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t he subject matter disclosed herein si also disclosed in commonly owned
pendi ng , application Ser nos 09/467,516 entitled "Articles Having Corrosion
Resi stant Coating"by Alllen O son, Shah and cetel [Attoney Docket No filed on
even date herewith and expressly OQZ add | Z ~ ~ ~~~ ~00~
fatigue life it i on of the coating is intentionally limted to those
portions wwmﬂmﬁﬁwm nent for which the coating is necessary to achieve the
required Ity. In the case of rotating pans such as turbine bl ades,

t he added mei@ﬁ@mof a coating adds significantly to blade pull, which in
turn requires stronger and/or heavier disks, which in turn require stronger
and/ or heavier shafts ) and so on. Thus there is added notivation to
restrict use of coatings strictly to those portions of the blade, e.g.,
typically the pri mar METHODROR PROVIBING ARWNELE ViTal CORROKION absol utel y
requi red. Wth increasi RESISTANBC OATENG AND TORSTED MRPDICIE conponent s or
portions of conponents that are not directly exposed to the primary turbine

gas path may al so expo relatively high _tenperatures during service,
and jt5herefore may al so%ﬁg)c?E%fe‘EB\%Blﬁéﬁ@/%Lga"&Hg%@elcﬁaowam e, 10
portions of aghuk bf hesudicatiRatich akcladed horei iEXROSEMok id dendASy Adled pesdigh as
t he undersi de of the p%g&tp t he bl ade neck, and attachnent serration)

can be exqpbisasigns dert Hagp gntitied g ving SerrpspaResistag sty by Alese
bl ade | ogabi Whsh AECHQTARGHey A ockE NIBHLR) 365, by A6, 817 ntiddd “iAStiGxRRERLd t hat

the tenperatures these portions of the bl ade are exposed to will continue
to i ncr ef’®osien Ressinhieoadper byt lieg 2pd Rpen-dtleh ascvendite Agewith andepprepdvsent
i nvent i ofcEl8Satcl BY FefaRileineRin [ARoRby Bodi@f NOSEIRN0T7RS a8d a97468.08 ek ik dl' A rticle
portions of turbine bl ades not preyiously coated and not directly exposed
to the hbevipaoEesiuResisyn (sHRy ycséﬁlbﬂﬂeqyﬁ‘el aoTBey Pegret Ne- HE10338E her  obj ect
of the invention to provide a corrosion-resistant coating to prevent stress
corrosion cracking on porti e t not directly exposed
fo & hot gas stroam B KR SAB YIRS BN

The present invention relates generally to coatings for corrosion protection, and more

15 particularly to methods of applying such coatings to articles.

Gas turbine engines are well developed mechanisms for converting chemical potential energy,
in the form of fuel, to thermal energy and then to mechanical energy for use in propelling aircraft,
generating electric power, pumping fluids etc. One of the primary approaches used to improve the
efficiency of gas turbine engines is the use of higher operating temperatures. In the hottest portion of

10 modern gas turbine engines (i.e., the primary gas flow path within the engine turbine section), turbine
airfoil components, cast from nickel or cobalt based alloys, are exposed to gas temperatures above
their melting points. These components survive only because cooling air is passed through a cavity
within the component. The cooling air circulates through this cavity reducing component temperature
and exits the component through holes in the component, where it then mixes with the hot gasses

25 contained within the primary flow path. However, providing cooling air reduces engine efficiency.

Accordingly, there has been extensive development of coatings for gas turbine hardware.
Historically, these coatings have been applied to improve oxidation or corrosion resistance of surfaces
exposed to the turbine gas path. More recently, thermal barrier coating have been applied to intemnally
cooled components exposed to the highest gas path temperatures so that the amount of cooling air

30  required can be substantially reduced. Since coatings add weight to a part and debits
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20 Jt. is yet another object of the invention to provide such a cozﬁim‘m@z
protect against stress corrosion cracking of noving conponents such as
turbi ne blades in regions under the blade platform SUMVARY OF THE

| NVENTI ON 25 According to one aspect of the invention, inproved durability
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| vl Cr Al M2b@¥eturiog savvies. These MadeAbdatibasyare defied or 1 ang 190n &igotehler It #sppoted a

corrosion . resistant alum ni de coati C l.atinum 5. al um nid
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bl ade nepkratid®cimpxianirasdnaesse.0si on protection, the coating shoul d possess
bet ween about_30 - 4~ wt. 9% pl %ti nugl bal gnce al um num Additional copatings
may Be appl i eﬁ’edif%ﬁﬂ“‘t%ena‘i“haﬁsﬁi q&2PPa<3)ioF Oha RUTRITTE B FYA8 B PRI Phi ¢

