METHOD FOR APPLYI NG OR REPAI RI NG THERVAL BARRI ER COATI NGS BACKGROUND COF THE
| NVENTI ON This invention relates to a nethod for applying a thermal barrier
coating to a netal substrate, or for repairing a previously applied
thermal barrier coating on a netal substrate, of an article, in particular
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 MEIHAREFOR ARBEMENGHIR RERAIRSNE TIRERMAL BARRIERCCQAFMGSous| y
applied thermal barrier coating, by plasm spray techni ques where the
underlying metal 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 BACKGREABE) AMEHRIRIVENEIOMr at ure durability of the conponents
of the engine nust correspondingly increase. Significant advances in high

t enperat ure,capabiliti ave bee chi eved hrough fornul atj on of ., ni ckel
angp cobal tﬁg}gsl "%‘H’é’é‘rfﬁf"’?@&%,a ?ﬁ@ﬁgﬁg%&ﬂiﬂ% Iao'i)gm%ﬁlf%ﬁ’éwr&f’ 0% tl"e""nmlelt?‘gﬂdequat e
to form corwman orlfoc apalinpNa peEidIsy Rl MRS HnddScohiiPbAS R ne,

such as turbine bl ades and vanes, turbine shrouds, buckets, nozzles,
conbust i on sphsiates ofd aiiigle.ciat partipilan wshing guginacomponants sush 4si ¢canbustor onmon

solution i t Lnsul ate such.component.s.in order,to ni.m ze
Chett sarvioeiborullEETRd Yol Phor R Sl FRORRN i i Bp O Bl eGP
appl i ed overmebthed ifei applyinghstieathsl Brritbiuediting, 60 FPARERL S pXRASBdapphiegduch
hi gh surface teg]%eratures_ have _found w de_use. Tq be effectjve, thermnal

barrier codl§rgk bamish|@aieg, by Hlismaetnrey techRigyes iwhers, the ueaderlyinghmetad
thermal | y isﬂ@éﬂﬂa@él‘?&fstaﬂ%v% Mhﬂgﬁﬁ@ﬁi%si%ﬂ%%ﬁ@ﬁ e), strongly adhere to the
r e

nmetal substrate of the ne conponent an mai n adherent throughout
many heati 38 and cooling cycles. This latter requirenent is particularly
demandi ng dligher@petating tdnipprames of gasf tiitinceengines fare ¢retimadustpaght iomrdet ween
rraterialsQavin I .t hermal cqnductivit

o it

typical ly d&&f" E R O“é?}'t?%tq’ga‘%/pgr n%tt?i’g'ggl{ﬁ I‘!fs(r)f “@E%ﬁi%%a@.
Ther mal bartémpsratefatdupdslitgaptihe Rmpoatitsiof Mk lAgme MASUichREPBAGNgY
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 héve

found wide use.

To be effective, thermal barrier coatings should have low thermal conductivity (i.e.,
should thermally insulate the underlying metal substrate), strongly adhere to the metal
substrate of the turbine component and remain adherent throughout 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 ceramc |layer that overlays the netal substrate.
Various ceramc nmaterials have been enployed as the ceramc |ayer, for
exanple, chemcally (netal oxide) stabilized zirconias such as
yttria-stabilized zirconia, scandia-stabilized zirconia, calcia-stabilized
zirconia, and magnesi a-stabilized zirconia. The thermal barrier coating of
choice is typically a yttria-stabilized zirconia ceramc coating, such as,
for exanpl dyPigHbigonywisy prceramia teyenthotiovakys therenli sabstrate. oVddeus: esrgmisnot e

adhesi on of I t,0 t nder L yi ng. et al _.sulstr.at and to

o ovent - owiHpTaLf B STEy e O HARSE 130eRFof Shitholf) DRI PHE (B0, 1.0
metal  subsixid) esthbilisedarzireshigdat uoh - i SitEladndbiloaar kayondd,| edandRakdbigzeduch as
MCr ALY where M, can be iron, cobalt and/or nickel, or from an

oxi dat i on- r&§PRipgralcigistabilized pircemie; aRd supeResiastabitized girponidle, Theotheanalnpl e,
ni ckel al unj,pi E‘tf&% ' Ly nide.. Tqg. [ . ar Or ..

t enper at ur ?—ﬁ%&ﬁa é&e‘?@%ﬁ%&%&% )ﬂﬁays-[?%ﬁ%%czﬁégglg%sega%?g?aﬁlgngr %1%0(131 rval s,
as wel | assifoectanglerabbutr 2o yetrakbnd about ©8% airdbhiae conponent s such as
conbustor splash or deflector plates of conbustor (done) assenbli es,

conbustor nozzles and the like, al um ni de diffusion, coati I S
initially Qﬁmfﬁ%fowtpaovﬂ@ wbesivd gﬁ B’ﬁ‘f%%‘_?qﬁ itedhe wﬁ&%@w@ gvbwaﬁor |
phase deposiniteréfelPdxidAidiehartot d BHRN cdaf 1dyeE R Wemﬂéﬁheamﬂ hedndtt this
al um ni de coating by physical vapor deposition (PVD),” such as el ectron beam

physi cal vaigbstratie fosi an exidatioB-esisint avstlpy eloyieoating sudheasICrAEY¥ mihere Moat i ng.
Usual ly, t variou ar of . t.he conmponent (e.q., the.deflect.or plates
attached or e el ¥abeR Al B Ricky S PR raasiBircgon: Ao FBlGE gy

backpl ate tg dncaliminide, §QMEXAGIHDS, nfkePaluASSaeRhY pladihud dliifinide. L Po béifevener
and outer bands to forma nozzle) are coated separately with the alum nide

di f fusi on cF&RPhigmHeTawe-thermak eydaitieng egnability tepisreasel seryicims/miergals, af or
exanpl e, U. 1 i e 02 and
05 pat ent 8 B Rgnfrite Qb i diihe Anlpode Rt SEALMIEE sheh 67°
conbust or diatlecias pkdsl dfesntbostor (o) rassengiiligs,adoimbysiof npzaléssaridnthe like.earbr azed
t oget her. hese,c ed part.s are then typically machined to renpve the
coating wheF&n{tide ag:hs’son Hffaung gs lﬁ‘@“ljﬁi‘f ﬁEé?eldotoaﬂi'G @ﬁéﬂs‘g}sgﬂﬁd tx%crgﬁﬁeby
supporting &iefriél Yagorifhafl RpbSioh R & fmicpR a9 &Ik cRSied fled)o the
thermal barrier coa irr%. T(%\egughosit@ni I cant aocl:vgjr;lgges havgﬁlbemge in
i mprovi ng tthis dlumatil¢ iceatingfbyt blysieal 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 barrier 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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barrier coatings applied by PVD techni ques, such coatings will typically
require repair under certain circunstances, particularly gas turbine

engi ne conmponents that are -2 subjected to intense heat and thernal

cycling. The thermal barrier coating of the turbine engine conponent can
al so be susceptible to various types of damage, including objects ingested
by the engi nfja., tg(iosi,on, oxi dation, and attack from environnmental

cont ani nantSB0IeftRd *0 \iptense; agahiiapd theamal cyglmg ndbe dharmalbarige conting| ofnthst
repairing 0p=] Ler . coat.) ' b@zﬁﬁ onent
conpri ses Stglﬁjma{cgggénbl ycogg%% i?/@dgltgi)lr‘%slg%e@ggtggg par tqsévvgﬁ%t Bgr%gﬁl% ¢hi ned
and t hen bringduding coljects uppestedi by 8ier aagine, e emsionhexidakion, asd dtack ekampl e, in

