; bce3eC@ wﬂw&m 2003 ARTI CLE HAVI NG CORRCSI ON RESI STANT' COATI NG
CROSS REFERENM\“W\ APPL| CATI ONS Sone of the subject matter

di scl osed herein |§m@*so di sclosed in commnl y owned pending 5 agi JAIbns
Ser. Nos. entitled "Article Having Corrosion Resistant Coating" by Allen,

A son, Shah and Cetel [Attorney Docket No. EH 10365], entitled "Article
Havi ng Corrosion Resistant Coating" by Allen and O son [Attorney Docket No.
El-1-10379], and entitled "Methods of Providing Article Wth Corrosion

Resi stant Coating and Coated Article" and by Allen, d son, Smm“ mﬂl‘lmﬁmm‘l

[ Attorney Docket No. EH 10389], filed on even date herewith l"m

expressly incorporated by reference herein. BACKGROUND OF THE | NygNid ON The

present invention relates generally to coatings for corrosion protection,
and nore particularly to an article having such a coating. 15 Gas turbine

engi nes are wel | devehopedAENGAIDEHESION REQBYARTICIA TAReN cal potenti al
energy, in the formo uel, to thermal energy and then to nechani cal
energy for use in propelling aircraft, generating electric power, punping

fluids etc. One of tbRoRS RERENEROPTOICNESTRIS RAPLICATIONGVE the ef ficiency of
gas turbine engines is the use of higher operating tenperatures. In the

hottest por$qmsofdhe syblaetprtigedisdagedlerdn P Hissloger IsCommendy pvneAwendingas 1 ow

patsh W hhidtohder @i ne J tue,hm@@“msw;mmg cbus&u.ﬂ&satamf@ahngmmnﬁnts) cast
fromni ckel or cobalT based é are expose tgiyas t enperatures above

t hei r @HEPH:iSHY $6iGetes [A“l"r‘i’@é’é}oé @3 r-v-L-v-e—eJrﬁ"S} WeddtideHav ing air is

passedcd s Resiama Galitg Wy talieh afd GlsénqAROMENDockENCo. EPPI1379), @ld  Circul ates
t hrough this cavi tﬁg dgum n onent terrpera‘g#re and exits The conponent
I

t hr ougthtifes ddethelsio owm(mgﬂw rasipp Resitant (9a(iag ang Goptedifitielpiang by ses

cont ai ARsh, VlsbhliShak MR AWkl [BEindy VKR NONEHHOYEDY ETled dAreOM GHtdWEr&AM g 25 air
redquces enqlne eff|C|ency Accordingly, there has been extensive

défel oREsstY Beorperated ﬁljée ?’B‘Fe@%fgmt urbi ne hardware. Historically, these
coatings have been applied to inprove oxidation or corrosion resistance of
surfaces exposed to the turbin More recently, thermal barrier

coati ng have been appli eoB‘f‘%KgﬁPg’Npa(BfW{EJHV@HT&QMponents exposed to the

hi ghest gasrlw&eﬁtemsﬁ@mra%gesael..tma,tcomh@s BINebHYsioR fprodQ i ahd MGredi r required
can be substantially reduced. Since coatings add weight to a part and

debi t PaBIguIgR &yan articls having syehpcoatingat i gue |ife, application of the coating
i §5i ntent i ofal dibidel eAbin&hrd Bl B&%%Rémﬂédhﬁ’rﬂéns%r &Ja.eerﬁﬁgmnﬁm p& igVi Ch the
coating is necessary to achieve the required durability. e case of

r ot at i angrgyaintthe el fuel.tte i emra)d@si)thqnne rr&emets}al\ﬁ@ﬁrgmforotse 1 mcm!lmag adds
signif , r d/ or
heavi edrl&g%?tts Ech?szP ﬁgﬁﬁB%%rnp %H ?%&s%tgoga‘é?ﬁgﬁwmg§ é%é%g%e%ﬁ@@ and so
on. Thowravkaheeelfigensd @€ giasrterbing gnding, ig e peegf higher apswting temperafungys Is thei ctIy to
t hose [ i, TRr as _path surfaces,
wher o 'SEi p8An 3F mbffn Bii8pneSnfincs d LELE Ryt 8 084 o iy AER B

t edpertatuuwessqtnotlu mipbine aafoﬁpomgmneatsmastpimm mom onfobelo mpemelInys dré a:tpo&ﬂeo not

di rect Ia & eloa 6%9 etlﬂg rélt é d%l e Rtat {9 é I rf&

rel at i §2IPRGH S[e peral (Fele BePPng "8 0" 8%{‘,6 ARd"t'h ?é%‘f"@se 9“”&Ia§o""reqw re
pr ot eqialssc& tmaagm angsity wiliin excanmbenentl Oleabblingrsr diulates trdughenibtade that are
not exrpgsed to the % Wgath such as the uggerﬁl de of the platform the