i nsul at i figideayRles nAGeidisNGodi@l aAinoadI e Expa&idac thefot fRisGednioanbiRd, a
ceramic material such as a stabilized 10 zirconia is applied to the

under si cFémGPn‘%“hé“fﬁlP”dftyform and portions of the blade neck, preferably by

pl asma spray.y Q%B&&%jq%k‘&ﬂlh@&v%itoﬁkd ﬁviﬁ@@%&ﬁ&fonﬁ%sm C%BH&';&E‘%E Mesn t_he
substrate and the ceranic. BRI EF DESCRI PTION OF Tl -i E DRAW 15 FIG 1 is

an i | | usorationaragfingonspgisens|of egmpanentethat dreynefcitertiyaxpesediia hhatiges preasent

i nveption. FIG i : ek [ ' ' to the
art il e o Fie Y oo BigFaE R uhindon W BIARKISA RoatBRGBRL L

i mpr ovenentsiac hiagkieglofiwhoingyomplaantscsoelt asrgrbink badeginirggionsgmies e hlade

illust ratlgt{;)n anot her enbodi nent of the present invention. FIG 4 is a
schemat ift i1l ustration of still another enbodinent of the pr esent
invention. 20 FIG 5 is a schematic illustration of another coating applied

to an article simlar to Fl GsuismEREoPTIS nrephesant ati ve of the corrosion
l'ife inprovenent achieved with an inventive alum nide coati ng of FIG 5.
25 According to one aspect of the invention, improved durability of gas turbine blades is

achieved through application of corrosion resistant coatings. A turbine blade for a gas turbine engine,
typically composed of a directionally solidified nickel-based superalloy, including an airfoil, a root
and a platform located between the blade airfoil and root. The platform has an underside adjacent the
blade neck, and the blade neck is adjacent to the blade root.

30 In one aspect of this invention, a corrosion resistant overlay coating such as an MCrAlY (M
typically consisting of nickel and/or cobalt) is applied to the underside of the platform and portions of
the blade neck. To maximize corrosion protection, the coating should preferably be composed of
about 20-40% Cr and 5-20% Al. The presence of this coating improves component life by preventing
blade corrosion by the salt accumulating on regions of the blade shielded from direct exposure to the

35  gas path. 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



FIG.7 is a schematic illustration of still another coating applied to an

‘article.simlar to FIG 1. FIG 8 is a schematic illustration anot her
enbodi nent of the present invention. 25 DETAI LED DESCRI PTI ON OF T APR 2003
PREFERRED EMBODI MENTS As illustrated in FIG |, a turbine blade conposed of

a superal | oy material and incor ing.th resent invention is
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cracki ng of these materials represents a newy discovered phenomenon. In
one a%5pect of the current invention, a corrosion-resistant overlay coating

(21 in FIG 1 a) Is:@mtsgdms@mprrbmnsmfs PREEERRESIEMBODAIERE§CEPti bl e to
stress corrosion, such as the underside of the 20 platform 18 and the neck

19 of a turbi néshilusiaed B Fi¥ ey & ArbipghlpdscrmRosss af %%upgrev%vs@ater&* PSPERPEREREK ng
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in FIG 1 as a turbine bl ade, t he present invention is not intended to be

lirn itedas airRiy2peserpiedipiage regs r?f)é‘ﬁé‘hrto attpgliithe biadsde the xtaiAble twinedigd apdponent
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consisting of a single crystal or with multiple columnar grains oriented parallel to the direction of
growth. Typical compositions of such alloys are shown in Table 1. Exemplary U.S. Patents

35 describing columnar and single crystal and directionally solidified alloys include 4,209,348;
4,643,782; 4,719,080 and 5,068,084, each of which is expressly incorporated by reference herein.

