METHOD FOR APPLYI NG OR REPAI RI NG THERVAL BARRI ER COATI NGS BACKGROUND OF
THE | NVENTI ON This invention relates to a nethod for applying a thernmal -
barrier coating to a nmetal substrate, or for repairing a previously
applied thermal barrier coating on a netal substrate, of an article, in
particul ar turbi ne engi ne conponents such as conbustor deflector plates
and assenblies., nozzles and the like. This invention further relates to a
met hod for MFFEHAREOR ARREVENGHAR RIGARING FYERMAL BRRRIBRCOAFNGES US| y
applied thermal barrier coating, by plasm spray techni ques where the
underlying nmetal substrate has an overlaying alum ni de diffusion coating.
Hi gher operating tenperatures of gas turbine engines are continuously
sought in order to increase their efficiency. However, as operating

-t enper at ur BAGKGREOABE) QMEHRI IWVENEIQNr at ure durability of the conponents
of the engine nust correspondingly increase. Significant advances in high

t enper at ur e, capabiliti ave bee chi eved hr oygh fornul.ation of .nickel
and cobal t-%Blefsl vgﬁggrrgﬁ?eg g2 ?ﬁg’ﬁafﬁi”é ﬁﬁﬁy@!gl %&@'ﬁ#g}?@era‘ioéhw %A ’i“zﬁ%}qequat e
to form cospmaer! erlfocaipatingha ?J%\Ii@ds'l‘%_%ﬁﬁl‘iédoﬂx%nﬂﬁl BhrG@ScdMindi difa RERAI Ne,

- such as turbine blades and vanes, turbine shrouds, buckets, nozzles,
conbust i onSyhsHates ofgd agegle.cat partipilan trbing eggisateomponents suthe a$ ickmbustorc onmon

solution | t I DSl a uch nents.in order .to minimze
hei - sorvieadcr BT R st Blsmhr T8 BaTRTRET Tl sin SRl Rs? el Brg
appl i ed overmtthed fet applyiagstheathsl Birrictl ChAth, 69"1‘?@&1&[@ & rsaessyd appliguch
hi gh surface tenmperatures have _found w de use. To be effective, thernal
barrier colftSHgs PRMISH QL DY HlIsEerraY tedwminves wharg the vaderlyisgguetal

ther mal |y iashalies L Aot Bl RURSEERL ), Strongly adhere to the

metal substrate o? thg tur bl ne conponen mai n adherent t hroughout
many heating and cooling cycles. This latter requirenment is particularly
demandi ng d&lughar opetatingl tdniperatutes of gaf furldne sdgnafare bantimbusly powghit anotdet ween

reerale BeYRgl it DR C e puperl Lo et als
Ther mal  bakémpdratofAldub®eitgapRthe mpakh@l ¥ NHe IHGHR LRAYVI dRRBHIlingly
increase. Significant advances in high temperature capabilities have been achieved
through formulation of nickel and cobalt-base superalloys, though such alloys alone
are often inadequate to form components located in certain sections of a gas turbine
engine, such as turbine blades and vanes, turbine shrouds, buckets, nozzles,
combustion liners and deflector plates, augmentors and the like. A common solution
is to thermally insulate such components in order to minimize their service
temperatures. For this purpose, thermal barrier coatings applied over the metal

substrate of turbine components exposed to such high surface temperatures have

found wide use.

To be effective, thermal barrier coatings should have low thermal conductivity G.e.,
should thermally insulate the underlying metal substrate), strongly adhere to the metal

substrate of the turbine component and remain adherent throughoﬁt many heating and

......cooling cycles. This latter requirement is particularly demanding due to the different ..

coefficients of thermal expansion between materials having low thermal conductivity
and superalloy materials typically used to form the metal substrate of the turbine

component. Thermal barrier coatings capable of satisfying these requirements
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| typically conprise a ceramic |ayer that overlays the netal substrate.
Various ceramc naterials have been enployed as the ceramc |ayer, for
exanple, chemcally (netal oxide) stabilized zirconias such as
yttria-stabilized zirconia, scandia-stabilized zirconia, calcia-stabilized
zirconi a, and magnesi a-stabilized zirconia. The thermal barrier coating of
choice is typjically a yttria-stabilized zirconia ceramc coating, such as,
for exanplVEicaly semprisg § eerpmic lyor hbborerB3ssiei metolndubstrdte. Badeus ¢eparpiconot e

adhesi on . ] r ,to . the underlying netal, substrate, and to
prevent ol%gt g? 1?01%19{; %g%ﬁ(;g#n,% egc?ﬁcfh‘éﬁﬁﬁa“}“é);@%"’i T ESTRE) ¢ W‘Baai?’eﬁ“%a t he
metal  suddde)atstabllizom gifcamidsd 3PNy SfirmlAdHiliRMe Hirddhid! k&ndeoakdingkdsuch as
MCrAlY where M can be iron, cobalt and/or nickel, or from an

oxi dat i onZiFe81as caleia-glabitiged @icenias pady magnpsia-sebidimed|zimenia.deThe themsxlanpl e,

ni ckel al yu:pi : ' L.ym_ni.de. . To,.achi.eve. reater ..
t enper at U?Hgi?ﬂhgsr%ﬁgg @(t; ;B/ié?%é W?céggé‘&f‘ g}afi;éﬁxgzeﬁln%;cgg@ec%ga&l\g ic8?tH’§’ F‘ﬁ‘iher val s,
as wel | @ fartezamelepebatt Jteyitapadd hliduy 999, dittbRiane conponents such as

conbustor splash or deflector plates of conbustor (done) assenblies,

conmbust or, nozz| gos and thg | i ke, &'g alum nide diffusion coating is
initiall § SyProgate adhgsion okthssqerarpis, laysydp dhe pydastying metal sabstiatspor

phase depgsi td fRvéfO\WRldatibn W842HE & ﬁcﬂ;geéoait fa} g%nt(yﬁ%%i)lf %&rxeﬁaoqpiﬂe% p this

al um ni de coating by physical vapor deposi such as el ectron beam
physi cal $lsitedeso an pxislatipEBsNIDIt ovedapakboy chating sudther Mg ABawhiees Mcoat i ng.

Usual |y, ; i ap,ts .of .the. conponent. (e.g., the deflector plates

at t ached %"tr“q}e"o‘.y%%&g?%t ROkl %?IP@&WQ*“&%&??(‘?%@_ U $93EPE S

backpl at eas an hlofdihidbefo @REHPlOhicHANBuASIS TR Ylatifim3ihRides TO abiigvd Nner
and outer bands to forma nozzle) are coated separately wth the al um nide

di f f usi onSCR&E iIFTaPHaNE-hermd ewstatime ¢appbility & mplase detyicingPierv8eess f or

exanpl e, i (Y1 .et al), issued Sept.enper 2002 and
0 P pat encites B8 RaipsRuie CatRity (IR ocibngl T s GRS0E Gaiy o
conbust or deftavtorgdatestbf c@nbistom@drre) amsembbles)rahibuytop hopAéd sdt thallikes & br azed
toget her. , The eedc ated parts_are then typically nmachined to renove the
coat i ng wHEPHNOR diffusien coafing js nifiallyo applisdt te the dnetlesubistatee tyniepliyhey

SUppOr t i NeherhitAlGlagbepldde REPILi I (PPDFORP Sl fic layer is then typically applied to
this aluminide coating by physical vapor deposition (PVD), such as electron beam
physical vapor deposition (EB-PVD), to provide the thermal barrier coating. Usually,

the various parts of the component (e.g., the deflector plates attached or joined to

supporting structure such as the swirlers and backplate to form the combustor dome
assembly, or airfoils to the inner and outer bands to form a nozzle) are coated
separately with the aluminide diffusion coating before the ceramic layer is applied by
PVD. See, for example, U.S. Patent 6,442,940 (Young et al), issued September 3,
2002 and U.S. Patent 6,502,400 (Freidauer et al), issued January 7, 2003 for
combustor dome assemblies formed from a plurality of parts that are brazed together.
These coated parts are then typically machined to remove the coating where the parts
are to be joined to and then brazed to the supporting structure to provide the complete
component protected by the thermal barriér coating.

