PROCESS FOR FORMING THERMAL BARRIER COATING RESISTANT TO INFILTRATION
BACKGROUND OF THE INVENTION This invention generally relates to coatings for components
exposed to high temperatures, such as the hostile thermal environment of a gas turbine engine. More
particularly, this invention is directed to a process for forming a protective coating on a thermal barrier
coating on a gas turbine engine component, in which the protective coating is resistant to infiltration by

contaminants present in the operating environment of a gas turbine engine. Hot section components of
gas turbine en%%@@%?@ 5@8#!6}3{ W%M@ %FM@%IM?%%C% the

temperature of the underlying component spiystratesrwehtoereby prolongs the service life of the
component. Ceramic materials and particularly yttria-stabilized zirconia (YSZ) are widely used as TBC

materials be é {rhi %Egﬂg ! bility, low, thermal conductivity, and relative ease of
deposition bé%ﬁgﬁ? @%%‘E méﬁﬁéﬁgﬁgﬂg}ld physical vapor deposition (PVD) techniques.
Plasma spraying processes such as air plasma spraying (APS) yield noncolunmar coatings

characterizedty anyegfien aicpioliogelatty ion RSN ORNPHRGEIHE £APartdgls HiFdlatively low

equipment costs andiease,af aPplicaion. TREmemplayeddn te: highestiemperatureisegions of gas
turbine engines are often deposited by PVD, particularly electron-beam PVD (EBPVD), which yields a
strain-toleraMeestehHa bV eniRM e s 1£?°c%ﬁ5ﬁﬁ’?%sr o dreaie PRSI Lo 8%t porosity can

be produced;using AtihekA0migiARd MRS UlahYRRMLRIOcesRS N inexsiitactiepriEiisemust strongly
adhere to the component and remain adherent throughout many heating.and coolin g%}gles. The latter

requirement $895&ictflaFfETariling dFaT8h 830 AL PERT BRI cRERST Hhe il on (CTE)

between ceramiconatarials aasliibisebsates they protect, which are typically superalloys, though
ceramic matrix composite (CMC) materials are also used. An oxidation-resistant bond coat is often

employed topromofe adhesion and exiendfhe servieslite.0f 3 ABC,ARYEH 85 RreeRhipe underlying

substrate from damage by oxidation an%ﬂ
barrier coating {TBC), which reduces the temperature of the underlying component
substrate and thereby prolongs the service life of the component. Ceramic materials
and particularly vitria-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 dépbsiticn
(PVD) technigues.” Plasma spraying processes such as air plasma spraying (APS)
-yield noncolumpar coatings characterized by a degree of inhomogeneity and porosity,
and have the advantages of relatively low equipment costs and case of application.
TBC’s employed in the highest temperature regions of gas turbine engines arc ofien
deposited by PVD, particularly electron-beam PVD (EBPVD), which yields a strain-

tolerant columnar grain structure. Similar colwmmar microstructures with a degree of

porosity can be produced using other atomic and molecular vapor processes.

To be effective, a TBC must strongly adhere to the component and remain adherent
throughout many heating and cooling cycles. The latter requirement is particularly
demanding due to the different cocfficients of thermal expansion (CTE) between
ceramic materials and the substrates they protect, which are typically superalloys,
though ceramic matrix composite {CMC) materials are also used. An oxidation-
resistant bond coat is often employed to promote adhesion and extend the service life

of a TBC, as well as protect the underlying substrate from damage by oxidation and



hot corrosion attack. Bond coats used on superalloy substrates are typically in the form of an overlay
coating such as MCIAIX (where M is iron, cobalt-and/or nickel, and X is yttrium or another rare earth
element), or a diffusion aluminide coating. During the deposition of the ceramic TBC and subsequent
exposures to high temperatures, such as during engine operation, these bond coats form a tightly
adherent alumina (Al203) layer or scale that adheres the TBC to the bond coat. The service life of a
TBC system is typically limited by a spallation event driven by bond coat oxidation, increased

interfacial stredsedTananEsdsuBrgttenn disetigusuRradarisrotte erreRiciiuthBetween a
ceramic TBGand & metalia iRteusRalalien £80 Reneromotedas ausulhafdhaidBE being

contaminated with compounds found within a gas turbine engine during its operation. Notable

contaminant&ifcitidé BHEH® 088 4R E MR, S BiuPhiALHRPSH AURES (A Bresent
together at efevaied iemagiaiies mha compaurndiefagedivhgein astoMis. tMAgrhas a
relatively low melting tcmperature of about 1225C (and possibly lower, depending on jts exact
composition) CERFEHESa Y EhdiE S EP&Rh ?Réfﬁﬁgé%eéﬁ %%Eﬁfaﬁoc?trﬁ%g e%th%’ég?(osity within
cooler subsusthee-reglanssaf(he(GBREywhereadlerésokdiftess As dABE3ulthdbomdddermal cycling TBC
spallation is likely to occur from the infiltrated solid CMAS interfering with the strain-tolerant nature of

columnar TB¢ a0 e GRERUSTIRCh fenean i sanahe TRGmaleiabhariculatly TBC

deposited by PVD and AL'S due to the ability of penetrate their celumnar and
porous grains@dctonb exiealiastivalyass omEFasialirientss i AS it besrd ESiUSnd substrate

underlying the TRt susceptitlelacatpsianatiesichy-alkatirtenesits assaciaigskwitl, the infiltration

of CMAS. Various studies have been performed to find coating materials that are resistant to infiltration

by CMAS. N&paBéiekairpIds FersiTthd2assleti Uls, PRenPRes. @8eBieEdS 718,141,
5,871,820 andasdlfAd8iabiagrinhak, whichdiselosaihceaipesial epatings.to pistagta TBC from
CMAS-related damage. These protective coatilg_s are generally d,escribechas b%in%nimpermeable,
sacrificial, orSBHHEHITY RS BN AL h AR R Co S He B AU SR A Tn¥iRF&tion of molten
CMAS, and ipglusie filiethdaataddevatan timpatuniioa, foainia,cotigamind cafeitstd Zirdemndte a? spinels,
~ carbides, nitriges, suici d noble metals such as platinum. Sacrificial coatings.are said to react
with CMAS tmse%as%%ﬂ?ﬁn@ ’f%ifﬁﬁg tz e ?%tgt isiz‘élgg?yr/aggﬁﬁéA%g,ofﬁeiggg ﬁ%ﬁ%ﬁ“ﬁg infiltration.
Suitable sacrifisséigoadingr métpaaiminciudessilizactscandiasitaninactatbmndziconateinspinels,
magnesia, calcia,.and chromiaAs its hame implies, a non-wetting coating reduces the atti action
between the %%ﬁlléh?géﬁ gn%%%%i&ﬁ?drfg%fn%éﬁg% &ﬁ%/lgjg) R Col a‘é’tgvgvll?hgl N ui?flgfgr rlie%%-wetting
materials inctegiersilichtisafiBg, zitvonid, doeriiidies.oxides kevdbadariogrbicow! rmntdes, BBicides, and

