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HAVING T I\/E éﬁ%ﬁgg 171CROSS REFERENCE TO RELATED

APPLI| CATI D‘élscrmte@rppd gtion is r I ted to co-pending Applicatfon Ser. No.

[ At t orney Mﬁ(s) Nu egrg I—’e}llﬁél 8e9'c1 ‘1 ed "Surface Preparation Process For
atr

Deposi ti r Cer am ¢ Y nip'Paged . kil ¢d on even date herewith. 10

FI ELD OF ! ?WITI@GWM -progaged .invention relates generally to thernal
barrier d&Afbsigs: andgesl. lﬁ.t..G{% ((ﬁ gﬁ icularly to ceramic thermal barrier
coating re—fer—superal | oys. BACKGROUND OF THE | NVENTI ON 15

Thermal barrier coatings (TBCs) ar€ W dely used to reduce t he operating

t enper at ur espg -E%&hﬁhgﬂ(ﬁﬂPﬁﬁgi . '..f used for
years in ga Syl mmite e sections
of such engines. A typlcaIAmmiggﬂ@ RMNGZEﬁiaﬂﬂEpera||0y substrate Wi th
a thin adherent alum na |ayer fornmed over the substrate, and a ceramc

| ayer applied on the alumna |ayer. See, e.g., U S. Pat. No. 20 4,321, 31

1 tosStrangman. Dependirigs$/REFERINMGCRTOIRIANEID APPECAION, a separate bond
coat, including but not limted to an MJerr] ALY or alum nide bond coat is

provi ded on Thieapgligasion igirelatediiegopprdingdipplication 3arUNe- na_| ajdstorney I%Ftsﬂﬁﬁ;‘,equent ly
formed MmbGEIRIOLF Attied MubBee BRI P/LAUF S fep Sl fw&f CRGIE A

cobalt, 1ron an nati ons thereo ternatr SOMe supera oys can
be oxi dfileddn enidateberawitladher ent al uni na | ayer, and no separate bond coat is
required. Exenplary alloys are described in 25 comonl y-owned U. S. Pat.
Nos. 4,209, 348 and 4,719,080 both to Duhl et al. A primary benefit of such
supé@al l oys is that there is FELROE THE RNMENTIONe substrate with a separate
bond coat. The addition,.of bond oat . ad ht. onent wi t hout
2dd ng_ ot t end PO ErPRR 1eBes Ry b g dpes feyingscard FSFERGR. ¢ ur bi e
engi nespaﬁiaulwﬁ)ioauﬂn&rmmmia&rmbhgasygammyg‘?gmnéysrot ating parts such as
bl ades. On parts rotating at several thousands of revol utions per mnute,

t he additional weight of the bond coat 2 adds significantly to bl ade
pull, e.g., corresponds togtgkaanid ooaie heveeriofue to the bond coat and
15 Thermal barrier coatings (TBCs) are widely used to reduce the operating temperatures of

underlying substrates. For example, TBCs have been used for years in gas turbine engines, and more
particularly in the turbine sections of such engines.

A typical TBC system utilizes a superalloy substrate w1th a thm adherent alumina layer

formed over the substrate, and a ceramic layer apphed on the alumina layer See, e.g., U.S. Pat. No.

20 4,321,311 to Strangman. Depending upon the particular superalloy, a separate bond coat, including
but not limited to an MCrAIY or aluminide bond coat is provided on the substrate, and the adherent
alumina layer is subsequently formed on the bond coat. M is selected from the group including nickel,
cobalt, iron and combinations thereof. Alternatively, some superalloys can be oxidized to form an
adherent alumina layer, and no separate bond coat is required. Exemplary alloys are described in

25  commonly-owned U.S. Pat. Nos. 4,209,348 and 4,719,080 both to Duhl et al. A primary benefit of
such superalloys is that there is no need to cover the substrate with a separate bond coat. The addition
of a bond coat adds weight to a component without adding strength, which while undesirable generally,
e.g., in gas turbine engines, is particularly undesirable on moving or rotating parts such as blades. On

parts rotating at several thousands of revolutions per minute, the additional weight of the bond coat
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t her mal réjg}t(hgue dye to the thermal s{éesses %e erated in the coat over the
wi de 5][ a '&t% rtgglg;jc i et fEsue SHp crfnlgl eisesacaerated waherog | v,
use of syieethalide gt sfahkpeea WhiEh e RRp&HIAGS ca! 'Adtdrding] re

I ncreasi ngly desi rgd for use sl n rotatin oﬁ,{eﬁrﬁs such aésﬁ%ﬁg{%f?ne bl ades

conp ;
and conptuperalinys papable of fagmipgan ad_agcrtsahmin_aﬁwr #g instpapieghedasised for use én elabiom t hat
nmany cerg ncHstEJé\'ag'nﬁbiné 6!&#&' Q&J&n@&?&&k biadE s Qe a%?aﬁ@P@Bhﬁ%‘&%ﬁéﬁ%&P”' a
general ly an y way of exanple zirconia having petf cent by wei ght
yttria (7YSZ)Itédoewn thatdminy cerannemmateyialspineluding stebilizedior stisigtheded32rtorgd denerally

