ARTI CLE | NCLUDI NG A SUBSTRATE W TH A METALLI C COATI NG
AND A PROTECTI VE COATI NG THERECON, AND | TS PREPARATI ON
AND USE | N COVPONENT RESTORATI ON Thi s invention
relates to the protection of a substrate using a
protective coating and, nore particularly, to the
restoration of a key dinension of an article such as a

gas turbine t that has_previously been in
servi ce. Bﬁ&%@ﬁmw WTﬁ%ﬁ%iArcraft
gas r.bi ne t). engine, air is drawn into the front
of T%Hg%g,% AN:4 PROTECIRYECOHHTING THEREON,
conpressor, and nmxed with fuel. The m xture is
buAANE ITRRBEPARAGON A0 USE BhCEAMBONENT RESTORATION
t hrough a turbine section nounted on the same shaft.

In the turbine section, the hot conbustion-gas flow
passes between pairs of turbine vanes (al so sonetines

- - " Les"),. which .redirect the . _
T B Sioh Matel 556t BndripRE§ SRy WSk ppiGectve sopingad, more
pattivubirlye ththrdesoralibh of IPkoamRAbioR oftah8urfid1© W& aé;]é?tgas turbine

conbustion gas _against an airfoil section of the
compepei dhas hayiprevioyslybeemin seiveite. and provi des power to
the conpressor. The hot exhaust gases flow fromthe

i vy it and the aircraft
B@gﬁ?ﬂ@&ﬁﬁbﬁ%ﬁ@ﬁ‘@vﬁﬁg@&mus“ on and exhaust gases,
the nore efficient is the operation of the jet
- In emgiraraft gaitarbine (fet) ddigihepair isiignt invethe FronBdfBe Edpne, compressed
cogg%stlon and exhaust gas tenperatures. However, a
by gsaaltmougied cemprepsor and gnixpd with ftsls The mixuee is bowed,snd the hot

‘ ' | ' - and_.oxi datjve to the

oMb Bl S8R ARA I BLAT Ko nE B ET at e pat i e

turbmeisextionpthe has@entistieEaBlldy phdstd b@fe@pdiRDFABLBE vahe (also
used to fabricate the turbine conponents of the

sompgigpaBterpetihg dnergleshk whishyedisedl thgieombustion-gasSow Flightly, and

imbid bR hav he, necessar v..st rengt h,
e Won (ORRARE el e A echlifis BFRE DR ot B Hhston o
agaimiandirfiyil deborconthy sirbhiR-tiaks hlriyhedhaft BEd PRVIRE bBFer to the
tenperature. In current engines, the turbline vanes
COTRRGSIRL-a dBe hetrexhaysl gases tlopiiom the baslof fhedenginsk diivipg ited the
air R?Wf% ys, and can operate at tenperatures of up to
about 0- 2100F (982 - 1149C). These conponents are
subj ect to environnmental damage by corrosion, erosion,
Thahalter thoodrlatstion aad exlivostegase)Ees @bt Fcient is the operation of the

jet engine. There is thus an incentive to raise the combustion and exhaust gas
‘temperatures. However, at these high temperatures the combustion-gas flow is highly
~ corrosive, erosive, and oxidative to the materials it contacts. The maximum temperature
‘of the combustion gases is normally limited by the materials used to fabricate the tutbine
components of the engine, including the turbine blades and vanes. The turbine
components must have the necessary strength, but also be resistant to the environmental
damage caused by the combustion-gas flow, at the operating temperature. In current
engines, the turbine vanes and blades are made of cobalt alloys and nickel-based
superalloys, and can operate at temperatures of up to about 1800-2100°F (982 - 1149°C).

These components are subject to environmental damage by corrosion, erosion, and



Many appr oaches have been used to increase the
operating tenperature limts and service lives of the
turbi ne bl ades and vanes to their current |evels,
whi | e achi eving acceptable environnmental resistance.
The conposition and processing of the base materials
t hensel ves have been inproved. Cooling techniques are
used, as for exanple by providing the conmponent with
oxidetiap abthosismpsEpiyas sages t hrough which cooling air is
flowed. In another approach used to protect the

i.he- ' [ sur fages .
M SRS S 0 RO e BB e L 6 i
livps of the hirbime&dAles AGd vAIRE td JHRE irenPlcOElSClhiVeadhiingikceptable

I ncl udes an_ al um num cont ai ni ng protective coating ]
enyapasnta dresistsrce.t hehes corapesitien ad arpegssing dfethe base materials

t . d c . the

S 160 pERF PRARET CHILE BaRligl a wetaps By igmple by
provididy dee eoimpdrient With) igpehee chslaigepdsbafs Hxdligh Whah cooling air is

protects the underlying surface. A ceramc thernal
floggdy i er coating may be applied over the

al um num cont ai ni ng protective coating to further

[ S [ . i te careful

in Bh R App i BRI ChRA A SHATHE Sion iR oo Bt of the
surtares bifhe tabirRrbl@ied a8 vhnsé Bated @It @PRitecti@coRBRs Ofe type of

service, it is usually eroded, corroded, and oxidize
Profeptivg gpatiiganclydes gy dupipmticoptamingprotsctivh eoatingdepesited upon

I [eSpective Jm nknu erm.ssible ..
* oo AR LU R S BE LntSo Ll BF (A frgigfaining
prodefiae abating oXidiBath plodube ke fas Pxall R6RbiveRhlk 10t protects
gas turbi ne vanes, the space through which the hot
thecydstlamesirigess A ecismiq Biermplebatanheeatiog may be sppléed ovsr the

G ' The throat .di mension
el Chnaliind oRRRe R A0ER0 ST el 2 TR b bt
perm ssi bl e dinensional value that cannot be exceeded
Despitelvatefulrselduidonerf thbbageendtatdimunakprotdtivetdatiap ey a @hs turbine
the gas turbine. Wen, the ?as turbi ne vanes are
' co gt kas bepn dbtepyige 1t spevally erpdeda sesodadeantberidizagigo Bt one
t .1l C | ] f nes. hecone . .
or 3R ke R RS SoribERENRD b2odEq KRG RRE A mipgomam
pergasitilé dimdnbional vab@RAal dxampldhieMERIb Biie DEsHd BB fArdtdh @dhension
and the maxi mum perm ssi bl e throat-separation

betypem fashopdipceny ppiseof) Sasciehing Xpnss, die spage dhepugh vehirleyhe hot
1.0i.6 ' [ e es falls bhelowjts :

con RS TR0 AP B YOS Al BBh b e T

thrdat A1 618 D HEPORDI TS a@f@eﬁ@s REbe vhRes 18R HMx@nuRrinlssible

- is therefore desirable, 2 .

dimensional value that cannot be exceeded without reducing the performance and

efficiency of the gas turbine. When the gas turbine vanes are operated in service, their
surfaces are worn away so that a key thickness dimension of the vanes become
dimensionally smaller. Consequently, the vane-to-vane gas-flow throat-sepératidn
dimension becomes larger and the maximum permissible throat-separation dimensional
value is eventually éxceeded as the key thickness dimension of the vanes falls below its

minimum permitted key thickness dimension.
The gas turbine components are expensive to fabricate, and it is therefore desirable,