Cooling holes, which may be positioned on one or more portions of a turbine blade, may be provided
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The coating may also include other elements such as Hf and Si to provide further improvements in

30  oxidation or corrosion resistance. MCrAlY overlay coatings for applications to regions under the

blade platform should have a composition (given in wt %) in the range of about 10-40% Cr, 5-35%



21 APR 2003 FIG 3 represents an alternate enbodi ment of the presei
‘invention. The conponent includes a netallic substrate ?0, e.a. 1 APR 2003
superall oy material, an alum nide (or platinumalumnide) |ayer 2? and an
overlay co t|n L,Qn the alumnide |ayer. A rrinleand Iatlnum
al ur ni nlpde ray ré /%é Okhé\lﬂﬁ “dg?ntg %G Commie nEipd 2 ﬁﬁr‘g‘i” BN &f tHﬁﬁé&Otl on and
met hod ofcafepéd M@kﬁﬂcdnﬁaoﬂﬂ&nsmmrdoherd 2o0ewes Csdedsadll o-18e€.0-24 i, andh-P2, Pat .
No. 5,514,487?. The al ugt;n ng r pl ati num al um ni de | ayer nay be present to
provi de HiHBalewsatNiapd/4i ¢ N ‘%:Té%‘?ar'é%f R QRpBIycOTTasIgN resistange sRadt phsreabRi-i ty
or may h@epELsexhSArD.o 8 €.0-0.5%8i aRalh 8 Sl behRRtoRbAE of Ni and/or Co
repai r/ manufacture where the overlay coating is applied during repair or
r ef ubbi Jhaakenf thefe coriense Bap ARt Ldmp @ 2kauedl wudl of clisphilavércalemenni deuayer i s
not or i ahh Y. f=Yo I ISR Y=Y R o\ f ef ur bi shment. 10
Ot O 7Y pRALIhl Yk SRV BB R LSRR 0Ll Ur DY Shr
conponent (not showhBLE 3: @WSIF@WPHP@QT@@&V&Cr@étTéNGBCW@m)bst rate 26,
e.g., a superalloy material, an overlay coating 24 on the substrate and an
al um ni{de layer 30 oh the overl ay coatJoagng Jdwepoaltiomiwvitde | ayer nmay be
pr esent|,SgecifieéRangd e] t Oiprpvi e the Coatiing A thf some defiresl properry.| I n
many cdses, a portion of the article subjected to high tenperatures is al so
coat ed.| Typidahe T S case of Balr bi ne [bllades | ThesarfToiplz pofTi o may o@n
cover ed pifeRe@ Metal i C ovealay coatnngp yuchaas [hegllypes agsprr o] @.'rpove,
or wt grg,@ray}m nidejcoati mpgj, such [agsape aeﬁqsi DEd G-H 3T e afIpg¥E 4@404
patent ,—or—wth a ceram c thernmal 'y rnsutating ayer, or some conbration
of tigese coat+ROSaridgls FHNYE ©ARETade LR r-BlabthH AndPRER loQmalichdm BSKGQALEG M th a
coating having a co ngosr tion different than applied to the underplatform
and neclO-YBr (+GAasimafier Ptiee srelicaiansesich petubaitasies thersatingyhigimessishodidbe or
the sa %MBHJ ore DG JrtHRlales S35 @GR4 TRYprBRAE
al um ni de @ﬁ%&ltggn e unperepl at?orm sure?ace and necpkr &Y@E:gﬂzﬁ%g&sﬂ%f
MCr Al'Y aveyitiag projgseocigat pnisal b@dhéwebwr\ﬁhtﬂt@rm&wur@ewfma@sckn@s isdmuitede, are
al so pOS&k% ﬁrerw%us BEiE LSRR with W Rles Qe bfSa &%na Mg RERH s bR ulie! tr B %1%% oft O
any particular conbination of coatings on the exposed portions)
shi disdedopgoiurd Gais)! apfs B kSR covasd, AT sanedimaynt tfaﬁ@?ﬁéﬂrwa@pemursoﬁ t he
current év@%@%&ﬂr%més&%&&hgp tﬁ@ﬁlcﬁﬁe@@for Rfding cgfﬁ%ﬁllen@%h@'b@'légggﬁk o de
coating (2 is a e portions of the substrate
suscept |®P®6Ff@)a®pr @eB -CQ390r50h P@f?fabbfdesh W&Q apgye 0.0 er2f de) ofd erdater tlam006P M 18
and the f { egxanple simlar to the bl ade
descri be rrI%IQI aé% Tge %f?gb[}fdg%?g@zen(t S)cor?<osi on and/ or stress corrosion
cracki ng of t Tilee doleclabecontingtrryde applicdby warus frhessees &hdwrgtoitimspsialedrimbble yart,
char cte : hase of
R R Vgl SOl (PABRR, D) B BEVEL Ry B Bl
t ur bi ne therade spravh@ir plegsesarayh [eWerieskusnon vacot plpdnm spesd, tigh waheitpaxst- fucubar)
CONPONENk,, (X Qﬁgrcamwﬁnm ﬁx@@%ﬁ%nt@as ug%d%'d ket 8 fibdnflse. ﬁ]nsdm%t%r osive
condi ti ons wdu ' so"be expected to benefit fromthis 1 nvention.
i 11 ust r ais ecfered delthmerfentdfat i RioYidesrpbaicedrhickndsecangat dfidgpaajtysl oatihegs.oAt he
under - p'@&rngra@ @e,thodmrcf&s@sﬁrorapﬁ%slf& pgr mrg%{eecroatmoxs FesBhidl LYW Rlym ni de
coatin tal ning between about it I"at 1 num nore eyferably
abowts oownegsmdvpo Pﬂﬂﬁﬁ‘luét’ﬁlﬁéﬁﬁ”asﬁﬁ Nﬁn%gt’mﬁrlé? é‘ﬂ%ﬂmw‘u@@sww%@nd e%raed 21 APR
200 pl at+dymadwi AR VP& mbmf‘\%@mwwm @Lwaasgw mcaﬂ;qrarud%%fere;réz ¥rein
conposition is neasured near the surface of thé coating, g. ot ‘deeper
than the out eF1®@ %Sﬁﬁte%qhécctr@ﬁlap“@O’ﬁ?"lor‘ﬂj“et“h‘icél@ﬁ%ds‘@mugumﬁlmlpmgfgoatlrpgsat| num
al umi ni d&s@@s@ﬁ *rﬂgﬁ 1mrft'idﬁg'ﬂlee§§§fpla@f@ﬁln AirB8d &2 SHIRUMN Bal ﬁIrerzb@amats c9{t§J erred
pl ati num | eve 0 not provi desired | evel of” protection agal nst
corrosi onith ex h@ﬂp,}?@by@pmc&p%nq comprised of about 35 wt.% Cr, 8 wt.% A1, 0.6 Y, 0 4 wt.% Si

