilithium copper, manganese and potassium the oxide
inmpurities being present in an aggregate anount of at |east 0.02 nole
percent of the thermal barrier coating, the thermal bgryaey 2@®mti ng having
alum na precipitates within the mcrostructure in an anount of at least 0.1
nol e percent up to about 2 nole percent of the thernmal barrier coating to
getter the oxide inpurities and/or neutralize their effect so as to

i nhi bi t gBthbmolgfbm and n@vmmges:oﬁlﬂxierihmﬁomrvdll Hehleatteb gpprediated trodefisi fi cati on
of the t %a?leae%e t| ng, the precipitates having dianeters in a
range of e (]) BatP ’5’6‘0 nanonmeters. 4a 8 July 2005 G her obj ects and
advant ages of th| s invention will be better appreciated fromthe follow ng
det ai | ed BRIEFDESCRIP TGN GFTHESTRAMWINGS OF THE DRAWNGS Figure | is a
perspective view of a high pressure turbine blade. Figure 2 is a

~ Cross-se l. ew of. the bl.ade.of Fiqur ngllne 2--2, and shows a
t her mal %é\ﬁgggsa ergil?cﬁévsys‘f’eo%ag'%l?{e %ﬁaut l%menlﬁ%légcordance with a first

enbodi rent of this invention. Figure 3 is a cross-sectional view of a

t her mal Fagure iis coats-segtienat viem ofithablade dBFigere valong lm&fﬂomﬂ shobadi ment of

o o o o, i KR0S e B el P R BBEERRRUEL ° ©f °

DESCRI PTIﬂGbI"{%deﬂ,E I NVENTI ON The present invention is generally applicable
to conponents subjected to high tenperatures, and particularly to

conponents such as the hjgh and | ow pres tur bi ne nozzl es .and bl ades,
shrouds e gfarcrqSﬁﬁ%q@nQ ntieW i ethepnal ﬁ’&mﬁﬁ/&%‘ﬂlﬁrsy&%‘ AR Cengi nes.

exarrpl“gthodf Borldl bolirEaR of fhid b tﬂg, bl ade 10 is shown in Figure 1. The
bI a)lde 10 genesreal ly I r?cl udes aﬁl ]al % 12 agai nst whi ch hot conbustion

gases. are

4b
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directed during operation of the gas turbine engine, and whose surface is
therefore subjected to hot conbustion gases as well as attack by

oxi dation, corrosion and erosion. The airfoil 12 is protect &Hyly@id%ts
hostil e operating environnment by a thermal barrier coating (TBC) system
schematically depicted in Figure 2. The airfoil 12 is anchored to a
~turbine disk (not shown) with a dovetail 14 formed on a root section 16 of
t he bl ade 10. Cooling passages 18 are present in the airfoil 12 through

whi ch bl ecHigifa4 jsa detiled tbprasentatiomaffarcohmatar Eraonofithethbingd dadfer coMiinge t he

advant agesop%igmtelaibs invention will be described with reference to the high
pressure turbPFne blade 10 shown in Figure 1, the teachings of this

invention are generally applicable to any conponent on which a thermnal
barri er coRETAJLERPWESRIBEIDN OFFioE 88VENTEONonmponent from a hi gh
tenperature environnent. The TBC system 20 is represented in Figure 2 as

i ncl udi ng i o] that .qverlies the surface of .a substrate
22, the | aﬁﬁ}%%ﬁtmﬁrgﬁ%ﬁsgt géﬁie%aglﬁ I @ppzicgbg%e?aﬁolmg "e'g%ﬁgéjﬁgte‘gégemggt erial of
the bl ade t&@pedBiréss ab§ pag@blaviytth codpoayst eoeh hothechighonrNicw phissigas tur bi ne
engi nes, the.bond coat .24 is.an alum numry.ich conposition, such as an
overlay costig" ngl%%?pq\@t}gf,fhéqqdwog}bug%{npﬁqu&yg@gg@f ﬁ@‘ d?ﬂ?ﬁf’r}a@s a