2



where feasible and the service damage is not too
great, to repair and restore them rather than to
discard them No restoration procedure has been
proposed for these protected conponents to restore
di mensi ons and also to restore the protective
structure, and therefore a need exists for such a
restoration procedure. The present invention fulfills

tYheze fegable and the seppeqdamagedyeldeo preptatoggraininresgedhem, rather
I T [ r.QVi

SRR i, NS PTG R0 oA ARSI A B

dampgfents ad destcreadif@nslonensd alkal tbyreqtort thel pregéctivid Structure, and

aﬁproach may be used to restore dinensions of . )

dhereforeanged griskforsush a gestnsaliqn pyeesduren The pierenbinvanitpn fulfills this
[ [ I e [ow m ni num

\#g?%%ggi%ﬁgrﬁe%%ir%ﬁ%?%ég gaegs%g‘duri ng that service. It

may al so be used with newly nade articles if their

HUMNMARTORTHE DeVENTIMased. Discl osed herein is a

coated article conprises a netallic substrate having a

conmposition and a netallic _coating

b
ﬁ@%}%gﬁgpamd&w ? ihteisdhatitpipierted sgaiatt earipnmentgbdamage,
TP PR A 93 AL LGS AT RO Bensionsor

aricdds that-tmoa previpuweiriees id sepvictust Wirsé aasinsiona 8 reduced below
control |l ably _depositable in thin |ayers, such as ]
fHBiRU peppissible dimensionpl vipesBungdhaiogvice. & may gsshy used with

. - d e . t arate
glg}vgﬁgl#%en%ﬂg/l ]eg}flgtﬁ&{]%ﬂ%egglgé%%nglgn{%eaﬁnf?}é Feasible. A
protective coating overlies and contacts the netallic
Gasdlosed herkheis apoated atticlecamisen g neRallic bR &aRrhaving a substrate
alum nide | ayer overlying and contacting the netallic
comppsiton g a B}ﬁtﬂiﬂéﬁ@aﬁyg oyerbangandceontasting fhegnetpllis substrate.

- [ > [ [
AP R PY Sk 180 0 BRI AL AR DhobBan G £ the substrate
codpeditian.t Thd merilftpddating gomposiidrainhistbeSediblyaat @omteoliabhy
a substrate conpositjon;, a metallic coating overlying .
deppsitable i thim lpyers esugh eafhope nstp saneg o€ fromnahogt §.00hE7-6 x 10°m)
| [ a []jc- L{0§: GONMROSI f i on

et 0 S s O LA e SRR i R bty
feakibld. iAcproqativeighatisg avatiecand dodtdceyths hied Etf%it‘iﬂ% The
ni ckel - base superalloy having | ess than about 10
PeRcEiE costingegoghivisey aalwarinide layerqrvedyiapfand spwacting the metallic

1 ni.gde tive coating.havin bove about ,16 .
SR A B Ll e (RN 2p 0N R g Hptpgtine the
ahvigiihidy 18 Mgk -3padt 0FtRIAYRLBR PHIvIAR aRRaRA AN comprising:

wei ght 3

a metallic substrate having a substrate composition;

a metallic coating overlying zind contacting the metallic substrate, wherein the
metallic coating has a metallic-coating composition different from the substrate
composition, wherein the metallic coating is a precipitation-strengthened nickel-base
superalloy having less than about 10 percent by weight aluminum, is not a diffusion
aluminide protective coating having above about 16 percent by weight aluminum and

is not an MCrAlY-type overlay coating having above about 16 percent by weight
3




al um num and wherein the substrate is a conponent of

a gas turbine engine that has previously been in

service without the nmetallic coating thereon; and a
protective coating overlying and contacting the

metallic coating, wherein the protective coating
conprises an alum nide |ayer overlying and contacting

the netallic coating, wherein the alumnide | ayer has
@luneragn agdovherdia ﬂpeﬂrtbmte bya mnrgmnt oflageis nuhne/ﬂngme that has

ect of the tio coat
SPEVRLeD IR Srvite Sihaths e B Geline hefeRatid
conpong ?Irot&ftwé cgggﬁlgtmﬁyﬁg aBAGbABCEIAhO BR1Aic édahﬁg NPhein the
conposition selected fromthe group consisting of

nprokastive a%mlwwnwschnaﬂmunm leytraserlyng opd ctmtammglthe metallic

coat.in ver | cti t he alli
c B oy terelpls Atntie PSRRR st abin Trtrecntby weight
pmgﬁﬁﬂhﬁatlon strengt hened ni ckel - base superal | oy

having a netallic-coating conposition different from
the substrate corrpositi on, and wherein the substrate

t t.th tall
B e R o e TRRan BRI Peled G BB | ng
and cophReihddibkiiste MRl X 4 Edm SRR 5% a@@lﬁ%ﬁie@n&ﬁ% and has a

protective coating conprises a p At um gr oup
netbafrate lcompoditien scbgoted forarthy grogp aosistingolf aatdkelybisealloy and a
ne a I|c tlng, and a ceram c thermal barrier

kalng and contacting the alum nide |ayer.

| n a C@ﬁﬁ a?lﬁc sdakif S%ﬂyl{%ﬁlc%&ﬁcﬁ?%ﬁﬁﬁetglblﬁ%ggs‘fﬁ?éq tWh%Ieln the

a gas tur I ne eng as a I ne

tmeﬂal1me;outm@ls(aqmdb@hoﬂdmmgﬂhbﬁdnﬁﬂ&%@fmpezhlloylhmng a
tr(@rabl ei ther  a nlckel base all oy, such as a
fe-g935Re eerpresiiansiffersnt fomghe Fybshagsomprg{ion, adatherein

e Eﬁﬁsﬂtafeq{é fevﬁ@ﬁfy Be@{g & Setice Woﬁﬁh? L‘Eﬂ?&lﬁc !:osati%g tlbesr’?(i/n, and

conponent O a gas "t ur bl ne engi ne prevro

been iapwesctive eoaailng oelyihd endl'ailﬁdtdtﬂng tleodbialliy dohhig@rherein the
Where a key dinmension of the article has, been reduced
HEPEGAYS CoaHNE cormpisss alaiiug-grougimaidl Algpimds lgygeverlying and

R

dioerth®thecdinipideleydgrest ored si nply by nmaking the 3a
protective coating thicker during the repair

procedure, in many cases. The thicknesses of the

| Tayeeease of intgrests thef subltzatp riv b eomipenent oita grg tarbéne engine, such as a

Qcﬁrtblme l:ﬁecije or‘%m%u?evxlra%g (Igor]z(%lel}.e%ﬁe Substrate composition is preferably either a
nickel-base alloy, such as a nickel-base superalloy, or a cobalt-base alloy. In an
application of most interest, the substrate is a component of a gas turbine engine that has

previously been in service without the metallic coating thereon.