noble metals.such a5 plaipun SSearding e e HARALALAAISAEAIT RSmeabla Gaating o a

sacrificial coating can be deposited directly on the.'PBC, and may be followed by a layer of an
impermeableeaiatioteting Ruerifiefareysig Was gapdbadd sysmaige hrewceoalirdittde
impermeable;coaling was-dennsiied AMstrmr AQRRINERING ¢oAkng AlbyI3eE 1henanmeting coating is

the outermost coating of the protective coating system. Other coating systems resistant to CMAS have
been propost, irKiiien dfscRsesla cOFIMGEREEgReE (PBOEaBHIN GEUSHES; 00,
6,627,323, apgdRAZR1938. ANiih&agbigiiheses awminaiis anoted eandidate asdeingmanceffective
sacrificial additive or coating, in other Worgfj, reducing.the impa;t of Cg%l S infiltration, by yeacting with
CMAS (bein{:}‘%daf’élr}ﬁ&"afﬁfcﬁﬁgu?ﬁ%a‘)‘sﬁ??& & RSIHORIRG PAE Ml BEERIAZ A humber of

approaches haiterhers gomsiteretharsapplying alumina and other materials capable of inhibiting
CMAS infiltration (ihereinafter, CMAS inhibitors), including those disclosed by the above-identified
commonly-agsigy ! I} 3RRaACHES s mas Ecliva Al Backne AGMASnhibitor into
the open po%éﬁysﬁ:tﬁﬁzﬁtﬁeﬁé@gg&ﬂil ot?1ers suc%l{gas EB-PVD Egeposit%n, shiny top coats, and laser

glazing tend wfiieetmrdefddive algtshsicrgrilesCmMASIHRibitbrasmdiderotd g rifgyer on the IBC.
In the case of ghinaina, 4he app[oagly Naspeneraly.been (o proyide alupming i dbe ool an additive

layer overlying the TBC, rather than as a co-deposited additive within the TBC, since solid alumina and

zirconia are E8EHRRYAHSISEIEETH theRhebREn M by Wiited Stmen pFoTad efAS protection is

through sacrifigig), sopsupptianNRaGtbalesspiiis desikablair hava @lileast seR AR deposited
in the open porosity of a [BC to ) e .
CMAS. Impermeable coatings are defined as inhibiting infiltration of molten CMAS,

and include silica, tantala, scandia, alumina, hafnia, zircomia, calcium zirconate,
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maintain a level of CMAS protection in the event the alumina layer is breached or lost through
spallation, erosion, and/or consumption. Chemical vapor deposition (CVD) processes have been
shown to be capable of being optimized for either higher deposition rates that primarily deposit
alumina as a discrete additive layer on the outer TBC surface, or lower deposition rates that promote
infiltration of a relatively small amount of alumina into the open porosity of a TBC. Spallation tests with
CMAS contamination have indicated that TBC's protected with either approach exhibit similar CMAS
resistance, eSRclRotAThIfES SR AR a Al SIS 2R VR dRFHHA SHAV &S R Bve SATERTHA contents.

However, the, GV deposiionotaluming Wit 4904 peReisating intadhe paipsiyuel arTBE generally
requires expensive specialized equipment and is ty%iﬁ lly, limited to very low deposition rates. Another

approach caiiRssf iRfiltAtAS o FRECK it H CHAA STRITBHER is IRFHAN S FASEST Mith 4B e cursor of the

inhibitor. To he:sueresstuldtheiRtecusaaanhrmns)eiBircariiessaeic spisead therawith, must not
damage the TBC, other layers of the TBC system, or the substrate.protected th TPC system.
q‘éffg é: SITACLION

Other key redEifénfRGHETS s et AS AT Rt &HON approSch inciide achievng an adequate
degree of infilgatien ahd sepbFw andeffecliveiquantitymebiauniibéATp promotethetfatier, the
precursor shquld contain a relatively high level of aluminym.that can be cenverted tg vield a known or
predictable a%%%}ﬁ Fof %ﬁlﬂmﬁtr%ggl:]& tﬁ%%% plpglﬂgrgosrgl%’qéﬁ%a’a %%F\?glnaf’o%ec iﬁ%}l a%r%%ér important -
consideratioriastiaessobutsifity, of thdepretividos, imitsioblrioratitcsnahpre plrtorwithachiginrgonversion
efficiency will not be effegtiye if only.a small loading ofsas-precursar6a:helagedgtopsolution. In
view of the above, while varions approaches are known for depositing alumina and other CMAS
inhibitors, theleisited divgeingenebe TR deputites hechioued bigaliecoriapisnsgeabitfective
amount of a CIMAS INRIBIL AR ANAQELWINIRA T Qﬂ%&V\ﬁUs%PtMES:{ﬁaﬂbﬂé%ﬁétbﬁ ipfibitor to
prevent damage from CMAS infiltration. BRIEF SUMMARY OF THE INVENTION

impermeable coating was deposited first), or 2 non-wetting coating. If used, the non-

wetting coating is the outermost coating of the protective coating system.

Other coating systems resistant to CMAS have been fxroposed, including those
disclosed in commonly-assigned U.S. Patent Nos. 6,465,090, 6,627,323, and
6,720,038. With cach of these, alumina is a noted candidate as being an effective
sacrificial additive or coating, in other words, reducing the impact of CMAS
infiltration by reacting with CMAS (being sacrificially consumed) to raise the melting
point and viscosity of CMAS. A number of approaches have been comsidered for
applying alumina and other materials capable of inhibiting CMAS infiliration
(hereinafter, CMAS inhibitors), including those disclosed by the above-identified
commonly-assigned patents. Certain approaches are more effective at placing a
CMAS inhibitor info the open porosity within the TBC, while others such as EB-PVD
deposition, slurry top coats, and laser glazing tend to be more effective at depositing
the CMAS inhibitor as a discrete outer layer on the TBC. In the case of alumina, the
approach has generally been to provide alumina in the form of an additive layer
overlying the TBC, rather than as a co-deposited additive within the TBC, since solid
alumina and zirconia are essentially immiscible and the mechanism by which alumina
provides CMAS protection is through sacrificial consumption. Nonetheless, it is

desirable to have at least some alumina deposited in the open porosity of a TBC to