Though significant advances have been made in improving the durability of thermal
barrier coatings applied by PVD techniques, such coatings will typically require repair
under certain circumstances, particularly gas turbine engine components that are
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conmponent protected by the thermal barrier coating. Though significant
advances have been nmade in inproving the durability of thermal Dbarrier
coatings applied by PVD techniques, such coatings will typically require
repair under certain circunstances, particularly gas turbine engine
conponents that are 2 subjected to intense heat and thermal cycling. The
thermal barrier coating of the turbine engine conponent can also be

suscept i bPIEcEed, iy iserset Regk and thegmeh grcling. nThe dhergabbpmsier soatingeef & by t he

engi ne, ejxESi | ' ck _fraom..environnmental cenfam nants,
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t her mal bmchideng wbiddtndagdstedekachebaig@e WeRRidnh o:GMMBANGRY AQRRT isHS an
assenbly of .individually PVD coated parts that are machi ned and then brazed
to a supBOMamyni! corEmen; that ewillj eguirgysepairnf th aonsing, The prpblegaee of a
conmbust or NI | | ,ed thermal barrier

coati ng (gﬁg@gb%{%gri t b?éé{s:l%{ %é?“ésg%% Qgerrg%f% %@E & P}?ecol%nr? (ralgqff) ﬁ’é’ 3P umi ni de
di f f usi onaasseimbdy ochindbaduatly P casted peits thaRerahidhig:dGind teaRhydd e 4 hi s

al um nide_di ffusion coati ntﬁg\?hi | e the conponent is in an assenbled state

i s usual | §RRCFHIG g, he ke andor sprmple; dnfhe @yenf fosambyistpnidamsant i s
the diffigsbinply.n KEPShEVIRG tRE ' qﬁam%p fe.PY by

t echni ques. whi Iye t he conplo%ent g@%ﬁbggghrr% etlj sta e?ogé@ga{?é% (I))Ty ﬁ}e

pr ;)cessi nblegténali anamer i(lh@ﬁl th tugtde}rl]ﬂeimg) alumireide dtfﬁxsibgl%lﬁal\i/ﬁgmn( r‘uecwmlvled mE%aer (/ ::))ed
out, - repgj.fi r. rea n e,.ceramc. layer ) (especially EB-

t echni qu eg)eﬁ'c g% P %%go e ?%ﬁéiyg%a%c?l?&}%&s&@s%ﬂé’%@@%@é CBWBBREIES as

vel | as thearsasspabledigte BlusudiyfifficuR, Wpepbive Bd RAFh&i@1. e | oi ned by brazing.
As a result, the conponent is wusual Iy di sassenbl’ed 1nto its individual

parts andEt hen the. PVD-applied thermal barrier coating is stripped or
ot her wi se“VEhPEY S%PB}%P@% thy Gfowliyan appainieg onrespplyingghe ceramic bgelyy gri t

bl asting. p [ ' t r pl ied by P

t echni quesvt:m(; t%ﬂgﬁﬂﬁ%clsii ?iﬁg%atﬁé s(tggﬁ%kﬁ%g g%%sgg%nﬁﬁdosﬁ% t (?ﬁ?u%r %)/r%‘? epair
of the unWsessyiggorditionn(wealli héats undercwhich iy D fectudiQuis chrb YeatfR@howti ng and
r ebr azi ngrof. .t hese PV .reﬁloat ed _palrts to_the supporti ngP structure to once
again pr o PRI OhTssPRAE the ceramic layer by PVD (especially EB-PVD) techniques

can damage the brazed joints of the assembled component, as well as the supporting
structure to which the parts are joined by brazing. As a result, the component is
usually disassembled into its individual parts and then the PVD-applied thermal
barrier coating is stripped or otherwise removed from the aluminide diffusion coating,
such as by grit blasting. The thermal barrier coating can then be reapplied by PVD
techniques to the individual stripped parts (with or without prior repair of the
underlying aluminide diffusion coating), followed by machining and rebrazing of
these PVD recoated parts to the supporting structure to once again provide a complete

component. Such a repair process can be labor-intensive, time consuming, expensive

and impractical.

In some instances, i‘t can also be desirable to apply a thermal barrier coating by
plasma spray (particularly air plasma spray) techniques to the metal substrate of the
- turbine engine component where the underlying metal substrate has an aluminide”
diffusion coating. Plasma spray techniques for applying the thermal barrier coating
would also be desirable in repairing damaged PVD-applied thermal barrier coatings

- because the conditions under which plasma spray coatings are applied does not
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will not consistently adhere to the sur

conponent. Such a repair process can be | abor-intensive, tinme consun ng,
expensive and inpractical. In sonme instances, it can also be desirable to
apply a thermal barrier coating by plasnma spray (particularly air plasna
spray) techniques to the netal substrate of the turbine engi ne conponent
. where the underlying netal substrate has an alum nide diffusion coating.
Pllasma spr teiﬁni ues for_ applying the thernal barrier coat_in%é woul d

[

al so be d &6 (0sazef Jpifaid WE U dhrtiye dhpdemassdl theamal gy cosiipg itePecoat i ngs

because t he,£RRdiiRNAHASEEI Y fb d%&ggaﬂamsma%v&? %ﬂ%@g afRppliad does
not -3 damage brazed joints and woul d all ow the damaged thermal” barrier

" coating tdheymal papai eadngi hwoperti shewe mipigallp fan toverlayoatsorient . coptdwesrer , for -

 plasma spray- ' ‘her. 8| f-rher coati t -oper a e,
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applied tapphenglthisonedey dildf bendromtoayem. alHameniaide diffopbyidogtibgiby overl ay
al | oy bon’dlcoat I aée{r to an amm n_'hde .di Ef usi on _Coatl_LinnqgJ by. % as spray

t echni qued ST &AL tPSNARYES p PRERRIE L PlasBRhrgY dechndheqols NGt WEDPul

probl ems.. plrtﬁbléiﬁEMnl1ﬁ§iﬁﬂ§@§o&s@l@§ﬂ@sﬁ@ﬁ-@¥{plﬁeﬁm\ﬂeﬁﬁ)(] QNS bed @latowilbgitd coat s

' _ _ ace of the alumnide diffusion- =
~coat | ayerconspieatiypdhere fe ks syrfacg; affthe wlymingleydigiugloasoeat tyeayThis@lgi ques in

~place of RYR:L GCHHANES upIkFRAL: - ' £ iR rrier
coating.. Accgr di rllglcy, ﬁl%u 'eaydfeégfli{?gwgg gl\{]%}roggygjeégh%g%%pg? R
r epai ri ng asliohagedbRybnamlisd tHeamaligriRvDoatppy. i ed t hermal barrier coatings that
.reduces the cost and tinme of such repairs and can be enployed on a.w de-

: i et f Al ' . S , . flector.plate
aasent i o5 SitEhe, SAHNELERIRATER] froyitifioffoq SHTRSLAL AR fPLRGP 0T e
a nmet hod cleyatd BVOFarppipd yhengabhbarhier cwdtinhatiai exduceathe ngstandptiras md sustpr ay

techniques _to a netal substrate th has an..oyerl aying al um ni de diffusion
coating.  HEPEE BRI FIAE R R RN N @ ER JBBPOn s et &
provi ded acdimiRag dedlectop Phdté iab@niblich @hdBdonitAkior §loz£1eRat I NGould be further
: desirable to provide a method capable of applying a thermal barrier coating by plasma
- spray techniques to a metal substrate that has an overlaying aluminide diffusion

coating.
BRIEF DESCRIPTION OF THE INVENTION

In one aspect, there is provided a method for repairing a thermal barrier coatihg
‘applied by physical vapor deposition to an underlying aluminide diffusion
coating that overlays  a metal substrate of at least one part of an assembled

turbine component, the method comprising the steps of:

y (1)  while the turbine component _is. in an assembled sta_te; removing the physical
vapor deposition-applied thermal barrier coating from the underlying aluminide

diffusion coating of the least one part;

3] roughening the dlifﬁ;sion coating to make it more receptive to adherence of a

... plasma spray-applied overlay alloy bond coat layet; .. ... ...



appl i ed by physical vapor deposition to an underlying alum nide diffusion
coating that overlays a netal substrate of at | east one part of an
assenbl ed turbine conponent, the nethod conprising the steps of: (1) while
- the turbine conponent is in an assenbled state, renoving the physical

. vapor deposition-applied thermal barrier coating fromthe underlying

alum nide diffusion coating of the |east one part; (2) roughening the

di ffusion coating to make it nore receptive to adherence of a plasnma
spray-applied overlay alloy bond coat |ayer; -4 (3) plasna spraying an
overlay a3)oy pamndacesdyinBubrovaklagmitdiebdmughanesteridi bh vsd osugrRaking to
form an Q%%iLay-alloy bond coat_ | ayer; and (4) plasma spraying a ceramnic

t her mal bHFMpigh cexsmeitn éormaarervealry gHoy brndspet lasgs angd | oy bond coat |ayer to
.forma thermal barrier coating. An enbodi nent disclosed herein relates to a
met hod f o) apphidss sgraliie I&rall@ fheBhal GRALS &gititng @l MAART ki Reapt al
substrate where the netal substrate has an overlaying alum nide diffusion
coating. @lwydondrhsdayemio Honpriheenal herrst epgingf : (1) treating the alum ni de
diffusion coating to nake it nore receptive to adherence of a plasna

- | ] |4 d | . . pl i I
SPr 2 2P e BHATL oL g PO, SR8 Rk RS BB 0

over | ay aldoayndrdh waRilyingyestal @bstrdi8)vhead the Radtdl Wupdhas RasHir dxtaging cerami ¢
thermal barrier. coating material on the overlay alloy bond coat |ayer to
formthe tallm‘gP-Me"g&F?lP’éPo%@ﬁt Thig meabnsk may cappiéwi the ferswiscl osed herein
relates 'to a nethod for repairing a thermal. -4a barrier coating applied by
‘physi cal vapor- deposition to an underlying al'um nide .diffusion coating
that overlays the netal substrate. This nmethod may conprise the steps of:
(1) rermvi(_llli; t Kecapingsthe apluprpule déPoion rortingls inetke Henenglrebeptiveto coat i ng

from adherence of a plasma spray-applied overlay alloy bond coat layer;

(2)  plasma spraying an overlay alloy bond coat material on the treated diffusion

coating to form an overlay alloy bond coat layer; and

(3)  optionally plasma spraying a ceramic thermal barrier coating material on the

overlay alloy bond coat layer to form the thermal barrier coating.