Strapgman,.are relatively tran rent {0 Q9 n, rdinaky, underlying
et ol 1 o8 bl Ftonla PR 7 Rk SR 3R (PSEP AT lBPR " 1
oxi di ze @inediV.S. Rat; Nasd, 3], I teStanghiie afeacimbicBittahpatenCio@a@mes.. Atdordiglyal so

known t hat, the ceranjc .l.ayer wil| eventpally spal| or .otherwi se fail, which
U n R e T R B ety yrnapesbiR end bl e i e Poradt 0
operat | rigcrs&mglrste &'the temBéritufeAndréab®. HUDCSIRWh tHa®the QéramlicCayePwilllleddnhNy | S
affected by the remaining bond coat or alloy oxidation |ife. As a general

rule, thpakortheanisyipl, whighip fum iflugnsesihegrigs lifs efherempenpet Ukdennomealt he use
of asse n% ify QR&tlo ?&Hi&%%jsubﬁq&ﬁ} tb%éx%m%gﬂ%bx?ﬁ affEctdd Sty rehiAiflg bon

d
convent i superal [ oys which utilize a separate bond Coat, and we believe
that hi gleetroreieyxidation kfesAse amerl wie, the minsralloysrrapabla gf érrmirgan sluminadaysr at
! east 1n. axrntthé e D%c%grgfe b%L&JEQaptléth tS%QEegpéx’idaﬂ?rPresisth? ﬁﬁ%@%nﬁ%@éerﬂﬁ?sd
with the conventronal superalloys, as we as the presence of an
I nt er venwlich dtdiges sepadate bomhabat el we trdiewadieat higher osiditirnresistanesaef codventional

i t. lt.is furt K t hat t f .t j i al
occas: onapraloya s dis sl a2 Peler imBhoff Ty i BESPFL2H SpiMSHE o o
foreqn Rj@ténalisupaghoystas ell aPle plesxibersfan idtavdiig lo/er (tRBondetat) bbtwedh thelebr i s

entrained_in air ingested by the s-generated by broken upstage 25
conponenfubstratgand its ¢AVIFgIMedk nosed conponent areas are then subjected to

signi ficant | yy iHARARRRM! B YF BR cerAMFt rRatdrill S&aﬁnﬁtﬁﬁfaﬂ%ﬁeﬂﬁﬂﬂé Mgy hi gher

y
rates thereby reducing the life of the conponent. W respect to
conponenexampla due tddocalined spadationeor foreignrbicst damagm ¢-g6 oatticulatpefonudsiurieg e nat er i al

I S expose o . | af {Ureseand. . , and
oxi di g escoglbg%{‘/)g’n&e %sgflﬂw’{e}?'hlfhg{' 2’45 %%Q%I g?f‘%?LB'ffgeab?‘T g#“‘?%?@%ﬁ%ﬁr I'n é]on
unprist ecéongpogeatst Undeslying, expined cantpenamnareasi and themsubjectad taippificasly ewrdasad| ur e of

t he 30 sur r oundi .ceram c and. exposur e of aidd(iﬁﬁi ong{é bfst}'rate mat eri al ,
and t he HRSTERICS30q Srifias af orfesrondingly hiEher s TembY RSB TasE o e SMPGRRY ot o

mat er i al with respect to components that do not include a separate bond coat, the substrate material is exposed

directly to the higher temperatures and increased oxygen, and oxidizes at even higher rates. The higher
oxidation rate occurring on unprotected portions of substrate material in turn accelerates failure of the
30  surrounding ceramic and exposure of additional substrate material, and the increased temperatures can
melt or otherwise damage the substrate material.
It is an object of the present invention to provide a TBC system, preferably but not necessarily
incorporating a superalloy that forms an adherent alumina layer, providing the benefit of reduced
weight while still limiting oxidation in the event that the ceramic fails.
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"It i's an obj elfs apthenpbiegh of diernventiopdmpronide sush pyianHie whichpi seryise &fof an
'preferab&x@%cempoaamgﬁ&%h HPIRHBRAH i Bveft GUBGIR!difYe, L AL TOr S an
um na redauce

adherent a ayer, providing t penefi1t of melght while stil
limting oxidation in the event that the ceramc fails.

11t is another object of the UPﬂﬁgﬂ such a systen1in whi ch
the service life of an associated conponent Is not significantly shortened

in tHe event Afcoubnganione dspdct ofithe in@olidRMeRal Baifierd ddofirigBy<Dith for a superalloy
Accordi ng,to on qﬁ%gct of the invention, a thermal barrier coating system
for a su%g ?‘% trate is disclosed. The substrate conprises a

super al | oy of ﬁd’uabitm‘.b&:ohbﬂics aSupeﬁna;bcbmhairpétﬁitm &Qalﬂé’lot&'dth&ﬁgéﬁi\tadﬁéréhm na
| ayer. See, é 7‘41]9 Q80 baoth to Duhl et
al. By m%!mﬂa@&raéﬁ S NES BabS6 a‘ﬂé’%%a%’fﬂ?é) 4 bothipPrd etala By way of gas

turbine gaghRhe sﬁb&?@f&dn@%ﬁnc'a&u@ﬂ@ 'blaﬂéjoﬁackaéhrgige engfBS A bBAECohGE appliad Bt Of

t he substraP so that a remaining portion of the substrate remnains
uncoler elgast paedocabarss O%thfé%Mt@ws &9 thattaggmaining portipneofghessubsitptegemaips unbovared BC

typi cal | ;ﬂlgg(F ﬁ]@?é I ia ;”H | ade
airfoil, y%{l&c?%%géisasgea re era a?%glr?ﬂg l'um E?gﬁedr}%lrgd?%rrre 0 ehf“ﬁe

remai ni ngal}mqugemf tk btaﬂeal!futbswt otacr@r@nd’rdd:rshiy,@n atuhélatmmiscformed oihen i f an
overlying cerani |Is d coat, remai ns limts
Che. rat cpgR Pefiop AL S ind soE b BF Pandoon g o ShyhE RS 1y s

Accor di ngie iuideflyifg B coR pétdinspdndtliftits ﬂfeeﬁteMwhxﬂMﬁélﬁnd&ﬁymgﬁsuBMﬁ&ﬁﬁdtérﬁy article
Is djsclosed. The article includes a superalloy substrate, such as a

tur blhe BYYES of a gas turbine engine. The superalloy is of the type that

i s capabl e of AEQRkdigd aidther 8dpedt@Pthe plesiimt maenhaagarsupemlbpmcxewscmfsedt he article
Is applied to_at | east one local area of the substrate, so that a portion

of the subst r Rheartiderarindes aguperalloy, spbatepte, suchias a turhige blade of agas Mrbine eagilie. t he

bond coa tyfoARAL M,@aﬂl Subn@hdveN A e he
bl ade. A&éosﬁla%gyﬁ)&yﬁ anottﬁgt%1 %Hskéect 0 thag&r%gsent |dr}1’vent|§\dgln%§aég§rtg%hod

i s di scl srtield isfapplieddeliatdeasipne Ivéalmqagﬁ the @mbsgate.épahﬁ & pertion efdhasubsteatererpting he
70 ML SIS BB A B0 S e B
al um na ¢dgyssaf.the blade.