di f f usi on tudintdnginde A exdanihilé HLEhiER pRisdire AMTheblUdE 10 @ehein & tipRe 1known in

the art. um,num rich bond coats of this type devel op an al um num oxi de
(al uni na) A'}Ls"@g]‘@%z‘@,geﬂﬁ?’&lh’ﬁcg‘deﬁ?'bmow7—6’2?1&%&‘1”6‘%11 bt combugiondzagesare 24. . The

al um na s G@letted Bubhe Bh&atdnyoPBRYSs & -4 i efs & yer, or
TBC 26, to te.he bgn{,}g?:?())at 240 and%gabsr?&g?g%ﬂg’. Aﬂm&%ﬁﬁcﬁﬁ% %1?‘ ml:r;é%)t‘?e 2 1is

r epr esent dbigged & ihat cambystian rgases| & wall a%i atads by uodidatienoporrasiinuambr  gr ai ns
30, one OferoMUnCNThS alrfRN %?@bﬁgcfét&l BLEHE hollfl %k%rafix% Eﬁ\qwng'le%t ppS, ° 8 July

2005 known in the art, such colummar m crostructur can be achieved by
deposi t i n¢ghermal banBT R@INgS(THE) aysty stleadativahodepibepias iRiguwe 2t dhhnirfiile, such’ as
EBPVD. A .- for TBC 26 iS . an . ria-sfabilized

zi rconi a ?%2%%{35}1%%&%?%?{&33&5 gés%p%]é{]??ogﬁg %Igri %éo‘é%%lﬁhfo?%&%a%%ﬁtmﬁb wei ght
per cent ystctipa 16l thedhladst e rCading ipassapast I8 drapsesao i thebdrfeis €2l thrsughh as

21 1 coni & [l 8ol L 5 Dabliet hébe £08NRE AR 5ol 6O ey 21 T COM @
- this invention will be described with reference to the high pressure turbine blade 10
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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partially or fully stabilized by nmagnesia, ceria, scandia or other oxides
soluble in 'zirconia. The TBC 26 is deposited to a thickness that is
sufficient to provide-the required thermal protection for tHeJWK@e8Pying
substrate 22 and bl ade 10, generally on the order of about 75 to about 300
m cronmeters. Wiile much of the follow ng discussion wll focus on col umar
TBC of the type shown in Figures 2 and 4, the invention is also believed
to be applicable to noncolumar TBC deposited by such nethods as plasm
sprayi ng, KRRV Rg ash suchprelampargpicegsiraeuearRs) be Tttaeveil diyoleposidngithe of thi s

type of TBGp 4 i Fi qur: ' i t ref erence

nunber s ung; 'szng E?%?gﬂgﬁ%é "?%(gndtegy{}g?rﬁté%ﬂ"{g% Uﬁﬁcgrasw&prge ubstrate 22
and bond cuoatenazioathe TN 6 ssaah yitiaisthbilizied yirevnis(Yi®iZ)),arprefutred can@sitidnand bond
coat 24 onywhi ch noncol ar ,JBC 26 was deposifed b | asma spraying. In
the pl asma &R gbﬁ"?a % %“égg?w pﬁ’:&f”gr)?\{\%la’ ‘gg Fg’ecfﬁ%‘gi.cf'@ﬂg‘f ﬁ'af{eﬂggc?‘gﬁim of

mol ten " spbatised, suckasikirédiga fullylshdilRledSIBtER mnSEbiiRE ARofih, &riAdbMa 3 havi ng
a m crostructtjyre &R@r acterized by irregular f|attened grains 30 and a
degree of PIHHBNFGBIK H5Pitzrd Porveresp, caga.i ssandjs e sther pXidpe selrble it he YSZ
sour ce mat ffdofda, UBRATEE S8 ROGositddCo TPHiI&neS @bt is%méa&g é@pmff ygh 4 may

contain nore than 0.1 nole percent of inpurities, suc oxl des of
titani um $avreddhermabarotgetion fashe wideluing shlstipie?d)and fpded ), sratrglinese and

pot assi Umth@&%ep&fta%?ﬂ%'t@ﬁb%i:ﬂ@%ié’%m%ge'r&i um magnesi um and ot hers.