bl ade ComgeRt e and eyt (o pAmRoRFN! 6’8@%5’ PSRRI aVRFRY i n
EXCESStth mﬂ:@QQnEtlﬁUﬁ)t gu@sesedsmlﬁea withilehe phhagqiowosnat. | Reevaf, orélading @il 18
and 19 in Figure 1. i s expect ed that thé tenperatures these portions of

t He bl%’d@d‘é‘re%e‘éﬂk‘ﬁcfé@‘d""t% will continue to increase as turbine operating

t enper at ur egedoREAgBRKere AR b'eén éx&n@We Q&E@E&erﬁfof E(ﬂﬁnés rWleéys h@Bink RarRY,QYi de a
corrosi on-resi stant coati ng) revent corrosi on of rrponent S 1in regl ons

not di P_l“é'@f'F%}l)'eWS@Qéf“lgé) have e‘mﬁPPb@Sfo dmproymexidation ar @m@mherescbpwf of the
I nventd,fcek gxﬂ%'éé?l\/tbqt?e tﬁrb?rfgrg'ﬁ?ﬂtlgnMo?esllez?Jnﬁ?,t thé&RBf ﬁaprger cgat%gef have eeg Eq;p ie

to internally cooled components exposed to the highest gas path temperatures so that the amount of

30 cooling air required can be substantially reduced. Since coatings add weight to a part and debits
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corrosion cracking on portions of turbine blades which are not directly
exposed to a hot gas stream It is yet another object of the i nvehiJaN 2003
provi de such a coating to protect against stress 20 corrosion cracking of
turbi ne bl ades in regions under the bl ade platform SUMVARY OF THE

| NVENTiRI@NeAS cpBlicadon ¢f thneoadrgis dntensipnalpydingitgd énthpsrportionp pbihe domipanamsifpi ty of
gas t I i i r Leat i cQr el st ant
R e A A A R S i T o e
of a dismabinediralkd, yhesdlédivdigleadf nicakiof adil sedifsuplenabladey/pullc omshsh mrof an
airfoil, .a root anrgl algl at fdorm lloﬁat tled bet veen t he lal/ ag.e ai r{ﬁi I l_taslnd r oot .
The bl GHATHSEOREHFRAS BRRIGE A2 WBH 10 (8 TE 45 8T 2U86% 2R 38 P 18 has an
under sirdeTadjireeRtaddddendiivaita eslict Lg 0P bEatiagsGdtlyad tHokd SoriishéntHe Bde @
corrosion resistant overlay coating such as a ;&atfi lized zirconia is

appl i €8t &/PIGIHY s PEimaryyas fRthSRdacss, FheesrORLISH ATAPEG WHY etitthe bl ade neck,
preferably Wym3hokias 88 pilf @Mperdflfes HuBRRNSApSents B PotiBR dMEMpIRHLVIES
conmponent |ife by préeventing Blade corrosion by the salt accunulating on
regi orage oét ditgethbexpesed shihe pHBErY ehinedias Bk may plea ernesaddo rHyivglidighat h, a g.)
under plabloh s FiARGRARce, S AL RRRLORIAH SroRLuknBaAP! FotGAREI NO 1S the
preventi on of bl ade stress corrosi onh cracking. The corrosion reSistant

ovidr | ggorcoataf agurpine biede dhacue ngsixprsediedhiogas pathdsish gohe osdeoidecotaeki ng by
actin a harrier he he sal t. i - | oy conponent. 35
o o TR AR e MRSy Sigho o B G5 PR RRR Bl BRI

over | ay200d@diiring sey izt e Thevaplade ticatibas ava dafinettiani &landol9 ip[FigurenLintcad expearédde bond
coat eithger bet ween ni ckel. al(k/(@/ w})strate gnd 1-1-10384 2 2 2 JAN Z003
the MCh#) the fegperatugss s portiphs Qiped)iage At @poseq Wil RIS AP INFE)SeS “BPWEent to
Provi Oghetdding adntpefdiésaadredse Sti cs to the coated conponent. These
characteristics may include nore efficient blade repair/mnufacture or