t he case of a. conmbyst or K dane senbly. In repoving the PVD appl.ied thernal
barrier coaeln?’ﬁﬁmfl%“%él. ?Onwnaﬂtﬁ’atﬁ%g@t‘%éﬂw? Pt ghe geatings lgﬁ@r?m&@rqui ng

al uni ni de C%E:I%]e_iiﬁﬁé QUthGR&al Barfid cMBin € 14 ELE Bted WRbh Hle'%% Bﬁérﬂ@oﬁ’]lbrises_
reapplying this alumnide diffusion coating while the conponent s in an

assenbl ed sngseeny ¢f indiviguallyf YR wouted parietini ure mmavliedpnd thendabizedBvan nor e
significant_ | -n | £.ficul LN repairing or.reapplyi the ceram c | ayer
by PVD tecuhﬁﬁlﬁgg S%H? 3 ?rh%‘%clgﬁ?pfﬁ!eﬁf e?‘%’%BII"?’ %&n‘%ﬁ%ﬁ%ﬁé’f@“s@é?ﬁﬁ’& of
the processiedghlgonth trb@Mbsing UbBAPVD-dppBEd tHEHRI %ﬁ&hcﬁﬂ%t%%nbﬂuﬁﬁ are

carried out, r egai ring or reapplying the ceranmc |ayer by (especially
EB- PVD) t edH#itigghsome aa%aﬁ@g@@wﬁw alpminife diffusiopfeonting candempimeved as
conponent, : . | . . Whi h arts. are

j oi ned by bw?%%}"iﬁ%éauﬁ? %ﬁrg@wg {hﬁblh%alg%lgrﬁr%ﬁlen f’Olgsc %gtﬁn&‘gﬁpeyé%l%glﬁgg%e%fsed into
i ts indivi dnah apsenitdedstate ishenallihdi iR, appinsied abdigradticabar ri er coating is
stripped or otherw se renoved fromthe alum nide diffusion coating, such

as by grit blasting. The thermal_.barrier ¢cqating can then be reapplied by
PVD _techni ‘{Pé‘s‘n?r&%ﬁ‘ég‘?aﬁh}sxfpggﬁﬁc‘gm{Pﬁﬁ%{’”&%f?’{ reﬁﬂns it cRRmIfIBYIIBE o
repair of tieD weREhey MGile! BT QinttRndhi id!ShOMs6RBlel "Gite. T BebANE oo Yhe
machi ni ng and rebrazing of these PVD recoated parts to the supporting

structure twoeassiagagaiiiops Gusvally ea) mpet whichdiyBntechniqu@a cine aamregaiut,
process ca . r-i nsi,ve, ti consumi ex S| | npractical .
In some i nsr}t f?ugeg ?)?ir?ép@iéﬁn% seoc%aém%‘ealgy T3 M“&?Bfﬁfapyahﬁﬁpe\ﬁg?ecj&’ 1PFS%er

coating by 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, it 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

3-



pl asma spray (particularly air plasma spray) techniques to the netal
substrate of the turbine engine conponent where the underlying netal
substrate has an alum nide diffusion coating. Plasma spray techni ques for
applying the thermal barrier coating would also be desirable in repairing
damaged PVD-applied thernmal barrier coatings because the conditions under
whi ch plasma spray coatings are applied does not -3 damage brazed joints
and woul d &pmage brazed aointgeand; wewldeallopa the damagsdtthemnal datsier qoaipeg tebdewi t hout
di sassenbl ver. for plasm spray-applied t.hermal
barrier co)aft(%llgj1 EfSé %@%gf%%g%blgﬁ\ﬁ%&%}%‘}e@a *@wg‘rf\erogoé rﬁ(a%}%aﬁpfac}'ya@ilﬁﬁ coat
llayer (e. ghermiCsahdid) coatitgistotpRofglyaidptieetiplcally Be orblbyi dliogtotld thatIhyan

coating. However %pl ying this overlay alloy bond coat |ayer to an

al uni ni de dF8s MERH d@@@fhg) By applicsls teaths pluminide: diffugigascoating e Hayaver, aj r

pl asma spr i ' ' py.0 : ! :

pl asma spr gégl p F%%Hg%g}': glildggp?%aykgﬁﬂgy%o%t%{\%Hﬁmirﬁigt&ﬁg%lﬂg @%’@%W adhere
to the surfpdasmaospranacchniqueni epecially udi plasmaadprayayehniqhby, Sis ahd owith@ites it
difficult to.,yse plasma spray techniques in_place of PVD techniques to
repair a PERlEEY %%HHSF*‘&%ES! RigrmaFPigyrpplind QsHRY Alloy hendosadtsigilhmoti ¢

woul d be d%hﬁﬁ_@ﬁtgz héhehd BY HitCs1R 2B LKL Qﬁfniﬁiﬁﬁgitiﬁirﬁe%uéb‘é% hayﬁé?.”pﬂﬂé;’ Afs3

having PVD-applied thermal barrier coatings t ces the cost and tine
of such r apakies & diffigult 4musreplasd sprevdteolmiquesiid placeof BV tebhitiquesitmespairgi ne

conponents, ch conmbust.or fl ector .plate assenblies and conbustor
nozzl es. Ita%ﬁgafﬁg%@rﬁ?lﬁé “ya ar“é‘t‘fﬂc@’art“gg'provi de a nethod capabl e of
applying a thermal barrier coating by plasma spray techniques to a netal

substrat e tAabrdisgydnwoulidealcsingbletolitbvide @ nebithdd Bt epairkRALLN eamﬁmeﬁﬁ
DESCRI PTI ON OF THE | NVENTI. ON An enbodi nent of this invention relates to a

met hod for BeyBeyh Yig-aaphied theamal harrisregoatingsathpintpduessdhe gpetant ylingyofraich
substrate : t . ' L N i f.fusion
coati ng. TR b SaTBE Snpyed bhAAdP3aER oP bR ¥ B cORBRANS Bl & 12

di ffusi on cwoatbusgr defleddeplate asembliescant cambiseor @eblkes.eric svould be furhéra
spray-appl '(ﬁagirﬁ)\fg {ol I?rgvﬁle lacggetgc())d1 9ap(z:1b %tof LS&%’g a thermal barrier coating by plasma

spray techniques to a metal substrate that has an overlaying aluminide diffusion

coating.
BRIEF DESCRIPTION OF THE INVENTION

An embodiment of this invention relates to a method for applying a thermal barrier
coating to an underlying metal substrate where the metal substrate has an overlaying

aluminide diffusion coating. This method comprises the steps of:

(1)  treating the aluminide diffusion coating to make it more receptive to

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 of this invention relates to a method for repairing a thermal
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(2) plasma spraying an overlay all oy bond coat material on the treated
diffusion coating to forman overlay alloy bond coat |ayer; and (3)
optionally plasma spraying a ceramc thermal barrier coating material on
the overlay alloy bond coat |layer to formthe thermal barrier coating.
Anot her enbodi nent of this invention relates to a nethod for repairing a
thermal -4 barrier coating, applied by physical vapor deposition to an
under | yi ng DR FRatine aBPﬂ?%gVoﬁ’hy&?é'c VARPTt fEnosition rtp g undalyieg alumipidst r at e.