30 and 0.25 wt.% HI, balance nickel. Corrosion testing of the coated blade at 1350°F in the presence of

sulfate salt showed a 5 - 20X improvement in corrosion life relative to the uncoated blade as measured
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to test specimens was also shown to prevent stress corrosion cracking of the single crystal alloy.
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35 surfaces 18 and 19 is preferably a platinum aluminide coating, containing between about 11 - 65 wt.

% platinum, more preferably about 30 - 55 wt. % platinum and most preferably 30 - 45 wt, %
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35 ensure complete coverage of the area to be coated and enable corrosion life necessary for providing

protection for a typical blade service interval. While thicker coatings may be used, there can be an
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‘Illlpltol"lllg the dwability of a turbine blade conposed of a supel a1| IQE)
material and defining an ail foil, a root, a neck, and a platform /| ocated
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claim1, wherein the coating is applied to a nom nal thickness of |ess than
about? 0. 005". 7. The method of claim1, wherein the coati ng is applied to a

t hi ckness bet wean aboet asPecOSAbe QirRBBnventon, 4 b@rosh hadiaf ovehid) Mhaling G Mid her

conprising the step of applying another coating on the airfoil surface. 9.
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di f f er enpr thbancbHe | CadRSiean | LoRsiubidbladO¥ardvadt c6Aeidn@d/ol Qress corrosion

cracking of the blade in these locations. While the present invention is illustrated in FIG. 7 as a

15  turbine blade, the present invention is not limited to any particular component. Other components
exposed to relatively high stress and corrosive conditions would also be expected to benefit from this
invention.

Referring now to FIG. 7, a corrosion inhibiting, ceramic coating is applied to a portion or

portions of the article that are susceptible to corrosion and/or stress corrosion cracking. Using the

20  turbine blade example, the coating is applied to the underside of the platform 18 and the neck 19 to
prevent corrosion and/or stress corrosion cracking of the blade in these locations. Other components
exposed to relatively high stress and corrosive conditions would also be expected to benefit from this
invention. The overlay coating applied to the selected area(s), e.g., the under-platform surface 18 and

neck 19 may be a conventional thermal barrier coating type material, such as a stabilized zirconia,

e.g., 7YSZ, although the coating may also include other elements. We believe that other ceramic

ro
wh

coatings may be employed with equal effect.

The coating is applied to the surface(s) to a thickness of at least about 0.25 mils and up to
about 5 mils. For rotating applications, such as turbine blades, the coating thickness should be
adequate to ensure complete coverage of the area to be coated, e.g., no bare spots, and provide

30 corrosion life necessary for providing protection for a typical blade service interval. The maximum
coating thickness should be limited due to the fatigue debit associated with the additional weight of
coatings, which typically add no structural strength to the article. Accordingly, the thickness for
rotating components is preferably less than about 3 mils, and more preferably about 2 mils.