i iproved dulabin eoysst OfEIh%iQP"EFﬂODES@RYiﬁﬂ'? ENrRAENFRESIAHRAVAIRESES RIFYSNt POrfogionn
11 ust gadhpBnels iﬁr&%@ﬁ&'din@b’tl)ﬁ&?bs@h%t'h@h@t('gﬁpgtgﬁﬂx@e with the present
invention. FIG 1 a is a schematic illustration of a coating applied to the
ai rticle of lthy gother object ¢f the irvantipnde proMHiEE P COTPSIARSEFIHRI GPALIRE KA PreYenesisstli ment
of t he I CREackily 60bdrbhs of turkind HalbsHRESERAG T skt il BRI
EVBODI ﬁs al°1“ﬁ%st%art eci n FlG a1, a tu?fllkr%e r&“& épcborrf)osgglgof A
super al | oy Hag gt aadtheanbjeét of drepaveationg ptdvalepndsesvatingteendieoagdisst sttdsust r at ed
geperally by the refere uneral 10.. The rbi.pe bl ade includes an
28 ofporipoiSt chagfind & BRI P Ror o B Bn The biade o he
rotatable turbine disk) and a platform 16 | ocated between the airfoil and
serrated root. The region tdier ' f the 15 bl ade platform 18
acid the root is referred ?gngggﬁﬁe nelggﬂfggk y&?cally, t ur bi ne bl ades (and
ot her gas t Ardoirdieg loregé mpeat ofithe mapito), ispeoveddnsasiky odbgasdurtline bladdsanal | y
sol i difi j sasedn 8t . : BbStA NFuiRd biRaeSh . . or with
mul ti p%cg%g%({ytl}rrﬁgl# a'%r al fng o(!ro?r)é%\'? lggglﬁtg?tgp{leﬁ to t‘ﬁe dl??eeﬂgg‘? aﬁ I%F M%%@th.
Ty calypicainossistingiefa difectionaly adlldefied nixkel-basedwanparailoYadohssts of aExafupl aropt U. S.
Pat ent & 4d&s&fdRl Qe BbiMahe AR SEAIGE r&h Y Bl 1a@ NS SLIEEGEL, olidified
al | oy st i joissl et gihls St Srdiag rockY Bhelass anJAS,%%lg%%/u%ach of
whi ch bladeapl ansldhe platiem mpvanatndersidy adieseelrtembdedetieslei n.  Cool i ng hol es, whi ch
may be posi {j SRGEheQRd Hilind ntin,!'a%o:P&ﬁJﬂ'r%all@gve@la% wagl@ﬁxcph@zgﬁab'lri%ﬁ be
provided for flow ng cooling air over the specific portions of ‘the airfoil
dur i ngzispeieas dpphied Bdhg undrisigaal e platfenm apdipartiopseofdle blademeckapiefergbly. by
C@W%lﬂ.@ip%. %HM% SRS c%ah]@-ﬁ\p%¥§§dﬁl-poﬁénli-%%y preventing blade corrosion by
the salt accumulating on regions of the blade shielded from direct exposure to the gas path, e g_,
underplatform surfaces. An additional benefit of the applied coating is the prevention of blade stress
corrosion cracking. The corrosion resistant overlay coating prevents corrosion and/or stress corrosion
cracking by acting as a barrier between the salt and nickel-based alloy component.
35 In a more general application of the invention, the corrosion resistant overlay coating system

may include an aluminide or platinum aluminide bond coat either between nickel alloy substrate and
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Al'l oyTypeN CoCr Al MoTaWReHf Ti NoPWA 1422DSBal . 1095- -1 2- 1. 621DS \ﬁHANZMB
880HDSBal . 9. 51434- 4- 0. 7S4. 8- CM247LCDSBal . 9. 28. 15. 60. 53. 29. 5- 1. 40. 7-

| 480SCBal . 510S- 124- - 1. 5- PV\A 1484SCBaI 1058 651 98. 75. 930 1--Rene'

NSSCBal . 7, 57%él 1.56. 5530 g g\(s --96. 55. 60. 66. 56~0. 1~~ |t was
di scovf Mf aygiL oxgrithg M a)fekaﬂf“’n%o' aP‘l‘I‘?’a%L?Ff’Efeé“ OAPdeSEHBNsi bl e for
el evat@draten”n&l;&inué EoaCedlcb@pbRnt. Thededhirhdi@isCEMRYIIBNGR foraElyiteg brdxt ur es of
sodi um pot as cal ci um and nagne3| um sul fates) can accunul ate on

r egi onf§PBFMpH "CIS‘I' 88%"“(5’mv§? gua¥FYt he turbine gas path. These 30 salts can be
ingested with the inlet air in marine environments and/or formas a result

of conbustion processes de by these salts is
tyﬁically very limted gﬁﬁﬁrﬁ%@hﬁ?Tﬁé@gﬁﬁT@QP%ﬁﬁﬂﬁég 2 2 JAN Z003 the
salt meltingd. Q@ﬁflﬂﬁﬂﬁﬁﬁOl‘(ﬁbQUﬁel'“logLQIQlIE,]E)Illl zac\é\glﬁ?hcb Mthﬁl&ﬁﬁd;erﬁtum»bhﬂﬂﬁh. oper at i gg
t enperat ure wever regi ops shie romthe pat can excee

t he neltingF¥£ éYﬁ?U?%"%ﬂﬁ? e § ?%F@“%ﬁPthggﬁﬁpﬁﬁﬁﬂqﬂﬁ ccel er at ed
corrosi on ofa.hes bicadrairaBksraid andaresmibo@meit of e ppdsaitfinemion) t was al so

di scovered that at sufficiently high stress |levels, the presence of these
salts may result in stress corrosion cracking of directionally solidified
ni kel - based tun:kﬂmmbIums:nrnambmgoxamizm@eemmzstmlmommarﬂmmar grain

structure. |lon clgac ‘25% of thefse natﬁr als. rerFr .esents. a new Yy
di scover ed B bingbadecomposed o asyprralley maferiah erldgpcorpprating
corr osthe lﬂrd’sﬁﬁ irﬁlbﬁtnin nomeft}aayl gegad! iy g t}(ezafeienceﬁiuﬁerallta)Thesmramp biagglintiodgaor t i ons