According to yet another aspect of the present invention, a method is disclosed for reducing the
weight of a ceramic coated article of the type including a superalloy substrate, an adherent bond coat on
the substrate, an alumina layer formed on thekegd-seat-and a ceramie-later on the alumina layer.

25 The method includes the steps of providing a superalloy substrate comprising a material
capable of forming an adherent alumina layer; applying a bond coat to at least one local area of the
substrate such that a remaining portion of the substrate remains uncovered; forming a thin adherent
alumina layer on the remaining portion of the substrate and on the bond coat; and applying a ceramic
layer on the alumina layer.

30 According to still another aspect of the present invention, a thermal barrier coating system for a
superalloy article is provided. The coating system includes a superalloy substrate, and an aluminide
coating and an MCrAlY bond coat applied to a localized area. The bond coat may be applied to a local
area of the substrate with the aluminide being applied over the substrate and the bond coat, or the
aluminide may be applied to the substrate with the bond coat being applied over a local area of the
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25 - alumiridee Aniaintadhbr alhmdxeﬂnyéhefcsm@m/eodnc pinminiddiandjthe bedpeat alvitioy
'substrate conﬁrl Sl ng Er‘aterll al capable of form ng an adherent al um na

| ayer; @“"”SB H‘& G4 55" at | east one local area of the substrate
such that a remaining portion of the substrate remains uncovered; formng a

t hi n adherent alum na | ay f the substrate and

on the bond coat; and app %nbggﬁ%&i 5F2ﬁé§8§ﬁkﬁﬁ'&%a| um na | ayer. 30

Accorgling to #1G)iis a@at;bwtﬁvea,wa tstbiné BiaddihcBsRkiting BéRdsén® Bweriion. Ner mal

barrier coatl%gcagystemfor a superalloy article is provided. The coating
1

system i ncl ud § & SeemAtco§rows $Eional visw of g bh‘ﬁc of Fdﬁ'l hillystratisg aisvpgrallay an
MJ err] Ak%sﬁﬁlgda lG&ﬂEcd%QﬁH dofl addninihLa R gﬁﬁjﬁiﬁﬁmy‘;ﬂhe bond coat may be

applied to a local area of the substrat e’ al um ni de being applied
over the substFil@iis afidgméntary sertiownd siew oba secoral eatbgdmmtdéﬂwrayermn atpqhtdmgd to
t he subs ' Qgﬂgl ppl t he
al um ni déﬁﬁkﬁf) }\{1\%"&]’9‘5“3% rnt a ﬁ%@%}gp é‘?/g?aq 4 tu(?r gegorak’%ﬁ@!i cﬁmm% alc})'ceire and
t he BBnd coat FIG\4 is afrageentary, (sedtxagedamw&fmﬂurﬂlemb@ixm ofthé ayeatioBiRchbing a
DESCRI PTI ON TH W NGS. El 1S, & ers tive v of a
Cur bi ne YREAIoY SOGFTH AL PMI Rend oty e e Bonk el 35 5 ereid gt .
cross sectional view of the blade of FIG 1, illust ratl ng a superal | oy
substrate, a |localized bond coat., and alum na | ayer and a ceram c | ayer.

FIG 3 is a fragmititEHyED QESCRIFHON QR LHEPREFERREREMAUBIVMERES of the
i nvention, i n%uﬁttgrmwao FIRr @tutme @&Q%tcs@satmgamt Qx‘ééélnd ifredidG mttt}at’édY bond

coat, an alumnlde bond coat, a ceramc layer. FIG 4 is a
f r agi®nt gengrally by theaeferenop mwrdfma Thhmrlzineehi@e mchdman@frfmlﬁé 4 blederrootdA and a

Vo ALy bRlaoR B r@“@{ S %ﬂﬁ@iﬁ%ﬁ%ﬁ%ﬁ%@%ﬁﬁfﬁ o 88
PREFERRERo kdtHim! t the pivfoil

the pres | nve]t'ta‘tall\égn e;bmsclml lmgemwtaru.yiia ypiqw"uera(m wx;;g xagiarove::enggf ting
ey ot > Seinanike I b et gy 0 ) B e iRl Bihions Mt dRBEICOSNST, L 4 .
pl at f or muikbine Elady, the gresent ﬁxseniu&z mugtulsztbermmlobai \msvamspﬁ@ﬁbreran@mmusrmr e
portions of a t urbi ne bl.ade. and do t form part of th@ resent i nventi on,

are £9pi CAPPIRens, iy RIRsent fryention Wﬁ’ﬁwﬁ 9 brg QAR pagti PPYIEPL: duri ng use,
in a manner knpidfrefefenbd¥8 FRG.12, th¥biali€is tptueec&a 85 & Rlerrhd) ¥Rk &a\mg%ystéd. i#dick@d ed in
FIG 1 as a turbine blade, the present invention may al so be enployed with
vanes, s&gstlly by thedeferenes ,n@mgal 20 The system protects the blade, which includes a substrate 22

(which may be hollow in part, not indicated in FIG. 2) made from a superalloy, such as a superalloy
m——_ - capable of forming an adherent alumina layer, i.e., an alumina layer to whtctrtht:c‘zmmtenal ittt
25  adhere. Exemplary alloys are disclosed in commonly-owned U.S. Pat. Nos. 4 209 348 and 4 719 080

both to Duhl et al., which are expressly incorporated by reference herein. Those patents disclose

nickel-base superalloys having a general composition including about 8 - 12 w/o (percent by weight)
chromium, about 4.5 - 5.5 w/o aluminum, 1 - 2 w/o titanium, 3 -5 w/o tungsten, 10 - 14 w/o tantalum,
3 - 7 w/o cobalt, balance essentially nickel. Those skilled in the art will recognize that other alloys may
30  be incorporated into the present invention with equal effect, including but not limited to superalloy
articles having reduced sulfur content such as those described in commonly-owned U.S. Pat. Nos.
4,895,201 to DeCresente et al. and 5,346,563 to Allen et al., which are also expressly incorporated by
reference herein. The present invention is not intended to be limited to alloys disclosed in the above
patents. The thermal barrier system 20 includes a bond coat 24, a thin alumina layer 26 formed on the