Aggregate anmounts of as little as nmol e percent of such inmpurities can
be sufficient to form precipitates that decorate nearly all of the grain
boundar i esWhtte myeh TBtherifelieysng discussion wilk fagas fon agluniver IiBCaof Beumpar i es (f or
pl asma- spr@yed i1 Told ynmp hqu tes: ( VRT of the, TBC 26.
These preci pi t at E@ggre %g‘h ev’eg]%t g]quv\]ﬁet%(ﬁt F?eﬁ"g{’ aﬁeﬁg‘ggoﬁ%ara}pgfsl&@e ‘he TBC 26,
al | owi ng dengsemmri HdCgdepiositddobn daely nsdthods g Eaginag s@ahying, sinoluding nagr and

coarsenin hat.. engi fication o e. TBC d, cons ently, an
i ncrease %ﬁg'?lﬁépkaﬁgj%&%bn uec{nll(i}—%)gttg/u ) gf)ﬁte]“srﬁ@efé?rﬁf‘% L ERREE gthﬂ s effect,
the . 6 8 Jidue 2006 whiBCtR6smife tdfersncenranbdromsedsindEjpasd pad identipticai n snal |

armount s Ofcol%lmlillwr %C‘@é %Q’a Sibsflate 22 and bond coat 24 are now used to identify a

similar substrate 22 and bond coat 24 on which a noncolumnar TBC 26 was deposited

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

6



result of being insoluble in YSZ, do not alloy with the surroundi ng YSZ
matrix but instead formdiscrete precipitates 34 dispersed throughout the
grain boundaries of the TBC 26, including adjacent the defedH¥%a80%ores
32 as represented in Figures 3-and 4. According to the invention, the
precipitates 34 getter the above-noted oxide inpurities, and therefore
inhibit grain boundary sliding, grain sintering and coarsening. The end
result is that the TBC 26 has a stabilized mcrostructure that resists

m cr ost r uctiBGR6 ohthiggesentionis dupodietd 6f dumtain sieall eachntoofddinsing whichj #n and

hi gher thermal .conductivity. resylt of the processgs. by which the
TBC s 26 of “Fig réaéngszﬂ?bc;ﬁéhyﬁiaa%mtd‘g éfs‘?’lf}b&',e SP‘%%“‘]dfﬂﬁ ggaﬁ’gﬁmﬁh’ﬁﬁ ns 30 of
the TBC s Zfistaddoshdisaetcaitdpithtdd)34 didperses thirowdhdntthe gRiEEImIANG oS 32

within the _grains 30 and_at and between the %rai n oundaries. According to
anot her asﬂgj& 2yringipding adiarrnt 815, defasissmd ore s gprieysaied dn Bzuresdeande| i eved

to decreasg._t h%o&;ﬂﬁfgnﬁ;' th@qmdaﬁigh,vgigypﬁe&pm@s 94 YelS 30 Movi-N6ted Bxideb: and

therefore the TBC 26 as a whol e.” Howevelr, grain growth, sintering and pore
redi st ri butPByitiesodinds ierpfyreninhifiin ariie PR@dae glidinag gighsinteriperandur e
excur si ons o] LM . f p . r esent

i nvention i 8 g‘%ﬂg t gﬁ% hﬁ Ehl%%ﬁ l% ﬁ'gtsg]%nﬁlg %?gz‘ﬁgﬁ&?ﬁbﬁ'%ﬁ%éﬁ’é’%@&}” tﬁﬂe :
preci pi t at esis8Amarastrgctiifal changed thaf wodld atierivise &dad do deisifiviationt el bighact s and

pores 32, &uch thg&uchg%_pr ecipitates 34 anchor and pin the grain

boundari es "an alﬁgres In. order to effectively serve as an inpurity

getter, the precipitates 34 nust be present. in an anount sufficient for
t hi s pur pode aveastlowif thel percssky bafwiadt g TBCHe26 déFiguadd 2 thpoglpdr srees of t he