f th te 20, h h th k
20 of o) {4 paphmedirdofds bPE BRIRE G Fafo bR TuRaR LB G o "
cr acki plgiferin 1ehecduddadeven thiehrfod ah@ﬂaaﬁuedmx el tbglort brewgnelsantersidveflhd on i s

| | ust i.n FIL.G t ur bj ot . t
7 RS oo P Bl 5 ARt B R P YBb Bt el 2 ven
hlh gh suftessengiid CSRm][)dSrﬁStts)/a&e &m&dketdlc@ﬁﬂlrmuhdﬂyablﬁﬂﬁddellcﬂxlpl&ﬁéﬁetgo% .@ghenefit from
this inventio eferri orrosion,inhibitin eranic
o ripveangeh o S B RN s il sl e Pas iR R R b bl e o o
suscepgrolatie ’I[)(plc@momp&lﬁcﬁhsaﬂﬂ/cﬁ)ﬁll@b A Skovain ITable O N Ee¢nayiidey S, Phishteg t he

t urbi ne bl ade the coati i s appli. o, the d ' of the

pl at f ofSFARINGHR "’P'ng niksingle Yy a ‘{]‘g(?&%?‘a@’gsroﬂ'g& %ﬁ“%dﬁ@ge z%@eg@; corrosi on
cracki ag41782t he 1o &dad |5m)68,h$4seach@eahlicmns:xpr\mm uacotﬁneatm@aeﬂateném\emti onis
iIIust{éatedl g FllGI 1 a}s a.hu B ne bl ad e eb invention is got

i nt endstP!t"§ MBS U RY RPN R LP PRCUINY %"6%’8nen urbiR: e BEsRRALS
exposefbr 'ﬂOwhﬁg|0&6liﬂg&ir}0vEﬁt@thspﬁctlﬁeﬁcﬁn(ﬁﬂdfmehi‘rﬁbﬂld\len@@eﬂmﬁldldi isenswvngeabidilypl so be
expectedl to benefit fromthis invention. The overlay coating applied to the
sel ect &d ea‘?éa(s) e.g., the under-platformsurface 18 and neck 19 may be a
convent i onalTABIdE halONROBITEON ©Fal QIigMiNywReANBISENGRE CRYBGA LassL120%s abi | i zed
ziZzxonia, e.g., 7YSZ, although the coating may al so include other el enents.
W bel Advge thatl TypheNicer@on ¢ CeogtAlngsMony Tae el qyed WHENh Pquall Nef f gct .
See, e.g., componly|owneld pendi ng appl I catji on $er. [Nos.| 09/ 1p4, 700, fill ed
on OctBWe\rltﬂZ?. 1998, [aad | '10S| contli rfui |ng- prloseclit i app|Tcat | on U8TV64, 419,
filed DeREEN 22, DE9YPBal.bjodls €ni4 tiT &d | Therfmal Bawriler- Coatasng a3y st ens |and
Mat er f ev247l0d | eDRr e F=lly| viRCOTOras.ed ys5 rieaerénc® (herejni4 g cgating i s
appl i EPWADI430€ [S8CT agRs)| T9 @ fonijCkness-ol] ap I east| aboput -0. 25 9T s. aqd up
t o abppivASi4Bal $. SEON BaTALIONY 3PRT9.Gal 11aNg, g§3ucis @y AT pifie prades, - the

coati n‘g’;{gﬁﬁgkn?sgcs' @i d v ¢ 258 q £NSERE|CY ere QOvE| age of —the
area r@Nﬁﬁiﬁoa €YC CHHL [ 19 JQ&PCI§9' O 68 | 11@ HoTF T 'WIJJ fobe;
cover ed;—amd—provide corrosion T e necessary 1 or providing protection for

a typical biagdg d%@é%le@%a‘t n&%rkmknd aTﬂﬁn%lxwmé:s‘aﬁgﬂe%n&BE%@%% efhoul d be
limted due to the f atlgny‘ debit associated with the additional weight of

coat i nFIPERATEIPIIOYEP eLIpIDINeLaRPARENLg Karing mipxprresf ﬁ%vmrpaldsssttnr shlgum and t he
articl QagRSEArdirRed)¥an dcbEndiftk 6KRERRs §fAhe KiReRNisY om@m@nﬁaéé hfi. Bh gerabl y
| ess than about 3 mls, and nore preferably about IE|- 1038 2 Z
JAN 20%ds Feebed Bgasied i ithie 'dét 24P Magep wrqunadgd/@vrféa@@%‘e@sultsqﬁ@mww vapor
deposi bioRdks@l CohtesiodiadPsale bINE P hiRiEhI 8 tmauﬁvay ARINBY A RLPeraribll eawhas
been used previously to apply cefamc materials to other portions of gas
turbi ne engi ne conponents such as the airfoil portions. FIG 2 is an