Embodiments of the present invention generally provide process for protecting a thermal barrier
coating (TBC) on a component used in a high-temperature environment, such as the hot section of a
gas turbine engine. One embodiment of the invention is particularly directed to a process by which a
CMAS inhibitor is applied so as to form a protective deposit on the surface of the TBC that resists
infiltration of CMAS into the TBC, such as by reacting with CMAS to raise its melting point and/or
viscosity. According to one aspect, there is provided a process for forming a film on a thermal barrier
coating that MRiBlaniAffrekieh eeefpshinpiin the THehiae plarBr dawting Byashedralathant having a
melting poin%g&t&g@g%@%@ngm%%%jges of calcium, magnesium, aluminum and

silicon, the process comprising the steps of: applying to an outermost surface of the thermal barrier
coating a depgsited composition. containing at least ane metal chosen from the group consisting of
aluminum and TASHE LI e D e QTS SE o ELE Ry AT Ko S BBy o iBosited fim that
lies on the outsimiest siorfatiaf thghitre dualsitarmientoatiag aricovigrlibptse pbrosity witkin the theinial
barrier coating begeatifie. auemostsurface thereol and then sonverting e, metal i the
deposited film so that the ep3,3|tednfilm forms an oxide film containing an oxide o the at least one
metal that repistadisfitiaitiotiof die caatrein antlhwenthatthé piva ibamity Seatirg, rurisasted portion of the
oxide film forming a swiagg;deppsit opihe QuigEmast sHifans: e theiibalbayierseating and

overlying the porosity within the theimal barrier coating to close the porosity at the outermost surface

of the thermax@igetrsr vshtmganeinershesihit s idep &M T iFRtR I Gribosghttoiaant into the

porosity withip;the thermplpariancoringAscording tewaotheriasRestelRereiisKayidad a process for
forming a film on a thermal barrier coating of yttria-stabilized zirconia that is present on a gas turbine

engine compoREnCRs B Al HatEecBAtn GV IPRPEFCERIMIY JPSirPstrstuR ahd &ntaining
porosity defiggsbhyigansRetwagmiadyigualcolmasiohibie thermakbatisr GaatiRdtheprocess
comprising the steps of: applying to an outermost surface of the thermal barrier coating a deposited
composition EShEEHIRY % &St one metal chosen from the group consisting of aluminum and
magnesium, the deposited composition being applied so as to form on the outermost surface a
deposited filcArcomtainipgadt tapeihan fiftjfivelmpe PBLCewitbftheldAiladfithenaiddagtione metal;
heating the t | |gr coati . osl Itio ipfiltrate the
hebalBaMer RAUNAI0 causeilfin feposiast canipaRon L Dalanda il

porosity within the therm rrier coating beneath the outermost surface; and then oxidizing the at
least one mewdiverttheuBpssitted seripbsiivntiorfoshrehdaxideetiing tHAE defhwesaxeresrtental surface of

the componei and.containg atigeal.eng-oxidesafhe-atirest.ans metal- adirstaarionef the oxide film

forming a surface deposit on the outeiniost surface of the thermal barrier coating and overlying the
porosity withfArtAepresiiEl B dd Eangn grrBshiachste st e e dsmgts destaeohof the thermal

barrier coatingrpgithersPsRye a8 basigrdeiafiltrabeniohiie Posgstnwithin thadhermal barrier
coating, and a second portion of the oxide film forming an internal deposit within the porosity of the
thermal barrSFEYSth b BroEEs] ﬁ?ﬂ?’ﬁﬁ%i&Y%&ﬁ@ﬁﬁiﬂ)@ﬁaﬁ@%ﬁﬁl%ﬁ%@@ﬁrﬁce of the TBC
a metal comppsdioneontairingaidesst enewmetdl Mrese oxXide tesisiBriniityationali€idAS into the
TBC. The metal composition is lied so as to farm a.metal film on the TASHE surface and optionally to
infirate porGSI IV FPHE TS DA BT A 8 OB PRt erted 1o form
an oxide filmwsfdhrg o dales0f thecatdenstiine ingialbieterst dfpdeion efltheokidefflmidoifms a surface
deposit on theiT%C Sé{{fl%ggann Vé%\)l\é oi the %tr)gﬁb%helﬁ%g%c%%s oféhi{;sninvention produces a protective
deposit capa(ﬁey ofsﬁrwlcreasmggtﬁe en?pera ure capaﬁl ity of a UE)y reducing the vulnerability of the
TBC to spallation and the underlying substrate to corrosion from CMAS contamination. Depending on
the type of mMeteEEonh Jesheru SaiarannaspRzaashsy which i friclencdipssdmemadepplied and
optionally treaied afie(dtsppplicatiaerdhe Hroteeive fergsit &R RSOt sRaeinnetynly cover the
surface of the TBC, but also extend protection into subsurface regions of the TBC where resistance to

CMAS is als8PABERRAT fIFIEhYtemPrE St eMi"CRIRE Eit i patsiirin a TBC that will
optimize the ability of the inhibitor to prevent damage from CMAS infiltration.



~ Other objects and advantages of this invention will be better appreciated from the following detailed
description. BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a perspective view of a high
pressure BREFeShIad ARG UDE ZHFABIeENT@CHONnal view of a surface region of the blade of Figure 1,
and shows a protective deposit on a TBC in accordance with an embodiment of this invention.

DETAILED, RESCRIPTION OF THE INYENTION.The areseshinenion wisfesiasp reference

to a high pressure tgrblne e 10 shown in"Figure 1, though the invention is applicable to a variety of
componebrsitratopemtd Bhithima thenmatiynandeshienii badly- frowpiteanvi canifetn cThesWads 10

generally jacgesan,affoll 12 aaBs! MOIR. ok rombatan oaean. afe el dhiiaaaperation of

the gas tur ine engine, and whose surfacCes are therefore subjected to severe attack by oxidation, hot
corrosiondandtetasienpasoass| baswhistaminiiidh by Ss Treliaitfon a9 e Bneheraptect ttirbine disk

howp). wi vetad -SeGt ' \
(not sho (ﬂt:kos}@o% ;Fl%’lez t?ﬂiée4%ﬁﬂvrgg§i§;h@tﬁaff}8&§&qﬂ%%§&f he-Rlpde 10, foatine halas,L8 are

present in the air roug bieed air is forced to transfer heat from the blade 10.
by reacting with CMAS to raise its melting point and/or viscosity.

According to one aspect, there is provided a process for forming a film on a thermal
barrier coating that inhibits infiltration of porosity within the thermal barrier coating by a
contaminant having a melting point of up to about 1225°C. and containing oxides of
calcium, magnesium, aluminum and silicon, the process comprising the steps of: applying
fo an outermost surface of the thermal barrier coating a deposited composition containing
at least one metal chosen from the group consisting of aluminum and magnesium, the
deposited composition being applied so as to form a deposited film that lies on the
outermost surface of the thermal barrier coating and overlies the porosity within the
thermal barrier coating beneath the outermost surface thereof; and then converting the
metal within the deposited film so that the deposited film forms an oxide film containing
an oxide of the at least one metal that resists infiltration of the contaminant into the
thermal barrier coating, at least a portion of the oxide film forming a surface deposit on
the outermost surface of the thermal barrier coating and overlying the porosity within the
thermal barrier coating to close the porosity at the outermost surface of the thermal
barrier coating and thereby serve as a barrier to infiltration of the contaminant into the

porosity within the thermal barrier coating.