The overlay coating may be applied by various processes, such as by vapor deposition or

)
wn

thermal spray. We prefer to use a plasma spray, which has been used previously to apply ceramic

materials to other portions of gas turbine engine components such as the airfoil portions.
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cracking protection during operation.

20 While the present invention has been described above in some detail, numerous variations and
substitutions may be made without departing from the spirit of the invention or the scope of the
following claims. Accordingly, it is to be understood that the invention has been described by way of

illustration and not by limitation.



addi ti ons conprising about <20% ofthe total. 21. The nmethod of claim 14,
wherein the coating has a nomnal thickness of |ess than about 02d0&PR 208%2.
The nethod of claim 14, wherein the step of applying the coating is
performed by cathodic arc, thermal spzay, vapor deposition o~ sputtering.
23. A nethoq”gﬁjjﬂp;pxj@gmphe durability of a turbine blade conposed of a
superal | oy matéeriat—3 ining an airfoil, a root, a neck, acid a

pl atform | ocated behveen the airfoil and root, the platformhas an under

si de adj acent the, neck, conprising the. steps.of: providi a _superal |l oy
substr at e; gnd a;ﬁ%i”&‘?\%ﬂ% Olglmggor‘ lméélfegiﬁ“atrg ]Z@f %@g‘ﬁtb mﬁ%ﬁeecoﬁé’f’ %nggmpgiaﬁ?yng

al um ninteriabaididafiniof ait didfoiliadedt s dek, aifd 4 Hafophatched mrand thl Ade] ndckot, 1R¢. The
met hod of claim 23, wherein the step of. applying an alum nide coating

i ncl ud® 1f8b’bﬁ%fiaﬂg’“%elﬁF%ﬁ“ﬂ%‘iEﬁHﬁ%ﬂ“ﬁ“ﬁﬁ HpsEg eI o5, The et hod of cl ai m 23,
wher ei n t he peaadind@sipeall@l fabstakpad 11 - 60 wt. % pl ati num bal ance

al um num 26. The nmethod of claim?23, wherein th oating confains about 25
- 55 W % plPBRIYR&MCOBRY WHER A OfA ALArp1IEA PR et TP SJage Seer i n

the coating contains about 30 - 45 u~t. %platinum balance alumium 12

Z 1 APR 2003 28. ,The nethod of claim 23, vs~herein ati has a

nomi nal thigknesgﬁﬁﬂwﬂgg§?aﬁﬁﬁ’3%8@?ﬂﬁf@@§@@p§§ﬁ‘WﬂéaﬁﬁﬁﬂBHﬂggcgﬂﬁgn123,

f ur t heMaeppehig@nbhatists@pNgCoapgidifieng anot her coating on the airfoil sw
face. 30. The nethod of claim?29, the conposition of the another coating
being different than the corrosion resistant noble netal containing

al um ni de coat i n@he dethod o tigimne wheein afe cohtignb2@ns Wheidt » 10heYstiep-36%

ope Y R PEy R Gkt et o MR BN L EBLEORIRA Ol RENEPIG IR &1 Nt O

comprising <20% of the total.’

4, The method of claim 1, wherein the coating contains_in weight % 20-40% Cr, 5-20%
Al, 0-1%Y, 0-2% Si, 0-1% Hf, balance primarily Ni and/or Co with all other elemental additions

comprising <20% of the total.

5. The method of claim 1, wherein the coating contains_in weight % 25-40% Cr, 5-15%
Al, 0-0.8%Y, 0-0.5% Si, 0-0.4% Hf, balance primarily Ni and/or Co with all other elemental additions

comprising <20% of the total.

6. The method of claim 1, wherein the coating is applied to a nominal thickness of less

than about 0.005”,

7. The method of claim 1, wherein the coating is applied to a thickness between about
0.0005-0.003".
8. The method of claim 1, further comprising the step of applying another coating on the

airfoil surface.