Another embodiment disclosed herein relates to a method for repairing a thermal
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t he underlying alum nide diffusion coating; (2) treating the diffusion
"coating to make it nore receptive to adherence of a plasma spray-applied
overlay alloy bond coat |ayer; (3) plasma spraying an overlay alloy bond
- coat material on the treated diffusion coating to forman overlay all oy

- bond coat | ayer; and (4) optionally plasma spraying a ceram c thernmal

e | ess. than about 800F (about 4

©vacuum i

barrier coating material on the overlay alloy bond coat |layer tqQ formthe
t her mal e o8 APRIed Pheteisel s Lepgsitiph o cfins‘él}dﬁgéﬂlgn%lf‘ﬁ’é'ad?or

appl yi ng Afitias ¥atiiy AYeverlad® iB AR LAl Bt TRid MBthdA dndyOtorh BRI theNg a

physi cal vapor. deposition-applied thermal  barrier coati'ng provide several
benef i t s.5teAi@e net hods may allow a plasma sprayed thernmal barrier coating
to be applied to an underlying diffusion alumnide coating that overlays

t he net al b e i _ | ect or
Uy 5PV By Dy RSN Sl 15y RSB o

pl ate assenbly or c ust’or no gquat e
adher encethofinddrbying dsminidpdifiysion tdwingnl barrier coating. These net hods nmay
al so allow the repair of physical vapor deposition-applied thermal barrier

- coatings Wt . .10 K . .or_ disass |l e t;he co nent and
i thout Zmgiedting 1 BERGdPed 08 BREKe Rt RERBETRL 1T BN e anc
suppor ti ngasha sehpagdied oVhgsealiBtbvadondyya] so allow a relatively less tine
~'consum ng and unconplicated way to apply or repair these thermal barrier

~coating ar rel ati.vely inex si,ve .to carry out hese et hods may

al so per ﬁ@’? tWgasﬂ%aes%?ylﬂ%P%OV‘?IFZ‘@D?@P@OB%@W?B%QKPI{@Slrr‘?lﬁtﬁﬁé]g&\’ﬂ%? can be

carried m&tihg\toaﬂoﬁnan@vamayraelloguabﬁ@lccyatIlagwr;atllarrperat_ures, e.g., typically
7C). By contrast, physical vapor deposition

“techni ques, may he | ess flexible and can be typically . carried out in a
Vi PSRy Sl praYiBe A CRg TR SpeRT SATHCLO0HNG Mafsrigh R the

t enper at URflay 8@ borldy@hClaldrYo ¥t 18 tHedaFoRfier dogimabout 1750 to about
2000F (from about 954 to about 1093C). 5 BRI EF DE | PTI ON OF THE DRAW NGS

The embodiments of the disclosed method for applying a plasma sprayed
thermal barrier coating and for repairing a physical vapor deposition-applied thermal
‘barrier coating provide several benefits. These methods may allow a plasma
sprayed thermal barrier coating to be applied to an underlying diffusion aluminide
coating that overlays the metal substrate of turbine component, such as a combustor
deflector plate assembly or combustor nozzle, in a manner that insures adequate
adherence of the plasma sprayed thermal batrier coating. These methods may
also allow the repair of physical vapor deposition-applied thermal barrier coatings
without the need to take apart or disassemble the component and without damaging
portions of the component, including brazed joints and supporting structures.
These methods may also allow a relatively less time consuming and
uncomplicated way to apply or repair these thermal barrier coating and are -

- relatively inexpensive to carry out. These methods may also permit the use of more
flexible plasma spray techniques that can be carried out in air and at relatively low
temperatures, e.g., typically less than about 800°F (about 427°C). By contrast,

_physical vapor deposition techniques may be less flexible and can be typically
carried out in a vacuum in a relatively small coating chamber and at much higher
temperatures, e.g., typically in the range of from about 1750° to about 2000°F (from
about 954° to about 1093°C).



FIG 1 is a partial plan view of a conbustor deflector dome assenbly for a
gas turbine engine with two annul ar arrays of coated deflector plates.

FIG 2 is a plan view of one of the coated deflector plates of FIG 1. FIG
3 is an image showi ng a side sectional view of a PVD-coated deflector plate
prior to repair. FIG 4 is an inmage showi ng a side sectional view of a

coat ed deBReet pyrget } f 3 after it has been repaired by
an enbodi nent of ”?E?Ild)ni\feiglgitr%gé-DM&ss a cross-sectional representation
of a PVD-coated deflector plate prior to repair. FIG. 6 and 7 are

cr oss- secFlGrais apapia pbamt dew ofa ohbuber defaitdr dhePss@hblgfoeabadiuim  of
this i nvea{rﬁ'ig%-tg?TAl LED DESCRI PTI ON THE | NVENTI ON AS used herein, the
term "ceram ¢ YR PO 4Ty of spatady dpflectonipiates: refers to those coating
materials that are capable of reducing heat flow to the underlying netal
subst r at eFIf}. 2 8@ pdrt vielef one ) ezl rifer and usually
having a nelting paa:)oi nt of a?fIthé:fa(g{awgg%lf}?c%g@gggﬁggg‘gf, typically at |east
about 220 %(%2040), and nore typically in the range of from about 2200 to
about 3500F-(1 iR &BagR showingtasidalsecionzb2ied) of SUTRkbated eleloiior bhes mal
barrier coaddigegpterials for use herein include, alum num oxide
(alumna), 1.e., those conpounds and conpositions conprising Al203,

i ncl udi ng un%_drat_ed and hydrated forns, various zirconias, in particular
cheni cal | jlGt4isiani image showmgi 28d¢ sectionalwiew W% Rt deMbbEeplatdiGle A5 YL LT i um
oxi des bl% vvlﬂt h'tfhig%ﬁoni a%),. such as yttria-stabilized zirconias,

ceri a-st abil iz adier Pefrebrizedh nan embedimeatiofhisdovantion.

scandi a-stabilized zirconias, nmagnesia-stabilized zirconias,

i ndi a- st aPiG.i % & a Zir60REERGHal Yo kRont @01 Ipvisdo il Las, apedell  as

m xtures of, such stabilized Z;}@%%%@g_@é;%gﬁf%@g%@?r R;lsa ?P&O‘hﬁ%r- S
Encycl ope®P&fof Chemnical Technol ogy, 3rd Ed., Vol. 24, pp. 882-883 (1984)
for a description of -6 suitable zirconias. Suitable yttria-stabilized

ZI rconl aspr) 6GAD dre %rofsg-gé@ti%li{%}epxléséxﬁations of the repair steps of an embodiment

of this invention.
DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “ceramic thermal barrier coating materials” refers to those

~ coating materials that are capable of reducing heat flow to the underlying metal
substrate of the article, i.e., forming a thermal barrier and usually having a melting

. point of at least about 2000°F (1093°C), typically at least about 2200°F (1204°C), and
more typically in the range of from about 2200° to about 3500°F (from about 1204° to
about 1927°C). Suitable ceramic thermal barrier coating materials for use herein
include, aluminum oxide (alumina), i.e., those compounds and compositions
Qomprising AL O3, including unhydrated and hydrated forms, various zirconias, in
particular chemically stabilized zirconias (i.e., various metal oxides such as yttrium

oxides blended with zirconia), such as yttria-stabilized zirconias, ceria-stabilized

zirconias, calcia-stabilized zirconias, scandia-stabilized zirconias, magnesia-stabilized

zirconias, india-stabilized zirconias, ytterbia-stabilized zirconias as well as mixtures
of such stabilized zirconias. See, for example, Kirk-Othmer’s Encyclopedia of
Chemical Technology, 3rd Ed., Vol. 24, pp. 882-883 (1984) for a description of
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about 20% yttria (based on the conmbi ned wei ght of yttria and zirconia), and
nore typically fromabout 3 to about 10% yttria. These chemcally
stabilized zirconias can further include one or nore of a second netal
(e.g., a lanthanide or actinide) oxide such as dysprosia, erbia, europia,
gadol i ni a, neodym a, praseodym a, urania, and hafnia to further reduce

thermal cQr tVILIyv. O thermal, .baryier coating. See U S. Patent
6,025, 078 ( Hl(%kéé[\rég@és‘e%uggﬁf 31“3?3‘2?}”&6%{ fiLsqpiapccan sopwrigh drom aboybds ont

6, 333, 118atot POY4 Veie(badkd oni S L&%Ha@&ﬁ%%}n 2t y1tA9%hd ﬁl%ﬁiﬁ ,‘;an%gﬂ: are

i ncorporated by reference. Suitable non-alumna ceramc t mal barrier
coati ng mgﬁllﬁﬁgﬁh@&t 3itpabewtel 439 yioihl Thes diemieilgrstdbilizedmidcanidZBR07 wher e
Ais ane ' val e f 3+ .0r 2+ (e.qg., gadolinium. alumnum
cerium Igﬁhﬁgﬁl\éﬁagrﬁgto?rlﬁ%Ofa%éeﬁrﬂdsm Gl Ff(eg'ag 1?{3@% 8 YHHIRLXNC 4+ or
5+ (e. g.,suchfasi dysprdsid, asrbiaieues)fia,U padylingd, ' £R0{HE) prida8ismiNqrat 9fd the A
and B valuﬁafr%ges .S 7. presentative materials of this type 1nclude

gadol i ni fate Sirthes redugs theamahrendushuite of therthéraralimuzier coatinge, Segtli.8i um