According to another aspect, there is provided a process for forming a film on a thermal
barrier coating of yitria-stabilized zirconia that is present on a gas turbine engine
component, the thermal barrier coating having a columnar grain structure and containing
porosity defined by gaps between individual columns of the thermal barrier coating, the
process comprising the steps of: applying to an outermost surface of the thermal barrier
coating a deposited composition containing at least one metal chosen from the group
consisting of aluminum and magnesium, the deposited composition being applied so as

to form on the outermost surface a deposited film containing not more than fifty volume



The surface of the airfoil 12 is protected by a TBC system 20, 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 the base

material of fhe blade 19.and preferaly armed Qi irupaRlieyiich an iBickehinghailapgiron-base
superalloy. As widely practiced with TB syst%r?gﬁ for components of gas él‘gtb n%? gg)nes, the bond

coat 24 iSRRI ARRSIHAM AR THATOIOREUET 2ROV i PRIEFALX alloy or
a diffusiopoetatiiggsegh dsaditiusion sitfaietdadteditiisiomgldinahaisiniridecall of Wkich are

well-knowa,ipsther arbAHHMIBHMGNIEfROR 6oRts davelnr: aaliuninvnaexida @Hminajseale 28, which
grows as aresult of o>§dat|on of tk:lge bond coat 24.f'I; ea?lgmlpa scalet 8 c%%mlcagly b%?g%a TUC 26,
formed ofﬁl?ﬁgﬂ?fglﬂﬂ L?%Iﬁﬁﬁl?naé ﬁgl,ot%et%l%%ﬂd d84 and S ibetrate 29 #he'TB of Figure 2
is represeridd &dnhAvime zsestrair-fislerdénasic st et ed| e griithe Aeragwiirghe art, such
§0|Umnarcﬂ&ﬁ@&ﬂ&%ﬁ@%ﬁ@%@@ﬁﬁ%wiBM@%RQ&@%I%&@?&&ﬁﬂg;&@ﬂbllas@ﬁyémo‘éapor
eposition, (PVD) technique,.suc PVD. The invention is also applicable to n nar TBC
deposite(jﬁl ttgth%l?g: te%necﬂ%tos srfg(s;?p?gg%gt Ee%%n%%%ﬁtf&ﬁbnﬁi? %?a%r%rg% gp?gﬁﬁ a?Aangﬁ%?‘LI{ C of this
type is ini ﬁr@nlﬁlbpﬁqtbﬁw%s@wt‘sfﬁ%s&ﬁﬁ Al REFSEROHIS éﬁérﬁéﬁ‘éﬂ%@qd’wlﬂ%bfd%ﬁ flattened
(and therefade fibndoluiitien gransladebesiegtam ahinfnigearfeity tichpdinsttiyr Asaviith prior art TBC'
s, the TBC 26 of this invention is intended to be deposited to a thickness that is sufficient to provide
the required thermal protection for the underlying substrate 22 and blade 10, A suitable thickness is

generally JF PROGHIH INELBYETER SBSTA B0BHIL GRRIERE 1R BriteAh e d fof TREA'BC 26 is a
stabilizedczirganisi ¢ S&)taanprefariessconepositibwbeing wdeut 8o adtunBomeifitjaicentoyttria
(3-8%YS4), thaegh eHREHERIANNMRIGHR!S Captl e dsed (sushis neasiafilis & zifeoni: or zirconia
partially or fully stahilized by magne ja, ceria, scandlahor O‘Eetﬂ @dgs Q{hpa%rstlculfxr inte %t to the
present ifVERESH* tﬁgt%@ilé’pf A RS R = R LT\ (TS edi% 70 Atk DY CMAS As
discussedngtehiougtysCMAS then celaivisy tovpmeringrédaripount teaeridrent Wisimideshons to infiltrate

columnaraad NetgeismNaERCos i e:subseauenily kesolisibdeppmetaspBitatien.during thermal

cycling. To address this concern, the TBC 26 in Figure 2 is shown as being provided with a protective
film 32 of.this inveption. As a result of bei resent on the qutermost surface, of the blade 10, the

protectve TS et e R P UL R BB R P e e i
32 is showhiicteging thasaopeprisingapshifapeteptBit 36/ thatuwieglits thelstmizitey30f chethe TBC 26

SO as to ilable. for sacrifigial reaction with AS, and further co s an.infiltrated internal
omosit 30 e B 88, evoetion i
the eventDhepcsdifacend éposip86 fsubrehcivetbositost timalighdsfsliatimese tosiohjdntiomssalsumption. In
the case of the columnar T 26 schematically repr d.inFi FOSit i esented in
part as béﬁ%rapc%# hed 16)? %%%Csé t?gfiv%%%olr}]a(gin}/’?t é gfggo%%rgpn%s%o?%g%%%’gfge%rc%/?/ge%tgr% gﬁ%?t%n al porosity
is also likehy tochorpred entawithmothenbotuvershfosukern plethie T s rfaekse ofiemtividetgbtotumns if the

TBC 26 were deposited by.EB-P }__p@v fe thgr-likg r WI ugt I %g(qgﬂw tl%ﬁ rt. As

8 t -
represent}ig;;l(gD iﬁ Fg‘lﬁ?aec ,r%%leogﬂr g/f:%?epos‘f?th%%e(% ?heaﬁfotte%cgveaﬁrﬁ S%S?)or a con'g;r%um]g’z1 layer on
the outer surfacei 88not e CMBES 20nthmungtiiris within the scope

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

following detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a high pressure turbine blade.
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of this invention that a discontinuous layer could be deposited. The degree to which the internal
deposit 38 of the protective film 32 occupies the porosity 34 between and within the TBC grains will
depend in part on the particular composition used to faun the protective film 32, as. discussed in
greater detail below, and particularly on the structure of the TBC 26, with more open porosity receiving
(and needing) greater amounts of the internal deposit 38. On a volume basis, the protective film 32 is
believed to be predominantly present as the surface deposit 36 on the TBC surface 30. According to a
preferred aspeBtifiHE FSRHIFUMRADIOtEE N & T3S (oI pTeiets Rt RENSE Ixitdthat resists
infiltration of GMAS IR iheiTEEeRbiSueh-a3 By Rastngduitb GNA Stosaissiitsemedingipoint and/or
viscosity. Preferred oxides are alumina (Al203) and magnesia (MgO), with a preferred protective film
32 being predbifiightly or more preferably entirely one or more of these oxides. However, it is
foreseeable that other metal oxides could be used, such as those disclosed in the above-noted patents
to Hasz et alDThEEEORIERRISTEINY forsUBE $NorfisiBledating materials are incorporated herein by
refennce. The metal oxide content of the protective film 32 is sacrificially consumed by reacting with

molten CMASHbatdeposits:aniheifiin: 3RRad eossioitnfitralesihe priesity dfeldhed8C 26, and in

doing so formﬁ ogr:e or'mé:o,re refgag};or){%%tgb?ﬁses wiﬁ_h higrllg%éj%gi&% temper%t/ufggs than C%A)?AS. In the
case of alumia AU AgHEER | rédd tHHBHER € sAN@Evels GPIBEE SRIdes in the
CMAS to be ingrepsets: yialding aeedified(/aMAS i 2 kigher smeting émpenatuiesand/or greater
viscosity that inhibijts infiltration Ofﬁ%ke(ﬁin?gen CMAS.in E?e TBQ826. As a result, t@? re tion product
or products GFEMAS FHEHE SR o FRAEFH N oPh S BRI Te SR 3T TnBTS LS wily infiltrate
the TBC 26 aneitgrg¢miiesalidiy pefordsuftiaient infiiration:haswesurraiide-tae sebaadidtion.
According to_the invention, the protective film 32 is formed by applying to the TBC surface 30 a metal
film containir% Fﬁ‘ée%%%gg?q{mg rcﬁlngea%fg’os%go %’éfrc’ézdarrr%?e%?sgg%ég cﬁ’%@q e%?nat%]glfh%r?noa??&izing the
metal film to v SheTdesiisidimictas exidets) 10 infilrhiionddtktieoT BOwworosily 84dsetebiréd, the metal
film can be ited s infiltray ABG.20 daringdepesition. Fer.example, the;TBC 26 can be
sufficiently ﬁgﬁ%%&dﬁ?iﬁgg%%gég%%gn o%% t%g me%l film to melt th%estﬁ?m and cau%e signu?tan%ous 8
infiltration of 2kvéoll. 13 2e dhywhisintbiteham et aprasthposhisier kel fratv iy biréeTI8C 26 can be heated