35  bond coat and the substrate, and a ceramic material 28 on the alumina layer.
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7 W o cobalhtrefcRoadcas &R bRASSTHIGS! 1 3hdr £ b beon RRSRinSdhhe tRckelahid Bfer 25 Een&gj[ th!

recogni ze .t hat other alloys may 30 be incorporated into the presen

inve ¢ off‘“vﬁ‘"_f‘ﬂ“ logliged %’W&Pﬁculaﬁﬁ Rt lealing and fraifing edgesof theraisfodl g e Sudhi faifure
articl esishayiang A otrd st fas BRREH etk hdi0fn &&%L%éa&goﬁ' Docis

comonl y-owned” U. S. Pat. Nos. 4 esente et al. , 346, 563
t o Al | enentraingd in thewii inpested threiigh an engpedndet] Failuncofitiporemimiaicab wlso adcer ianther her ei n.

Th ' Len: | i dt l,imted I di scl d i
he apoviiastiotfuiailch apdBucil 085S, 3 pabdstolt el By ue S B, s
t hi n al uwickaatbdtgmper2tireh oxittize ada niublehigier ratdtbsicdoeaiperalied nidieiabdsbértd Bithe and a

ceranmic material. .28 on the um.na | ayer. .. Superal | oys of the type
capabl e SFaFEAA ﬁ'ﬁﬁg‘%’ﬁ‘f%lﬁ gﬁ?‘ﬁﬂ#ﬂéﬂ‘%ﬁ%ﬁcﬁﬁgﬁ“ ?‘?ﬁﬁ‘“ﬁ“@ ¥ bond
coat r eakll gPwiictvsabjedis the ubistigs masiil tERighee inperamtes WARR ta1 e@¥tSn shoHEGErvites

separ at el.bond coat. need be added. As noted above, noving parts such as
r ot at i nglYes PHPGiERtiRh comBanepidAliGt greatly from the wei ght savings associ at ed

with a lack ofn @deepaiad QbRRICLERALN in IRWOME bS cefiPRMEE e fralitimaluie from
these 5 al l oys are susceptible to reduced |ife in the event that a

portion #rorperatenthe bond cagt 2dontrihearens inewhiell the egramic isdikefy to fail firsh nipheckastiof t o

I npa d e | ' er.m t hat
the Thoor sanaral bity® ST HEEL A Ak PN slan: difleadlls DMEUBEUEIT T
conponenthe aizfoil 18 Ae nstd thbreinstbe termedleddingedgefand trailingalge meanithd area withirox $pecified f

the ceragic materjal 1ls, Wth reference.to the.bl ade FI.GS., 1.and 2,
t has. RARROEr 0 inch Hentipe et el A STk st el atieat e o
in :cocfll ﬁxgedssmﬁta?ppllparetbbmdoatrtbym&ltalréabﬂmk wﬁﬁt li)ige ?ndpﬁlyiag' thé Bﬁld%ﬂﬂ%otﬁér tBe
airfoil 12. ch failure is typjcally caused by ctors, such as_ inpact by
par t i cul ¥Bs P PFHEtIYFER I W fiand eat i5appfied Milk of course, depend upon the

25  particular component involved, its shape and operating environment, as well as other factors such as

susceptibility to erosion, stresses in the ceramic due to curvature of the part - leading and trailing edges,

and airfoil thickness - very thin cross sections tend to oxidize rapidly and affects the geometry of the

airfoil. The remaining portions of the substrate material are not covered by the bond coat material.

Typically, the bond coat is applied to less than about 50 %, and preferably less than about 20 - 25%, of
30  the surface area defined by the substrate.

The bond coat is preferably but not necessarily an MCrAlY bond coat, such as the bond coat
disclosed in commonly-owned U.S. Pat. No. 4,55.;,481 and Reissue No. 32,121, both to Gupta et al.,
or an aluminide bond coat, as is disclosed for example in U.S. Pat. Nos. 5,514,482 to Strangman,
5,658,614 to Basta et al. and 5,716,720 to Murphy. The M in MCrAlY is selected from the group

35 including nickel, cobalt and iron. The bond coat is typically, although not necessarily, applied by
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the airfoil 1%he Asming @Fer M ifofmedlii§ cdrvbdifond] GRS o BgBeARE tHe bahd dofdn §d0€
nmean the area wthin a specified distance, e.g., 57inch; fromthe exact

| eadithg eengelledneridizing envienment. Jihe prefereed genneyef prerariag e surface and of frginadcessary
10 aPP! Y ot BRG0P ob Beidl s Haf Applidilibn 68 NOL T U FARMb PRI NIGRLNE
ot partic i'ch t He

bond coat to er areas. ar-areas towh pond coat i s
appl i ed ®HFI0}5G)f entithedr"Sarfacd @pepardtionRincessfor RépositipmoftGecantia Coating'l filkd nb even

i nvol ved,_.i{s. shape_and operati envi ronpent , .Aas l, . ot h factors
such ae. it Al FRT RS RED Bl T RGLRIRRAR e Milet i SH BT ot ur o
of the pthatthe aluamailayeyr raaychetforaied before atlgias or Aerlapplication bf thdepdai€ss - very thin

ti tend .t i di ze,.rapidl d aff try. of th
B The Th e G0 6 RUCP Kottt 158 28 Py BF UOR ot e
by the by paxéituldrkRimicthateriay oy rﬁ:ﬁh&ﬂbfa%ﬂli@ad%ﬁ,@tyﬁi@ﬂberhﬁic@ﬁ%daﬁéﬂnﬂl@e& &ss than

about 50 9%. and preferably |ess than about 20 - 25% of 30 t he surface

area def e higdes hethe assigncenf dhe prosent ByFriior Y SEytiactabilized o "Himsthened”
necessar g bn@ 7o e gﬁgﬁgpﬁf}?@%&ﬁu&%ﬁ%&% gwaNgfﬂq%%r fgéﬁ%ﬁl)ﬁ)s in

commonl y- owned U.S. 81 and Reissue N . both to
Gupt a et e.ab comramlyserngt] Y. Kt lobidd . d 4 Strangmars Hiepaitioslatmdtertal andapplicatiom