Thi hogj; i : ' '
i s met hods sy bmgttm o%%ﬁa%_ thQ‘;nete(ljsllbgtF#@vTﬂg tn{l]égﬁoudggﬁr&% HeRdls.

deposition-applied thérmal barrier coating from ylI ng
di ffusion adating; (2) treating the diffusion coating to nmake it nore
receptive to adherence of a plasna spray-applied overlay alloy bond coat

| ayer; (3) asma_sprayj ng,_an overl ay al.l.oy bqn oat .material_.on_the
treated di f@tsi Jﬁmog%‘ﬁﬁenghpbca?é’?]?ﬂr PBWEP‘X‘&@%@%I tg?/"“%ﬁ’&“&?éé’?“l‘%@?‘,n and
(4) optionaghéund&@ﬁf@ﬂ@ﬂfr@dgdiﬁ:ugoﬁ%ﬁmgg thermal barrier coating materi al
on the overlay alloy bond coat |layer to formthe thernmal barrier coating.

The enbodi nents of the method of this invention for applyi@n;gﬂea pl asma
sprayed t Hé} naltregting ity difBionnepating tp onakes ganptentgceptivieyioi atieropapof a

deposi tion- | - her. | en ,hg provi de several benefits. These
nmet hods al I%gv@?ljéd%Fais%ﬁﬁlgg%)gilrga?di]toﬁgﬂﬁr%?&%é%eﬁer coating to be applied to an
underlying diffusion alumnide coating that overlays the netal substrate

of turbine @bnpoiemy spsaxihg as oxedpnilitt Bonddefat acikedial phake trestsd dithisionor
conbust or nOZélI]e eéon a manner 1thg)t insures adequate adherence of the
pl asma spr &5P8Hg 0P n gEFHaYeloy bepd feat la¥esa@dnet hods al so al | ow the repair

of physical vapor deposition-applied thermal barrier coatings wthout the

need to tak@) apsptiondlly fiasas$ ng_é BRaRREARI hafltd WhAORatcHa BN
portions of the conmponent, including brazed joints and supporting

st r uct ur es. OVPHaY allepchand poatlpxer ta forovihg thermiabbdriien gpatiegs ti ne consuni ng and
unconplicated way to apply or repair these thermal barrier coating and are

relatively TREYAGOGIAL' S HR"h¥h8H o hCRSARN " RYSipplying a plasma sprayed

thermal barrier coating and for repairing a physical vapor deposition-applied thermal
barrier coating provide several benefits. These methods 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 barrier coating. These methods 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 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
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 are less flexible and are
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).



al so permt the use of nore flexible plasma spray techni ques that can be
carried out in air and at relatively |ow tenperatures, e.g., typically
| ess than about 800F (about 427C). By contrast, physical vapor deposition
techniques are less flexible and are typically carried out in a vacuumin
a relatively small coating chanber and at much higher tenperatures, e.g.,
typically in the range of from about 1750 to about 2000F (from about 954

to about 1CHSFEDENRBIIONORTHE BRAWINGE DRAWNGS FIG | is a parti al

pl an view of a conbustor deflector donme assenbly for a gas turbine engine

wth two amgl a4q 2 k] S éan vi ew
of one of the co%at ggﬁﬁlﬁ\éﬁt\egﬁ&fgﬁi}g@% g@? hgﬂ?%%r?oﬁ%aé@@lygoraarga?ﬁgr €showi ng
a si de sectengmglwith teve aimlar Bviysadabedd defldcemtpbatedl ate prior to repair.

FIG 4 is an inmage show ng a side sectional view of a coated deflector

plate like that. of. FIG 3.after it has, heen repaired by an enbodi nent of
this inventPitIg;n.& 1ﬁﬂan§1qvgo%01@ro%§l§q%o@ idﬁﬁﬁ?tc’?@ﬁ 88ERIG on of a PVD-coat ed

defl ector plate prior to repair. FIG. 6 and 7 are cross-sectional

repr esent atfIoNS igfant i@igk QRGWInGSE 8RS seEtichAl IEAPEF THVD-cBited bfedidtViatel ON-
DETAI LED DESCRI PTI ON OF THE | NVENTI ON As used herein, the term"ceramc

t her mal barlio& f0 palL ng materials" refers to those coating materials that
are capabl e of reducing heat flow to the underlying netal substrate of the

article, i. f; ' . ' ual vi.ng. | t.i

poi nt of ai i sdef bR EIE T higB Shiiom AR ot Ralel ARKSdpisTRs b
(1204C), ardFIGo3 eftenjiphasdicey répairtdiby ap B@boditneht ohthBhewntdR00 t o about 3500F
(from about 1204 to about 1927C). Suitable ceramc thermal barrier coating

materials f e herein .inglude, alum num_Qxide lumina),. i.e., those
conpounds ;ﬁ? Lc}%lr?p%gﬂsf"ﬁ?@on’go‘?‘?BWF%‘Fﬁb’nA‘i eé’%’ﬁ)-ﬁe? i9sHeciomplateapaer tond
hydrated faepgis. various zirconias, in particular chemcally stabilized
zirconias (i.e., various netal oxides such as yttrium oxides blended with

zirconia), such as yttria-stabilized zirconias, ceria-stabilized
FIGs. 6 and 7 are cross-sectional representations 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
comprising Al;Os, 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, yiterbia-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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zirconias, calcia-stabilized zirconias, scandia-stabilized zirconi as,
magnesi a-stabilized zirconias, india-stabilized zirconias,
ytterbia-stabilized zirconias as well as m xtures of such stabilized
zirconias. See, for exanple, Kirk-Qhner's Encycl opedia of Chem cal
Technol ogy, 3rd Ed., Vol. 24, pp. 882-883 (1984) for a description of -6
sui tabl e Z|rcgﬂ|as SU|tabIe yttria-stabilized zirconias can conprise from

about 1 to SUHBRIGZIORYES,t PHifaRlq yhdasstabilized, aireasiasi 998 Fowmprigh frost abawt dite and
i i | t.30% Ib
chem cai |y oo FPh st/ @eel oo uid AIMAREL brefb B S Land BRKME, S 1fR3°

second met atypx(:dbgfromabbatrﬁ tocatbiode 1@ yaizial Mhesy) chrxickdly stabilived 3irdyEay @i a,

erbia, eurqg i nia, neodym a, praseodym a, urania, and  hafnia to
further o‘ﬁ’c‘?@eftlﬂgblﬁwn% Shaeee Pé arsgoond wREl (fgr Adrnthads er aglide) myidesee

U. S. Pat eNduck, a@zc@s %Ftﬁgeélﬁ‘g?fsae%a@éﬁma @Hgﬂ% fﬂ?é#@&%%lw 3P0y fnd U. S.

Patent 6,333,118 perine ‘et | ssued ot’h of which
are incor pdraémed:b ﬂbt)her sflucethcrnal $on<ﬂ1ath]vﬁy o6 theathenmah hacier acmatmgt ISee as.

barrier coajin ude hl or rmul a

A2B207 V\hefﬂetﬁg gﬁ%se%fgﬁm% gBt Eﬁbﬁaf%ﬂ%ﬁ qgr%ﬂ ("é1 g : g§EF6Pti ni um
al um num c&833)mg dAdpédiRrey 1) OfssuekitibdcdbeAR 2601 Soth of‘%ﬁh af@i‘ﬁ o&t I ence
of 4+ or 5+ (e.g haf nium "titani um ceriumor zirconi um e sum

of the A a¥ Ef%ran@ncﬁeltabée ron-Rntins eatanti¢ eermalt barigt soasingt masnaly paéso

| ud n@t J ant t
et e ORI, HRRRNI S RN SORLE » AT BRTHIRL SRRRS,
ceri um haf rmft?:a!- or 2t Yerp) waidlafing) gludichoh Addrinad) Usmtkafual 6r ye@nPal BPatLnt
6, 117, 560 ( E@y‘%&ﬁ' ‘Efsued Sept enber 12, 2000; U, S. Patent 6,177, 200
u