Zi r conat epathg@n f: 11l [ um,.zl eonat e, -al up,pum.c te, cerium
haf hat e, Py %mb’?%?ﬁuﬂgal adt?kee%a d efgirﬂ’ hg%lﬁer% gg‘?rﬁfl%’. I%eéBWSandngn? gl 17 560
(Mal oney) 6,333, 8%164lpSat @b isshid LROQALerD 1S200B 1B oBwhith a2 cbiBLAREY ) |

i ssued J 23 2 ., U S.  Patent 6,284,323 (Maloney), issued Septenber
4, 2001; a@'gfxﬁgf%ntg“ﬁ%)ﬁéi’é’%ﬂm(f@e@féﬁl}c thegnagbatgioe peatingomatedaly 1alscand U, S.

e 0 o s S 08 AT, At o

i ncorporated by reference., As used hereirn, the term
coating" PledtrE 2t degomadalisivonralaninuny ceriami tinthaNolebr yRtiah) ahdiB Rigdes such

i ckel L i [ 3t |umi nide, as. well as sinple al uninid
G0 oS Bhls Gl I KEE ol bifiomhetipm, eripm ORI et al

subst r at ewhizy théeumas! thy @pand FNIERNEBNI. t REGeéMi e B5RAI i , for
exanpl e, U. gid Pat ent . 4, 148, 275 SBenden et al ,e issueedﬁ%grglﬂﬁlb?gl:uslt 9; U S

Pat ent 5, 9 2 BaqOLBvAR-gLreenate,) lanthanyey titahage,? Tantli:@@61 zirdn8ege triSm Pat ent
6, 039, 810zirdJMayat Ké}}f?&ﬁhnleh I | ed. March 21,. 2000 (all of ich are
i ncorporated by’ refer enc%@?kem%egﬁﬂld?ga% e f\i‘ﬁ?’inBH‘s ¢ rye alget hods
for appl yalngiziontiafiate andi lhfithahan eeste] ngse RYS CPRent 6,117,560 (Maloney),
issued September 12, 2000; U.S. Patent 6,177,200 (Maloney), issued January 23,
2001; U.S. Patent 6,284,323 (Maloney), issued September 4, 2001; U.S. Patent
16,319,614 (Beele), issued November 20, 2001; and U.S. Patent 6,387,526 (Beele),
issued May 14, 2002, all of which are incorporated by reference.

As used herein, the term “aluminide diffusion coating” refers to coatings containing
various Nobel metal aluminides such as nickel aluminide and platinum aluminide, as
well as simple aluminides (i.e., those formed without Nobel metals), and typically
formed on metal substrates by chemical vapor phase deposition (CVD) techniques.
See, for example, U.S. Patent 4,148,275 (Benden et al), issued April 10, 1979; U.S.
Patent 5,928,725 (Howard et al), issued July 27, 1999; and See U.S. Patent 6,039,810
(Mantkowski et al), issued March 21, 2000 (all of which are incorporated by
reference), which disclose various apparatus and methods for applying aluminide
diffsion coatings by CVD, . o R

As used herein, the term “overlay alloy bond coating materials” refers to those

materials containing various metal alloys such as MCrAIY alloys, where M is a metal
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As used herein, the term"overlay alloy bond coating materials" refers to
those materials containing various netal alloys such as MCrAl'Y all oys,
where Mis a netal -7 such as iron, nickel, platinum cobalt or alloys
thereof. As used herein, the term "physical vapor deposition-applied
thermal barrier coating” refers to a thermal barrier coating that is

applied [ : ' r.,phase eposition (PVD) techniques,

i ncl udi ngsMl é’}{gﬁ@g’ﬁ‘“@iﬁg‘%ﬁ‘é@g@”&g’ﬁ%ﬁ‘“&féﬁ%‘g?‘fi on (EB- PVD). See, for
exanple, U S. Patent 5,645,893 (Rickerby et al), issued July 8, 1997
(especi al Ay usal her@in, Hientesm 3pheadal mgow@osﬁah%gpn&; théfnal Rk YoRy. 1 ssued
February gog 199@1)egé§spec,i ally col. 5, lines 24-61) (all of which are

i ncor por atE4° By riassier copingnthal icppdied vhyr vsigss éé?ﬁ@lﬁdt aponpHaseet hods
for appl yasasikibe ' I+ chniques, , i ncl. udj EB- PVD
techn! ques OO ER D) Rl iAahTE Mok DYl LT RS acbfSgt e

st r ai n- t oP ¥PanBee,dournanplss Uik tRatent S30IS, 9968 GRickerbAset ube thsher Rilyg, 1997 term
“conprisi pg’ means . various, conpositions, conpounds, conponents, |ayers,

st eps and&?%eecgaﬁﬁkcé’l'c nl“}%%éb{%)é‘in t[bff’ gﬁ‘ﬁp‘b@’g&’:ﬁp tMumby b desued Felrpant i on.
Accor di ngl(y,, 190Be(kgiallycQINPs, 15 4- AR I.CL ] terns
"consi sting, ess);(ntlﬁil I)ycof' gﬁiggggofﬁzgéslg?ng of‘.a&%ﬁgﬁ%‘{ﬂ‘ﬁ‘?’g&fﬁ%{#‘%@i’, rati os
and per ceWhithedisdlessovaniovs iapparaias apdueetybds fonlapplyimy thermdl darriapeaiifigsed. The

enbodi ne od of.. thig jnvention ar efyl .in app]ying or
repairi ngf’ ftpﬁi[? %}ﬁn{;@%i121?1%8%%12&\?1}5&@]311%%6%\&5itg({ 1qyes ttﬁﬂ‘go%ng’r@ngi ne
(e.9., gasodtingbhnénenoiml striiltbRerard QBuRRAPARRAIS. Shakigse formed from
nmetal substrates conprising a variety of netals and netal alloys,

i ncl udi ng sudoer ||Q¥S and are operated at, or exposed to, high

t enper at ufEs @3&5’&? afl}eytq‘ﬁ“gh'"é’rmﬂfbﬁ%r Eeaise Fanust casapastionser cogperndsal
engi ne  op&hAddeAR. 1 r RiNg gl rts.and components. can include
turbi ne ai rf%? Ies ’ s%ﬁss’gséé%l %{ egleafn?% 3%%1@%,&?'{10#%?%8111@%9’8&&3,&? BFEehe

nozzl es, BYeMiML orAwordinglgntle tesmc Heasprisimer encodphbses tthe Snad deéthitiive

[ espec L rl0 B AR T BdeR R A TR Lol g oFhe O gas turbine engines and

All amounts, parts, ratios and percentages used herein are by weight unless otherwise
specified.

‘The embodiments of the method of this invention are useful in applying or repairing
thermal barrier coatings for a wide variety of turbine engine (e.g., gas turbine engine)
-- parts. and components that are formed from metal substrates comprising a variety of
metals and metal alloys, including superalloys, and are operated at, or exposed to,
high temperatures, especially higher temperatures that occur during normal engine
operation. These turbine engine parts and components can include turbine airfoils
such as blades and vanes, turbine shrouds, turbine nozzles, combustor components

such as liners, deflectors and their respective dome assemblies, augmentor hardware
of gas turbine engines and the like.

~ The embodiments of the method of this invention are particularly useful in applying

or repairing thermal barrier coatings to turbine engine components comprising
assembled parts joined or otherwise attached to a support structure(s) (e.g., such as by

brazing), for example, combustor deflector plate assemblies and combustor nozzle
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The enbodi nents of the nmethod of this invention are particularly useful in
applying or repairing thermal barrier coatings to turbine engine
conponents conprising assenbled parts joined or otherwi se attached to a
support structure(s) (e.g., such as by brazing), for exanple, conbustor
defl ector plate assenblies and conmbustor nozzle -8 assenblies. For such

Cyor ool 1y e, e YRR o Il BoffeR csifad ta. U BOMAER ¢ or

pl at esf i rﬁpahecli matwicaﬂm paﬂrdtnﬂahare @_pfchnygmramsyts)gmﬁy ((je.%’.[ deldcta! ﬂlﬁte:%) n the
case O a.nQzzl e Se aL 1's jolnea or attache e.g., Ssuc Yy

br azi ng) {‘ba}eh%asg p%rcf’mbg%t%aafﬁ@mr pserably, of racfeiltb iheeenss offa nhezleret hod
S senbl el romoLATE S IPREA f dlRtict @t &% Ty NarinfP R pSiry SR TR "
conponent Ilﬁiﬁgg,vﬁl@ volbodideentg o hithe pocthod b tod inveatieiDaRR QAGIularly fGlabIifag brazed

joints an orting.structures, See, for exanple, U S Patent 6,442,940
(Young et g‘?ﬁ% | ¥ JGRHTIRR SPeh Bisebled emponsatsvigioubihe pecdeiodighe apwt or

(Frei dauediseisemble thé tégthodeRUaid withAa®O AL €.ongQLpor at ed
by reference) for cor[bgfsﬁtoor done alssenb%ng%%%rp%fg%rg?ntgépﬁompﬁ%fa{&y of
parts t hattchiding brzed jointyenhenppwtinghstmbtuessb o Skerefor sexafptd)dU.Setraast of t hi s