after deposition of the metal film to melt the film and cause infiltration of the TBC 26. In addition to

achieving infittratiorrRbtbeiB&-2A malipgetibevyataidiniisde stakiréetipiaingibe thickness
uniformity and surface finish of the surface de%) sit 36. With melting goiéﬂs of about @60C and about
650C, respelivaRESh MBIEAI BAPS @ Wi 056 VST %mﬁwﬁﬁ%‘? 94 B aidvell suited for

infiltrati(_)n of Mm&ﬁhlmﬂyﬁﬂﬂtyeﬁﬂiﬁa%&wm H&@ﬂa&d@d@mw&aﬁwmdﬁe r_n_etal(s) of
oy the RGHG-GF e HSHeT A ek TR Ag 22 T B Ry e IS Ffation behavior
of the protectiith filfBG2ssAsmspérticulaipenantple! gasaturhinenaraiinys.cortahomy ebould 2sweight
e a sl PP e Y e urtace
deposit 36, thBdstter oiWhislrscheinediciat orsae rddinsemielpevie an an ce Giftmeosophoment 10.

aluminide, all of which are well-known in the art. Aluminum-rich bond coats develop

an aluminum oxide (alumina} scale 28, which grows as a result of oxidation of the -

bond coat 24. The alumina scale 28 chemically bonds a TBC 26, formed of a

thermal-insulating material, to the bond coat 24 and substrate 22. The TBC 26 of

Figure 2 is represented as having a strain-tolerant microstructure of columnar grains.

As known 1n the art. such colummar microstmémres can be achieved by depositing the

TBC 26 using a physical vapor deposition (PVD) technique, such as EBPVD. The

invention is also applicable to noncolummnar TBC deposited by such methods as

plasma spraying, including air plasma spraying {(APS). A TBC of this type is in the

form of molten “splats,” resulting in a microstructore characterized by irregular

6



Application of the metal film on the TBC 26 can. be by a variety of processes that do not cause
excessive oxidation of the metal being deposited. A particularly suitable process is ion plasma
deposition (IPD) in an atmosphere containing a low partial pressure of oxygen, such as an inert
atmosphere. Other potential deposition techniques include other PVD processes such as EBPVD and
sputtering, thermal spray processes such as low pressure plasma spraying (LIPS), laser-assisted
processes such as pulsed laser deposition (PVD), and painting an aluminum paint. Limited oxidation
(e.g., possiblfiafirtes (erdhihorstinrse penndhrapo siwdns igsbiedegteo bt abosptatieitarddnay be
advantageouE(pygimibiting running or coalescence of the metallic deposit during coating and
subsequent high temperature treatments. Suitable thicknesses for the metal film are believed to be as
little as about two micromete to a fifteen _migrometers, with film thicknesses of up to fifty
micrometers G %b%éﬁ%%@ﬁﬁ&nﬁ?ﬁ%ﬁ%@%%ﬁﬁ %fs[ﬁ?é’?ﬁ{}gﬁﬁ%}?ﬁﬁ%‘fg}tﬂlh? HERNESSESof about two
to fifteen mictbivieters geneialkulfieldm surfpesdepdsit 2ahesinghadhiCkness:ababiut theee to about
twenty micrometers, which is icient to.pravide a iraple level of resistance.to CMAS. infiltration.
Metal film thigl%fgégiélg 8%ﬁﬁ%%ggm%%%agtge@‘ofgrﬁ%%e%?iglfld%%eﬁas SUMACE 35’ stﬁ%%r%%\ﬁsgg a
thickness of about Twéntpeniciotneiersortenord) profeided thetadelitfondlc-tEREfRfofspnogtoting the erosion
and impact reg| Stlff | the. underlying T 6. However,.with increasing
thickness, th%angeﬁfgtlgﬁl%i%nfgnao e%@ee’l)g %%gﬁer}mr%?coa g!s;%?g%&?ﬁ%g%h%ﬁ%% é%ﬁ%ﬁ%sﬁgi ére difficult to
completely oRidrFatty e the"depositiBRugndtlive resatticgmhiekels dopbkiva24sdessdesistant to

spallation dugdp-{hatmal exRansiop. misBALh, AlterdePesifieaand,dh st elting,of the metal

film to promote TBC infiltration, thickness uniformity; and/or surface finish, the’metadl composition of the
film undergo&3Rfiier S%EBIBIHN the surface 30 of the TBC 26 to form the protective film 32
containing the desired oxide(s). For this purpose, the metal film can be heated in an oxidizing (high

P02) atmospbergsrsuahampitsAiethatvelyntheveisial ilmheandegpniertadipdonmihgigrotective film

32 by electroch icgl actin tt%1 m?ﬂ composition of the metal film. i .electrolyti treatment,
such as of th'e §/1r§]él ‘bé}ﬁ?{)ﬁr’rﬁ%&%%? eﬁg iznﬁpég‘in%vshﬁié?lc?ﬁsée Bl p?&@%?] SABHLSH anode.
Oxidation in a&whasdinegdwantagadoficanvenienceknd assishpie praadiisstbatslaamaotasahuire

ntta esofalo a%%cgssin terrggfarature and a

chemicals, while gj&%g C ical oxidation has th v,
high surface a(l?eg c:oatl%gji.l%?3 egl’[ﬁer (nggseefqtlheé% Fgg?%%]l%[e% |so?)ar% oA y Carfied Gut to convert
substantially et natalteonistitae Hts obterm &ial TlRE b theliipricess Tiveviime e teropéedture of the

oxidation progees £afalsg emglegied thiake el en ket ianiedpg aling

superallqy substrate 22,
morphology of the surface deposit 36, adhesion of the surface deposit 36 T0 ﬁeﬁui%terngt?ﬂgeposit 38

and the TBCO¥cTEIEStTHERS QRS Psridadeodh Sheupitiestise ddp sty e esprdrectivddifiVEBBof this
invention. F%ﬁz@meleemﬁefuﬁaé%zﬁ?gnwmi%&%ﬁ%@ﬁ[ﬁfﬁfﬁg@&g%@gﬁ@%%Lat have not

been exposed to service. Alternatively, the film 32 can be applied to a componentthat has seen

service and WHSEESTISCE fcsd wesihdl Tty Retrrats R0 ttha 1S hegierdstrthe latter case,
applying the fl@miRdorshesdBGsan-signticantly exew theilifa-althesampangntheyoncithat
otherwise possible if the TBC was not protected by the film 32. In addition, the film 32 may be

deposited or%‘ﬁf?a[]h RO 5 BE FAREMBEN SRTIRAY are Wb SRl Lot F S Shiage from
CMAS 10 level of CMAS protection in the event the surface deposit 36 is breached or lost

through spallation, erosion, and/or consumption. In the case of the columnar TBC 26
schematically represented in Figure 2, porosity 34 is represented in part as being
defined by gaps between individual columns of the TBC 26. However, additional
porosity 1s also likely to be present within the columns, for example, in the surfaces of
individual columns if the TBC 26 were deposited by EB-PVD to have a feather-like
grain stracture as known in the art. '