U. S. ,fat . : . a et al. and

5, 71%(?7 28’“?@@%@5%3}6 "%WBW%??'?E@“%%%%@C{"%&%%% the group 35

i ncl udi ng ni chd preseotimtentiauprovides signifidast divathgeoaer kipwhnpicks hidsystahd. Hongh not
necessaril.y,. applied by l,lasma sprayi hg. .Se e, U S. Pat. .

4 321, 3174%gn E’%%%‘g?‘hﬁepéﬁ&?‘ﬁgﬁ g applictiohd ???‘”Zia e %‘M‘Péﬁe"b"l“ ares,ohdhe,
ccﬁat _ byI Qiblxedte, @ Irdalizihg © SifbstantRC veight 3gvilkps lovd? @bnvehtidhil 8 ghtdn®, wiidhafdhide a- beam
physi ca

separats-bond ceat covering the entire substrate. Where the ceramic material fails, the increased = ez

25  oxidation that would otherwise occur is minimized by the presence of the bond coat, which serves as an
oxygen barrier for the underlying portion of the substrate. The present invention enables the use of
those superalloys which do not require separate bond coats, with the assurance that the components will
have reasonable service lives in the cvent that a portion of the ceramic material fails, e.g., due to foreign
object damage.

30 We have tested the present invention on blades in an experimental engine. Some of the blades
included the bond coat applied to the leading and/or trailing edges of the airfoil portions, and others did
not. The blades were tested over 935 “endurance cycles”, during which the ceramic material on some
blades was intentionally removed prior to testing, €.g., utilizing high pressure jets of water. An
endurance cycle corresponds to the range of typical engine operation, including engine idle, take-off (at

35  or near maximum power), climb, cruise, thrust reverse and idle. The blade areas including the localized
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vapor " dePBECE: gh e lsading axtor e dast i peteabibi et pidasin iy underlying
~electr Ophmktrameml,amb upcmle ladess mutoumqlommﬁmnd ek edﬂlmcdmgis of bigificant

portions Q tr e bond. { lied. Wile
Bt he BRSO o T A YRt S R b e SRe T e R P B BadeFg
conponeniupeaig susafammmhdeqaﬁ)aﬁdrmmfofuh@vamigmﬁﬁc xhaerm; coated, the
illustrated b coat pr ra has, a thi ckness | ess.than ahout 5 mls,
nor e {)r ef er ab%‘g '§§'§“‘Fﬁ%ﬁfiﬁo‘8? g’ﬁs"m ipgention {aay; alsopt Weawa%ma “BV%‘?’V%? ‘Bi»s

pr ef er absind GSoShichla sepaat©BEH8 Sodt & Jasnédlf&%rwsésfbfg‘hﬁeqﬁmtfam thldh@6R- The

alumna layer 26 is formed in a conventional manner, by heating the

bond coatlumigalayspand which includedhs commicthermplpastiey pmn&emﬂ\e a;h:yelr uelebondanner

of prepa q;rﬁgpm l{g%gg

co- pendi %&%n%m batd 4% | cat %%FA%E% Qhﬁl%igg cket %h‘%daﬁﬁts | O
150], enmethpdsd Ek&wisazfelumrecpahoed ¢oats aRy diclssl, €.04 iNDeposily owneddd.S Bt aNu. ¢

Coat i g e r nde,expressly i ngor. Qr at .b

a1 g o 4la Sl X Bl G0 Lt R BB SR S b PRI RRRLSH M ot
| ayer may ahdaodnmdxpgbnlaaivetlemexdu rSuclyamitlcoirt also apjrcied ai inGensaf tetipeeatares &idi . 15
The ceramic material is.applied to formthe ceramc | 8. Wile the
nvent | ofPTESPORGIPEY SRt g dhoert AR a7 Sty A f<rmis TG . JACoRTRRSy  of
appl i cat hdther ferniaPbdiAdr cBRING Y sEni RO thd lpre8éiP InQifigh MBorpbradl 4 gb.lan@es'ﬁbﬁwet he
aSSI gnee_of the present invention is 7YSZ ( ?%ttl‘l a stabilize

" st r engt h2rREdhe tyRethad dpes notigherantly fogm gy adheregtalyming laysre Féﬁm}a%ﬂﬂyﬁ wlusg/but

el ectyon YARR q%let —ﬁ}gﬂf-&g

Pat . e a@ﬂ%ﬂ%{? r?ngSt ranénrrggé?l egugg?xtc,?g‘g?%fas@nyég,i a| igr?g app |?:at i'on 20
met hod Wadd nud?wmthupﬂoyst Ae MCuAYS hem coatnid 4, fose:dampbmh;begbeoiowrihw in@ S. Pat,
environ sent oVl Lcant adv er
known ar Pcﬁ e2 h‘gﬁg g%sf’%ﬁgr%(ég lbgéjl QY %%r'év i ooncmé)r 'é“érﬁa 89%1 coat
I s appl i astrfe. t Arealsminkike baidscoatds mlhén)apbﬁbd&eérehﬁrddrﬂﬂ’dmad cdat idd&xp‘dshst rate,

thus realizin bst ant i al savin ent i naI i ch
ol ude. BT e SUBRT A ReuSHRY RO £ FAth FoThEs QUL igb 8

failsy tReerhicn2REto Applicd. OXhehlnhifite fyprRAllyiralses ééhx'@ﬁfs%&%t@%liﬁatérﬁlt@ nimzed
by the presence of the bond coat, which serves as an oxyg#r:l barrier for the