Where a key dimension of the article has been reduced below its minimum permissible
dimensional value during service as a result of the removal of substrate material dueto

environmental factors, the key dimension cannot be restored simply by making the

3a o



protection, stability, and resistance to renoval
duri ng subsequent service. Specifically, if the
al um ni de |l ayer and/or the ceram c thermal barrier
coating are made overly thick, there is a tendency
for themto spall away as a result of thermally
i nduced stresses and other reasons. Additionally, the
protective coating does not have the sanme nechani cal
prormtmea:dahag thacker deriag st repdie proatdure,dh masg chdeat The thicknesses
acenent of the renoved substrate rraterlal with
of the EaYﬁﬁt)fe vers obfhe proteshiye seatingaare gatimizgd to prpvide the ngoessary

pmfé@ﬁo ﬁbﬁft‘ﬂ/ A8d %lﬁﬁﬁg%ﬂ%&t a(H%ll gﬁlléh&gs‘bﬂkégﬁéﬁt's%ﬁ OfSa)%aﬁcally,

pres nt appr oac 'S ap
if theradurainiidd Iapdr and/or tHewetainio phdrimal bditiekdvatsg at nidde overly thick,
substrate, before the protective coating_ is applied.
therptipa topdendy) fokthemiio; snall Byay as & srglii thesmally Fdepedropses apd

I
oo, MBGRMIS, oS TRALULS nE 400 sl moshanic
propdnﬁs aale sﬁbmaltahatteﬁali; fothat replacdohent 8£1hs tanadved Bﬁisﬁﬁﬂe ahatenal
t also f r its ability to be deposited in a
Wl%ﬁ’&éﬁlﬂéw 1ot theinrtectivg eaating gesylts s pekweakening of the picle.

nmetallic coating has a thickness of at |east about

| P ]ﬂgﬁoné n]érZse%t ?ﬂp}g%c%glhg {:8&}9{18 %ﬁ ésf %??’“%Eﬁ%ié 1@3 Pgt% to
bulldmpslhmthlclaﬁaes ofithet substkate,sbeflor@ lthe prutértily3 cBatinglB-apphidd. oThe
e S o B T B 3 bRt

coa 3 SE Beted Bgﬂh%f]ﬁ pr o‘?é JJ‘IﬁeH{aﬁf ﬂaﬂ&tl%@l&% 41 gmﬁﬂag to those

en t e optlma ctive coat I's applied over
. of thdwmbmatalnhatmat Oaitiahg o0 it exbility éo bh depoaited irea noderaadly thick
ion. The nmetallic coatlngnls not adlffu3|on

di
laye&ﬁvﬂﬁ Wmf pramle the metadin Fagng fes + Ligkaessaf agleasy ahgut 0.003
ind 7 , PERL 6! %, g&ﬁ{%b%3 78% ﬂishf o h@&é@'dﬂﬁ‘umhctﬁ 5%
g an e ov rI a a um

ot ect| é*coat |
- 10 m),dtutam soae cms m@nﬂameO@lhugﬂn . Em 1170 )omrnharet The metallic

o S TR LR 1S S b e e
‘tluclg‘légs oﬁtﬂ@éfm%@u&o&aﬁ %n&fﬁféﬁﬂ{lé {p%h}ﬂﬁ El%%ﬁ@é &J% g%?ﬁ%l dver

th the substrate terl al case
the mellaﬂid doatimpiatrestord the sequired eivefaﬁ key dinkemygionand
pref erably a nickel - base superal | oy, the al um num

' i.S t | n about 10 percent by
| The gt  Configis o6 Ao R ORI Ak ey
alundiftidB grdt&tl%ye@iiﬁ | 9%S aifisio ?xtaﬁlﬁﬂgfdg AL Ia@%tmg 511(1 the overlay
' propérties, such as tantalum tungsten, enum
alungihide pretectiverveatingrhavd 4 highi alwmhinutd ttcmnéw,rtypmal@bahwﬂ about 16-

. bor,on d/ or _car bon 4 The alum_nide |ayer_ is
perca%‘slm‘ﬁﬁg@t 2shdiehralimiren soatnasiciv gaadmadatiogyptectira but

‘ theyjcfb 'nokt B8ve mechanical properties comparable with the substrate material. In the
‘case where the metallic coating is a nickel-base alloy, and preferably a nickel-base
superalloy, the aluminum content is typically less than about 10 percent by weight, and °
there is a high content of other elements found in superalloys for strength and other
pfopertics, such as tanfalum, fungsten, molybdenum, chromium, rherﬁum, zirconium,

titanium, niobium, boron, and/or carbon.



alumnide is formed by interdiffusing an applied

al um num subl ayer with an applied sublayer

of pl ati num palladium or rhodium The al um nide |ayer
may al so be formed by interdiffusing an applied

al um num subl ayer with an applied sublayer of another
el ement such as chrom um The alum nide | ayer may

i nstead be a sinple alum nide. A third aspect of the
The slwminide é@}@w lrablﬁ@tm@im%grquggwah ﬂgmanﬂ@&ayer That is, the

FAORESG P e S inPihe M P Lt By R SRy S8 o povticd

Ma&eﬁ&"plw|}ﬁll§diﬁrnk&yrhddilﬁﬁﬂ$['h@rdhﬁﬁlnida@ay€fﬁ1h)%lﬁ) BeFormed by
bel ow a m ni num perm ssi bl e dinensional value as a

ingerdiffustsie aplapph mnulsms%)blnyerewmrh@ammwdaﬁe pfanothgselement
I R R e

contacting the netallic substrate, wherein the

PEhh higeccoOftht NS cifsn grdvﬁieahlm&h@@@tr lrébﬁ)nrf‘gcdmﬂlbﬁwon of and
different fromthe substrate conposition. A protective

piotacting ansraglp|comyrisesy Brst pravidiag @nc@hcladhatrtgs tph@ﬂously been in

net.al I| coa ere nt coating and t
Bt ool Ry APERE0R of e Bt (4. ePa pfjmits pertvscible
i akiBRMASvaR 4 L1881 of thel FIEVIBASLrie. HBY artwlér&msql@ alifletallic
no | ess than the m ni mum perm ssi bl e di mensi onal

- Subisirete havieg psubsbratd opgpositiani Agnetethisrdogting iadepdsited ovetkying and

bR mAale AR uhesu heapgalle Rpting SR ptissconting

sdthsosiRinAffereRt 6 ti'x@ @ﬁ%’iﬁﬁ: RihodfaNapReechle E&ﬁmg is applied

present invention wll be apparent fromthe follow ng
orerkyingearsl b@tlaa;ﬂmgdhc medtaitic ghating wheedierthe tnatathio dbatingt gnd the

ST Fo BB 4 sl D B BTSRRI e

&iBRnbiBY 80hd Ris th-EH hSERRRuR] peﬁﬁ?ssiﬂi‘é’@i%én@ﬁnhﬁaﬂ{ét ’The Erotective
however, limted to this preferred enbodi nent. BRI EF

mﬁ@lc@ﬁipﬁbem TR NCS vEilgng @nd costastigetiepaettlliicecoating.

|eW f ur bi vane ai.r foi .Figure s a
I ?e 811%‘51%‘@% CTEIR Iy b&é@e‘h ‘L’t’ﬂ'gitﬂ’é %ﬁ@ ,
form ng two pairs of vanes; Figure 3 is an enlarged

okt ifoidles W8 WMREnaRS QIf tHehﬁre%% 1ﬁWIﬁbﬁewﬂpﬂ§%pﬁ§rent from the
Figure 2, taken generally l'ine 3-3; Figure 4

folowing mate detailed diesogiption of ﬂfm m@fefred amboépmno dadden fimconjunction
Wi tel acc:lco z}.nlgflengp Jrgﬁc’nen%ts whlcl?ﬂﬁjstrate hby way of example, the principles of

the invention. The scope of the invention is not, however, limited to this preferred

embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a gas turbine vane airfoil;