TBC 26. A guit.able.nolatr .fraction for jpi.tates 34 is.believed to

be at |eas epﬁ?'?e%rmﬁhg B’er“e&uﬁ? ﬁrﬁlﬂfoggbf.’){][}ﬁ%pﬁgﬁsé 6§r8@ntcgarﬂ?t?‘??c§ IBP’ef erred

range beimirrednooturd d2feto and pores 32 Withi (pepamB B0 af® ataind bofeen the ggaht er, the
tates 34 is not bhelieved to be critical, with dianmeters

size of the recipj

of about gb‘i“BB%{be&qu"deﬁ‘g R Ffrﬁpa%eéﬁtedavfé‘?m%hﬁséﬁffmﬁsGH%P?@EP?ve| y pin
the grain deuaslaici esdédh@se Heahdrpbl @n@bctidty Bdle Rfind 30161 the aHT 24,lakdon t he
order of tge ?i ze of the pores 32 and process-i1nduced defects wthin the
grains 30 Hfrgioss dhgy e 25r & A WiRlfdaHpweverTarain, grvshnsipieriag ragd gporg
preferred rp@kiibalieh $tcaRsEADNIRIthiAr tht B @IMMERRL PSS idhpRdiEe Sdutsions

tend to ehiminate 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



about 2 to 500 rim The volunme fraction necessary to pin the defects and
pores 32 will 7 8 July 2005 naturally vary with the anount of defects and
pores 32 present in the TBC 26. However, a volume fraction &July2083st 0.1
percent is believed to be necessary for effective inpurity gettering. '
Sui tabl e processes for formng the precipitates 34 will depend in part on
the manner in which the TBC 26 is deposited. If deposited by plasm
spraying, a fine alumna powder can be m xed with a YSZ powder, so that
fine al um matupligciapy tvétte he3dmbuw rof deffdcts and percs Idi prestualin HispITBIC’ 2¢r ai ns 30

as shown in Figure 3, If _depositedq by PVDto .yjeld the columar grain
structure EII‘? e A veluRs g@‘:t%“a‘fftc?tj?aséoéﬁef%ﬂﬂf é"y t’é’@ﬁ?ﬁ ke pecesry &fapor at e

mul tiple | Bgeitve impurltpasterfdge of which is forned of only YSZ while a second
is formed of alum na, alone, mxed with YSZ or present as discrete regions

within a YSZ.ingot. Alternatively, a single ingot containing YSZ and.
regi ons ofg Habig RTgoesses f?@%ﬁl"l“g thegireripiatih3é arll epead dp prrhers hegpanngs duce t he

TBC 26. YelhrfohbqB@bE 6f QaSdsN&. 15ddBsifUARPbALGa Sprivihe SRUlceatBiAr i al in
I CVD) source of

i
the presence of a chem cal 'vapor deposition

al um num cB#YdEr sih Be prxrsk with WASTY pewdesdiectbal finet dumine peeranitatey 34cfvamber whil e
YSZ i s bei : « ) ] (a1 % -%ﬁg; t.h the
oxygen- con?g?lﬁ;{ﬁ{gﬁgﬁn‘ﬁ%{)h%%g %ﬁ{dﬁ?ﬁ%ﬂﬁfé‘o C %ﬁ%gﬁr}gt?’bqggé %gllli I'%yrnlbntg Wi t hin
the TBC. Stidithe eghanivergraie stodure shaven indégans 2 emd $Heamitgide tacbnighe &l tani num