alter nate enbodi nent of the present invention. The conponent includes an
al umag 1{0’3&1‘9 coating between the cegam c |ayer and the substrate. For
exanpl e he conmponent may include a Substrate 20 as above) an al um na
form ng | ayer 22 such as an MCrAl type overlay coating or an al um nide

| ayer. Both MCrAl coatings, which may include other elenents such as Y, Hf,
Si, Re and ot hers and al um ni de coatings are known generally, and the
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al um ni de conpositions and net hods of application need not be descri bed
here in detail. See, e.g., 10 commonly owned U.S. Pat. No. Re 32)2 J0hpr a
di scussion of MXAI'Y coati ngs and 5,514,482 for a description of alumnide
coatings, both of which are expressly incorporated by reference herein. As
is thethc;aaémwimm(emheatoer(amuclkﬂ@&’biwgh incregsed|turbinp apdrg mgitsngpel@yrehoadds, wei ght
but n cl uld be no
but nof,& rgggéﬁteagglsdggposn%s%ah Coaflel SRl @g%&a%%g”e WSl 5 ed by
any suiesdipigan pesbeds|, cosunbn @[shetmmemedk agph naderade qdltiy‘sllznf@hn vapoes adeposi tion.
15 The 0 i ver the prior
art Apdd ogégyggal{:aggtgﬂ%%ﬂ@ R hsYxlegEI‘iafﬁEstg?’érfe%eﬁgé‘%féﬁeg?%ﬂgﬁ]o resul?m SIS 'S Whi ch
are s uiopesxbectatl@ngtnfgih’rettt@mjbfrsatldlﬁe@lamubzstd Estsrw)lomjtahmgs stnbke cr)stal or
under - c%lllﬁglfapgrmntstrﬁa{n a%??ss%{)m%loﬁ] nlgil{? oﬁllég%atepglg\%@g&gm? <:e\\l;l| arsco%(gr{lOSI on
and stres rrosion b tion { ereaready
exi st Splsntgmnbncant experience in appl ying ceramc materi aI s to ot her
portions of . wel ile the
Present i myAiF 3peRaTHBLIRbE bBRiof forB ol R RhR e ATBANGR iy 56 1L
var i atapphed tarpdn@nbsftthtt wibstowes2Omayh bethe nraddesidaiof o platfdep b¥ dridnige decon? ofee spirit
Of t hetulr El\e/fbgtdqu pre en% p?erhé%lqﬁl\?/déc%tsltr%sgg?_lr;o%log%wi ng%l(d\} tﬂé Engdee d'ﬁb%?%/vg)lflar?%%;/ , 1 IS
| I I usthhile the peaseht myt:nlbyn i$ illpsttaged iioFIG. 2Bs AMelting i§ads) téw pisgent @ver@ioh 0Bt 84 5 2
2 JAN 2 3 d e n sing a
super aI o%}j t!s)lzj'f)ysffAa %'Ealpa&ﬁ?ﬁ]f'ﬂ %g]%?éolrﬂ}oggﬁs ngEQHﬂ;[regﬂ%!ly 9.5‘?9%”%3 o?"r% | ocat ed
bet weegvriobize tindidionawould aloe be Mnsctqsiltabé@ﬁhﬁmﬂ"alnvqmndler si de adj acent the
root, and a it nder si de
ot henl at ;fzg@,rrfnggwwfaﬂdgglch@&% nIRAIE USRI C@Xtm%ﬁ@;agn& 3 FoR8a 4rd Y
coldt i nlgarti@ﬂsaf@s aapblthfédretsgswm@wpa@reoswe@kd/oestresmerr@awrmrmxdal ddegdfe claim |,
wher ei [ [ The
Fur bi o BRERYRR s fie TR e RETBARSRBLa LR bk,  bE B oo
di r ect proveat ¢<yr0§lah p@n/q?rusgdssiqpr@%em chrgkig efithebladd @ylesealocanhes t\WYhilsi theprioteatie of
claim Iflve.wgmselhm.r‘.daa>.r§ﬁ@ss R0 BrdhR LERTRASSEsRTinflnBNI b, FENRLA LMl  Dase
super al | . The turbine claim1l, wherein the ceramc coating
has a tﬁ@m patricwldricompensat. &thqréglgpqnhme@b@dtto &lativelg high srrheaxtdmbpnee bl ade of
CIA) M cond MR Wl hIBPL OB BAR ALt RAARA R #R0019 By dofiRa o dfe M ! S-