Figure 2 is a schematic plan view of three gas turbine vanes, forming two pairs of vanes;

| Figure 3 is an enlarged sectional view of one of the gas turbine vanes of Figure 2, taken
generally on line 3-3; and

Figure 4 is a block flow diagram of a preferred approach for practicing the present



angd @w hedprepanskby the praseniappiep

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1 depicts
a portion of an article 20 that is an enbodi nent of
the present approach .and may be prepared by the
present approach. In this case, the article 20 is a
conponent of a gas turbine engine, and specifically a
gas turbine vane 22 (also called a "nozzle'). The gas
turbi ne vane 22 has the illustrated airfoil 24 and is
apgtaaglehed to its support by end structure (not shown).
The present approach is not limted to a turbine vane,

DEPAGdH DEstR e Gy PR B EIONGepi co & three of the
turbi ne vanes 22 arranged relative to each other as

Fl%lh‘@)l ®pRts d rﬁoxgaﬁad 4ttifle 20 e ¢ ffemPddimeny dfitheprénespproach
may be escrlbed as belnartmo adjacent pairs of

anjthis caientheartinte Bisjacoptpenent

nee of ol osest 0a t.ween f 1
of 8.3 AR ools B e BELAT R BT B Rl e et
Th@gz&&&rbm&ﬁaﬁe @h&é e flvsh@ed GR@I1R4lanaflis ihehal tHfie lshpport by end

measured parallel to the |lengthwise direction of the

| siraptrlfec(not smwpb eBherrgignbappyoacirés d linitedio o hsbina vas, waeras the

red to rances nmust be kept
progey poab R R e R BB PTRE Servi ce, & he
t hi ckness tv of the turbine vanes 22 tends to decrease
Figtie 2tdepRBMhicR N Ribistovmge 22 8fangdddatlaffe ionatle agesas they are
However, if Do beconmes too | arge and exceeds its
in gy FTbine gegine+ Tod turhing aaneselrarmay beegirined 95 bpingitwe adjacent

er. eff ci bi
oo RS 0P DEbEIRNaRlch OFnBRied Bk pBRRLEBe st
apPebdah béttredr tHrtedtvahed (ﬁEHACh EI" € Thé tiva e TASS thel Roduct of the
di mensi onal value tv, MN. The situation wherein tv

. thigaicwirks Dd Gmes thealingth, L ofihesaiepilmeasnesd paslich o thedengthwise

dulegtricpnl QF theaanefoi% 4 (‘g%egf%u}aet E)d .Tn r&aﬁm\ﬁncﬁi t'BPoat glteaepl g{lthm its

arrse 1 n new nm are we I gure

refuiRd Solefan6d, D hnes b kefthtHinl ith rhi@ir¢d Rflerddedsn DR service, the
detail. The body of the turbine vane 22 serves as a

thiskaiess toafehe Birbiag vABes 2ctamdst te alp@reémﬁwép endroninsal damage, so
hat ;0

;3R et TRkt S R gt b gty i oo
pefthittdd €Ral dephasen Alth@ion\he' dfrebaﬁﬁﬁl ardl éfﬁyleh@y &Mtha Igh@mrbme

having nore of el enment X by wei ght than any ot her

- engine yaarceptablyidereshsdsa Jdus, dlpfeﬂmkm@ss ﬁvgmast b eieal 1 argreater than

e bl B b P BT i o 75 i Sk R pesomes
lesh ﬂ%an'wr/[ﬁq s PRy AridY ane tﬁ@hrﬁﬁi@ﬂraﬂ@lz gtctp%fatai RANBAkice, BAGt may

a cobal superal | oy
arise in new-make articles are well.

Figure 3 depicts the surface region of the turbine vane 22 in greater detail. The body of
the turbine vane 22 serves as a substrate 26 having a substrate composition. The
substrate composition is preferably that of a nickel-base alloy such as a nickel-base

superalloy, or a cobalt-base alloy. An “X-base” alloy is an alloy having more of element

- X by weight than any other element. A nickel-base superalloy is a nickel-base alloy that

is strengthened by the precipitation of gamma prime or a related phase. A cobalt-base
alloy has more cobalt by weight than any other element, and a cobalt-base superalloy
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typically is strengthened by the presence of |arge

atons that provide solid solution strengthening and

by the precipitation of carbide phases. An exanpl e of

a cobalt-base substrate conposition of npbst interest

is MAR M 509, having a nom nal conposition, in weight

percent, of about 0.6 percent carbon, about 0.1

per cent manganese, about 0.4 percent silicon, about
tygidalby pesteaizthenbd ®i thenprasbncd olazgatombrthatt progudie wotid solution

about 1.5 gercent i ron, about 0.01 percent hor

stiepgtheninggnd by dhepresipiatinn erﬁarba%al@a% ABerapple Oﬁﬁeﬂ@'fﬁ base
w4 ST LUATFEER: s WA NSO, BEESE Aol ebihciion,
inagdgiadercens of ﬁlbodt i0rg pesckrt @arbbh,sabald @Y pemhntﬁhaﬂg‘ﬂnese about 0.4

presented as an_ exanple, A metal lic coati ng
peskest Silissnathpub 3R SapTELTE KhrORE |abeuts%§ﬁ°3{“eﬁt281umn?@0ut L5

escetn?lron abo(ﬁ?gtofl I}%Fcéaﬁx g(ﬁ%n%lb {ee.'g' € eﬁp?iigé s n‘p’oasl,)lo%lt %(% percent

méﬂtbe dubY pekehiQahssha, g8otass reaﬁmﬁamnohaldmcfefcﬁban tind minor
fromthat of the substrate that may be readily

elgraprssi (Thg pessent anpsoashis ppilimitod to %%@11% H&lﬂqhaltSé)resenfed as an
conE03|t|ons sinply cannot be readily deposited as
| ayers by readily avail able and economcally
feasi bl e deposition techniques, such as those that
AnBdtalie doatfy R8roveHRs MRt dohtactschatmaglic cobgwass 26.0The Thetallic
metallic coating 28 is netallic in nature, and is not
cogtipg 23 has smetalliqeaating sompetitiesn diflsreabfomifhe sihgirats capposition.

TR0 R L e PR SR s e o s

be&le&dﬂyd@@smm@ tHewabaané Eﬁlghftbatlﬁlbstaatb ic@hpéﬂlwﬂsn;hmply cannot
content, typically above_ about. 16 percent by wei ght

besm@ﬁﬂmcb:ﬁom udf Auimlesay brgsadi W@.va@l@g]@ &y econppyically feasible
e%o? k&S tﬂe&ﬂh%ipelét g &b%s dt?lo%lzgh%# rgeec ey ‘f’cﬁ"l the meta111c~coat1ng
roperties arabl’e W Uibst rat e conposi t

cohipokitdnC aThe \ﬁi&eﬂﬁc tchgrinpe & lid In@etalheaﬁ inafrd GanidSisanot a dlffusmn
ni ckel - base all oy, and preferably a njckel -base

aluminedeiprogsetive eaatilz andris ot %QY@W aluminds; prgfectjvg gaading. The

: d%ﬁsa fon, gl?.lgﬂ%ldé g{cﬁeecq:&g ntgatﬁ’)n aﬂ@ %ﬂgﬂﬁuﬁlﬁﬁ(ﬁe t%c@véuogﬁng have