(cathodic ar Qur, -Whil e .evaporati.ng a . .YSZ . ngo create th
preci pi t at eg"gg %rﬂi.% "Imr%g@%f/n%’gssaet,]eﬁsﬁ pe %fa%% 'tsif%'ﬁ"eﬂroggggs‘P% Wﬁlﬁf’ 8 S?‘?‘Wgnt ionis
carried ous femet hdtaluainayialene] sixedagial TEEbr phdento iikerbercgions fwdthin hhe
di screte fine precipitates 34 _represented_jn Figures nd, 4. Wile
the invent!oh"H% %é‘é‘ﬁlag}éé%’ra\ ﬂﬁée e &%‘nﬁ'ﬁdﬁégﬂaﬁﬁ% _rf"g‘UEl'i“ﬁé‘ﬁt L it is
appar ent thaalliobivefindd cabbEotpsral & FRALEAMD T BONES. SKitlaheled AltckdEvart . For
exanple, the TBC 26 could be deposited by other atom ¢ and nol ecul ar vapor
deposi ti orf® {pTEREEEESY SE detcamakpat indbe RiSench AT bl d@pesipditionand al |
forms of neMD)NGuARBDT AYARRIALINAMIAERASIL] oA GRRASES. infF BRI &ALy, the
scope of the invention is to be limted only by the follow ng clains.
chamber while YSZ 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.



8 8 July 2005 WHAT IS CLAIMED IS: 1. A conmponent (10) having a thernal
barrier coating (26) on a surface thereof, the thermal barrier coating-
(26) having a microstructure conprising grains (30), grain boundaries, and
defects and pores (32) at and between the grain boundaBi delyt B8@0bher nal

_barrier coating (26) containing inpurities in an anmount sufficient to cause

at |l east one of grain boundary sliding, grain sintering and coarsening,.
and enhancgﬂpﬁ ﬁ% Iﬁ.ﬁj ion that lead to densification of the thernal
barrier co g %’?‘ e thermal barrier coating (26) further containing
precipitates (34) of alumina within the mcrostructure in an amount of at
|l east 0.1 nole percent up to 3 nole percent of the thermal barrier coating

26) t ter the iti i fi.cat.d f. th
et - bar Prmeon St () Harkdo ® R imdfer DR (oG8 Sutb 8RB G 03 e ng
| ocat ethennbhbanri¢rveatief @6) havimgla pacrestrodtutelvempnisiog @sdinsSDyrgeain2. A conponent
10 ing to claiml, wherei.n,the, mcrostruct f.the t |
(oY SBOBB R AR AL o5 SRR B Bl el SRR o
wher ei batriee coating¢26)raootaining infpurities rhar ambuntisafficieat towaate ageds Gheios '
vinor B RS BRaC4ien e BFR BB Bbnbd BB RACH et e - 2
yttri gimmltbziedsiﬁaﬁcmpf the ﬁ"iem!ﬁl bmmp?mmg«w)tgedmmdl b%‘rién]:ctmﬂ?g?)ne ;)f t he
recedl cl.al N erein.ne I rrtLes |L.Ncjude an, oxli de ol a as one
B! een{2 U SPratmGIe grlaies CANBY Qi i b SR En D aftaurb
? |18 ;<el of sdeas1iM 1t nblelperant op pcpts ?olﬁpﬂ@:@gﬁﬁ@h@m@rrﬁ@m\?ﬁr uﬁ?ﬁf@i@@) teonpone {\t
accor n 0,..an one .0J, € pre | C| al erern | uritles
bro) pr oetanine Anuiingbls 80 Bt deRRTEAoR ! hetbime oo reBal @Dl of t he
t.her maleal3Bsdrhebf the prddiitaleddB4)beidy ReaRANARIN thé Apfeatcmddiongs éfah@ny one of

clainms I to 5, wherein the inpurities are present. in an aggregate anount
of at FMUGEEIYWerp| e percent of the thermal barrier coating (26).