(Mal oney) , co3f 4eni+ (esgs hafriwaniitwiws cegam pnverenniy)
(Soted Lt prbere 4 AR 1 enber
20, 2001; and U.S Patent 6 387, ?,"zaz%see@ %eglﬂegesr&@ﬁ%ﬁg%’i@ﬁ%gggiwﬁl of
whi ch are |mg1@idpog®ipbmmymmmetee nesthartsm uﬂmdatla,erlmthanummzxtoenﬁﬂe afttrininni de
diffusion coating".refers coatings contai ni.n vari ous Nobel t al
al uni ni des ?ff(?ﬁqg’s laﬁ‘ﬁ@? éﬁ%ﬁﬁF’nF?fﬂﬂ%rﬁmB?aé?’l ?}Bﬁ%f”&‘lnh (FERS ey hﬁﬁ"l" as
si npl e al undliingfen Ghfifte aﬁ&m&ﬁﬁﬂ%&aw t fmetulﬁotp%ken?%tﬂﬁeo ﬁ?%/h%’ﬁ' cal l'y
formed on netal substrates by chem cal vapor phase depdsifion
t echni ques.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
6,319,614 (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
diffusion coatings by CVD.

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

materials containing various metal alloys such as MCrAlY alloys, where M is a metal
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See, for exanple, 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
whi ch are incorporated by reference), which disclose various apparatus and
met hods for applying alum nide diffusion coatings by CVD. As used herein,

the term"overlay alloy bond coating materials” refers to those naterials
cont ai ni ng SYeh #00en, poksl, platipepscabgltpr alloywthewsf. al | oys, where Mis a netal
-7 such as iron, nickel, platinum cobalt or alloys thereof. As used

herein, thesd glcheRitY She frm" Eicﬂ%?éli: %ﬁ%ﬁlgﬁﬁhgﬁéﬁ &&%ﬂ%%gge?%étﬁ{ ”.

coating" refers toatﬁermal arrie I s appl by vati ous
physi cal vaprs shaskermdb pasiet icoatingPB) ist syphiet dyesaridus ghysicalgvapbeghisen beam
physi cal vapor .de Ltjon (EB- PVD). See, for exanple, U S Patent

5, 645, 893 @P&ﬁl‘é‘?fﬁ@ﬁe@ t&&)ﬂ,gq‘feéslaalé}dwalffﬁ@n%g@v phytied sepandeyosiem BB+ | i nes
36-63) and ;un%. b 564 ¢ i u 1 )
(especially col. Ee;éf, %ﬁeﬁ?;l@@?f%%gpft%lswzgv?ﬁi(ca a&f?%@b%%%erda% d8’b§®§

r ef er ence) ,{espapialii cdl. Sclinese36-03) andsU SpPateat 13 1GAZD (Muupby)s ifsoed Bgphyiyng

t her mal bary atin PVD techni.que i ncl udi ng EB- PVD t.echni ques.
oDt echn e Loy EReR iy il s ki e b B mish oo Biseiborared B TG eroth

col umar  stwhich diselosSeerifusQpparatiSandSiBEthbaY Rir hipplyiifly hefiAl Hali@  dogliflgs’ Neans
vari ous conpositions, conpounds, conponents, layers, steps and the |ike

can be conj®i RVPyteghginesse tholyding EBof ¥betachniquese it YR rtechaiass déndgtoyformhe t er m
"conpri si ng. ﬂﬁs«? e g trictive er " I sting

essenti al | ;!/COS g{r{lg cﬁosr{)]%tsl ng %%é’r%ﬁ,&f)q arfatr)lsjtﬁlfcs,reggﬁ gf,w‘?at i os and

per cent ages used herein are by weight unless otherwi se specified. The
enbodi ment sAofus¢ bereit, Hbel tafn t“boraprisinghineans ansouss edtipositionap pbiipngidey
repairing thernal or a wde variety of .turbine engine

barrier coati SH_%
(e.g., gas ‘Eoﬁffp(??ﬁ%t_s’e ?Iﬁe?t%aﬁl‘i glgea e&%ﬁ’ﬁn@‘i‘ﬂ%ﬂ@%ﬁnpg}yédflﬁrt}’f%d’r?s%tm net al
substrates jaoemionSi Rdc@di@ly, ahy t&in “BRhHSn@N ndBRiRksed | thO ¥fore | BGLLEHNY

superal | oys, ancd are operated at, or exposed to, “high tenperatures,
especi al | y mpheongistinsesaeniially of hand “sewsistingwf’ng nor nal engi ne

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, angmentor 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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operation. These turbine engine parts and conponents can include turbine
airfoils such as bl ades and vanes, turbine shrouds, turbine nozzles,
conmbust or conponents such as liners, deflectors and their respective done
assenbl i es, augnentor hardware of gas turbine engines and the |ike. The
enbodinents of the method of this invention are particularly useful in
appl yi ng r alrlng t her mal barrler coatln S to turbine_engine
conponent s aé % P epnRAReptsy the fhermalybariepchating & batappligd Prt o a

support st rEch st or
defl ector plat eag&gg@%ﬁygg angggg&n%t}g%(calw @ﬂ‘ﬁ@ Uff‘Bf)ass ?gqu%glgcmﬁggwéuch
conponent s,intthe cadrwemﬁmlcombustoe defteradri mgemblyber ajrfililseid the casaepﬁlarr&ﬂz]les

t ypi caIIy ar nore typically pluralj of rts ., defl ector

pl ates 3?%’@6}}93 et Jaing r?wgtﬁ%he‘yidsﬂr el yakr%?é@ﬁg? th%ﬁuramﬁf%mcaﬂ?n t he
case of a NR3ZiStheaS TR Rhs bPdk m&hwbﬁ&gs &%ﬂi&:ﬁ.ﬁ@@%&ﬁmﬂy,g RUAO 1Y
brazing) to the support structure I ments o the net hod
of this i neppbiirgonrepaipiagtsich hwemioleslucrmmlnents orithoap fileynerd tortakeeqpaitrarng such
assenbl ed con ts,wthout the ake. a art. or i,.sassenbl e the
conponent & QW%H%JP © LOMBSPRY B ’gl?ﬂ"? (S’Hﬁiﬂ’i‘@n?fdthq FEPRERRS brazed

joints and igHlp@iakt bragedS{otHs aHd &% pcﬁaﬁ% smétupesanpéee fopeﬁ?‘amﬁ%tﬂ‘s PRe42, 940
(Young et al) |ssued ept enber 3, 2 and U.S. Patent 502, 400

( Fr ei dauer (e‘?f‘l?a? (Yeungeqt JBnu%ﬁuyd Bepousr (ho2M2oand\ii.8h Pategt .&ww at ed

Bgr'zgfﬂ]:? eld r%éez:tgw oget er f %E@%#&sr%lggﬁl%ﬁwg)%&a@@y fﬁ%"a of this

i nventi on cﬁm cbmbuself dbmemssmmiewﬂogned frepal plufdity PErpaRE that ireragaiat i ngs.
V\hllethefolltg Pﬂgﬂdlscu n of an_ enbodinment of the nethod of this
e P‘g‘ﬁ?@tst

i nventi on WPEF wiKch of thermsthed of thist ingention epnke nsefelin i es
and especi t f 0, | se
these: necenBPing & [BHERE ol gl cOltine Aflehe Pfh Al UBhesi i8N °)
substrat e, ¢mbalmeadtdofatheonbtbodindehist ilmebttolnawﬂhbbhmts referends $o icombndtoron can
be usef ul h ot.her ar S _L£onpr.i.si met t ha rate at,
or are expo g]%ct[og)d ORF 5F° em?’g‘ gpﬁqsﬁ? @fy &‘%é‘?sl)ﬁ & SQFaS‘L‘ a?ﬁ iq’tf’g'i%a'bar rier
coatings. Tamnpiieess @Midﬁ%ﬁsm% thBnTRIaBG Qatihigy §vérﬁ‘§ﬁ1%t {hen&hE

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

oA

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

temperatures, that have or require thermal barrier coatings.