"N super oys

a ﬁigh&dlﬁthtﬁzil domichie rty;ﬁéameﬂ:tdve&boﬁm@ peseiitais elph. Such high-
tungsten, nolybdenum chrom um rhenium zircaoni um
alumpingm gpatings @b\rmmodbw@anonaﬁ@ye@hon dait By doppqirhave peshanical

pregq;ﬁgss{:é:@g%a Ier\]’ﬁﬂ\@] l%s%r&efééoe oslist%?x I‘%\ﬁl?&fg v&h%'r@ ﬁl%l metallic

coaRASDR WA m@mlﬂas@alﬁ)ypﬁ’{@ﬁﬁferfﬁiljd Ahitkenbaab Q&ﬁeralﬂy, the alummum
percent cobalt, about 6 percent tantalum about 2

comﬂt isrtypichiéniessithan sbent 10 rSrqsat beweighh andihess isaaigh contgnt of

g‘r %&%ﬂtg/ {”otuglhlfn pae?ﬁfjoys %or S Ear(f tan IeI(': f))rrc]:pe 1%99 %hclpasot%étalmn

tungsten, molybdenum, chromium, rhenium, zirconium, titanium, niobium, boron, and/or

carbon. A preferred metallic coating 28 is alloy BC-52, having a nominal composition,

in weight percent, of about 18 percent chromium, about 6.5 percent aluminum, about 10

percent cobalt, about 6 percent tantalum, about 2 percent rhenium, about 0.5 percent
hafnium, about 0.3 percent yttrium, about 1 percent silicon, about 0.015 percent

Zi:coﬁium, about 0.015 percent boron, about 0.06 percent carbon, the balance nickel and



zi rconium about 0.0 15 percent boron, about 0.06
percent carbon, the bal ance nickel and 7 incidental
inmpurities. The present approach is not limted to
this netallic coating 28, however. A protective
coating 30 overlies and contacts the netallic coating
28. The protective coating 30 includes at |east an
al um ni de | ayer 32 overlying and contacting the
inaiebdrad] liinpuriteat Thegpregnt Tpyroathuisinot digitedyte thig matallic coating 28,
preferably a plati numgroup netal -al um nide | ayer.
OWﬁéerpl ati numgroup netal al umi nide conprises
i nterdi ffused al um num and a plati num group netal,
A fo@éc@iﬂ/@%é‘a ﬁj bﬂ!t'ﬁ'&s PRl doatchthe FNGAIGE chbRAH 280 Tﬂélﬁrotectlve
st preferably platinum The alum nide |ayer 32
cogtingt 3inkbipdeswtdeadt drf alsmnide tayet Feovastying dnd ®u@phmggﬁ@8netalllc

after Xposur | evat rature. The ni ,d
Rigs- 33eg S@W & Pt S TR o Mesf iR Faver
Tmﬁ %H)‘ﬁg eRBIpFRs Lﬁt)érdﬁﬁhébﬁtahﬁ’ﬁmﬁﬁ%nd a platinum-
at | nuntrgroup neta

After exposure to oxygen at
gr@ipemtaé,dpﬁeﬁamﬂy atlatinem, arelladiver, roslforpdodivon asd mhst preferably

R S 2 R B SR TR e

ex FST%1dvdtd E Pﬂ-éhlg@t TR aluRiAHE Bib 1D {)ﬂ%?er&lﬂ?' 8R4 M1 1845t about

ructure. present purposes, the alum num
16 @eraéﬁt BcatighB4untnunons] Hépedemdrytwaghttdf¢heplatmum geoup metal.
llayer 32. Optionally, a ceram c thermal barr| er

oating 36 is part. of ectlv coa nd, ..
SR 8 qp B Bepted [ f °§§ 35 80 Stuminide
la)lep 95 rB?('lle@;‘srtB éﬁéd&;@ g J‘ﬁnﬁ@uﬂ oxide G(El%hﬁ@.i»’scalé' F4C Oh@aluminum

having from about 3 to about 12 percent yttria
oxideasceleri4 eesister farther oxidation, proteting the abideilviog sirpetureni Bor the

- or YSZ. The, al.um ni de l.aye pref.era
PresRRRIRRses: dre FIPRUaL ST éca@%%%ls(%nﬁﬁ?{eg B ﬁf telumpide laser
320.004 inch (1.0 x 104nm) thick. The ceramic thernal
barrier coating 36, where present, preferably.has a
t hi ckness of from about 0.005 (1.3 x 10 4n) to about
Opticdally, iarverami¢ thebmal Hedd Sraoatingd @ ismaefaf tappiptectiverretting30 and

oveiigd g R Biog, dnsiaiCinag P Bletocbiy

ZirlcGAR hhBHE Kon éHouP’f» & fut 2P P@ifceﬁt Retriahé8in] ¥ b&@mic termed yttria-

structurée, and also so that the respectlve t hi cknesses
-st@ﬂezedatrc&na,g:ré’é&Zt hat the alum nide |ayer 32 and
ceram c thermal barrier coating 36 debond fromtheir

ec derl st r,uct ur These €545
The 3B dFisr 2 PEr e RS P PRSER Fo AR s U356 Formy o
about 0.004 inch (1.0 x 10*m) thick. The ceramic thermal barrier coating 36, where
 present, preferably has a thickness of from about 0.005 (1.3 x 10™m) to about 0.020 inch
(0.5 x 10°°m), more preferably from about 0.005 (1.3 x 10™m) to about 0.015 inch (3.8

x 10 m). These thicknesses are selected because of the requirement for protection of the
underlying structure, and also so that the respective thicknesses are not so great that the
_aluminide layer 32 and ceramic thermal barrier coating 36 debond from their respective
underlying structures. These thicknesses cannot be substantially increased to replace
metal lost or absent from the underlying substrate 26. Instead, the metallic coating 28
replaces the metal lost or absent from the substrate 26, to bring the dimension ty back to
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metal |ost or absent fromthe underlying substrate 26.
Instead, the netallic coating 28 replaces the netal

| ost or absent fromthe substrate 26, to bring the

di mension tv back to 8 above the m ni num perm ssi bl e

di mensi onal value tv,MN The netallic coating 28 has
strength properties generally simlar to those of the
substrate 26, so that replacenent of the |ost netal

abdk thdirgbnat peinissitle Winidisiohsl wibieatl M Teahétaliic 2Batitge28 has

not result in a_substantial |oss of overall strength

strqnetipripperties gmerably sipilardp ghozg of thesubsitas 10a g thef rqpeement of

rotective..coati , r L .
chelfofi Bl HE AR RlpsRile 25wt O B BADE fpAE2s 8 BiC R in o
sublstantiglaloss 85 everdlD etrérptiaptoperiko AfihgaZiBlc20:  The Miatéids of the

of at least about 0.003 inch (7.6 x 10"Sm) and in

protesiize cagling 3% i tie atherdwwdt 25, wueh pisaker(tharg the mateppl of the

and al Ly.has a thic f f .
sl 2455 oo BRGRARER RSl M o G0 o
0.008RIcEI(P6& 10°8)) ahd BkofRIAad a0highraabdut DIYS itvh (3.8vert ngnand

to restore a key dinension such,as tv and thErOteC't“
ustaHphasrarthickuesoof frophabave .80 (1c3 B¢ re) te abept §1010 chH XHfsm)-

previously been in service is provided, step 50. The

.metall i ticle | f |ty :
- mig enids bl BT R0 1 Eaon B £R0 Ky i3 fhsion
such 8 t@ard ©lpRotdd thSarticle@0. tThe mdnilit Biel e oxi 293hi tas previously
di mensi onal value tv, MN. The key dinensjon may
bednrin seripe hepropised siernd. e melalisartinlaisipsierablyadls Grepobalt
basf 8% ok BB PP Ty K68 giBiidihg ot b4 HEPOR) MtRlog, e

miSiBlE perddisdible diBbmdidrial valiels At BhdReh dithdiQionh@ay instead be
- substrate conposition. The netallic coating 28 is '

beldwpibis i mindmumepdrissiple dimensinnat vplvg it e npwagke aticle, but the
.. Substrate, 26.. step 52. T tallki S 115
st o e v 3o Al smn8 TR F 2L 0EH] v i metatic

sutEHPS6H:Qing AP afstrite GompBsitibe preferred case, the
BC-52 ni ckel -base superalloy netallic coating is