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

barrier coating (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. i.\ié: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, titaniurn, 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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8. A conmponent (10) according to any one of the preceding clains, wherein
the precipitates (34) are present in the thermal barrier coating (26) at a
| evel of up to about 2 nole percent of the thermal barrier coating (26). 9
8 July 2005 9. A conponent (10) according to any one gf ;i,h Ebﬁﬁedi ng
clainms, wherein the precipitates (34) are present in the thermal barrier
coatiggc_; (22% at a level of up to about 1 nole percent of the thermal

barri €9- coah cagprenesy (10} @ccordingipaneaee phithy PrREEIINGI FRIMBOVRRGINARR of -t he

pr ecediaginfiiad [5) alhRESEA id 1R thenRE bAbALSSinG 348) 4t a0éVePer U folbBut he defects
and pores (32) have dianeters in a range of “about 2 to about 500
nanonemelesperaent ofahg Henngl barrer eag§ne 26onponent (10) conprising: a

superal | oy substrate (22); a netallic bond coat (24) on a surface of the
substrate (22); and a thermal barrier coating (26) of yttria-stabilized

zi rconl@ onAchepraid ( {0 &ccerdipg to any ong peihawressding daimeoueral t0e6) having a
m cr os ' o6k ; |

Poundal FEEHApS (el B GHTLRIRIRN B boige (2 1RlF RS HTe Mp2Y,

cont ai avowy 2dx pbeutiSAPoenemelersft at | east one el enent chosen fromthe group
consisting of silicon, titanium iron, nickel, sodium |ithium copper,
manganese and tassium. _th i ' |.ties being present in an
aggreggge%ﬁﬁdﬁ@’ngﬁgpefgﬁlg?ﬁﬁ?éﬁ%':’ éilrlp%rcent of the thermal barrier
coating (26), the thermal barrier coating (26) having alum na precipitates
(34) wiatshperalidyesubstoato@2);uct ure in an anount of at least 0.1 nole percent
up to about 2 nole percent of the thernmal barrier coating (26), at |east
sonme of - LI i QfAL Wntthi N t he defects and pores
(32) ofa%’ﬂglh%géﬁésot%{%ﬁ g’?g,@gﬁ%%%%!bpl ta e)s’VM(ng4) serving to getter the
oxide inpurities and/or- neutralize their effect so_as r}hi bit grain

: i h . to j
si nt er artheranad bawsr eeating 26)@idyitrirertenljzedpircgpia EibPP‘?:S?ﬁt(S#f‘ ofi€ he "t her mal

par ! eindat bl 6fing (&%}rhﬁj%mﬁ&ﬁéﬂd&ﬁlr@ﬂﬁﬁ RerceQEROPIRS (A2} @ ardccor di ng to

claim ereint eci ates (34) are present in the thermal barrier
coat i nhetvash ming bbendatienfof dpe myjcrglongture, the thermal barrier coating (26 :

containing oxide impurities of at least one element chosen from the group consisting

b

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).

10




nol e percent of the thernal 'barri er coating (26). 10 8 July 2005 13. A gas

tur bi ne engi ne conponent (10) according to claim 1l or 12, wherein the
oxide inpurities are present in an aggregate anmnount of at |east 0.1 nole
percent of the thermal barrier coating (26). 14. A gag fuipi nggsngi ne
component (10) according to claim11l, 12 or 13, wherein the precipitates
(34) located within the defects and pores (32) have dianeters in a range of

about 23t 0 Gurbif ohenti20) A-cBfing &/ dMimel 1eRAI2NgheRp@Bent  (10)
accordiq:r”fg tg%galljm 11, ' erein ?R]eé )m crost% ucture of the thernml barrier

coat i ngxide 8ppurities ereipiesent in an apgrgaateramaint ef atdeash 8. 10BAIB SREFNt €11B$ accor di ng
to cl fiitﬁgr%%ibéﬁ?@rrc%iaﬂné gﬁ& m crostructure of the thermal barrier coating
an