The various embodiments of the method of this invention are further illustrated by
reference to the drawings as described hereafier. 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., three 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 switlers (not shown) and a backing plate indicated generally as 42. The
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reference to the drawi ngs as descri bed hereafter. Referring to the
drawings, FIG | shows a conbustor deflector done assenbly indicated
generally as 10. Done assenbly 10 is shown as having an outer first
annul ar deflector plate array indicated generally as 18 conprising a
plurality of deflector plates 26 and an adjacent inner annular deflector
plate array, i.ndi cated _generally as 34 also conprising a plurality of

def | ect or pseHecter plates 9 of thege apnvlarsias § 8 and 34 aretypically joimsd erpthéawisgnnul ar
def | ect s el . d d
Gosenbly conrqradh impd: 8t sdch o Bty D BLBLORL MBS TRY

nmor e t han thiwowanmttoae skddéd ecthenrt. pl ate arrays (e.g., three annul ar arrays
of such deflector plates 26). These annular deflector plate arrays 18 and

34 I ted b I X . I.Si F I ljt f il
20 e U RHRBRLY SCn B IR OB Lolg, B PLULALL LY Ol ML ETS
plates 26 Qfapbhes AR LR cHpAYS al Buded odter g tég,pgg %E%%é‘kﬂe Qb buPled

otherwise attached to the support structure, I ng plate 42, by
brazi ng t ecdat Pdespprsite sidesofh and Ghtee skki tdventds watthethar tin ten dirsctivin

defl ector pl 26 1S sh I p_FI 2 as Mhavij neral ly rectangul ar or
t r apezoi daﬁc’g%{?fﬁél}%‘?ﬁaﬂd%%iasﬂ'gnta%(%rﬂil}éartg?ﬁ Z&%@@gg%% Paﬁﬁ%('ip;blﬁég?ec g‘i nner
curved edgurfade TOPRES al Cerfttall @spehfhpa bl BdrtirBagy ShAMMd IRYE dgemBRg bpther in
the direction towards inner edge 52, a front face or surface 70 and a back

face or surb¥antidly riugrshaped apuliaswall Honthanlbeograes mepaessivplyr smaldersin f or ned
therein defdinadeby, fe d?ﬂé&?cfxﬁﬁ&%nﬁﬁu%%cé bOgs shaRgdsand lélraisré)f }f‘%’a}-lnéxeﬁag}ﬁt, ?ﬁf ace 70

becomes progressively sm aneter i n the ai
to surface Pafent 3e@1459 18o(Sulldvang xBegpdeApkil $0, 1690, et ofhed lbnfdblSof Qetlkdtvan) ,

I ssued April 1 ,.1%?104 for other conbustor deflector. assenblies having
def | ect or saéﬁﬁ'?gﬂ’(% B‘ngﬂ%ﬂ@ﬁof ReSIReHsS ERrriekicls thy embedimenisgd the methpdsof

i nvention GAR iPRnussEMl be Jdaguif ront and back surfaces 70 and 76 each
typically have an alum nide diffusion coating. However, because front
surface 70 is opposite the fuel injector (not shown), it typically has an
out er t her nEtte Bamty angy bagkaturfages: 0 pndt76éctack Kppitallynbaveuarf aluminife difusteri | as

}[ Qe r emai nd&)rétigé. H%Iv'e%rf gécaﬁécaﬁgntzs%rt%&%@ igsso%rﬁgsl,i% tﬁg ﬁ;gl ri:%gc]:tgre 8{[0t S %r‘r)varg’e - This
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 tilermal 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). Tilustrative 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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particularly illustrated in FIG 5 which shows deflector 26 conprising a
netal substrate indicated generally as 100. Substrate 100 can conprise any
of a variety of netals, or nore typically netal 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
t enperature rh eat-resistant all oy e.g. , a superalloy. _Such hi %g )

t enper at ur SSFAHPSIAE. §i %411‘%&6“‘1 pveraying rubsterte | hisean alymindaditiysign pat ent

5, 399, 313 g/a]g“ﬁh n 6,723
(Cell et al(r}lg,%é% g‘i“d?&*s@%‘?%%gr %%S %g&%h& ?‘ Owﬁlg }1& Eamgﬁolgl%)sora ated by
ref erence. thickess toé rﬁ;mm abouté) atd @bcmt armilal(fomosboar &2 ly abl@s cioohattrons),

Kirk-OQ hnmer's Enc edi m cal ec nol 3rd Ed., Vol. 12,
417- 479 (1989, tyalﬁ%x/ m u‘”- gpto 3%8‘;“?3 fﬁ%w R ehoxt {79 Snicrejis)- PP

} ﬁg};ﬁ;ﬁz lrJ; el‘l-Rﬁ rgrfﬁilsi:o??:)%% ene{p?y? C?ﬁf cgﬁﬁ%gé%g%ﬁen%)gl e%%l?gl)el 1& ( Sg| ?dlys) and
Udi net (r). framo ahsufsm)\tm about 0% of thatiidmesst oﬁn@htmgé]MGayﬂmg tgpitallyr from 100 i s
an alumnld a ca generally as 106. This dffu3|on
coating 106 P?H "éflq thSé)?)g{” h"?ﬂ“ﬁ%@%g%‘é‘?z‘ ‘?‘ggﬁﬂ;\%ﬁ%ﬂy@d@c?ﬁ subste WOni | s

(f rom aboutaniZntodterBaditivd e 2r @iﬁé&llyfﬁﬁﬁﬁbé&ﬂb‘i@hﬁdﬁt%‘%ﬂﬁﬁ@ﬂﬁck%eéso about
3 mls (fromabout 50 to about m cfons) di ffusion coating 106

typically rﬁpﬂﬁl@é%amqrmh@tcauyﬁmsamt 5@9%111)011&QO"(&tquhQ:féaidkyessqu@mtm&)ut 30

to about 6 hji,ckness re t about 40

to about 58]0§62f ‘%‘g?ﬂs h§|h§ ezlsFo ?Cﬁg‘ Tffgfv%? g@i ‘zcﬂﬁ i%’g 9Q]df)satrate