As represented in Figore 2, the surface deposit 36 of the protective film 32 forms a
contmuous layer on the outer surface 30 of the TBC 26, though it is within the scope
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infiltration. In the case of the blade 10 shown in Figure 1, of particular interest is often the concave
(pressure) surface of the airfoil 12, which is significantly more susceptible to attack than the convex
(suction) surface as a result of aerodynamic considerations. The blade 10 can be masked to
selectively foiiu The protective film 32 on the concave surface of the airfoil 12, thus minimizing the
additional weight and cost of the film 32. While the concave surface of the airfoil 12 may be of
particular interest, circumstances may exist where other surface areas of the blade 10 are of concern,

such as the lefilisdregaionr s affrpronspardawgierris beciepiied sdhadswreie AH6H 12 near the

leading edg%&fﬁﬁ@d{ﬂ%@%’@ﬁﬁ@@ igagingdedhomasent joventomeiekeliase supesaliay specimens
having a columnar 7%YSZ TBC de_?osned by EB-PVD on a PtAl diffusion pond coatazgere prepared.
Some of theS8EEEHMERS Weiasskt hermeds R datF s B BIEUCR G SRR HRRH KA L d8FBsited by IPD

to a thicknesg @hahestifRL B Migs AMetRESOMR qthardespealineanial)-apegirietis: Ty hemakwminum
coatings were then oxidized by slowly heating the experimental specimens to a treatment temperature
of about 870&”&%%8%%\% E?yﬁ]gqre‘&%éﬂﬂ%,?{%eé’ré}‘ﬁﬁ%"%é{rrgﬁ%‘lﬁ”t%vg;ﬁcgﬁ r%?d%}%&%??ﬁrens were then
subjected to givuaiesk @M. Aeeahidgsmpisativh falewedohyrensakisutheyptes:tieteddm rddns temperature
and about 1230QC until spallation. of the TBC occurred. The aver life for. experimental specimens
was about th?% eﬁ%%g Eg 4 (ff?énﬂlﬁ%%gfgs c%ar‘?t% %ﬁ%&g‘?@ﬁ%ﬁ%ﬁ%@%‘?? gﬁﬁ‘é%%ﬁ%ﬁmemm
specimens confirmed that an aluminum-rich layer overlaid the TBC's and had infiltrated the larger

columnar gapswrdireTs @ nyfircthaspiré Midhh B BEsR-Jes kS i dits B soptefsdd
embodimentyf is aRnaent spalotherformsicailddes adentedsomenaskiiedip, theruk sych as by

substituting other TBC, bond coat, and substrate materials, or by utilizing other or additional methods

to deposit arf@asFiEe¥EHeNfotdetFetsadn R TRE KNI ThE-EC15% of FHETHIFeHHEH i€to be limited

only by the failawing Giaims. Mihakisheladmetis), Ivith pIoaRssHar feominga film on athgrmal barrier
coating that inhibits infiltration of porgsity within i?’e thermal bgj&ri r coatig béa contaminant having a
“melting poinPBATHBAHY GF 12258 eredrai 8 TR B%ide OF IBIERs of %h TR Siuirifhum and

silicon, the preesssasMpsEisHbthe sigpsxedes coapplyngdd, anndutarmost slisheedfithéwthermal barrier
coating a deposited czcﬁnl%osition ntaining at least one metal chosen I:Elosr’g ths roup consisting of --

aluminum artP R SERLE FHB D eRB & d ko S SitiOR BaNS Ay S 0 5T X deBbsited film that
lies on the outeredakt stifacepbthedhkrenal harnefecorting dnd ovalieside goresitywivitisn the thermal
barrier Coatir}g(}?gc%ev%t%ﬂge& E%rrsgtgzsi %&Jarﬁ%cgot&%gé; é?%é@&&g with molten CMAS that

deposits on the film 32 and péssibly infiltrates the porosity 34 of the TBC 26, and in

doing so forms one or more refractorj phases with higher melting temperatures than

CMAS. In the case of alumina and magnesia, reaction with molten CMAS causes the

levels of these oxides in the CMAS to be increased, yvielding a2 modified CMAS with &

higher melting temperature and/or greater viscosity that inhibits infiltration of the

molten CMAS into the TBC 26. As a result, the reaction product or products of

CMAS and the one or more metal oxides of the protective film 32 more slowly

infitirate the TBC 26 and tend to resolidify before sufficient infiltration has occurred

to cause spallation.

According to the invention, the protective film 32 is formed by applying to the TBC

surface 30 a metal fil containing the one or more metals of the desired metal oxide

or oxides, and then oxidizing the metal film to form the desired metal oxide(s). If

infiltration of the TBC porosity 34 is desired, the metal film can be deposited so as 1o

infiltrate the TBC 26 during deposition. For example, the TBC 26 can be sufficiently

heated duﬁng deposition of the metal film to melt the film and cause simultaneous
8



converting the metal within the deposited film so that the deposited film forms an oxide film containing
an oxide of the at least one metal that resists infiltration of the contaminant into the thermal barrier
coating, at least a portion of the oxide film forming a surface deposit on the outermost surface of the
thermal barrier coating and overlying the porosity within the thermal barrier coating to close the
porosity at the outermost surface of the theonal barrier coating and thereby serve as a barrier to

infiltration of the contaminant into the porosity within the theimal barrier coat_iré%.b 2. A Iprocess
according to@BlFrtonveichaBie dxibre B melir dagiebrranetdive sidléemaiivelio s #R contaminant

into the thermgl barrigr coAtNg.RY: reassingowithr the costaminantdadermia rafraciady ghsse having a
higher meltin_grygoint than the contaminant. 3. A process acqord(isr;%&to claim 1, wherein the contaminant

melts to formHFaRen ebribsmiinthavifiy Wty 2HATHE SXETPMehiieatbbnédmetal resists
infiltration of fhaimelignicontaminant Rtadiathemalhpibengontingibymeeactingmiibythadnolten
contaminant to form a refractory phase having g hi viscosity than the moltep contaminant. 4. A
process accSHIAY tUER TG f‘é“é?ﬁﬁrfiip%’r?ei 1ng}%eé’dg’r?gﬁgg %%ﬁfsﬁ]%ﬁt i§6c:8n§53%&from the
group consisitagioEsoramesgiatiyvietire almisiuiailaltimmen (98 - sitico rvalloyss)amdaluminand-magnesium
alloys. 5. A process according to claim 1, wherein d ifed ition i | 0 as to
infiltrate the b?baf%%el%l/%itﬁ%‘ﬁ?lpﬁfgﬁ‘fgﬁp %%ﬁgacggt?%g%%%g%% p%%ﬁ%%%g)fl t ?e&(%(i e#‘l‘ler%éiorming an
internal depasit Witintieaddre sititadi thaltyérmdidbarnid(=g odtihg dBirad protd sscaiederding to claim 5,

wherein infiltration gf %}gﬁ%ﬁ%&é)&@%ﬁ%gwﬁge%%%% gyﬁ\égg _t&y Qx%%&&?;gt}[ée thermal

barrier coatir%aéntﬁ}n’g ep socastom sited composition durihg the applying

step. fluidity of the molten film during infiltration, as well as modify the CMAS mitigation

behavior of the protective film 32. As a particular example,.an aluminum alioy
containing about 12 weight percent silicon has a melting point of about 575°C and
greater' fluidity than molten pure aluminum, and as a result promotes penetration ‘of
the TBC porosity 34 and a smoother surface finish for the surface deposit 36, the

latter of which is beneficial for aerodynamic performance of the component 10.