(26) is 1nhonbgeneous porous. 17. A gas turbine engi ne conponent (10)
conprising: a superalloy substrate (22); a netallic bond coat (24) on a

sur f acg 40f : ' B ti f
y'tj tri aﬁét ablst\]hgmazS ZQ@%%‘O‘%‘ %&%‘?\p?ﬁgpgg%%&?gﬂﬁé tg}lzjéjf)glfnl f'ﬁé%fﬂg’m‘f’g@)é??i er

coat i ngreciiiptesdd4)xigcatedivithipdbe defeds @ndiporesddzlave digtaetpria g rengs ofat  and
bet me%b?%t@%b%ﬂt’mérﬁﬁé?érgt he m crostructure, the thernal barrier

coatin contalning oxide inmpurities of at |east one el enment chosen
fromthe group consisting of silicon, titanium iron, nickel, sodium

lithiu co tu e ﬁﬁ;?o | : ' | iHd €S bei ng
pr eseng]si n an&!asétgr ega?rﬁebq'zfr%un r%ﬁf@???gﬁgcthﬁ ?"o‘é‘&ﬁof@w&%’@m‘é of the

t her malmitrastructurecd &ie thgrnia Garrier heatingd2opib colmnaer coati ng (26) havi ng
alumna precipitates (34) within the mcrostructure in an anount of at

| east 0.1 nol e -percent up to about 2 nole percent of the thermal barrier
coat i ng6( 26)A gas igetinecendinecanpatent () acedrding tndaior 1hadereinthee their ef f ect

S AU LB R 83 GRS IR SR il T IETL
having diameters in a range of about 2 to about 500 nanoneters. 11

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.

11



THERVALLY- STABI LI ZED THERVAL BARRI ER COATI NG ABSTRACT OF THE DI SCLOSURE A
thermal barrier coating (TBC) (26) for a conmponent (10) intended for use in -
a hostile environnment, such as the superalloy turbine, conb$ddy 2803 :
augnentor conponents of a gas turbine engine. The TBC (26) is formed to
contain small anpbunts of alum na precipitates (34) dispersed throughout -

t he grain boundaries and pores (32) of the TBC (26) to getter oxide
inpurities that ]ghg ot herwi se allow or m)tel%aln sintering and

coar seni ng and po et g BIP@QEH@@%@H&AW RifPATNBUl d be

densification of the TBC (26) and therefore increased thernal

conducti vi I3BSTRAGTUR THEMISYLOSORE t he precipitates (34) al so serve to pin
the grains (30) and pore boundaries of the TBC (26), the effect of which

is to reducge,,t he tendency for__the mcrostructure of the TBC (26) to
sinter, é‘r gee pEPe) Cdifer piompenent (1nintendad der vs¢cinense

t her mal COH@Bﬂﬁé |e‘{1trir6hn§gnt,t QﬁhTﬁctQ@ supdrhIYF GurBine, combustor and augmentor

components of a gas turbinc engine. The TBC (26} 1s formed to contain small
amounts of alumina precipitates (34) dispersed throughout the grain boundaries and
pores (32) of the TBC (26) to getter oxide impuﬁties that would otherwise allow or
promote grain Sintering and coarsening and pore coarsening, the consequence of

- which would be densification of the TBC (26) and therefore increased thermal
conductivity. If sufficiently fine, the precipitates (34) also serve to pin the grains (30)
and pore boundaries of the TBC (26), the effect of which is to reduce the tendency for
the microstructure of the TBC (26) to sinter, coarsen and undergo pore redistribution,

which also increase thermal conductlwty of the TBC 26.

Flgure 2
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