! . . % bo Pl s
Wi e 1 nooTaras, (at of B, 3R Sl oot Yot 'Wise Fremono g ath s o
i nvent i on(Breldeudreet wl)f Rsucdfah@R 9. DO)T@BRLSE Which g&fihlé‘tﬁ?@atéaqyref’e? lies

pl ates

and espec'tq%l)l(%/ t he respective §pi ash or defl ector e hat —conpri se
these ass&Fotqrekusiorqdeme @ssanblival fommed iftom copluraly ofvgrisathiangre beazedt al

subst r at ety : al e od t hat t hods of this invention can
be usef ul mgl\‘/a\nfhte?\qglgh@?&agﬁj%ﬁg%séﬂgo%#h%smﬁt oﬁeo[ AfissuyERGog gan f’ﬁé‘tge Mate at,

or are exppEihgta,repiighg theemplbatior esatinghatviliiv@e TSGR B ubd6E Ry bar rier
coati ngs. Fﬁ-lf-‘?]e vari ous enbﬁgg‘iécprsgt s of the nethod of this invention are
further i FRYEEMGE PTHhe method of duisigveniiongwilhbe geit sefaresee ith conibuseaf t er .
Ref er ri ng défledtdred dhh st Blies dnd: i Lhegton. do
assenbl y indi cated generallel:sy aseS Oc.lagﬁsrr% r%gg(g%;&ﬁgglggh%ﬁi%m&ﬁﬁﬁ’évi ng an
outer firSemprstthese aefamblienang|tmve themey Handbrcafatilgs overlaying the metal

substrate, it should also be understood that methods of this invention can be useful

with other articles comprising metal substrates that operate at, or are exposed to, high

~ temperatures, that have or require thermal barrier coatings.

The various embodimer}ts of the method of this invention are further illustrated by
~ reference to the drawings as described hereafter. Referring to the drawings, FIG. 1
- shows a combustor deflector dome assembly indicated generally as 10. Dome
assembly 10 is shown as having an outer_ﬁrst annular deflector plate array indicated
generally as 18 comprising a plurality of deflector plates 26 and an adjacent inner
annular deflector plate array indicated generally as 34 also comprising a plurality of
deflector plates 26. While dome assembly 10 is shown as having two annular
deflector plate arrays 18 and 34, it should be understood that dome assembly could
also comprise a single annular deflector plate array or more than two annular deflector
" plate arrays (e.g., threc annular arrays of such deflector plates 26). These annular
deflector plate arrays 18 and 34 are usually supported by a matrix comprising a

plurality of swirlers (not shown) and a backing plate indicated generally as 42. The
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generally as 18 conprising a plurality of deflector plates 26 and an

adj acent inner annular deflector plate array indicated generally as 34

al so conprising a plurality of deflector plates 26. Wile done assenbly 10
I s shown as having two annular deflector plate arrays 18. and 34, it
shoul d be understood that -donme assenbly could also conprise a single

annul ar defd ecto | ate.array or nore than two annul ar deflector plate
arrays ( e&%ﬂ.e,c &)tr le’ﬁaégs gé]ﬂﬁﬁﬁﬁe Frserisys 4§ cmd ddrare exrseallyl jained op 6therwisese

annul ar  giefch@ficothe Rt RS [ |J.y.support.ed b matri x
conprising a &;ﬁr al i‘?‘{/ of sw r1%§§%?%8§1‘4%§8%ﬁ2§%& %%Bg%chﬁ‘qbﬁ’sa‘@?

i ndi cat ed%@fé’ﬂb pse elletbin thibert. -9 defl ector plates 26 of these annul ar
arrays 18 and 34 are typically joined or otherwise attached to the support

structure cki:n ate 42, razi ng. techni ques well known to
t hose skivPlnggﬁ‘f’hng?%%?oa{rql?‘l%ﬁelss%{?ﬁmd@%@gtzo?s Mvinga penerally resiangplet PFG. 2 as
havi ng a tgepeodhl yhapeCiriNedthplisedla chilvad S4R a coNpri curved
outer edge, 46, an oéﬁos[te i%*rilser acﬁrved%éeéé;% %gﬂi %gp%??ge gﬁlgllegﬁ%ggand 64
that sl anfd8€othr PasHe widssha§ and Gdhthatlistaat towards teackrafiseri nthe diflgdio®2, a

f t f back f f 76.. Surf 70 h
contral - omia o et Bad Bard BN ok Witare 7R ¥ Rek ipescr Sabeea i ai )

ri ng- shap8urfanend® diaswal ten®l tdpehinke60 HPSHRECYS eBshYe! thedRldeEfied B ?i anet er
in the dié%cgaigoalfrom wrf ce 70 to surface 76. See al so, for exa%‘p e, U S
Patent 4, L3848y shgs BFg,anPB@BéﬂﬂlN?fOi that (hecae® prégressinehe rsnmdiebust or

of e ot b g Ui e T ShHEE 76 7 FRERR 7S 1R Prit: SIS Seorf ac

of the method of this invention can ur f aces

70 and 76Patgrthd SYhotal(Syllhauk issued| Apiinilde 1990, ffasicMer &qAbshE- dRWRYET ,
because f Q&bﬁurface 70,1 S ogé)osi te the fuel injector (not shown), it

typi cal | y*has aw havins defledtompesments o wigh ithgy emodimeanecef thsemethodtof sur f ace

70, as wettlis in@sntidmecany@isggr of deflector plate 26 and assenbly 10, from
heat damage. This is particularly illustrated in FIG 5 which shows
deflectorTﬁG conprising a netal substrate indicated generally as 100.
Subst r at e 1 1®doak And Sapk isueacesy70band 76 aacke typicdlly have an aluminide diffusion

coating. However, because front surface 70 is opposite the fuel injector (not shown),
it typically has an outer thermal barrier coating to protect the front surface 70, as well
as the remainder of deflector plate 26 and assembly 10, from heat damage. This is
particularly illustrated in FIG. 5 which shows deflector 26 comprising a metal
~ substrate indicated generally as 100. Substrate 100 can comprise any of a variety of
metals, or more typically metal alloys, that are typically protected by thermal barrier
coatings, including those based on nickel, cobalt and/or iron alloys. For example,
substrate 100 can comprise a high temperature, heat-resistant alloy, e.g., a superalloy.
Such high temperature alloys are disclosed in various references, such as U.S. Patent
5,399,313 (Ross et al), issued March 21, 1995 and U.S. Patent 4,116,723 (Gell et al),
issued September 26, 1978, both of which are incorporated by reference. High
temperature alloys are also generally described in Kirk-Othmer’s Encyclopedia of
Chemical Technology, 3rd Ed., Vol. 12, pp. 417-479 (1980), and Vol. 15, pp. 787-800

(1981}, - llustrative high temperature nickel-based alloys are designated by the trade ™

names Inconel®, Nimonic®, Rene® (e.g., Rene® 80-, Rene® 95 alloys), and
Udimet®. |
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netals, or nore typically nmetal alloys, that are typically protected by

thermal barrier coatings, including those based on nickel, cobalt and/or

iron alloys. For exanple, substrate 100 can conprise a high tenperature,

heat-resistant alloy, e.g., a superalloy. Such high tenperature alloys are

di sclosed in various references, such as U S. Patent 5, 399, 313 (Ross et

al), issugg %arch Eil(g %9 5 and U S. Patent 4,116,723 (Gell et al), issued

Sept ember’ 28" WB B F o Rdgcephindho ey IngcBibsisital 80 ipgn pleminida diffusigngh

t enper at ugcatial | iBifzaRHCHcEAISOS0R] | YrHeShfd ot * QB{; '

Encycl opedi a of Chem %al nghnol ogy, @rzﬁﬁgﬁ,ﬁg\ygﬁ}ﬁ%é@p _1@%113??13?921 (1980),

and Vol . thigknggs of7@gmgdhout 05o@13bout |4l msls r(ébinvabduk 9B tbeiper B0kcrons),

ni ckel -b s Qare desj gnat ed the trad nanes | nconel (r),

Ni noni c( ?’?‘%joﬁke‘%pi "?"e“.‘ .?“hgﬁg( °B€-¥,m£z‘éﬁ%?ffl)a%93t a0 e ykyut Znmicrops)net (r) .