SR TE R NI LR
t PPS]. - ! e
5o e T B D Yo BEAGBrin

subfsh@te@binposiien. Hi@he pref@fiscase, W BO-52uii¢lel-base sapiraliby metallic
velocity gas as a protective shield to prevent oxide
codtingrraepplied hysany opasatde rpeiogeh, St iscprstarahly, eapligdeby the HVOF

.Spr that .allows for .appld [ ' [ .
R Bheh B B S Rl R BTk, b
of Whick BEWpoSitioh PRocadsks thihdre iYE¥n iPthe @S Thie HWVORIprycess @hich

any one of a variety of fuel gases, such as. L
utiizegpr bighl eslesity gas as a protective shield to prevent oxide formation, is a
relatively low temperature thermal spray that allows for application of a high density
oxide-free coating in a wide variety of thicknesses, is known in. the art. The HVOF
process typically uses any one of a variety of fuel gases, such as oxypropylene,
oxygen/hydrogen mixtures or kerosene. Gas flow of the fuel can be varied from
2000-5000 fi/sec (610 - 1524 m/s). The temperature of the spray will depend on the
combustion temperature of the fuel gas used, but will typically be in the range of

3000-5000°F (1649 - 2760°C). The LPPS process applies the coating as a plasma spray
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oxygen/ hydrogen m xtures or kerosene. Gas flow of the
fuel can be varied from 2000-5000 ft/sec (610 - 1524
ns). The tenperature of the spray will depend on the
conmbustion tenperature of the fuel gas used, but wll
typically be in the range of 3000-5000F (1649 -
2760C). The LPPS process applies the coating as a
plasma spray 9 at a reduced deposition pressure. The
at prafeat dopesitonptrasgn80 i s deposited overlying and
contacting the netallic coati ng, step 54. The
metallic coati and th ctlv .30 ..
The ged st ot 10 doBiarbe A Rmaeng s fogtipe, step
' GRS at 8 restoration
M R U it i A G T
thidepss istffictent & imiredsel ¢hd kye dimensidvetyptoehie dese dhdm the winimum
platbp alur@g% a platinum containing layer is
pefyisgple e biMife surface of the netallic
coating 28. The platinumcontaining |layer is
gés‘?f tﬁpgﬂmﬁﬁH@ﬁl L&A RYprEfeREd FRATAPIdtingh alirRinide) & platinum-

erre ['at 1 hum dep03|t|on the deposition is
-mﬂxamlaysmfsdﬁﬂsy depoatedigni theamrfaenmﬁdmmﬁﬂalhﬁ:gcoaﬂng 28. The

sol ution ntade st t dd t
P 3;5‘1“53’1“‘?'?&%“%1% &8 RSty Srpashidoy HecERra o For tigpreferred
pldtiLA Jlég)%Slﬁ@ﬁ't thé Qe]]?(éltldﬁrl? QB&, @hisﬁe@ babldRiH@ LRt MAIBataining

aqueou sol ution HP04 havi ng a
solatioe i 4 dériosition tanklaodi ﬂepbsﬁﬁg@lmnsmpfmm fhetselutioh onto the surface

SRR 3t 0, 8L SEIS AT o o
Pt{Nﬁ gﬁiﬁ)fh fn;@/ %%m%ﬁa@ér%f dbdE & 95‘ LRt éﬂ:g liteR ¥ EplatiMdth Clhd the

referab from about 1 to abodt m croneters
voltbgeofdumﬂsme& ispopetated il gboabd;(it—l&'a amperes pet squard friot lof facing

B

Iﬁi&é R Es il an?&%ﬁgﬂ Rrdbdy SRROS HliBIrRYESE tHhdE is deposited in 1-4

. t1 num cont al ni ["ayer’ by any operabl e approach,
holAtstahamémpﬁrmnfe ofd9or2008H (R8I -t930d). preferred. In that
approach, a hydrogen halide activator gas, such as

drogen chloride, is, contac al.um num net al
Yeaﬁ%gwﬁﬁnﬁlﬁmr} o8 P PRGBS PREE RS over the
| da0 vap R R Po St
pla?r e For ma@ﬁlﬁ’ Igﬁr g§§gﬁe%gﬁagﬁ%@g%%ﬁy¥ﬁg$gﬁﬂ#m nl\jﬁwﬂt hal ? o
- préfaredyi Intthatappxbadi aydroger hilidéactivadothgs) sieh of hydregen chlonde,

~nmodi f | t, if tacts th
 is G TR et TR AIPELo (o Uigopfesprnding

ah.gl‘ﬁgos P{i’al%% JHCRPsidel 3¢ ahg nét aﬂ‘iﬂgﬂ BT £ Torml&Pby the same

Lon Bccurs at ele
technique. The aluminum halide (or mixture of alummum halide and halide of the

modifying element, if any) contacts the platinum-containing layer that overlies the
metallic coating 28, depositing the aluminum thereon. The deposition occurs at elevated
temperature such as from about 1825°F (996°C) to about 1975°F (1079°C) so that the
deposited aluminum atoms interdiffuse with the plgtinum_—oontaining layer and somewhat

‘with the uppermost portion of the metallic coating 28 during a 4 to 20 hour cycle.

" Where used, the ceramic thermal barrier coating 36 is deposited, preferably by a physicat
vapor deposition process such as electron beam physical vapor deposition (EBPVD). The -
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tenperature such as from about 1825F (996C) to about
1975F (1079C) so that the deposited al um num atons
interdiffuse with the platinumcontaining |ayer and
somewhat w th the uppernost portion of the netallic
coating 28 during a 4 to 20 hour cycle. \Were used,

the ceram c thermal barrier coating 36 is deposited,
preferably by a physical vapor deposition process

cesanaib tlxesmel memahmgm physfenbly frap abow ki (1Li3on10 “*m) to about

%%BPVD) 10 ceram c thernual barrijer. coatin

ey 5b1|0k/ m)righ gt The 66ETA therinlibaTisT R305B Ao prétecably
s%@mﬁ%d%ﬁ%oﬁg (?ZSZ) n&fﬁlchl'ié Gif %ﬁﬁ o%ﬂeaéﬂn&lglgﬁ Fiti about 3 to