Application of the metal film on the TBC 26 can. be by a variety of processes that do
not cause excessive oxidation of the metal being deposited. A particularly suitable
process is ion plasma deposition (IPD) in an atmosphere containing a low partial
pressure of oxygen, such as an inert atmosphere. Other potenfial deposition
techniques include other PVD processes such as EBPVD and spufttering, thermal
spray processes such as low pressure plasma spraying (LPPS), laser-assisted
processes such as pulsed laser deposition (PVD), and painting an aluminum paint.
Limited oxidation {e.g., possibly up to 50% by volume) during deposition is believed
fc be acceptable, and may be advantageous by inhibiting running or coalescence of
the metallic deposit during coating and subsequeﬁt high temperature treatments.
Suitable thicknesses for the metal film are believed fo be as littie as about two
micrometers up {o about fifteen micrometers, with fihm thicknesses of up to fifty
micrometers or more also being within the scope of this invention. Metal film
thicknesses of about two to fifteen micrometers generally vield a surface deposit 36
having a thickness of about three to about twenty micrometers, which is sufficient to

provide 2 desirable level of resistance to CMAS infiltration. Metal film thicknesses of

9



7. A process according to claim 5, wherein infiltration of the porosity by the deposited composition is
achieved by heating the thermal barrier coating after the applying step so as to melt the deposited
composition. 8. A process according to claim 1, wherein the deposited composition is converted to
form the oxide film by heating the deposited composition in an oxidizing atmosphere. 9. A process
according to claim 1, wherein the deposited composition is converted to form the oxide film by
electro-chemically reacting the deposited composition in an electrolytic treatment in which the

deposited coRSSERMSTSRF RS AR HIHRIENE B SHIBrE dsBe At O RINGES ERERRES WhERH the deposited

com posittion @éfﬁ@?}ﬁ@r@n@l@@Hﬁﬂg}%%@ﬁf@@%@aﬂﬁﬁﬁ)ﬁaﬂ?‘%gﬁﬁﬁfqﬁaﬁ@ﬂ@/\tﬁ&@r@ﬁ@ﬂt fifteen
micrometers. 11. A process according tg claim 1, wherein the deposite osjtion is applied to the
outermost st BREChERFSARFR RS SBFas SGPeiben %Aa%SHFﬂ%S}Wiﬁ?e?g*sﬂﬂ‘%Wprocess

according towlainhdewdnerail dhe-cenbsitaergofitpositianris dpgiied tatheroutdemesisistace using an

ion plasma d pos_Eijﬂion rocess. 13. A process according to cd%i 1, wherein the.deposited
composition 5P i%?%%%ﬁ%ﬁ%ﬁ“?&%%%‘ffmg g (Ee{#?l g’f?ﬁle g}a%gﬂg%%?ng% ?ﬁlg%%ia%c%f the at least
one metal. the resulting thicker deposit 32 is less resistant to spallation due to thermal expansion

mismatch.

Afier deposition and, if desired, melting of the metal film to promote TBC infiltration,
thickness uniformity, and/or surface finish, the mefal composition of the film
undergoes in-situ oxidation on the surface 30 of the TBC 26 to form the protective
film 32 containing the desired oxide(s). For this purpose, the metal film can be heated
in an oxidizing (high POa) atmosphere, such as air. Alternatively, the metal film can
be converted to form the protective film 32 by electrochemically reacting the metal
composition of the metal film in an electrolytic freatment, such as of the type
performed by anodizing, in which the metal composition serves as an anode.
Oxidation in air has the advantage of convenience and a simple process that does not
require chemicals, while electrochemical oxidation has the advantages of a low
processing temperature and a high surface area coating. In either case, the oxidation
step is preferably carried out to convert substantially all metal constituents of the
metal film to their oxides. The time and temperature of the oxidation process can also
be selected to take into consideration aging of the superalloy substrate 22,
morphology of the surface deposit 36, adhesion of the surface deposit 36 to the
internal deposit 38 and the TBC 26, efc.

There are various opportunities for depositing the protective film 32 of this invention.
For example, the film 32 can be applied to newly manufactured components that have
not been exposed to service. Alternatively, the film 32 can be applied fo a component
that has seen service and whose TBC must be cleaned and rejuvenated before retum
to the field. In the laiter case, applying the film 32 to the TBC can significantly
extend the life of the component beyond that otherwise possible if the TBC was not
protected by the film 32. In addition, the film 32 may be deposited on only those
surfaces of a component that are particularly susceptible to damage from CMAS
10



14. A process according to claim 1, wherein the thermal barrier coating’has a columnar grain structure
and the porosity is defined by gaps between individual columns of the thermal barrier coating. 15. A
process according to claim 1, wherein the thermal barrier coating has a noncolumnar grain structure.
16. A process for forming a film on a thermal barrier coating of yttria-stabilized zirconia that is present
on a gas turbine engine component, the thermal barrier coating having a columnar grain structure and
containing porosity defined by gaps between individual columns of the thermal barrier coating, the

process comBiisiiiiehe e spse ofdppIylatetd hahomte i Siews fac srHeReiRErBaitier coating a

deposited comdaﬁse'ﬂ%&%wrgmfasw@)am petakchesen ormihe gsolpeansisling®E aluminum
C

and magnesium, the deposited composition being a&_plied sQ as to form onotflﬁe outermost surface a

deposited filFRESRENNG ek th BT MR OIS I EWERRRE 658 1 Tha%I¥EEE he metal;

considerations. The blade 10 can be masked to selectively form the protective film 32
on the concave surface of the airfoil 12, thus minimizing the additional weight and
cost of the film 32. While the concave surface of the airfoil 12 may be of particular
interest, circumstances may exist where other surface areas of the biade 10 are of
concern, such as the leading edge of the airfoil 12 or the region of the convex surface

of the airfoil 12 near the leading edge.