. The turbine claim1, further conprising: Bt na ayer on
the sLﬂywwd@@a@hngaeé)unﬁlmol%‘@rramr@c@b?eztnrirmgckolr? lm:vé)eazlcemenaodaay«e-mal 9. The
turbi fvcl a I n
al uri zl?‘xélgérgrgﬁg\g é)ll’p% g;ﬁa’téﬂg%suc‘é\’ggfa ﬁhtﬂll{eb%é&lnﬁnlg ;‘l(gﬂ %glldug 63% %glg (r(z@msg‘
super aihflage b elemenisn ¥ ecdslipyemeshetheuseramicoetings ey Phemplogdwitoandnffeati t h gas
t enper §leUl £Scdnln&itF&9dPend lidn N TR HooN AN t sed
portion WhIEC?] [ s&?cfi)cr ect | P nér;(go%sgé I(tmz):ﬂéﬁot gasses, a sgggr?gtousﬂlsel%%éﬂgectl on
whl5ch ¢®tlemnﬂramuriamrawphhanec%/’&épﬁSufr'lled toMa@2g 98 eloth emiled "Thermel secti on
bet weepn t.h j . i ngd. .r . anh Vi n surface adj acent the
oot PHEerCBlhe St el SRRy B BRI R St ami o
coat i ng appFhepating it hgplicdiorthle sifate{sdro d thitkneslet t%s'rptmeﬂtZS ofils ghdaipmo 10

conpr i ;ﬁ;ioﬂéls Aild. ulfot? ir(ﬂzﬁinl@lag]qﬁ:ati&nlg,%ughi ds %eriRQ Bltahég,nthg anm1é19|ic§9ess should be
adequate to ensure complete coverage of the area to be coated, e.g., no uncoated areas in the portions
30  to be covered, and provide corrosion life necessary for providing protection for a typical blade service
interval. The maximuin coating thickness should be limited due to the fatigue debit associated with
the additional weight of coatings, which typically add weight but not structural strength to the article.
Accordingly, the thickness for rotating components is preferably less than about 3 mils, and more

preferably about 2 mifs.
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airfoil, the section portion formng a root, and the third section form ng
a platform the inprovenent conprising a ceram c coating applied tz) tRﬁ
undersi de of the platform 12. The component of claim 10, wherein ?le’ 2003
conponent s fJ terial.
13. The corrJyr)hc?ncg)%t Q?;%dqe%}%%f%& Otug 'QgASL e&gl}aésgu a&%ggéh?ﬁ’»o%r ﬁ)yr(':)n?r?};osed of a
st abi Ispmgd We prefenioaise zlnlasxﬂ'mrao'owipdnmme@ﬁusm pevipuslyQo anmchemmlcmhe:rmbm i ng
has a I Jhg.component of claim 10,

|
furtheoﬁlnc 8§SS°%% m‘%& %ggorﬁpogélrts 'cm (Ee %lugl Prate surface, the ceramc
coating on ElﬁeZaﬂammltnaatlealyléwdlm@_lﬁof t‘ﬁheresan boiveneion| Hetecopporsninpiudes awher ei n at

| east r a i onposi ti on
di feragln "%fio%ﬁp ‘ltlhag‘gﬁkﬁr‘] JoeFam su?ﬁggéejmp){ trg}ﬁeﬁirg? ﬁﬁéé/ [l[}%gg'g&g claim1l,
wher elmnyatnclh(wssubaramﬁﬁas@bpvofantahmm fofiming layer 22cathen apMGréd bt perlepat i ng and

the unGRLR) B ORINAE TSRS o Rkl RS AR Gue 2Rt LidMeni il LOPB4 7

I % <{ Upk$ aRV\pn:caqxtba]i cal ela]noac]e(@atlnkemkcwm@]ﬂela]lxz apetp @a}letel‘}rd\éq?u"d]ama] ca) calca

| Z
1 ool ¢ A ERpR LEApGRIHEN AR AR SRS IRAGTAh e %('@W”ﬁ e S L L1 ool o
] d4] ca;pma‘]cmb] an]edé‘l et (\loRRq/R 121 for a nscussnon of MCrAlY coatings and 5,514,482 for a

oo RGO ooyl bR ol kg o 2

-/ 0 the @@@with the ceramic coating, the alumma fonnmg layer adc s welg,ht but not structuml strength to

Oor LFRASE SR SRR gty el e lgaloal bl oo oo

<<T:tj1enxh:e:apphed by any suitable process, such as thermal spray or physical vapor deposmon

IR PR GO AR RO ki anhepldin) olsmhgc] 2ol

#10% &efami¢ capOng an (e)ecteﬁ@%p&h qfan amcle which are subjected to high temperatures and

om & 175 SEHA R AR e Pl AR ISl eyl b i 02

”%s! 10%9&0-‘(190 protegtangdufing operako9s Blo(epvey, tharg dr@dy pxigtoggniligaBYekpaidyegin( ) - 2
10% &Néélaln%/ e/iia%% ﬁ1§fel(|z) /s Io oztse;]-f}oﬁlé%s ()} t'hg’s"é c%gﬁ@ri%n(s)asm?%llQ?go (ﬁe&c&)lpc%ents

1@9<10% & WhQWE(DW‘EZt (n)verglomd)%l&er( (}esgr@g@ggy@ in some detail, numerous variations and

%4.0%
10% &%zaés)tft\]ctloil!prélﬁg‘bé %a%eé\%tt%&l /%fg% a{? ﬁ‘xe'@:}lr@ot‘the |(njlent|0n or}w sces)e oftl}f 0% & ()-S