Arrier coat I ng I's pref erabl yttria-st 'l zed
dmnwtmmwg&fﬁ&i$ﬁ;mﬁﬁﬁﬂﬂyﬁnﬁiﬂmmn6mmﬂmxuﬁeanRannmn@fwhhun
fromabout 3. to about 12 weight perce { preferab)y .
oXide P BBLORCraPl¢ eeraBis matgrigle Mg ep!é?(&%w oFxamples ipjude yttria-

r cer
sefffi 2 ZiSh B BRR AP bEar BOAMC R 2idiflods SFADE URREs 8h oo
atihin0iin bRigle baerbiomdKids gaddlinhum dside] eartmobxidé epdymium oxide,
oxi des such as | ant hanum oxi de, ytterbi um oxi de,
tagfakret PXifeAr sxxbises fdhesgoxisdes quhich perisd wish the YSZ.
tantal um oxi de, or mxtures of these oxides, which are
e
T CERE Rl bl b o Fpduoea fp PABAOE CREA, SRAECN R B boen
prodetsly peayinosstiye heenbéon epaividCiey thevappheeh dispsdcdeloty on a
t he approach di scussed above on a r ot ot ype- p cesF )
Profebps ProgkEs Ripise ABS émeowawswaﬁma&V%ﬁlow { Spectisation fimit, and

wa?@‘iﬁ@ﬂe%ﬂeﬁ Wi fh@s{;e%%‘#ﬁnmt bite elﬂés%gt é{i@ﬁg\é hin the

Speci I on present “appro t hough
a particul ar. enbodi nrent of the invention has been

Alderehidpatticulad embodinfent of thepinvpuseshasf bdehl dm:tﬂmdi inndetail for .

vari ou nndlflcatlons enhance ts na
thqsr%% illugfzasion; yarpup Pliﬁlgfﬁ’é‘o% gamée without
gtﬂ' A0 theASHRTEH @Q(I) ofttﬂcelﬂv@ﬂt%}f ' R&o&&n@fi}t thelifv&¥ion is not
g except as he appended cl ai ns 1 gS

to(BbAkrMéd exteptAs bydieeappandadodlamsorrprl sing: a netallic
substrate having a substrate conposition; a netallic
coating overlying and contacting the netallic '
substrate, wherein the netallic coating has a
netal lic-coating conmposition different fromthe
substrate
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conposition wherein the netallic coating is a

preci pitation-strengthened ni ckel -base superall oy

havi ng | ess than about 10 percent by wei ght al um num

is not a diffusion alumnide protective coating

‘havi ng above about 16 percent by wei ght al um num and
cliaveot an MCrAlY-type overlay coating having above

about 16 percent by weight alum num and wherein the

substrate is a conponent of a gas turbine engine that

has 4 pr eVA-Qé’a%é’aRﬁ%H:poréﬁ vice without the netallic

coating thereon; and a protective coating overlying

and awatelicsibgirate bayieg alsubgirate aempegitiosher ei n t he

or ot . . : M '

bver et CEam O PR BN HThELAE shbERe, wherein the
metalie edoatingdagl annalaliie-coaljrg chaposition etifirentbiiorn theé substrate

coRfpSRGHh mﬁ)ére%f\ﬁitl'%r‘ltnetatfl‘\’c .aﬂ'b:l%}nsp % {éﬁbﬁaﬂéﬁ-gtgéerfgé@ ne ln?t%lérglétr)ﬁlse

1, wherein e substrate ronis
- superaligy baning: isas ithan akpubfl Openierk by weight ahinioymaisdoaa diffusion
to ol rti ' . '
g ket iUt o BB A g Al anc
is moDer MY typeaperrtay0coali6g ihawing 4aboveeabmut i16 | eraent dyaveight
~her e i nide. | i e
i HEGF 048, 8 BSIAG chbr Cot]  QH A at os
previnysti beenlie spvise adithovigdhe owmtalimedating rereaom@pdi ses  a
cer am : : ' ' . | Vi.ng ) .
Cant PR Rty B SRA PRy He b BisBling, upgrein tre
prajestiye icodting camprisealaniatursinidstiayer evérng asd cortaotipg ientetallic
1 ughi ' h S r.at .
coblngh iob 0L AL ISPl 98 s ARE ) gy by weon
alumtiolrel - base alloy and a cobalt-base alloy; a netallic
coating overlying and contacting the netallic

substrate, wherein the netallic coating is a
pr e@i pi t dhe anticle v niginh dnadiersie ke sllstrates cpepasitionyis selected

j : ' C 0Si, LI i.fferent
fropf24 Bt cohelfiL 1 NERERALS Mty AT G dRsE elofl
substrate has previously been in service w thout the
metallic i X 2ct t
ovedl yi nana oot S8l Elindta B Hethic tostfona®'d Adasss o
fromraboupP.802 schve abadtOH isenpri ses a pl ati num gr oup
net al - al um ni de | ayer overlying and
4, The article of claim 1, wherein the aluminide layer is a platinum-group

metal-aluminide layer.

5. The article of claim 1, wherein the protective coating further comprises
a ceramic thermal barrier coating overlying and contacting the aluminide layer.

6. A coated article comprising:

a metallic substrate that is a component of a gas turbine engine and has a
substrate composition selected from the group consisting of a nickel-base alloy and a
cobalt-base alloy;

a metallic coating overlying and contacting the metallic substrate, wherein the

metallic coating is a precipitation-strengthened nickel-base superalloy having a
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contacting the netallic coating, and a ceram c thernal
barrier coating overlying and contacting the

alum nide layer. 7. The article of claim®6, wherein
the nmetallic coating has a thickness of from about
0.003 inch to about 0.015 inch. 8. A nethod for

merttﬁﬁé &fdnﬂé ¢ ttlgh %%ﬁnfﬂﬁltl tﬁ]@% BLPAE Céi’nﬁ% ﬁgn and wherein

eps- 6t provi
tth ?ﬂ&)ﬁtrﬁ&@ap mewmhd l;eebee gervice sethoutdbe mdh@haematmg thekenn; and

di ”E'b?étggtf\gcg%ﬁi%g\(%fxﬁ %nd%opﬁlcﬁﬁéﬁler étaﬁ%' cagting, wherein the

per m ssi P V8IGe 5s
Projecive casting perprisesam dlalinemeiroupt hetalelundhide dayer esrerdging and
' . S|t o
coffELiRl, e nietdic bifio, R s Xbrdtn® I0E TS bR PR AR Bl g g
comtheﬁngébealurrmmjbwem ate, wherein the netallic coating
has a nmetallic-coating conposition different fromthe
substrate conposition; depositing a protective coating
overlyi n'g"h@ﬁdicteo@ftd&imi G gvhenain et eldeltalic comding hgs a thickness of

o155 00 HIRTRS Ahdt 6 i8HNg and the protect | ve

coatl ng ave restoration thickness
sufficient to |ncrease the key di mension to no | ess

t hag the rﬂ'l@t’hgb' "Wor r%S{oﬁh ey ca%'cegﬁgﬁ Ognald aq{c?tlegew%aggle

wher ei n the rotectlve
cornpiysng tbeetdpyﬂqﬁg and cont actl ng the netallic coating.