In an investigation leading to the present invention, nickel-base superalloy specimens
having a columnar 7%Y SZ TBC deposited by EB-PVD on a PtAl diffusion bond coat
were prepared. Some of these specimens were set aside as coptrol samples.
Aluminum metal was deposited by IPD to a thickness of about thirteen micrometers
on other (experimental) specimens. The aluminum coatings were then oxidized by
slowly heating the experimental specimens to a treatment temperature of about §70°C,
and holding at the ireatment temperature for about two hours. All specimens were
then subjected to simulated CMAS contamination followed by onelHour cycles
between room temperature and about 1230°C until spallation of the TBC occurred.
The average life for the experimental specimens was about three times that of the
unfreated control samples. SEM analysis of the experimental specimens confirmed
that an aluminum-rich layer overlaid the TBC’s and bad infiltrated the larger
columnar gaps of the TBC.

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, such as by
substituting other TBC, bond coat, and substrate materials, or by utilizing other or
additional methods to deposit and process the protective deposit. Accordingly, the

scope of the invention is to be limited only by the following claims.
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heating the thermal barrier coating to cause the deposited composition to melt and infiltrate the
porosity within the thermal barrier coating beneath the outer most surface; and then oxidizing the
at least ogg,meta) gfibe ;deposited composition to form an oxide film that defines an external surface
of the component and contains at least one oxide of the at least one metal, a first portion of the oxide
film forming a surface deposit on the outermost surface of the thermal barrier coating and overlying the
porosity Within the ghersafddeiercgatiinecladeetne poroséy catthe cire miostsinfdtetofithe thermal

barrier CQ%é&Q:&nQr Wﬁﬁ%‘?ﬂé%‘é@r@é %Qﬁ@ﬂ%ﬁ@tﬂ@f 'H et RORASEY; VH'E'BEHHE E)Bﬁ{mﬁ' barrier
coating, an é%cond on of éhe oxide film far, & nternal e%gosn Wlth n the gloros{ity of the

thermal b3t 888%h A Eﬁ? cggrét%&%?d?ﬁ(gi O craif 18- Wnétd ?F}mlaeposn%edl composmon is
chosen frﬁhﬁﬂﬂet@mpm?@nn@m&ﬁmﬁﬁe@&@ﬂy pure aluminum, aluminum-silicon alloys, and

aluminum-magngsiualieysn Idibritreassaceosding tehelain Ianbiewinite seppsireicomposition
IS converted to form the X|de fllrt'q-lg)étheatln the dego%ted ﬁ_(l)rr%oosmon in an oxidalzlgg atmosphere.

0SsIi on 11’11 TOW C()i’lSlS
19. Aproces accor erein é)e osﬂe% SIIJ'[IOI’I IS co verte

and magneszum the dep051ted comp081t10n bemg applied so as to form a deposited film

that lies on the outermost surface of the thermal barrier coating and overlies the porosity
within the thermal barrier coating beneath the outermost surface thereof; and then
converting the metal within the deposited film so that the deposited film forms an
oxide film containing an oxide of the at least one metal that resists infiltration of the
contaminant into the thermal barrier coating, at least a portion of the oxide film forming a
surface deposit on the outermost surface of the thermal barrier coating and overlying the
porosity within the thermal barrier coating to close the porosity at the outermost surface
of the thermal barrier coating and thereby serve as a barrier to infiltration of the

contaminant into the porosity within the thermal barrier coating.

2. A process according to claim 1, wherein the oxide of the at least one metal resists
infiltration of the contaminant into the thermal barrier coating by reacting with the
contaminant to form a refractory phase having a higher melting point than the
contaminant.

3. A process according to claim 1, wherein the contaminant melts to form a molten
contaminant having a viscosity, and the oxide of the at least one metal resists infiltration
of the molten contaminant into the thermal barrier coating by reacting with the molten
contaminant to form a refractory phase having a higher viscosity than the molten
contaminant.

4. A process according to according to claim ¥, wherein the deposited composition

is chosen from the group consisting of commercially pure aluminum, aluminum-silicon

alloys, and aluminum-magnesium alloys.
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to form the oxide film by electro-chemically reacting the deposited composition in an electrolytic
treatment in which the deposited composition serves as an anode.

5. A process according to claim 1, wherein the deposited composition is applied so
as to infiltrate the porosity within the thermal barrier coating, a second portion of the

oxide film forming an internal deposit within the porosity of the thermal barrier coating.

6. A process according to claim 5, wherein infiltration of the porosity by the
deposited composition is achieved by heating the thermal barrier coating during the

applying step so as to melt the deposited composition during the applying step.

7. A process according to claim 5, wherein infiltration of the porosity by the
deposited composition is achieved by heating the thermal barrier coating after the

applying step so as to melt the deposited composition.

8. A process according to claim 1, wherein the deposited composition is converted

to form the oxide film by heating the deposited composition in an oxidizing atmosphere.

9. A process according to claim 1, wherein the deposited composition is converted
to form the oxide film by electro-chemically reacting the deposited composition in an

electrolytic treatment in which the deposited composition serves as an anode.

10. A process according to claim 1, wherein the deposited composition is applied to

the outermost surface to have a thickness of about two to about fifteen micrometers.

11. A process according to claim I, wherein the deposited composition is applied to

the outermost surface to have a thickness of about fifteen to about fifty micrometers.

12. A process according to claim 1, wherein the deposited composition is applied to
the outermost surface using an ion plasma deposition process.

13. A process according to claim 1, wherein the deposited composition is applied so

that up to 50 volume percent of the deposited film is the oxide of the at least one metal.
14. A process according to claim 1, wherein the thermal barrier coating has a

columnar grain structure and the porosity is defined by gaps between individual columns

of the thermal barrier coating.
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15. A process according to claim 1, wherein the thermal barrier coating has a

noncolumnar grain structure.

16. A process for forming a film on a thermal barrier coating of yttria-stabilized
zirconia that is present on a gas turbine engine component, the thermal barrier coating
having a columnar grain structure and containing porosity defined by gaps between
individual columns of the thermal barrier coating, the process comprising the steps of:

applying to an outermost surface of the thermal barrier coating a deposited
composition containing at least one metal chosen from the group consisting of aluminum
and magnesium, the deposited composition being applied so as to form on the outermost
surface a deposited film containing not more than fifty volume percent of the oxide of the
at least one metal;

heating the thermal barrier coating to cause the deposited composition to melt and
infiltrate the porosity within the thermal barrier coating beneath the outermost surface;
and then

oxidizing the at least one metal of the deposited composition to form an oxide
film that defines an external surface of the component and contains at least one oxide of
the at least one metal, a first portion of the oxide film forming a surface deposit on the
outermost surface of the thermal barrier coating and overlying the porosity within the
thermal barrier coating to close the porosity at the outermost surface of the thermal
barrier coating and thereby serve as a barrier to infiltration of the porosity within the
thermal barrier coating, and a second portion of the oxide film forming an internal

deposit within the porosity of the thermal barrier coating.

17. A process according to claim 16, wherein the deposited composition 1s chosen
from the group consisting of commercially pure aluminum, aluminum-silicon alloys, and

aluminum-magnesium alloys.

18. A process according o claim 16, wherein the deposited composition is converted

to form the oxide film by heating the deposited composition in an oxidizing atmosphere.
19. A process according to claim 16, wherein the deposited composition is converted

to form the oxide film by electro-chemically reacting the deposited composition in an

electrolytic treatment in which the deposited composition serves as an anode.
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