9. The method of claim 8, wherein the composition of the another coating being

different than the corrosion 1esistant overlay coating.
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32. A nethod of inproving the durability of a superalloy gas tpf QPR
conponent which opet ates in an environnment with primary gas path tenper
atures in excess of 1000 C, the conponent having a first, exposed poution
which is directly exposed to hot gas path, a second, shielded section which
is shielded fromdu~ect exposure to the hot gas path, and a third section
between the exposed and shiel ded portions, the inprovement which conps ises
applying a corrosion resistant alum nide coating plied to the thud
section. 33.10The Themstwénf clam leﬂaihmc@zlprmlmpm slwngnglztym%ﬂh@%m@ t he
first Qﬁ’lt(fidc‘é”’{]]{(g’\reﬁ‘a”&aﬁﬁknﬁn'tféﬁ ]mote eS€Ction portion formng a soot, and
the third Section formhg a p att the i nprovenent conprising a
corrosion resistant coating appli ed to the underside of the platform 34.
The nethod of claim 32, further conprising the step of applying anot her
coating on tlhe aiTiht eiethos uf dlamd, fudber chngrisingtdnathnofidelagdr lac@2d omthe peirhay t he
step of %ﬁgl yi ng anot her coating includes applying another coating having a
conposl F?3"6% di fferent than the noble nmetal containi ng al um ni de coati ng.

36. The nethod of claim 32, wherein the coating further conps ises

r;:)f, E)i/lunmg Pﬁémdﬂr gg‘ﬁj/ Ogl/oPcflangqgm;%eJche s}zegatéplowdmggsu :;’n? ite lﬁ‘clnﬁetﬁgj?og‘flici%%a

mat er i ahbsamel cadﬁe;fnsad mfgmar;ulawﬂ fizkél;based nboy, a dla.ecnetakly sqilrdd‘lea njpkaihednildpeat ed

bet ween. t he al e at f orm,has, an undersi de adj acent the
neck, 818%1’:”&%'68 ekgase{jadog lunr”%)a\l? (flmnnéCkQ? bsatSfdea?ia)( |l oy substrate; and
applying a corrosion i nh| biti ng ceramc overl ay coating on the underside
oftheplat m cl ai 7 2r e i oating is
conposed of gt ab:glf%e 76 Ql%d gPCéfpﬁqa&]%g'.k%lfhrneeg%?%?ﬁggwco%gf%ggé}gm\}ﬁde ein the
cer am cathsliappltheoalspray apper ddppo®n bi ontteringer mal spray, or sputtering. 40.
The nmethod of claim 37, wherein the ceramc coating is applied to a nom nal
thi ckness of less than about 5 mls. 41. The nethod of claim37, wherein
the step of .applyin I rate
surf ace, thegcer étd&rﬁngth(():dc1)6<'ztfltllllrl I%%n%%te raa'lll Of% aﬂg}( Ea%ﬁ‘ggme?ﬁon pb)mfnhw “%f claim
37, whepedtes he ea\hwmnnlawldwemarmax? mﬂmdlptrat@ws awxeﬁswﬁlr%@i’é, ‘Blre ostlerd | ay bond

coat aﬂ@\!if-]gegﬁ}se eﬁ&@edsﬂﬁgﬁ)'ﬂ]rv@ﬁc%'is directly exposed to hot gas path, a second, shielded section

which is shielded fiom direct exposure to the hot gas path, and a third section between the exposed
and shielded portions, the improvement which compiises applying a corrosion resistant overlay

coating applied to the third section.

15. The method of claim 14 wherein the component comprises a turbine blade, the fiist
portion forming an airfoil, the airfoil covered by a first coating, the second portion forming a 100t, and
the third section foiming a platform and neck, the improvement comprising a corrosion resistant

coating applied to the underside of the platform and neck.

16. The method of claim 14, further comprising the step of applying another coating on

the aiifoil surface.

17. The method of claim 16,  the composition of the another coating being different

than the coirosion resistant overlay coating.

18. The method of claim 14, wherein the step of applying includes applying an MCrAlY

coating (M representing combinations of Ni, Co and/or Fe).
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43. The nethod of claun 37, further conprising the step of applyin?1qnﬁqﬁgr
coating on the air foil sup face. 44. The nethod of claim43, whet“ein the
step of applying another coating includes applying another coating having a
conposition different than the ceramc coating. 45. A nmethod of inproving
the durability of a superall oy gas turbine conponent which operates in an
environnment with primary gas path tenperatures in excess of 1000 C, the
conponent having a fist, exposed pooion which is directly exposed to hot
gas path, alsecomtle msthbdbithdindéovliensin hbiahing & vehghepaendt fonims duwedtt Yexposur e
to the hot gas paf d t hi cti, hveen 2XDOS shi el ded
portioﬁ@jEQ%ngﬂbp%@éﬁghg%xh?éﬁ%égﬁﬁgfgggB@%BF@WHéﬂgbﬁgggigﬁgﬁ&gggpfiant

cor r oskkmentAhEdbitibhs@meatisgEboutc@atd afgheappl i ed to the third section. 14 21
APR 2003 46. The nethod of claim45 conprising a turbine blade, the fir st
portion fog mng an airfoil, the section poution formng a soot, and the
third sectian. fori agthad pf i dn myvherdhethe mptioy ements jicwapti%s 2 hgl& CoBr-osi on