-10 As_sHbhis diffudidiGeodtingadicagsiohll R BeknBMELs AV S
BT oM SRy AHOSHR e P el o1

al um ni de_di ffusion coati n8 I ndicated generally as
coating 168mt 3hout 301 tp Fheyt §0% nf Sentiisknsts bF oatipol6, Gndrettgpiabldyifrof mi | s

(from abo, o/l L,Crons) , re typically fromapout 2 to about
3 mils (f"!r'gé’r‘ﬁ%g%técﬁ? b A EHEEENSS of eirbine 104} dieccyadinermsobges 100 106
typi cal | yamtoarpmitareslditivei 18y 1 20i(fpitsall§ Trdrd WBSut 4bdo GbHRI 7094 {)?’the Pﬁ@ﬁﬂé@out 30
to about 60% qf ﬁﬁg t hi ckness of coating 106, nore typically from about 40
to about S0%HPE PR meredkpisdly Bemeabeut ﬁg to ggut GPYeardfithe thacknssserficoatitist r at e

100 . and ouher h bl lgy-er. ypical Ly from about 40 about 70%
of the th?((y:slgnegg al%?gl}:%vg%/??\gﬁ ?Og,’ ]ar%rlgarcéﬁtt 5%4:85?%9’“?5 Bﬂ‘?lgﬁ% ?yeﬁdtzﬁolsaebout 60%
of tlhe t htheknadmroér manl ing (HBC) Ghidicatdd r;g@h&@}lﬁfg@/m&i MTHi¢ BB 128 ghaee M dand g
over |l ayi i ti.ve l.ayer, 120 i1s a thermal barrier coating (TBC) indicate
gener al | ;191 a '%cli]i@.be?ﬂif%‘%‘leé@nl‘g‘g“%B\ﬁﬁaﬁuﬂg 166 &y physiead Vbﬁ(ﬁrﬂei)@mé@id( YD)

di f f usi onteglRabhdry sd@bad¥ieRPNSI Ldd (P echn , such
as el ectron btelamggs)hysi c%l.lile vap%%gggggéli%%gfgédﬁ%n. %g%gﬂui%

typi cal | yl3atpicallyihakn ddeknsss 6F Bomadbout 1 o itwuabOuiilsiBom dwuf 5 amamheut 25
to about -1 €150 nmore typically from about 3 to about 20 mls (from
about 75 I”%&g‘é@ﬁﬁg}* g%e W&?@Xﬁ&m o ‘ﬁ%ma‘?wﬁﬁ@ﬂ%@qrﬁi@m@@ aboubr med by
PVD t echnbIfuadicioAs). aAs shown in FIG. 3, this TBC 128 formed by PVD techniques has a

porous strain-tolerant columnar structure.

Over time and during normal engine operation, TBC 128 will become of damaged,
€.g., by foreign objects ingested by the engine, erosion, oxidaﬁon, and attack from
environmental contaminants. Such damaged TBCs 128 will then typically need to be
- repaired. In an embodiment of the method of this invention, this initial step involves
stripping off, or otherwise removing TBC 128 from diffusion coating 106. TBC 128
can be removed by any suitable method known to those skilled in the art for removing
PVD-applied TBCs. Methods for removing such PVD-applied TBCs can be by
mechanical removal, chemical removal, and any combination thereof. Suitable
removal methods include grit blasting, with or without masking of surfaces that are
not to be subjected to grit blasting (see U.S. Patent 5,723,078 to Niagara et al, issued
March 3, 1998, especially col. 4; lines 46-66, which is incorporated by reference),

* micromachining, laser etching (see U.S. Patent 5,723,078 to Niagara et al, jssued
. March 3, 1998, especially col. 4, line 67 to col. 5, line 3 and 14-17, which is
incorporated by reference), treatment (such as by photolithography) with chemical
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porous strain-tolerant columar structure. Over tinme and during nornal

engi ne operation, TBC 128 will becone of danaged, e.g., by foreign objects
i ngested by the engi ne, erosion, oxidation, and attack from environnental
contam nants. Such damaged TBCs 128 will then typically need to be
repaired. In an enbodi nent of the nethod of this invention, this initial
step i nvolélesﬁsB%t rIlZEﬁ’E)I ng off, or otherw se renoving TBC 128 from diffusion
coat i ng 108WNEEr 1L 125 sueibay tiase cantsininmhydrorhlent ecidehyddfloriwacido t hose
skilled if ar -k i ' B Met hods for, r vi ng
such PVD- a%ﬁig‘é‘g’ %%f&% nélgﬁ ?”@gde%@?ﬁﬁﬁgg rﬂéerrr%%j\al(s,eet glfﬁeé%fppllﬁeﬁ’gsal , and
any conbi PrieritSn723E8ctoMNagauij teabl, dssuee Mbatah 3EIdBO e etanY WO s9fihés Rhasting,

bl asti ng VSed A5nEr spaodn o adinifohal itns Mymee brl986, cspsgubicolar bt 3
1998, eSpSTicAbdly 3¢Rhe 740,41 B 403 5670 Flesof NSRLRN BLEHPY, Tghsr ence)

m cronachi ning, |aser etching (see U 7 dgara et al,
i ssued Mespetially coboB, liesspE®58) hyd dOIS. Phfent i4pH 16730t © Bizhter St d1j Rgud and

14-17, RGN LShc i r por at by reference), treatpent (such as hy

phot ol i %%;igﬁ%ﬁi\n%h eﬁ??é’_?ﬁ:ga}’féfiénﬁﬁ gﬁé”)ﬂt §_h1;9fr“’1T1_B@ aro gneaipdrated Whose

cont ai ni ng eDClibadineht A4th Y Indbl YRkhe 36k s ‘ﬁﬁ: , AL ium

bi f1 uorides, and m xtures thergof , IT(seg, S% o?ﬁ%ﬁﬁf@}%@%‘ Qt gﬁ'ﬁ@?n& 078
to Nagar ajvitbutaloading swidly abrastie Bartithssas aapleas wriquscaimbibatidrisnefsthsel0;

col o [EROdEy Tpigal LBL PR iy TorPued w3 HEC viRReE Ve (PG WK E et "l

| ssued_Octubjatedl®, theAbrasiveesivii off Siliceid barbide Parti@ss, 3RePBartRd, MuSindat ent
4,411,730 tq Fishter et al, issued October 25, 1983, especially col. 2,

li nes 40-Baftclgs pr gthey iipes ob plrasive papisles: dehews particlee nesdcis) gritthlastingmnt  wi t h
wat er undghidaneSiuhia (d ] atment), W th or i th | oadi ng
wi th abr g?li){/e gart i tgﬁaeﬂsar@%gs % ﬁpe{éﬁba%\%ués pgrglc §i H4Y iog rﬁéjo%faw?ﬁteg%ﬁ Yret hods.
Typi cal | yabopsaS nshi(fomerboued by atgpuit (5001 m@maem?}aﬁ@re‘iﬁﬁcamﬁﬁbﬁl abwnbj ect ed
to the ab @?i e ggbl On‘bfffﬁ si4}i co cargjidge gart.i cles, steel particles,
al uni na %a G e Bl Rup 9?)%&00?0 b3rQmigiemeterdes. These particles
used in grit blasting are

: After TBC 128 is removed, diffusion layer 106 is then treated to make it more

receptive to adherence of an overlay alloy bond coat layer to be later formed by
plasma spray techniques. This diffusion layer 106 can be treated by any of the
- methods, or combinations of methods, previously described for removing TBC 128.
Sce U.S. Patent 5,723,078 to Nagaraj et al, issucd March 3, 1998, especially col. 4,
lines 46-66 (herein incorporated by reference) for a suitable method involving grit
blasting. See also U.S. Patent 4,339,282 to Lada et al, issued July‘ 13, 1982 for a
suitable method removing nickel aluminide coatings with chemical etchants. The
treatment of diffusion layer 106 can be a separate treatment step or can be a
.continuation of the treatment step by which TBC 128 is removed, with or without
modification of the treatment conditions. Typically, grit blasting is used fo remove,
roughen or otherwise texturize diffusion coating 106. As shown in FIG. 6, such
texturizing or roughening typically removes all or substantially all of the additive
" layer 120, and at least a majority of diffusion layer 112, leaving behind a residual
diffusion layer 112 (typically from 0 to about 75% of the original thickness of coating
106, more typically from about 5 to about 20% of the original thickness of coating
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- been treated to make |

typically alumna particles and typically have a particle size of from
about 220 to about 35 nesh (from about 63 to about 500 m croneters), nore
typically fromabout 80 to about 60 nesh (from about 180 to about 250

m cronmeters). After TBC 128 is renoved, diffusion layer 106 is then treated
to make it nore receptive to adherence of an overlay alloy bond coat |ayer
to be Iatié f@gned by plasma spray techniques. This diffusion [ayer 106
can be tr&80kbrBge aifxtyred graroughened dattercrur fontidicateas 136, Kot kaasple,

previ ousl | i 128, ee U. P nt 723,078 to
Nagar aj e?ﬂglfﬁg%tgggggib (I@/Er éﬁégyay%gélg% s%%tcplaﬁ%i@g’ @8&?064?’366Iu?‘f?z]§’ '22%“‘%‘6
(herein i aeangosated tbygheéeRe0€ @) 1dagt atibus G0taRtemaBshad iypkaliyiiAghdr i t

bl asti ng. See q,ll%gpu S. Patent 4,339,282 to Lada et al, issued July 183,
1982 for ENES g aboni0oe benbIh arisromessrs,anone tipigely Gami shgut #HQ ko

chem cal gb&ltaA%HSmicidfeters” €at ment of diffusion layer 106 can be a separate
treatnent step or can be a continuation of the treatnent step by which TBC
128 is renoved, with or without nodification of the treatnment conditions.
Typi cal | y Asgghawibim$IGng, afeuddfiston lagen\06 has disghareated @t Makavis smdrext uri ze

di ffusion .1ng 106.. As sho in FIG 6, such texturizing or roughening
typi cal | yr%% 1{’/%g“ Sé'llt?bl&ovg‘ﬁ%%ﬁg%ﬂdl ‘gpagmatg}a?%@egggpqsit%onﬁ]gyggat 0, and
at | east alummipnilel 8iffigfondidatinsi @NidRY 8h I ' My L esi I
diffusion | ayer 112 (t011 i caal ?y fromO t((;)‘;%%l ufﬁﬁ) 5&&6(#)%??‘}6%3?‘; éﬁcﬁgﬁg@
t hi ckness SeRerallynas hig. ovemhrealigpbasl ¢oat layer b typically thas allickn20%f of t he

i gi nal th f ing., -d2 106 ' t d
out o our PR SRR (8GR Sus (ap Ut af i BOuf SAFHiGTaD i GPRAN {usi on
layer 112fioyn gbat Dloastounds nsiler(fivae alif 75SteaHbbit PSS mAdtons)Y A BGOveHET ace

roughn'essaﬁta %f@ft | east about 80 mcrometers, and typically in the range
of from aBbbY P88 £ept abstd 42bes bacnformaed esuitable corapp¢ thermnyl Yarden eisting 100 to

about 150 A QTP 11Rh epdiied B SE Srorf TR Blo, fi;ﬁe‘;@gcﬁcﬁgsg'ogﬁ%g 18§ has

] ] nore receptive, a Sui nd coat
materi al istyphetlydepbs rangd of fidnh ebbutelte sboval 1001 mild i fabosd B agiding to

forman 0‘2%11 "%Xic{%lnls)OXndb v?rﬂfjdé:p%g ulpg %rva;'igg(i (():fa ft'agt%rs, including the article that is
involved. For example, for turbine shrouds, TBC 150 is typically thicker and is