9. , h f. ,

o o ST’ 3R el it B ol REEE Toc" Gy 38%Rp hatainy iy ey
dimenegionrafi tbé earticke i @eloh/ea smlbmturatmrmﬁmfbﬂi ttlmems:o.sual egllecds a

ase a - and .a

ool e B AR 8 A s s e
-haw'r‘rma sw@t’ata‘cqmm)s:tnnng the article includes the step

tur pﬁ)‘éh@h %gmggﬁlcacrftah%&er{&nﬁ oe'a1d ?onngt)cgti(r)tﬁqqge’nthﬁg%ticge as?rate,
wherhia t@ee'petaﬂ:cpmatmgilhag d hnetalic-cazting donplosities diffeeergttfegn the

the article that is a gas turbine vane.
SUb%Ea; t%fgmfj(ééﬂ?t%t hod of claim 8, wherein the step of

de pdspiositing at iretestiteatdatiog ovedtingrgnd wohtadirg thbenstbkip codting,
t : t IS .
Wt ERABE TG ASetTE 2l R AERC et dodeBorapa 1 agptoraton
thlckness suff‘ cient to increase the key dimension to no less than the minimum
permissible dimensional value, and wherein the protective coating comprises an
aluminide layer overlying and contacting the metallic coating.

9. The method of claim 8, wherein the step of providing the article
includes the step of providing the article having the substrate composition selected

from the group consisting of a nickel-base alloy and a cobalt-base alloy.

10. The method of claim 8, wherein the step of providing the article
includes the step of providing the article that is a component of a gas turbine engine.

1. The method of claim 8, wherein the step of providing the article

includes the step of providing the article that is a gas turbine vane.
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13. The nmethod of claim@8, wherein the step of
depositing the netallic coating includes the step of
depositing the nmetallic coating having a thickness of
from about 0.003 inch to about 0.015 inch. 14. The
met hod of claim 8, wherein the step of depositing the

proteLti Vepe ‘ﬁ%fﬁddqgf b8 %d%ef'éﬁ? 1% @fép‘%f Q5RRfhG A9 metallic

the alum nide layer as a t1 num
CORENG [N Ag; fﬁPoFéeD aixéeposﬂmg thhemﬁtathhcmaMQ thahiisnaggrecipitation-

stYéh@fh%thH&ﬁeﬁﬁa%Q Sgﬁ?,gﬁggm ting the prot ect ive coating

i nCludes the step o ositing a ceramc thernal
barrier coating overlying and contacting the

al unjai deTllné‘Yr%rthric‘lgf cldie g€ %Bﬁe% Hd Efégeofoée?p%lsﬂh@tﬂe metallic

wherei n the net Ic coatin
caggng insludes e step M@@ﬁltlp@tf@enetalhgfcoamnavm giicaess of from

ab%hf@@bymchal@%éut@@lsﬁ .cent al um num about 10
percent cobalt, about percent tantalum about 2

percent rhenium about O 5 percent hafnium about 0.3

percent  yidd Hémodacﬁ‘g:% 6@‘%&%9 he Std &%Poéﬁr?gg@eg?rgfggtive

percent zirconi um er cent  bo
cogting inslydesnthecstep o, dqméltlbgaltbel @@rnlmdle:ellay@mds ian platieurn-giroup

métgpéq["lnm,ﬁs,a%‘gﬂ The coated article of claim6, wherein
he met coating has a nominal conposition, in

wei ght percent, of about 18 percent chrom um about

6.5 qgper Wm@hﬂ?ﬁ?%ﬁm@%r&ﬁ tr‘PeeEt[%E'lﬁ ﬁgﬁmgagﬁﬁﬁgfecﬁve

6 percent tant a ercen
copting petugien tthe ateni afrdepabiting aOceBampisr themtal yarner Lnoating outrlying

and COH%'bgﬁggqlgséldrh:ﬁfaE fay pout 0. 015 percent zirconium

about ercent ‘boron, about 0.06 percent carbon,

t he bal ance nickel and incidental inmpurities. 18. The
met hfdl of Thel avated ariidireoéidaimhé, whersirothed opdaiic icogfinghbas a

noﬁﬁﬁé?ldoh@osﬁleﬁt |'nr\ge|§ﬁ‘t%é+g§ﬁ Bpga@ﬁ Sértc&ﬂpérwﬁe%n{ N&out 6.5

coatin recipl ren ned
perenk alunpinge, ﬁbpéfr aolpﬁ]cm\mbgltl eis@tt(hamrmuantamm about 2

e%ﬁ??ﬁgmm ‘Qﬁblﬂhég L?%rb’éﬂt%l Wbl Otshg? ectta)(/t rfuﬁw about 1

-coa|n I'S’ not sl on &l um ni
‘Pegegat ﬁtHgOﬂ rrboh §- (Hlﬁomftm%rﬁmomﬁmp@bcmw Oby peeieghtboron, about

0.8 pErba TRl ihg b%%higﬂlck@dﬁhYncéé'éWaﬁ tmﬁqrﬁireF ay coating

havi ng above’ abou percent um num and
wherein the 14 substrate is a conponent of a gas

turbjne apgi atdd i ds RifNi @UshdreRCBR H2taR Xbé‘ti‘:ﬁg has a

nominal composition, in weight percent, of about 18 percent chromium, about 6.5
percent aluminum, about 10 percent cobalt, about 6 percent tantalum, about 2
percent rhenium, about 0.5 percent hafnium, about 0.3 percent yttrium, about 1
. percent silicon, about 0.015 percent zirconium, about 0.015 percent boron, about
0.06 percent carbon, the balance nickel and incidental impurities.

18.  The method of claim 8, wherein the step of depositing the metallic
coating includes the step of applying the metallic coating as a precipitation-
strengthened nickel-base superalloy having less than about 10 percent by weight
aluminum, wherein the metallic coating is not a diffusion aluminide protective coating
~having about about 16 percent by weight aluminum and is not an MCrAlY-tyupe
overlay coating having above about 16 percent by weight aluminum, and wherein the
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wi thout the nmetallic coating thereon. 19. The nethod
of claim8, wherein the step of depositing the
protective coating includes the step of applying the
protective coating wherein the alumnide [|ayer has at
| east about 16 percent by wei ght alum num 20. The
suTRYaPfs bbbt & o WAFLRbBe AGng A e olERRSI R S6rvice
withetithp imetalbaeaating Hereomor eci pi t ati on- st rengt hened
ni ckel - base superal l oy having a netallic-coating
conposition different fromthe substrate conposition,
and lher dihg metbod vbslainaBe whareipthevitep of gepesitingi the protective
Vi i t [ i.C o r . .
coRftanpfally WP Yep ] SefRI, e RN gt i o allifiniae
layethas adessimbout 181erarng bamveighk sluofinum.ai m 6, wherein the
article is a gas turbine vane. 23. The nethod of claim
8, wherein the step of providing the article includes
t he 2t ep Toe mpetbod @f wipimhd wingreiol the sgtem of deposiengyteenetallic
' eyke dj ' ' ks of. th N
ool FiildeS T tepTbTERONRR i TratiE GSARY Mo o Brgitation-
strgrgihenad okdbdbase svparalloythavirigne medalic-avatingrcoanjoaitiem ifferent

frohHHR! Qb s AfRScompdsition, and wherein the substrate has previously been in

service without the metallic coating thereon.

21.  The article of claim 1, wherein the article is a gas turbine vane.

22.  The article of claim 6, wherein the article is a gas turbine vane.

23. The method of claim 8, wherein the step of providing the article
. includes the step of providing the article as a turbine vane, wherein the key

dimension is a thickness of the turbine vane required to maintain a maximum throat
separation between the turbine vane and an adjacent turbine vane.
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