B N R Y O T T

Zi r conhéditidh8 compesinebhad2@h ofihaianld5, wherein the ceramic is applied by
vapor deposition, thermal spray, or sputtering. 49. The nethod of claim 45,
wherein the ceramc coating is applied to a nom nal thickness of |ess than
about 5 m | g1. 50.Th¥ hethobidadndf, wheadimhd boatinglesrs einnminathskess diesathplh yi ng
includeg fgsﬁ%ng an alum na |l ayer on the substrate surface, the cep amc
coat i n§°Bh ‘alunmina layer. 51. The nethod of claim45, wherein the
alumna layer is formed froman al um nide or overlay bond coat applied to

the subst . 52, Th hod .of cl ai m 45 ) i Sj tep of
appl ying andther TBAETRBC oG o Tblk Bt Ik as R BRI 5" P P

52, whesteodic ithghsmelspol, \appldgpasgioanotphieringoat i ng i ncl udes appl yi ng anot her
coating having a conposition different than the ceram c coating. 15 . Ayb5. Aa
A A3.Afs.AL.y. A . A L. A Af.AfA Af.A3. Af9. Ay[ SPuv-.~Vs z

Q wr mhc”Y] caj ca] eahesdcalspbeiag arlieabinalof ahebiid Bal-combsad 6£2salicgl cal cal ca
] ca] ca] ca].ca] ca] ca] ca] ca].ca] ca] ca] ca! .

[ $1M uPSiciiplne dsiiing agpréol £0Pe apeck) edPeiatfon) sgtedctuses drcifodapérpe feca) cal ¢
al] ca] gplfed] sRls ajeaidalcahedt sakcahsalif@hbiteps of:

LCH]NUNE!"6#B##$%&e&TFé &z kf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
] ca] c”a] ca] E¥OX|WLHPY F éﬁ@gfﬁéT aU] ca] ca]ca]ca]ca]ca]calcal ((s)*T++.a../g
/1 0[ 1122( 33V¥AHin# b 3hivshe fkistdlt8BPR nwiarbatalihs alsialde abLia}f omjhe ahdeafdealcal c(a] c
aV]ca]%akE%&ca C q?]c Jca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!P999R
. % 1cpla Tin -ar €Neck,

%:+>>*@mfAA#B(B+B3BCDEFGGG‘VKKLtLLCNNN1mﬁnhCAY]]ca]ca]ca]ca]ca]ca]ca]ca]ca]

ca] ca] ca] cal¢a] calca e calcal.calcal.cal cal.cal cal cal ca ca]ca! W\
RS SR S A S A L T RN S A g P
al] ca] eallvad calpvalcdjnmldeadatiaf.ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caljca! "z f " af bbccccccdAddde} eef Of Ef Vf f f

09*ggggggzt oj e ZU] ca] c™a] ca] ca] ca] ca] c”*a] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca2s. The method of claim 23, wherein the coating contains about 11 - 60 wt. % platinum,

N - ' gbhhhhAi PiiijBjH Tjjj5k>kkLI 113 7
glgng?%%fgéﬁﬁgﬁﬁig:}g:}g:}g:}g:}gg]ga]ca]ca]L;ikaicg]kgica]ca]ca]cgygg?cgf
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal qqqqr$rrrrss~ssttctttauu*vGrvy
o wwwx xxxj 5§ val gl Wl 6alcat, %,len%] &PhE A6/ GitfidhGal £ ﬁ%@%]p%f‘d@?] ca] ca] ¢
a]pa]chga]cF]qa]ca c™a] ca] ca] ca] cMa] ca] ca]cal cal | xxxxx<y~yyz'z|zF10||| @}