10% & fpYawing claims. Accordingly, it is to be understood that the invention has been described by way of

10% &.ﬁdsﬁéﬁé\(ﬁnﬁb]@%y{m{ﬂa@%& ()-S fy/ 0% ()-S-&10% & ()-!N) $10% () -
(S#10% & () & 0% &°()-=YdYNC' k 10" 10" 10
—10‘V & ()-9"10% & ()-S83%40% & ()-6nL0% & ()-f5@10% & () -4?aBYNC! k&10% & (

)2 What is claimed is

OV&() 10% & () - 99'10‘V&() 13"10% 1 & ()-' F10% & () - 3?wWEdBYNC! k! @10% T T
& ()-"10% & ()-S10% & ()-z 10% & ()-&10% & () -

10% & ()-S2WNA?YNC Y""10% & ()-1$10% & ()-T'f1 $109%& ()-T10% & ()-1!10% & ()
-1 D$10%& () -W

dEYNC! ($10% & ()-R($10% & ()-RfF &S10% & ()-'10% & () - Y¥MLO0% & () - #-#10% & ()
- # &

eFYNC! ($10% & ()-R($10% & ()-R($10% & ()-R($10% & ()-R($10% & () -R($10% & (
)-R) + . 147

eFYNC'($10°/‘&() R($10% & ()-R($10% & ()-R($10% & ()-R($10% & ()-R($10% &' (
)-R7 9 :

rX>$Y($10(V&() R($10‘V&() R($10% & ()-R($10% & ()-R($10% & ()-RY N
Ho!'}1%=>? @ABCDE

}cl/0($10% & ()-R($10% & ()-R($10% & ()-R($10% & ()-R($10% & ()-R($10% & ()
-R($10% & ()-R($10% & ()-REF OR WZ

hl *}cl ($10% & ()-R($10% & ()-R($10% & ()-R($10% & ()-RY N
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Go!'}$Zz\ ~ " beg
eFcl ($10% & () ($10% & ()-R($10% & ()-R($10% & ()-R($10% & () - R(%Zo’éeﬂéﬂftl) - R(
$10% & ()-Rg k mo p x I/Fcl ($10% & ()-RY N

40! } $($10% & () -R($10% & ()-R($10% & ()-Rx {.
eFcl ($10% & () ( $1L0%i tlade fPrarassuebing engng 19908 §ing P-sipes bys wsiryte thfmu%n& () - R
$10% etween the biade and r 1 rm has an undersic
eFcl (%i%%/’%"f I Lo o e 4105 (P RO 0% 8 0" s 1096 & () - R
$10% &djpgenRhe root, and\ FuTosipn OYYLEINE) celtz(me%r'&y goaLpg Q! %l@@e(sydemfmm/@tﬁw) RY N
G40!'1 %
eFcl %$1ov &($10% & () - R&($10% & () - R&( $10% & ()-R) ($10% & () - R$$1OCV& ()- R
$10% & () - R The tuEeing Qg@)@fgga(n) 1,Fvhepgin the overlay coating is also applied to the blade
G40I}§31 $10‘V& ()-R($10% & ()-R($10% & ()-R
eFcl ($10% & () ($10% & ()-R($10% & ()-R($10% & ()-R) ($10% & ()-R($10% & ()-R
($10% & ()-R

eFcl ($10% ‘% () fﬁ%gci/nwlé %la(ﬁ(&lg% »(/I)ereR( ﬁégeélfgﬁc@)ﬁ (s%lagm &d@)stﬂ(ﬁzjegv 0& ()-R

($10% & ()-R $10% & () - 0% & () - R( 10% & () - R($10% & () - RY
N zirconia.

G40! }$! 1111 #1948 eFcl ($10% & $10% & () - R&($10% & () - R&($10% & ()-R) ($10% & ()
“R($10% & ()-R($10% & ()-Re8) !+ -1.1711/Fcl ($10% & ()-RY_ N

G40' 1$) ($18% & (TheRetiaobhde (fylain S0 by sykarate mcompdsed of etieeriibating & () ($10

% & ()-R) ($10% & ()-R($10% & ()-R($10% & ()-RM Q S!
ul zn\%‘f"ﬁ(@g"q‘(‘@oo &5%’ @“ﬁov E&)())(R(mov &(%) (R($10(V &(%) (R)($1ov E&)() R?$10
% & () - R($1OCV&() RM1jintulwi mV Fel ($10% & () - R($10% & () - R($10% & () - R(

$10% & () - RY The turbine blade of claim 1, wherein the substrate is composed of a single cr
GAo! pswi {1111 ! leFcl ($10% &( $10% & () - R&($10% &' () - R&( $10% &' () - Igl)($10% & ()
R($1®%<€1t(a§‘151’2?$iw& ()-RTIEITIIOFcl ($10% & ()-RY N