under | yi whichiisapghiedos.s.+ wrtos fepe milsyaad diffiises pt leastpartialiy e thie SCTARY bondsosthe use
of thosey ewﬁﬁ{[gad[ph 8 bOAY okt thBnBRL tr Géﬁweﬁ n&?ﬁ@gg&@ulmﬂﬂ.n&%%@ \/w‘{g he the

assurance 't ha e conponents V\AI ave reason |'e service es 1 n the
event t hai'ummlqomsmot cniticaf to thednveationd.g, amh@nmainasf bei ncst”om@dcyy ongief@ numbéref ei gn

object d have t ent |,ades
"1 o ex BB i s gt el SPop R VL Bl PG AT PR b E B e

appl 22d diffuiibie TiR@ekami lsgredlzsc e.pl AV $Z Balsodppstied ok desodbediabbwveiwithpeferencens, and
ot hers did not. The bl aqeﬁygﬁrpg tested over 935 "endurance cycl es", during

whi ch t hEIGS 1 ard 2 Targxamply

FIG. 4 illustrates still another thermal barrier coating system 220 in accordance with the

present invention, and also incorporates a superalloy substrate 222 of the type that does not inherently
form an adherent alumina layer. Prior to application of an MCrAlY bond coat 124, an aluminide bond
30  coat 125 is applied to the surface of the substrate. The MCrAlY bond coat is thereafter applied over at
least one local portion of the aluminide. The exposed aluminide and MCrAlY bond coat is processed to
form an alumina layer, and as noted above may occur before, during or after application of the ceramic

layer 128, for example by EB-PVD.
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bl ades was intentionally renoved prior to testing, e.g., utilizing high

pressure l et's Whilkiie Presenf v ADER desthbal AboVeif SRR ilkill ﬂmxebo%s l’vmau%d
typi cal i ne operatlon |nclud|ng engine idle, take-off (at or near

maxi mum p jtytiong e mage yitheut depariingtfromethe spist of the invention orthe smnaa%thar eas

i ncl udi ng i PRodd es
did not e§°ﬂ?‘§?%9ﬁ%nﬁ%?‘§%%lpgg%ﬁ??%% I'n !t?%e uﬁgj a)f/’?ﬁ%éesg% éde{iw?flafgtgl al ,
whi |l e thelllmtmenmde@sbmmm the |l ocalized bond coat exhi b| ted signs of

si gni f4 cant oxvﬁg&% imedlie tests verify that a localized bond coat
significantly reduces oxi dation of the underlying superalloy substrate
material even after failure of the overlying ceramc material. 5

Wth reference to FIG 3, the present invention nmay also utilize
conventional superalloys, e.g., of the type to which a separate bond coat
is applied for purposes of subsequently form ng the adherent alum na |ayer,
and which include the ceramic thermal barrier coating on the alum na |ayer.
Such bond coats include but are not limted to MJerr]AlY bond coats and

al um ni de bond coats applied by various nethods. Exanples of alwninide bond
coats are disclosed, e.g., in comonly owned U. S. Pat. No. 10 4, 005, 989
to Preston, and U. S. Pat. No. 5,514,482 to Strangman, and may al so i ncl ude
additions of Hf, Y and other oxygen active elenents. Such articles are al so
subj ected to increased tenperatures and correspondingly increased oxidation
in the event that an overlying ceramc TBC fails. Accordingly, another
thermal barrier coating system 120 of the present invention incorporates a
superal | oy substrate 122 of the type that does not inherently form an
adherent alum na |ayer. Exenplary alloys include but 15 are not limted
to nickel, cobalt and iron base superalloys, such as IN 718, Waspall oy,
Thernospan[err], and nunerous other alloys. An MJerr]AlY bond coat 124,
for exanple the type described in U S. Pat. No. 4,585,481 or Reissue No.
32,121 both to Gupta et al., is applied to one or nore |ocal areas of the
substrate. An alum nide bond coat 125 is then applied over the MCrAlY bond
coat and exposed portions of the substrate, and is subsequently processed,
e.g., heated, to forman alumna |ayer 126 and 20 a ceramc 128 is also
applied. The alum nide typically diffuses sonme distance into the materi al
to which it is applied, e.g., up to a fewmls, and diffuses at |east
partially into the MarAl'Y bond coat dependi ng upon the bond coat thickness.
It is believed that the particular nmanner of applying the alum nide is not
critical to the invention, e.g., application nay be perforned by one of a
nunber of known manners such as chem cal vapor deposition (CVD), plating,
slurry, and in-pack or out of pack
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25 di f f usi onl M?J\Wé?’é@&w&fgsumaﬂﬁwemamym as
descri be a _vmth reference to FIGS. | and 2, for exanple by EB-PVD.

FIG 4 illustrafes still another thermal barrier coati ng system 220 in
accordance W t%s‘{PPFé’ Qrsebemte, the suporalley-material beingsapabicefifprating anadierantiglahiak | Oy
substrat gauee?2 of the type that does not inherently forman adherent alum na
| ayer. Prior to application of an MJerr] AlY bond coat 124, an al um ni de
bond 30  coata g cpas apgiiod togdlocatizedea fitht aubstraté sich ehasalpartiodfehe shbrate

M er r] Alyhan %88% is thereafter applied over at |east one |ocal portion
of the alumni he exposed al um ni de and MCr AlY bond coat is processed

to forman al wthinadhagnealpman dayasfornuide tlRepEed FytiAGE the sBRTRE 8nd ShUhd &Qdor
after appl. cadl on of the ceram c |ayer 128, for exanple by EB-PVD.