| ~~~ 1Ce aluminum,
éi}xsnid_Z]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c(a]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca] ca] ca] ca] ca]ca]ca] ca]ca]ca] ca]ca] ca! E5/ fpSt|wxsnid Z]]c]ca]ca]ca]ca]ca]
ca] ca] ca] caféa] cé‘]leéﬂ]i'kbe‘% ofavn Leallesdicthefeticw)end ebdue A o waleiivahca] cal ca
I ca] ca} 4a+BY bl 0%& () -3
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#109%: () - yF" 100%& () - F" 1098 ()- Y 21 APR 1003
109&' () - 832 10%&' () - S&$210%' () - saB+F10% Y%A0% () - gf , &10%& () - y#g10%&: () - F! 1
0%& ()-3f 100& ()-!J3&10%]& ()-- dYNCF10% 10 10 10y&?10%& ()-
710% ()-S1F10% ()- &S/ 10% () -y- 10%& () - VSdEYNCF10%
"10% u& ()-89 10% U& ()- & 10% u& ()- & 10% U& () - & #10% U& () - &
10% u& ()-Ys z  QIEYNCF10% 9!!10% u& ()-& S
10% u& () - &10% u& ()-9: ! 10% u& ()-$10% u& ()- & "10% u& () - Q dEYNCF10%
L, TH10% U& ()-*"10% u& ()-)10% & () - 9S&MLO% U& () - 9$S
10% u&' () -, #810% & n{e}trod pSa BT, wherein the coating has a nominal thickness of less than
10- u@ggO% 4. () - ySOYA0%AE () -y’ S6S#10% ug () -fLs3#10% ug ()-11
9%4.0% u 3#10% u& () - nKCF 10- u! #10%WE' () - gY
810928 () 1092& () - F" 1092Z& () -f S&10%Z& ()- 10-u 10- ulM uaBKCF
- V7L 0 -1 VR, 0 ' 10978 V78
1—8_ 3;5 igo//ég' %) 10’%%%@&?&d ;'( vlsléilﬁ? 2§&fu(1a]e]zc%1(1)lpﬁ%1g(t?le stéliaoo{(za%)ly(u?lg gﬁa%l%%%mg onNPaBKCF
L $10%& 1) s BYLAVE&. () - YL09Z&! () - SH109Z& () - UrdEKCF
10- uy, 100Z& () - *10%Z& ()-) 109Z& ()- (' 10%Z& () - &z 109%Z& () - 3%A0%Z& () - m
' LNCaB7CF lOZ>‘ 109&Z& ()-3f;"10%Z& ()-39! 10%Z& ()-0 %40%& ()-f!po

%09 () - f - "30%Z&'he hretHPQY HM@Z@O% @&n;{o)sm})r$&ﬁ% A8ink) cohf I@bjeﬁl%dﬁféreﬁﬁ thaMLO% o0&
T#lO% o0& é}g 9%810% 0& (

107
<§ 368]lie E NI SREP)LIPEe b ab%n(a}ml}%aiww P08 $10% 0& ()-}) $10% 0& ()-}$10
% 0& ()-}%$10% 0& ()-}8=JKLM4j K,/ Y \D (

31. The method of claim 23, wherein the step of applying the coating is peirformed by
electioplating the noble metal onto the substiate; and

aluminizing the substrate.

32. A method of impioving the durability of a superalloy gas turbine component which
opetates in an environment with primary gas path tempeiatures in excess of 1000 °C, the component
having a first, exposed portion which is directly exposed to hot gas path, a second, shielded section
which is shielded from direct exposure to the hot gas path, and a third section between the exposed
and shielded portions, the improvement which comptises applying a corrosion resistant aluminide

coating applied to the thiid section.

33. The component of claim 32 comprising a turbine blade, the first portion forming an
aiifoil, the section portion forming a100t, and the third section forming a platform, the impiovement

comprising a corrosion 1esistant coating applied to the underside of the platform.

34. The method of claim 32, further comprising the step of applying another coating on

the airfoil surface.

35. The method of claim 32, wherein the step of applying another coating includes
applying another coating having a composition different than the noble metal containing aluminide

coating.

36. The method of claim 32, wheiein the coating further comprises yttrium, hafnivm

and/or silicon.
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eq+$10%8&s& () - eq+$10%3&s& ()-eq+$10%8&s& () - eq+$10%&s& () - e02p222222vZ>vU
49+$10%6&s& () -eq+$10%s&s& () - e0g+$10%s&s& () - e0g+$10%s&s& () - e0q+$10%8&s &

()-e5W: $22%§22( % meth'iéélofxmprowng the durability of a superalloy gas turbine component which
operates in an environment with primary gas path temperatures in excess of 1000 °C, the component
having a flist, exposed portion which is directly exposed to hot gas path, a second, shielded section
which is shielded from direct exposure to the hot gas path, and a third section between the exposed
and shielded portions, the improvement which comprises applying a corrosion resistant cotrosion

inhibiting ceramic coating applied to the third section.
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