100 and anthewtiatbaaiigicohtirg qm@rma&eteatgeﬁeﬁﬁylay 1280 PRC 3 fpwabaut 70%

of the thickness %f coating 106, nore tygl cally fromabout 50 to about 60%
3

of the thi diltesdaspeenirmad on dgfisiongoating 406 hywhysieel pamgr dsposafeena@éﬁ? and
over | aying @iiadColfURlcictfidn iBadl phiyBRATpaPAEL]:RlonC@H-bPD) (TR rhedi cat ed

generally as 12 Is TBC 1

di f f usi on ctﬁﬂypgallﬁﬁasm/ﬁmkywsmﬁl&ommm &ia;oaisjut BOmilsRiBin abbacthiopbest such
as electro @eam si cal eposi t EB-

h
typically h ’%iuctt k‘ﬁ@?styB'f’ f Ut Iofl Ut 199 PVD&%@?#I%O‘("%SO%%BB& 25

to about 763 AiGHR)S)As HBHWE 1I1WGC§| ihys TBeMBRHhed by PVAP AithnidledhdsSa (from
about 75 to about

porous straln-tolerant columnar structure,

Over time and during normal engine operation, TBC 128 will become of damaged,
e.g., by foreign objects ingested by the engine, erosion, oxidation, 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, issued
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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513 microns). As shown in FIG 3, this TBC 128 fornmed by PVD techni ques has
a 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 engine, 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 method of this invention, this initial

st ep i nvol wichanistfps FBCnE2Sofuch a@rthQﬂeH@nWmeg hﬁdrovlﬂngc 76id, hoflvain atid,f usi on

coating 10 BC.12 met:.hod kn t hose
skilled i nq? g %’rl% %B?I%r‘élr‘%lovuf?{b"n%ﬁ @%‘ > qj K’Eeteh&rs 31“8? i ng
such PVD- afptdned,72B098 eaNaBarapst al rﬁemammalh 3r musvaépecﬁnsz b3l hﬁ@rmy@l and
any conbi nation thereof. Suitable removal nethods include grit bl astl ng,

with or w tHhSuPaterichdiylIor tost%ﬁhfl‘é’(ﬁe@ aj,Hagued Januanot, 1986 mspetitiheealed ling grit
bl asting (sgelop 3 'Tfhteeﬁt nes HPZ g? ?%é;‘ioaﬁﬁﬁf%r et laiSSuédsﬁ&gg%

Mar
1998, especially cdl. ncbrpora é?erence)

m cr omachi mquglalljascdr letlmlas 159- f(SsmdU;JS Fsnert 49, 7823t00F&htee e|N| AgRewedet al,
| ssued Mar especi IIy co 4, line 67 to col , line 3 and
1317° i P8 298 3orRedalnk o dinsh gyl vl R0 deiorERsaleg by

phot ol i t ho%ﬁ?&%ﬁ%%@ﬁ%&iﬂ?%&tﬂ%{ﬁf @%Q&ré d.07 wHRE jlefe gt)a%ltrhh&se

cont ai ni ng hydr oc ric acid, nitric acl anmmoni um
bi f1 uori destalu@t nbading edtht hhasmé Jpattobes, a$ ovellexauvplias dzdmﬂnnati%mtseuﬁthﬁse?ZB 078

t o Nagar aj et I 1998 e |aII col

U S. Patent™ %%53 2115335’1?& Yadith mllifg is; regjo Ve ‘}’Xﬁ‘?ﬂﬁgw Te 1’#81@ 1 sf:?em ally
col. 2, |Irkfé1b Rtedt th®labradiveldchgn 6F stikcSn ca%ﬁmaréeléé%te%ﬁgaﬁme@ ks et at,

i ssued Cct ober 12, 1982, especially col. |1 nes 50-5 U.'S. Patent

4,411, 730 t]éi'ﬂn'? gﬁh@refrth@ttyms of absasisee pamqlvzﬁ@eThezg partioBs usqhm@’ntdﬂasyng@te 2,

e 40 Sy S SIS LACSHRINFIEH Phagl ! FET8 o SESRAR ot

wi th abr asi a?cmupaj triesh &om aBoMﬁH3| toasomaﬂooouﬁcrsmﬁters),ahbmpﬁﬂlgt fremeabotiet hods.
Typi cal vy, @3 362 é ved r| t bl asting where TBC 128 is subjected
to the abra®y Pbget bR %%ﬁ‘b?‘éféltﬁéﬁ?ﬂl%rp%te@t eel particles,

alumna particles or ot her types of abrasive particles. These parti cl es
used in. griAfb} §BIC 198 &8 Removed, diffusion layer 106 is then treated fo 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.

See U.S. Patent 5,723,078 to Nagaraj et al, issued 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 to 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 Iayer 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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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 later formed by plasma spray techniques. This diffusion |ayer 106
can be tred@éhhwn&wequm ropghened utes sudaerhindisatedras 1G0. nEetherdmple,

previously 128, 7 078 to
Ragar o) et “SE° EEABRH, SRR g I pd e iRy siPrach 155, oy ks 36
(herei n i namelags aﬁﬁﬂzetnéug}ﬁfees! RNGEMt fe@st abotUBY @hb@n{wetnh%dlweélw fother i t
bl asting. See also U S. Patent 4,339,282 to Lada et at, issued July 13,

1982 for a rangs eiiEeme ahewtriitor abent, 200 mirereeicrsa mase fynieally dzam ahentvi00to

chem cal etghanisp meHﬁ-%et Leatment of diffusion layer 106 can be a separate
treatnent step or continuation of the treatnent step by which TBC
128 is renoved, with or without nodification of the treatnent conditions.

Typi cal ly, Ag shovint énstFI@g?i aﬁuséifﬁls‘mnr}aymvla()é hao bgdre regted ad hﬁﬂkwi gembext uri ze
di ffusion coat| n suc zing rougheni ng
typically F&?ﬁ’é’\}é aa’fq‘ta @ﬁaﬁ% nldy°°§T na fﬁé{" é‘?ﬂoﬁl\%l oq é-Fea 0, and

at |east a Ji@hiidd Wifflsidh Eé4Rk0f ke hn Ioherial %%gnaodae bt Kaer! £llAHA!
diffusion layer 112 (typically fromO to about 75% of e original

t hi ckness cfenemely m@ 2.1@8is averlay alm Teaid| opaf ayen E3otypicslly hasadatimknzmbfof t he

original thickn t 6 t ured hened out er
surface in %%tag%fls[a% 81% ]I'—gnfmélﬁi @Lout?g té’gabf’}’teibr@ﬁforﬁ? "aﬁfF ?ﬂgi’a@ﬁ | ayer

112 by gri tfrdthasbit®to shout asmﬂss(ermﬂaidty/shaabaﬁt 3BVRIRER).S UileP6fedlqughness
Ra of at |east about 80 m croneters, and typically in the range of from

about 80 t Rlieydend sou layes A d2batbesn fapned, pypitable pgrm%ﬁhpmlb@rrmgommg about
150 mi crongf, eﬁal 1@‘%‘1&%%&69 o'l er7142%% a’g]%?'&fllﬁﬁl ltﬁ% esggg Reen

treated to make it nore- receptive, a sul € over coat
materi al i sisttmceluemdhetrmgemf fide abowtalt &daboak 400 mhﬁ;e(fﬁhrri fabtﬁ]tQJS toadbuing to

form an ovek i ALLoy EOId, 5090 L ayer, et ad, oeneral ] X 2eid i I S
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 contrast, 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
- U.S. Patent. 4,741,286 (ltoh 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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fromabout 1 to about 19.5 mls (from about 25 to about 500 m crons), nore
typically fromabout 3 to about 15 mls (fromabout 75 to about 385

m crons). After overlay alloy bond coat |ayer 142 has been fornmed, a
suitable ceram c thermal barrier coating material is then deposited on

| ayer 142 to form TBC 150. The thickness of TBC 150 is typically in the
range of from about 1 to about 100 mls (from about 25 to about 2564

nmi crons) aferoel bardepeating paaterialy £ 8. cteyarpic pavuters gte feddhiodhaglumes aadt i cl e
that is i yed. For _ex I f i_.ne. shraoyds 150 is typiccally
thi cker andid BUFGRy pERRTP Hicorlontat] MetBnd SR8 s 4185 VAR SR