40!} $) ($10% & () - R($10fV& ()-R($10% & ()-R | Q" ####|[ -10D) 0 <10%D) & () -
8#100D) & ()- Y7$109D) & g 53" 109D) & () - Y43" 10%D) & (
2109D) & () -u##ushetrrbing e@)itoof %m@wedrsm&theyefamm%ﬁ)"&he%'\Oémnmmmeﬁ(S)of
#10(%@5%,@&&3,/3;9,0@)& ()- 10D)10D)' @ ()K)<**|[: ALOD)0 ! 109%0) & ()-

109D) & ()-g LY*1000) & ()- 9$109D) & ()- FL0%) & () -
10%D) & ()-*b+,,,,G-|[: AlOD) 0 +10%D) & ()- 9* 10%D) & ()- (#10%D)& ()-
& f#1090) &A ) - &%em%?é $add sticlath 1 JHQYEN &e Coatime has:a/tickhitss Khleen 200 B.25
Y=100%0D) & ﬂ)' 6S1090) & ()- 3#10YD)& ()-f . YA0%I (K& ()- \. %0 & ()- -
109%) &3(1: 0- 0. 0; 00F113bA10D) 0 "10% k)’ & ()-S " 10% k)’ & () -
7#10% K) ' & ()-S 10% k) & ()- &10% k)" & () GlOD) 10D) 334n55' 66| [ : ALOD) 0
FT#109%K)' & ()- _10%K)' & ()= F-#10%K)' & ()= FG'10% k)’ & ()-f
Y#10% k) ' &8 ) - sT@?f%'e)@/&'(*deg?f@ﬂ"‘“réﬁ?%ﬁf8%‘8?“[5 NB10D) 0 y(10% k)' & () -
%y 10% K) ' & agatunft@idf2¥ok Jhe ulisirate surfadé) Wekckrafid Joating SHAROALKoh indldygr-
1109 U(* & () - S8888889S: Y: VUAL0 10% O & ()-  10% Q & ()- f#10% Q & ()-
%40% Q & ()-F10' k)’ 10' k)’ 10' k)' <10%K)' & ()-Y::::3:::|[:vUil0 S 10% Q
& ()- &3"1070 Q TFheltrbisie bladddoc@im 1, wherein the alumina layer is formed from an aluminide

or overlay bond coat.
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& ()- 10%Q & ()- 10%Q & ()- LI10%Q & ()-;<s<<<T=j=|[:vU410 _|+nml0% Q
& ()- ) 10%Q & ()- !'#10%t& ()- !'#10%&' () - !#10%Q & ()- 910%CzZJAN 2003
& ()-j=u=v=w=x=== ?nPvU410 !10% & ()- sg#l1l0% & ()- 10% & ()-

&10%' & () - 10%‘10Q 10 Q@ F=10%Q & ()-nP?-@ @a@oA [:vUu410 9

10%' & ()- 19-109 a&u@ralon(ggg.t'uggu(e)comgq_l@%wl&ci(9pera1eslr0m)@en&lr<gr)ment with gas

10%- SYARZERLL | N Bt )-
&ZlO‘Vj-‘elé?e( 55 ?gf ()dd4’é t(l))g/c/BréQ) @ht‘?fax(l)ciga ;955 ffo)no 1%/I\£%}Q§/§fe I)(

" ml 0 %X BosEq to l@fw%s gsegqgnd, slneiwosec&b(\ Which 1509%3 (carm dirg@FapegLrE Yo thiNgaseea) "

" Headi ot an adi 4 53] c"
" Hea dlaﬁgaé%d ectlo%gfuleglgthgg+ﬁll an{g)gpzllnﬂgmv?l 3% 191 undtr‘?la %Lﬁgce %};%e;%l\ tlkée th?

Par agrimptevFoernt Wl“dlEW“@DIEHQ ENFDS?OG)lﬂHbIUltg(CGYﬁﬂTWVO)’“% appiedzo ghexhird SeCthn

TR 7IMATW HT# *- 0368Y: ;) =n?@\BC. / 0123456789:

<=>7@A\BCDEFGHI JKLIVNODQ?STUVV\XYZ[\]" 6Ti nes New RomanAri al Courier New'h Root
Ent r yWor dDoldunmenthe compgﬂmf(c)mm 10 corpprpRw3am8me blade, the first portion forming an

<= >°@5§§39,EEQ-|L¢H§|, W%%IW{%,[M the tﬁllrd section forming a platform, the improvement

comprising a ceramic coating applied to the underside of the platform.

12. The component of claim 10, wherein the components is composed of a directionally

solidified superalloy material.

13. The component of claim 10, wherein the ceramic coating is composed of a stabilized
zirconia.

14. The component of claim 10, wherein the coating has a thickness between about 0.25 -
3 mils.

15. The component of claim 10, further comprising:

a alumina layer on the substrate surface, the ceramic coating on the alumina layer.

16. The turbine blade of claim 1, wherein at least a portion of the airfoil is coated by a

coating having a composition different from the underplatform surface.

17. The turbine blade of claim 1, wherein at least a portion of the airfoil is coated by

metallic coating and the underplatform surface is coated with a ceramic coating.
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