" usually in the range of from about 30 to about 70 mils (from about 769 to about 1795

microns), more typically from about 40 to about 60 mils (from about 1333 to about

1538 microns). By conirast, in the case of deflector plates 26, TBC 150 is typically

thinner and is usually in the range of from about 5 to about 40 mils (from about 128 to

about 1026 microns), more typically from about 10 to about 30 mils (from about 256
~ to about 769 microns). '

The respective bond coat layer 142 and TBC 150 can be formed by any suitable
plasma spray technique well known to those skilled in the art. See, for example, Kirk-
Othmer Encyclopedia of Chemical Technology, 3rd Ed:, Vol. 15, page 255, and
references noted therein, as well as U.S. Patent 5,332,598 (Kawasaki et al), issued
july 26, 1994; U.S. Patent 5,047,612 (Savkar et al) issued September 10, 1991; and

7 U:S. Patent. 4,741,286 (toh et al), issued May 3, 1998 (herein incorporated by =~

reference) which are instructive in regard to various aspects of plasma spraying
suitable for use herein. In general, typical plasma spray techniques involve the

formation of a high-temperature plasma, which produces a thermal plume. The
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generally as 142. This overlay alloy bond coat l.ayer 142 typically has a

t hi ckness of fromabout 1 to about 19.5 mls (from about 25 to about 500
mcrons), nore typically fromabout 3 to about 15 mls (fromabout 75 to
about 385 microns). After overlay alloy bond coat |ayer 142 has been
fornmed, a suitable ceramc thermal barrier coating material is then
depositedton H&éer 142 .to form TBC 150. The thickness of TBC 150 is

typi cal |y i RaT e cgating maGAln St Coratis pesklars. roofed ink (hermivwmabidt 25 to
about 2564 hBICYAHS ' Ry var : & ncl udi ng
the article F%gt 's%”?ﬁgﬁﬁﬁg%?aﬁgr exg%%?%?mf%%é@%%&%%ékgﬁkgégg?h C 150 is
typi cal | ySuchiptasara spuey ieatingstechdigudsnwilhiee weligaowh th tesseakilled iBGhé &tabout 70

mls (fro t 769 tq about 179 m crons), nore typically from about 40
To about ERATafdP tilaBat sleps 450 prptepumamiisBangh & Slespne g oo pRikdast . | 1
the case cfatdefth@chAer B} AbEssitidh: ' Ligal | : | S
usual ly in at he range ro?i f rﬁltﬁ(ﬁgﬁ[&%%%&gk?ﬁ&ﬁ%&% %ugh(#ﬁg%%gg%g?% to
about 102€uitersbEtate)niplectiop oif tul tumber ofspdapphssts) poordabfeet r@6s, phttile f r om

about 256 7 m crons). The respect.ive bond coat |ayer 142 and
TBC 150 c‘éﬂg‘ﬁge?@?érlrleé’g%fr’aﬁfsgﬁi) F%Solsglecﬁ?rgs?r’ﬂd@&“aﬁo’ﬂ%@hf;ﬂ cﬁﬁél%&é?xlldq(nom to

those ski btbieticintetityenglé-of-dSRRitidN ho QX AHMEnt Afitﬁ&appﬁwe@a&@ﬁmhgméi a of
Chem cal ecgnol ogy, 3rd Ed:, Vol. 15, page 255, ‘and references noted
t herein, afF wepsar vy ipdhe fings o zbowiol) kikewaitsdkiabett 200) kilawagtagahd Jul y

26, 1994;; ; vkar | ). |.ssued nber , 1991,

and U S a%ﬁ?éteﬁm%gn%g%g %ﬁ (ﬁé@?n gﬁslft%béga]ﬂgﬁltf\&/ﬁ?}l %@%ﬁ?ﬁ%ﬁtse ?ﬁhe

i ncor por avedcityy of itied ereemak bamtdr ddvating mhateridlUsdrioles AOwiRD e the Plamious

aspects of la@”ﬁﬁ? rg%:l,nﬁ sujtable for use herein. In general, typical
pl asma spP]éi'glet t lﬁﬁ U is eorernseameter which érnsypllycontrghbled yapyerescli e

- plasma, which produces a thermal plume. The -13 thernal barrier coating

mat or i al sSultabe platih afidy SR e AAGHAMN B ULABILUECPaB 0d )

hi gh-velocity plunme is cted toward the ayer
detai | s ofSavkeic Kt ghatsseed Septembent i0agl 994 ¢ hwhicuds inkdrpotatedwey | rekstent. t 0

ozt £t kBt ey G T DR ThSRRLE oS
-nozzle pointed in the direction of the deposit-surface of the substrate being coated.
The plasma gun is often controlled automatically, e.g., by a robotic mechanism, which
is capable of moving the gun in various patterns across the substrate surface. The
plasma plume extends in an axial direction between the cxit of the plasma gun anode
and the substrate surface. Some sort of powder injection means is disposed at a
“predetermined, desired axial location between the anode and the substrate surface. In
some embodiments of such systems, the powder injection means is spaced apart in a
radial sense from the plasma plume region, and an injector tube for the powder
material is situated in a position so that it can direct the powder into the plasma plume
at a desired angle. The powder particles, entrained in a carrier gas, are propelled
through the injector and into the plasma plume. The particles are then heated in the
plasma and propelled toward the substrate. The patticles melt, impact on the

substrate, and quickly coof to form the thermal barrier coating.

While the prior description of the embodiment of the method of this invention has
been with reference to repairing an existing PVD-applied TBC 128, another

embodiment of the method of this invention can be used fo form a newly applied TBC
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coat surface prior to deposition; plasma spray paranmeters such as spray

di stances (gun-to-substrate), selection of the nunber of spray-passes,
powder feed rates, particle velocity, torch power, plasm gas sel ection,
oxi dation control to adjust oxide stoichionetry, angle-of-deposition,
post-treatment of the applied coating; and the Iike. Torch power can vary
in the ra?m abOJt 10 kil owatts to about 200 kilowatts, and in

pref erred HEmbedimenh gbthis mgthodhwsubsirate k0D bawing gn abmaipisletdigasion

Ki | tt ] ti t . ticl
1 owi ng. | o EnS S acrad 8 bl 19 ShBlen Bl eilip R Rl oS PPy v o

i s usual | gesstibed @Ihd esjshtmg{ i IRiéieIGy TheSUVérﬁlS'l &fMids Hand Rbay 1ag¥s L £MBndr €
descri bedT%@ STP U S. Patent 5,047,612 (Savkar et al) issued
Sept ember cq S PrY#Yshr deserbasiandes shewe in FIGrA.ef |y, a typi cal
pl asma spray system i ncI udes a plasma gun anode which has a .nozzle

poi nt ed | WHilee ssbclRC eir®BdRert 0 u 5 i [ ng
coated. The E lgaHsma un is of%]gjrfd@gnﬁfrg% Oﬁe‘(gjif aut Bpe% ﬁﬂv?:w?én h%/ee b%g
robotic niessERed i ighappagent dp ahbee simlecbm tg zuhehegurariom \t@ddlﬁttﬁmﬁﬁt terns

across th S rfa The pl une, extends in an axial

directi on Z#geég%al%%gm (iﬁ?utt Heé’aﬁ'ﬁ) HQGIFF a5l end 569pe Y GgpRICFoRE o

surf ace. Bnreﬁtzaoﬁdeﬁhe@wﬂﬁra aRatdamsmeans i s disposed at a

predet erm ned, desired axial |ocation between the anode and the substrate
surface. In some enbodi ments of such systems, the powder injection neans
is spaced apart in a radial sense fromthe plasma plume region, and an
injector tube for the powder material is situated in a position so that it
can direct the powder into the plasma plume at a desired angle. The powder
particles, entrained in a carrier gas, are propelled through the injector
and into the plasma plune. The particles are then heated in the plasnma and
propel l ed toward the substrate. The particles nelt, inpact on the
substrate, and quickly cool to formthe thermal barrier coating. Wile the
prior description of the enbodi ment of the nethod of this invention has
been with reference to repairing an existing PVD applied TBC 128, anot her
enbodi ment of the nmethod of this invention can be used to forma newy
applied TBC -14
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150. In the enbodi nent of this nethod, a substrate 100 having an al um ni de
diffusion coating 106 is treated as before to roughen or texturize the
coating, as previously described and as shown in FIG 6. The overlay