(f rom aboutsudtbplata apay tcodthiiStectifiguedneill, b e khywh €atHoge bkilled abehetar}0 to
about 60 m_| slééfrom,about 1333 to about 1538 microns). By contrast, in the

case of defiRdeding vangiisaeleymt steps and pracess RasametFisysuch p§ elsaiingatithedondual | y
in th - 40 1 | ,
In the ra“%ﬁsit?ém%a"c@ BrRP Yt e?ostl??rgﬂ?g%%au?p% pt%{)aﬁxgég%g‘tsﬁgg‘d%sgaga?( @@m@a@om

1026 m crons nore‘typicalty rom about
256 to abdgtn-K6sibstraie)) baldctiohlvd theanpaint io¥ prippassen phwileyfeed 1, particiEBC 150

can be forned by any, suitabl pl asma spray teghni que |l known to those
SKilled i n YISy ﬁqr%%é&weropﬁéw&nﬁ% seleetion. exipgton mtg“p‘i | Bpediugt oKideneni cal

Technol ogy, " S ed. tdheieln, as
well as U. sStoggg(t”EﬁttryE?}{ 3?20,%% °?§%ﬁ£§§‘ﬁ‘f 632?9‘&0? ;ﬁiﬁ@ggﬁ%%ky&f@g%@%m U.s.

Pat ent 5, 04TArél poywSanakaranein tht rangenfabodeld kildveatts 10 abd@ DD kilvolvatts). 2Bd
Patent. 4,741 6 (ltoh,.et al | ssued Vi3, 1998 (herein incorpqtrated by
ref erence) Wf%%r @?WF‘EF&TQF(}@S??PW%‘%&&O%OV& i 085@2811%‘”%#3- sna
spraying siddead! 6 fherthbreeal RbgdrNeoating ARMEMHA! partioled €8t &RHBLS Pliha
techni ques involve the formation of a high-tenperature plasma, which

produces a RIWEE (RiIplasmaniet”)in @notharparsraetanvhish iy ysuplly entiolgd veyelesalys, e. g.
ceram c powders, are fed into the plune, and the high-velocity plune is

Gt 2 | St PR SR USRI Pty e
i ncl udi ng \@avicuwsetr &) evaied SdpegusbeantD, pt e sehiplarianetapsratadchy asferéneani ng of
Lhe bond_ gatn S0 LR, BiLer &, 92005 Lt PL S5 SBLaY, bar Gl 58 ueh e
Spr ay- passegzzRoyRed e @t 8iddEdn JdP3hd UG Rit-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 exit 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 particles melt, impact on the

substrate, and quickly cool 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 to form a newly applied TBC
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vel ocity, torch power, plasma gas sel ection, oxidation control to adjust
oxi de stoichionetry, angle-of-deposition, post-treatnent of the applied
coating; and the like. Torch power can vary in the range of about 10

kil owatts to about 200 kilowatts, and in preferred enbodi nents, ranges
from about 40 kilowatts to about 60 kilowatts. The velocity of the thernal
barrier coating material particles flowing into the plasma plune (or

pl asma "j etl5). inthgeatiediment ofifhis methehi actwbsisate $0Qhiwing analnwinideldifsipn

cl osely. Suj | l [ systens.are descr.ibed in,. for exanple, U S
patont 5, o4 7@, PoR KB B e 1 SORARRISIERGHI s Shuan i RERRA

i ncor por at ef#sdbet eh@rashewn iBIHICSE by, TR bveplagaliffindias BBnd oA aper S48 ErdNC| udes
a plasma gun anode which has a nozzle pointed in the direction of the

deposi t - surfBe d5@arerthen tomped.ras peevimuishyfleserihed @nd aypows gt gun is of ten
controlled automatically, e.g., by a robotic mechanism which is capable
of moving tygig légeéd'ﬁc Vé?ﬁﬂo‘&ﬂﬁerﬂ?téfeﬂqgsm%ﬁﬁ’S@ p{ée &E{?ﬁtiﬁl%ﬁ'oﬁ“ifﬂiﬁcﬁeenThe
pl asma plume extends in an axial direction be Welh elexXi T ot the pl asma
gun anode desditteligitswibisbe apparentribathese Sdliel sothe of thpwwddous modificeiensneans

i s disposed, at, a edeterm.ped, .desired axial |.ocation between the anode
and t he SUSE?I' Tt 8”253??8 WL Outsg?@rté‘?%gémhg}ﬁ spigt and sgors, of dhg Press powder

i njection nNRAGSichSs 3OS AR ehdbd@laifn@di @l sense fromthe plasma plunme
region, and an injector tube for the powder material is situated in a

position so that it can direct the powder into the plasma plune at a
desired angle. The powder particles, entrained in a carrier gas, are
propell ed through the injector and into the plasnma plunme. The particles
are then heated in the plasm and propelled toward the substrate. The
particles nelt, inpact on the substrate, and quickly cool to formthe
thermal barrier coating. While the prior description of the enbodi nent of
the nethod of this invention has been with reference to repairing an
exi sting PVD applied TBC 128, another enbodinment of the nethod of this
i nvention can be used to forma newy applied TBC -14 150. In the

enbodi nent of this nmethod, 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 diffusion bond
coat |ayer 142 and
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TBC 150 are then fornmed, as previously described and as shown in FIG 7.
Wi | e specific enbodi nents of the nethod of the present invention have been
described, it will be apparent to those skilled in the art that various
nodi fications thereto can be nmade w thout departing fromthe spirit and
scope of the present invention as defined in the appended clains. CLAI M
1. A nmethod for applying a thermal barrier coating (150) to an underlying
metal substrate (100) where the netal substrate (100) has an overlaying
alum nide diffusion. coating (106), the nmethod conmprising the steps: (1)
treating t helAIMAi ni de diffusion coating (106) to nmake it nore receptive
to adherence of a plasma spray-applied overlay alloy bond coat layer (142);
and (2) plasna spraying an overl ay aIon bond coat material on the treated

di ffusion atin orm rI allo dcoat :
The et hod B o SFistLok AppI S By Beil il PouelS0Ey Brinde BT bl he”
di ffusion coabitial@(100PFhereIhe fleeal SEshac (qbo aﬁ%v@ﬂ%ﬂ%al'unﬁﬁdg dWhRIAl N the
di ffusion coat.i nap%lOG) is grit blasted ing step ( so as to have an
out er t ext ugoatng(}0ph ke mathg Cmpﬂﬁggﬁwsé@érage surface roughness R, of at
| east 80 m croneters. 4. The nethod of any of clains 1 to 3 wherein the

di ffusi t 1 f 12 t
100 morond and i s o inp) e AlENe Efdbn SO Qo6P @ ek i bl 2 1O
t ext ured sueteptive basdierenay of agiassiarsheayeapptiod by dilay bbnd ceatla@p (142);200

m croneters. d5. The nethod of any of clainms | to 4 which conprises the
further stef™of: (3) plasma spraying a ceramc thermal barrier coating

mat erial on the overlay all oy bond coat layer to forma thermal barrier

coating (15Q %1 Ethdned sraying GRRb VY ﬁloﬁrhﬁfﬂﬂ'%oa?%e&él% GO e ©htddl 28)

appl i ed by Si cal va or deposSition to an under| é al um ni de diffusion
coating (1 ﬂill?lﬁ'apo%%r( ) do formun eyerlaybioy bomsl gorvyer (1AZ). met hod conpri si ng
the steps of:

2. The method of claim wherein step (1) is carried out by grit blasting the
diffusion coating (106). - |

3. The method of any of claims 1 to 2 wherein the diffusion coating (106) is grit
blasted during step (1) so as to have an outer textured surface (136) having an average

surface roughness R, of at least 80 micrometers.