Wil e the pl’%"sent i nvention has been described above in sone detail,
nunerous vari af defiitic R applles ba the bluRiha 14y be made without departing from
the spirit of the invention or the scope of the follow ng clains.
Accordingly, it is to be understood that the invention has been descri bed
by way of illustrat 2d38in t cl.ai, med

i s: 1. A ther'lrr}g:g %ég?rl er goa‘%lédr?gl %ésr em ?’8?‘1 wa%'ﬁ%'élrwa ﬁf‘@ e, ¢ he
coating Pyaded.conprising: a superalloy substrate, the superalloy material
bei ng capabl e of form ng an adherent alum na | ayer; a bond coat applied to
a localized area of the substrate such that a portion of the substrate
remai ns exposed; aTlhisystendineordmgtcﬁdlahﬁilnahér&yﬂklcfcﬁlﬁz@dre@l%ahﬁﬁa@ﬁ%@ébﬁﬁféto
portion qQf the ? bstr&%e and.on the bond coat; and a ceram c |ayer applied

on the alPrEmatdn ceramic layer.
4. The system according to claim 1, wherein the substrate comprises an airfoil having a
leading edge and a trailing edge.

5. The system according to claim 4, wherein the bond coat is applled to at least one of the
leading edge and the trailing edge of the airfoil. i

6. The system according to claim 1, wherein the bond coat is plasma sprayed.

7. The system according to claim 1, wherein the bond coat has a thickness of less than

about 5 mils.

8. The system according to claim 1, wherein the ceramic layer has a columnar
microstructure.

9. The system according to claim 1, wherein the localized areas of the article are prone to

damage by particulate matter or debris.

10. The system according to claim 1, wherein the bond coat is applied to less than about .

50% of the substrate airfoil area.
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2. " The systlém ae’csnpd-nﬂgamleodompmug wherein the bohd ﬂf"g"ﬁ’yﬂ”’!‘”“w
MJ err] ALY or aI um ln| d@f@pd coat. 3. The system accor

wherein the | & s an area susceptible to premature failure of
the ceramc | ay:end coét appliedTib &t leassdne localcearod the Gutistrate kachithat a renpiing portica@f
substrate conpri ses an airfoil having a | eading edge and a trailing edge.
5. TheheSYAal 'S 2R8¥ti ng to claim 4, wherein the bond coat is applied to
at | east one of the | eading edge and the trailing edge of the airfoil. 6.

The system accordl ng to claim1l, wherein the bond coat is plasma %gprayed.
7. The systiém adBeaFlgecoptingtapiam 1, wherpia e sypeealioy ratepel it canatle

t hi cknes%rgli_nglaggghe}dﬂaﬂumwycﬁmmﬂ,@e,&,mpnsmg'he system accordl ng to claiml,
wherein the ceram c |ayer has a columar mcrostructure. 9. The system

accordi ng to @[thin adherentghemiag layer fermedernthe oxpased pertion of the Wéﬂm@élt}@ bendcqat.one
to damage by particulate matter or debris. 10. The system according to
claim1, wherein the bond coat is applied to | ess than about 50% of the
substrate airfldil émea:ticleac@ﬂd.ingtoclAinsUpﬁrrﬁ:bdwylpasing':cl e conprising: a :
superal | oy substrat ied to at | east one |ocal area of the
substrate suc% .'ﬁ'a"cq%tye ?#‘?“n‘g ‘6‘"’5?% “bf the substrate is exposed. 12.
The article according to claim 11 wherein the superalloy material is
capabl e of for n adheren nd, furthe rising: a
thin adherent g] g aft ?é?wf%}gﬁ%g ﬁt’ng‘ g’&“ﬁ’é?‘ﬁ?‘bﬁ!“%m?f WREdt ¢ at e
and the la@fnpbogpat. 13. The article according to claim 11, further
conprising: a ceramc |layer applied on the alum na |ayer. 14. The
article according to claim 11, wherei.n the bond coat is an MCrAlY -or

al unmi ni de 15.  The article according to claim 11, wherein the local area is susceptible to premature

failure of the ceramic layer.

16. The article according to claim 11, wherein the substrate comprises an airfoil having a

leading edge and a trailing edge.

17. The article according to claim 16, wherein the bond coat is applied to at least one of
the leading edge and the trailing edge of the airfoil.

- T -

18. The érticle according to claim 11, wherein the bond coat has a thickness of less than
- about 5 mils.

19. The article according to claim 13, wherein the ceramic layer has a columnar

microstructure.

20. The article according to claim 11, wherein the bond coat is applied to less than 50% of
the area defined by the substrate.
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“bond coat. 1521 Klwﬂwdwfmﬂuu@m@mgd@mhamd:hﬂ.MWeg msﬁplaallb;,ocal area

‘ bl f
e oo Bt ST £ et i, S G558 o e i e ol o
havi ng M&ﬂﬁlc&m&hﬁiﬂmﬁahymdomﬁgsmgigesmﬁku The article according to

claim 16, wherei, the bo a Iledto Jeast one of, the | eadi ng
edge and the ey $ﬁ5“958@ a’ﬁ E‘g Glipy mitgna ing- f‘r”é’aﬁlf’f’?{?f’%‘"&%‘bﬁhﬁﬁg to
claim 11aluxyuh2[39¢rfl t he bond coat has a thickness of |ess than about 5 m|s.
19. The article according to claim 13, wherein the ceramc |ayer has a

col ummar i cr¥RPhing hond coapty at least predogal ares plthouberas swgh thet xtempining portighes ei n

t he bondm@%d@mﬂgﬁgmv&& |l ess than 50% of the area defined by the
substrate. i A met hod of reducing the weight of a ceramc coated

article havi n@namsaﬁwr@dhprel}t abninatlayer on the remaitingrportion o6thd substrate amd dnhike bond
substratg...g,dhin alumna layer formed on the bond coat and an adherent
ceramic on'the alumna |layer, conprising the steps of: providing a

supel®al | oy sudpplyirgtasceranticlagan pethabluashartayieer i al bei ng capable of forming an
adherent 5 al um na | ayer; applying a bond coat to at | east one |ocal area
of the substrate such that a remaining portion of the substrate remains

uncover ed; fo0zaN NOTRe rhdthdd aBEHABALED Clamh mmwherein&uee&on@eoak Bt {sﬁﬁaiemsfsﬂ MGYAlY ON
of the substrate and on the bond coat; and applying a ceramc

| ayer on°’tall1-5‘“%lf‘%]?ﬁnﬁaoqtayer 22. The net hod according to claim21, wherein
the bond coat that is applied is an MCrAl'Y or alum nide bond coat. 23.
The nmet hod according to claim 21, wherein the at | east one |ocal area to

whi ch t he bonB-coaThe methodmrsordingtowlain 2b svhensinghecat lesstoelocalistea ta whigh temt ur e
failure I%fnd tc&x? xs%%%‘cgm})ﬁs\é&;n area susceptible to premature failure of the ceramic layer.