di ffusion bond coat |ayer 142 and TBC 150 are then formed, as previously
descri bed GiriINS shown in FIG 7. Wile specific enbodi nents of the nethod
of the present invention have been described, it wll be apparent to those
skilled ir] the art fhat various nodifications thereto can be nade w t hout
depar ti ng ¥ r om4 fectaey] for repaigingcd ghereml bariepceaténgt apjilivddnt ploysiaad vapdri ned i n
t he appen &l g - d. for repairin t hermal _barrier
coati ng agig iétla?tlél&ﬂb;/{E p?f&gfngg vV pglgamlﬁiéiggéhl FER tc?)atH% Lt}ﬁ’ae&f%aﬁﬁ & Meieni de

di f f usi on sgbsitat;m @ft dtatcastv ené gupst af et absenfbldb idhR 0dmPéndneatle figndaart of
an assenbl ed t.ur bi ne conponent, the nethod conprising the steps of (1)
while the CPWPB‘FW@@%‘F‘F%E& is in an assenbl ed state, renoving the physical
vapor deposition-applied thermal barrier coating fromthe underlying

al uni ni de (1yi f fwlicote AOANERporidABd & diate ( i}%gﬁy i he
di ffusion coating to make it l?r%?e rlece?)?t%lI S%Q@g&g ae’[?’e%}cneogo a%q%]lg'%g%‘}a
spray- appVERer @orasitzop-aiplisy theralc batriel ayeting (8ym pihes medsRimy iahgniateover | ay
al | oy bond. Lri n the roughened diffusion coating to form an
overl ay afaf%%?%no%%hggg?me y &,Dméﬁ (4) plasma spraying a ceram c thernal
barrier coating material on the overlay alloy bond coat |ayer to forma

thermal b#2) i erowgh@hingGhe Aiffilieh 681tMRAo Phakel iR nfBrl « gfi\%fb adtePenfed bof S
carried ougﬂﬁby grit blasting the physical vapor depositi on-app?l Ied thermal
barrier c8THGPray-apphied peetyclioy bondicatdaydrer ein step (2) is carried out
by grit blasting the diffusion coating so as to have an outer textured

rsn U(r:‘; g(r:rgt 2?38’)' Ng pBRnAY §5:3 P S Ml f(ﬁ/%ﬁay rﬁii%h 8657 Sat UWardlal' §35%he al%%gflen%g
: diffusion coating to form an overlay alloy bond coat layer; and

4) plasma spraying a ceramic thermal barrier coating material on the overlay

alloy bond coat layer to form a thermal barrier coating.

2. The method of claim 1 wherein step (1) is carried out by grit blasting the

physical vapor deposition-applied thermal barrier coating.

3. The method of claim 2 wherein step (2) is carried out by grit blasting the
diffusion coating so as to have an outer textured surface having an average surface

roughness R, of at least about 80 micrometers.

4. The method of claim 3 wherein the diffusion coating has a thickness of from
about 0.5 to about 4 mils and is grit blasted during step (2) so that the outer textured

surface has an average surface roughness R, of from about 80 to about 200

micrometers.

5. The method of claim 4 wherein the diffusion coating has a thickness of from

“about 2 to about 3 mils and is grit blasted during step (1) so that the outer textured

- surface has an average surface roughness R, of from about 100 to about 150

micrometers.

16



4. The nethod of claim3 wherein the diffusion coating has a thickness of
from about 0.5 to about 4 mls and is grit blasted during step (2) so that
the outer textured surface has an average surface roughness Ra of from
about 80 to about 200 mcrometers. 5. The nethod of claim4 wherein the

di ffusion coating has a thickness of from about 2 to about 3 mls and is

grit blastegl duri er texture urface has an
average surface m%gﬁ e(gls&éa}a%??’f‘?%%elgbsg?ﬂ tﬁfdﬁ Cf”ﬁleéﬂﬁiﬁgyigﬁmarﬁpéﬁ%%f)érs
16 6. The nthehbuniofdecdiffusioR cobtigednMIARY (3boyi %h&%{ﬂm@ a%'étalbs\éle%{eamn _
sprayi ng On‘éﬁt he al um ni de _di ffusion coating an MCrAlY all oy, wherein Mis

a metal sel'88EEYPrqoasisupg of yepupckebmlatinumcobpltior aboysitherked. , pl at i num

cobalt or-alloys thereof. 7. The method of claim6 wherein step (3) is

i ed b
VE ALY al oy Lo F o T e O s a8 Bt o Bk o Sp i Res

of from abdbe raughsneddiffusicth Gating an MCrANe aley ttoﬂnmfan%mmy APBERL Boatt €p
(3) is carr out l.asma ray t he over|ay all oy bond coat |ayer
a cheni cal Ilyle}%s%thgﬁq tg'gck?le?‘ c%fsnfpoénéé‘i"gclt‘@cﬁbp%mﬁﬁﬁs group consisting of

yttria-stabilized zirconias, ceria-stabilized zirconias, calcia- stabilized
zi rconi as, &candlige sletid dZQRNT 7 VARMEAS n§e “eﬁ%%Pb#r? %Hla %/?1?%
S and PRt Pes

i ndi a- stabhllzed zirconias, ytterbia-st ized zircon
t her eof . TR¥eriay Aoy &pnd caitrlageni eh@nm:aﬂy smb{ligedi ArcomiarsckdtedUfrora)thpl asnma
spraying o er a.chemcally stabilized

zirconi a t%r ?‘y]em%ft%{]hg yofl G ?ﬁ’@? gg{t??ﬂj habFiifgstadbiliged I&‘T@%‘%f CTJP’@m

about 5 to stabilited4frovhias, sc&ﬁdla-ﬁtlﬁlliﬂéﬂflﬂ@oﬁifas %@M@sﬁ %‘éd%n%% s(ifillial S
carried out by plasma spraying on the overlay alloy coat ayer a

chemcal l y qulzz‘@&mz"ﬁ:r ia-stabilizsd mracmlheamhimxtbaasrthawofcoatl ng having a
t hi ckness of from about 10 to about 30 mls. 11. The nmethod of claim 10

wherein step (3micnetivd A s Yheld RHAIE SRERY LI, LSAREALY, AL oY on

t he roughened diffusion coating an i ggraying on
the overlay alloy bond coat layer a chemically stabilized zirconia to form a thermal

barrier coating having a thickness of from about 5 to about 40 mils.

10.  The method of claim 9 wherein step (4) is camried out by plasma spraying on
the overlay alloy bond coat layer a chemically stabilized zirconia to form a thermal

barrier coating having a thickness of from about 10 to about 30 mils.

11. The method of claim 10 wherein step (3) is carried out by air plasma spraying
- the MCrAlY alloy on the roughened diffusion coating and wherein step (4) is carried

out by air plasma spraying the chemically stabilized zirconia on the overlay alloy

bond coat layer.

12. " The method of claim ! for repairing an assembled compenent that is a
combustor deflector assembly and wherein the at least one part is a deflector plate
having a front face and a back face, wherein the front face has a thermal barrier

coating applied by physical vapor deposition.
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out by air plasma spraying the chemcally stabilized zirconia on the
overlay alloy bond coat layer. 12. The nmethod of claiml for repairing an
assenbl ed conponent that is a conbustor defl ector assenbly and wherein the
at |east one part is a deflector plate having a front face and a back
face, wherein the front face has a thermal barrier coating applied by
physi cal vapor deposition. -17 METHOD FOR APPLYI NG OR REPAI RI NG THERVAL
BARRI ER COATI NGS ABSTRACT A net hod applying a thermal barrier coating
(150) t o MERHQD FOR4PPLYINGLOR) REPATRING THEDRIA NG ARKIPRICBA TIRGY er
coating (128) previously applied by physical vapor deposition to an
underlying alum nide diffusion coating (106) that overlays the netal
substrate (106). The al um nide diffusion coating (106) is treated to nake
it nore . receptive to adherence of a plasma spray-applied overlay alloy
bond coatABSTRA((f142). An overlay alloy bond coat material is then plasm
sprayed on the treated alum nide diffusion coating (136) to form an

over |l ay 3*Io (ggnd coat |ayer (142). A ceramc thermal barrier coating
mat eri al ?%‘T‘ ArplgigeA terpy hameencaatingy(150) toya et scisatate (109Rror(fbd2) to

o Uhe el BACSLS TGRS0 LS SRRl RGBT O i e
.( i 06.). @ tF :d@pqm}mge i]t?medndaﬂmng Alentifide diffidign 3batinaNi106) Mhf 463198 ueLRkialY
substrate’ (106). The aluminide diffusion coating (106) is treated to make it more
" receptive to adherence of a plasma spray-applied overlay alloy bond coat layer (142).
An overlay alloy bond coat material is then plasma sprayed on the treated aluminide
diffusion coating (136) to form an overlay alloy bond coat fayer (142). A ceramic
thermal barrier coating material is plasma sprayéd on the overlay alloy bond coat
‘ layer (142) to form the thermal barrier coating (150). In the repair embodiment of this
method, the physical vapor deposition-applied thermal barrier coating (128) is
initially removed from the underlying afuminide diffusion coating (106).

Figqure 6

-18-