4. The method of any of claims 1 to 3 wherein the diffusion coating (106) has a
thickness of from 0.5 o 4 mils (from 12 to 100 microns) and is grit blasted during
step (1) so that the outer textured surface has an average surface roughness R, of from

80 to 200 micrometers,

5. The method of any of claims 1 to 4 which comprises the further step of: (3)

plasma spraying a ceramic thermal barrier coating material on the overlay alloy bond |

coat layer to form a thermal barrier coating (150).

6. A method for‘ repairing a thermal barrier coating (128) applied by physical
vapor deposition to an underlying aluminide diffusion coating (106) that overlays a

metal substrate (100), the method comprising the steps of:

6 : removing the physical vapor deposition-applied thermal barrier coating
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(1) renoving the physical vapor deposition-applied thermal barrier coating
-16 .(128) fromthe underlying alum nide diffusion coating (106); (2)
treating the diffusion coating (106) to make it nore receptive to
adherence of a plasma spray-applied overlay alloy bond coat |ayer (142);
and (3) plasma spraying an overlay alloy bond coat material on the treated
di ffusion coating (136) to forman overlay alloy bond coat |ayer (142). 7.
The net hod (B48)dtom theainderbying alugrrige diffusion coating @86but by grit blasting the
physi cal vapor deposition-applied thernmal barrier coating (128). 8. The

met hod of of cl ai e ¥l feysiy 0 S grit
bl ast ed du?%g step (t%?mg%tt a%%ﬁavggag%& Qgﬁ t? rgtd%}soﬁél%g(((’:eégj%éé

havi ng an adkérage ofalﬁlisﬁmespf@k@pB%SVé?&yQﬂloﬁboﬂuﬁaﬁl la§€r (T4g),@n@t ers. 9. The
met hod of any of clains 6 to 8 wherein the diffusion coatlng (106) has a

t hi ckness of fromO0.5 to 4 mls (from12 0, m crons) grit
bl ast ed dur(%hg step péagnaswr@)ﬁ%g ap yeday @i loy i’i’?@u‘c@ﬂt g ém(thgéseaw&s an

average surdigcs. O‘{%%QSP%A@fOﬂfanfaﬁﬂﬁﬁg?‘&%&g%WI?&Hﬁi@y gr10 The met hod

of any of clains 6 to erein step I's carrie it blasting
the diffusion coating (106). 11. The nethod of any of clains 6 to 10 which
conprises the f lﬁhehmcﬂn;deﬁ aydim ¢ syhergih stepa(19pis apitred eut der grif blasting thel

barrier coa mat er n th rlay.al.lo on oat layer (142) to
forma therd &ang?)l PPP #epgagﬁ?l? ﬁ%p te%Et'g rma{ %{%‘?‘ﬂ%glzlg repairing a thernal
barrier coating (128) applied by phy5|cal vapor deposition to an

under | yi ng &l umThedaetlod b sdyoor caiatsi O { WB6neid tha difsein @wEing (1065 idgrit
substrate (100). of at | east one part (26) of an assenbl ed turbi ne conponent
(10), the WWW@O e h@%@%méte’( textuped sustfage,d 30) hasiingan syasesfent

(10) is in s%?fa?éx%glgﬁ% %Fp.%qeas{m&g&{ege physi cal vapor

deposi tion-app arrier coatirng (128) fromthe

9. The method of any of claims 6 to 8 wherein the diffusion coating (106) has a
thickness of from 0.5 to 4 mils (from 12 to 100 microns) and is grit blasted during
step (2) so that the outer textured surface (136) has an average surface roughness R,

of from 80 to 200 micrometers.

10.  The method of any of claims 6 to 9 wherein step (2) is carried out by grit
blasting the diffusion coating (106).

11.  The method of any of claims 6 to 10 which comprises the further step of: (4)
plasma spraying a ceramic thermal barrier coating material on the overlay alloy bond

coat layer (142} to form a thermal barrier coating (150).

12. A method for repairing a thermal barrier coating (128) applied by physical
vapor deposition to an underlying aluminide diffusion coating (106) that overlays a
metal substrate (100) of at least one part (26) of an assembled turbine component
(10), the method comprising the steps of:

(1) while the turbine component {10) is in an assembled state, removing
the physical vapor deposition-applied thermal barrier coating (128) from the
underlying aluminide diffusion coating of the least one part (26);
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underlying alum nide diffusion coating of the | east one part (26); -17 (2)
treating the diffusion coating (106) to nmake it nore receptive to

adherence of a plasma spray-applied overlay alloy bond coat |ayer (142);

(3) plasma spraying an overlay alloy bond coat naterial on the treated
diffusion coating to forman overlay alloy bond coat |ayer (142); and (4)

pl asma spraying a ceram c therpal barrier coating material on the overlay
al | oy bond(z)oat | ayefreptingp the diffusian goatingr () varmplky itc owere Feceptise)te 13.
The net hod i [ej . [ | rit blasting the
physi cal vég@?&ggﬁgé#%Fﬁ%&2§3%5§§8¥H%%%ﬁFﬁBgﬁé%%gg%%ﬁiEﬁé2914. The net hod
of any of clains 12 to 13 wherein step (2) is carried out by grit blasting
t he diffusi(®n coati ngldskabipradngantovetiay allay botd evat swatariak dn sthie freaed ( 136)
havi ng an ayverage surface roughness of .at | east out, 80 m croneters.

15. The ne?%ﬁfgﬁslfgﬂfm&ﬁyg&ﬁfeoewwé’e 2y ¢l n‘wnfi&Patrlaﬁi(}‘f?Sga@n assenbl ed
conponent that is a conbustor deflector assenbly (10) and wherein the at
least one pgayt is a yiahlLehRinplAt&at?Oihdd@dl BerRr bt hie&iad H) aand a
back face (76), wheréin the front face (70) has a thermal barrier coating
(128) appl ioverlapyaljsiyybond sbatlaysn (1423 po firmi thermal barrier coating (150).

13, The method of claim 12 wherein step (1) is carried out by grit blasting the

physical vapor deposition-applied thermal barrier coating,

14.  The method of any of claims 12 to 13 wherein step (2) is carried out by grit
blasting the diffusion coating (106) so as to have an outer textured surface (136)

having an average surface roughness R, of at least about 80 micrometers.

15.  The method of any of claims 12 to 14 for repairing an assembled component
that is a combustor deflector assembly (10) and wherein the at least one part is a
deflector plate (26) having a front face (70) and a back face (76), wherein the front
face (70) has a thermal barrier coating (128) applied by physical vapor deposition.
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