24, The method according to claim 21, wherein the substrate provided comprises an airfoil
having a leading edge and a trailing edge.

25, The method according to claim 21, wherein the bond coat is applied to at least one of
the leading edge and the trailing edge of the airfoil.

25. ~ The method according to claim 21, wherein the step of applying the bond coat is
performed by plasma spraying,.

27. The method according to claim 21, wherein the ceramic layer is applied to provide the

ceramic with a columnar microstructure.

28. The method according to claim 21, wherein the bond coat is applied to less than about

50% of the substrate area.

* c L M S *
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24, The netAdd adcbirerlkgrricsoqating systom for 3 supelioy RisIS the c03tag &5KMov i ded
conpri sego,@}isﬁg;rfoil having a | eading edge and a trailing edge. 25. The
nmet hod according to claim21, wherein the bond coat is applied to at |east
one of the | ea&unsplleybstd the trailing edge of the airfoil. 26.  The

met hod accor dinghide &ty appliecd @MeSubktlalte step of applying the bond coat is
performed by plasma spraying. 27. The method according to claim 21,

wheref n t he camr MGralY bopd coat appligthiciaderatized prea of the aluminidesneirthas agiottion af ol unmar
m crostr HE e, W ﬁﬁg' [ Oy QNI fg\‘tagre' -t bond
coat is %‘%‘*‘.“gd" onsleé :sggghan ‘%g'g%t 8&)@%@%%@%@% at et ar eagitﬂ'na?%rﬁg. A
t hermal blamimadayegaat i ng system for a superalloy article, the coating system
conprsing: a superalloy substrate; an aluminide coating applied to the
substrate; 5 a°gm‘°1ay°é??'ﬁf[§‘é'f“|“?%ﬁY bond coat applied to a |ocalized area
of the alum nide such that a portion of the alum nide remains exposed, the
al um ni de coati ng z_%gd the MJ err] ALY bond coat formng a thin adherent

al umi na | ayer 3%and The ygemseeer Flaigh29, mdergin thy Incaliped\asa is agyprea suggqptibla ter om
accor di Ngretufd RiliFe 8the ¥WhBHi€lafert he | ocali zed area is an area susceptible to
premature failure of the ceramc |ayer. 31. The system according to claim
29, wherein the substrate conprises an airfoil having a | eading edge and a
trailing edgeay;and I WhEd; - 4 L eadi ng
edge and the t3 %'ai I F?’lgglé%lggg w&%toc%%yggag%ﬁ%csggsrt ?’ﬂ%ﬁ'{) ggégfﬂg%%&ggf‘kﬁer ein
t he cer alrading @ige andratsailingeddeyaddhe bond cans isapplied taat 188 one oftheleadnsgt edge addler di ng
to clai n}_r%?mg%grein the localized areas of the article are prone

32. The system according to claim 29, wherein the ceramic layer has a columnar

microstructure.

33, The system according to claim 29, wherein the localized areas of the article are prone
to damage by particulate matter or debris.

34, The system according to claim 29, wherein the bond coat is applied to less than about

50% of the 2!uminide area. _ -
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. ) 35. A thermal barrier coating s §u:m for a superalloy artiel¢ the coating system
'to damage by particul ate-matter o y gc Y Th e”systemgayccor ding to

"¢l ai m 29comiisingi n t he bond coat is appli ed to | ess than about 50% of the

al um ni de areg %\fbﬁm A thermal barrier coating systemfor a

superal | oy artl que the coat’ing system conprising: a superalloy substrate;

an M er r ] AlYandiAbObandapgsiapplied toa lecalizadakda 0 the substrate fuch et 8 pdrtion afitle such

t hat & porbs{ D of .the 5 substrate remai ns exposed; an al um nide coating
appl ied ' 53?5‘55’&3’5%10rti on of the substrate and to the bond coat, the
a: umi ni dle coahn ﬂgxgmué cbdting bfglied fo]ﬂk%xb&ﬂdﬁp&ﬁ@ioﬁﬂ&rsmi)dﬁgtc&nﬂ hi the wﬂhﬁdsa@rtﬁe

al um na and a t he aJ.um na The system
accor di n@ra%‘ﬂ“‘{f'l ?%‘f&ﬁ/ﬁ@r'&*g%ﬁ féj&“é‘lﬂl%?“? W@a‘“’éusceptl ble to
premature fai hum@flaﬁh&ﬁ@mmﬁlab@yer 37. The system according to claim
35, wherein the substrate conprises an airfoil having a |eading edge and a
trailing edge, and the bond coat is applied to at | east one of the |eading
edge and the ggail Wﬂgsﬁéﬁeacco?(ﬁngtocimﬁ3§%‘iﬁx%mtﬁ§w1%drbgca ﬂr@&%ﬁhblmere' n
the ceramic layer has "a col umar m crostructure. e systeni accor di ng
to cl ai mpeBatughfailus of thheerange yérzed areas of the artl cle are prone to damage
by particulate matter or debris. 40. The system according to claim 35,
wherein the bond coat is applied to | ess than about 50% of the substrate

ar ea. 37. The system according to claim 35, wherein the substrate comprises an airfoil having a

leading edge and a trailing edge, and the bond coat is applied to at least one of the leading edge and the

trailing edge.

38. The system according to claim 35, wherein the ceramic layer has a columnar
microstructure.

39. The system according to claim 35, wherein the localized areas of the article are prone

to damage by particulate matter or debris.

40, The system according to claim 35, wherein the bond coat is applied to less than about
50% of the substrate area.
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