ARTI CLE | NCLUDI NG A SUBSTRATE W TH A METALLI C COATI NG
AM A PROTECTI VE COATI NG THEREON, AND | TS PREPARATI ON
AND USE | N COVPONENT RESTORATI ON This 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 corrponent that has previ ously been in

servi ce. n aircraft
gas turbine ()et englne alr |s ravvnlnothefront
of ME?A%%@% iﬁﬂ@)ﬁ\%ﬁs étWr ﬁ’%ﬁ
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In the turbine section, the hot conbustion-gas flaw

passes between pairs of turbine vanes (al so soneti nes

termed the "nozzles"), which redirect the

. Thisgntsntier islateg tosthe profecton ofa s@sﬁmmgﬁmrﬁgwe upasmgmré more
nat o hot

P o AP SR S Y RRER, Bl Bl 1881 B 4,488 wbine

colipsrizhithatiae gesiously baed haetdal t and provi des power to
the conpressor. The hot exhaust- gases flow fromthe

BA@{%@WSF%E&E%& ng it- and the aircraft

I an aircraft gas tarbine (iet) engine, air is drawn into the front of the engine, corpressed

by a shaft-mounted compressor, and mixed with fuel. The mixture is bumed, and the hot
. combustion gases are passed through a turbine section mounted on the same shaft. In the

turbine section, thé hot combustion-gas flow passes between pairs of turbine vanes (also
- sometimes termed the “nozzles™), which redirect the combustion-gas flow slightly, and
~ impinges upon the turbine blades. The impingément of the flow of hot combustion gas
against an airfoil section of the turbine blades turns the shaft and provides power to the
compressor. The hot exhaust gases flow from the back of the exigine, driving it and the
aircraft forward. '

The hotter the combustion and exhaust gases, the more efficient 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 maxunum temperatare
‘of the combustion gases is normally limited by the materials used to fabricate the turbine

| components of the engine, including the turbine blades and vanes. The furbine
components must have the necessary sirength, but also be resistant to the environmental
r'damagc 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 1860-2100°F (982 - 1149°C).

 These componenis are subject to environmental damage by: corrosion, erosion, and



The hotter the conbustion and exhaust gases, the nore
efficient is the operation of the jet engine. There
is thus an-incentive to raise the conmbustion and
exhaust gas tenperatures. However, at these high
tenperatures the conbustion-gas flowis highly
corrosive, erosive, and oxidative to the materials it
contacts. The maxi numtenperature of the conbustion
ses is nornmally limted by the materials used to
Oxﬁﬁ % those [MPefdi¥hi-ne conponents of the engi ne,
i ncl udi ng the turbine blades and vanes_ The turbine
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deposited upon the substrate naterial to be
Despite carefinbitiectione ofthp bassdnatenidinand nodtective coating, afier a gas turbine
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efficiency of the gas turbine. Wien the gas turbine

minipzowe perartediprthickoess dilsansionce, their surfaces are
worn away so that a key thickness di nension of the
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becomes | arger and the maxi num perm ssible '
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- exceeded as the key thickness di nensi.on of the vanes
falls below its mninumpermtted key thickness
di nensi on. : '




The gas turbine conponents are expensive to
fabricate, and it is ther_efore desirable, where
feasi ble 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
prot ected conponents to restore dinensions and al so

to restore the protective structure, and therefore a
nebaredsasibleant she sanvire darpagerinnofioagicasto kpgiipad repiors them, rather
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articles if their dlnen5|ons must be increased. In a
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substrat'e conposition, wherein the nmetallic coating
_ i revdy prade agfickeaifi their dmamipnh ewstbaipakastd.base
superalloy having | ess than about 10 percent by

al um.ni

ol B ROty rEien aisatrd e SomgrigRe a detpj substrate

VRhGIYE  AlstbetatiMcafhokitioROhnd nVoFidinlt YREkRYE hadetallic coating
coating having above about 16 percent by wei ght

a@rﬂﬁymﬁndamtwr@eeﬁhﬂ metallic fybstradg, é?vhesela tho me@a:lbmcoaﬁng has a
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netallld eoamgtxs AgpiceRitatibngtréngliemed Qﬁbi@f-bmes@@mm&taemg less
to the original thickness, the netallic _coating

héen abow khpekanddy weight alwmipwn: 1sqon ealiffasen fabmamsl@tpmtecnve
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cont a |ng coat | erern

piypé eﬁrtaﬂup comxig rhgvmgnwci\&esbcmn 18l parcanitdey eNefigtisalominum, and
coat i hg Iay r overlying and cgntactlng the netallic

cY‘f ‘%I'F]ﬁ’gt C\th ?t&t'ﬁ 13 ReCORMRARCAT b2 @af fUBInseeiR Fbrﬁ‘b has previously

filin gém% Ehe| ﬁ@é%hca@&ﬁ HerR aRNhe@iic V}ﬁ)'agﬂé restoring a

unrnunran Y east about 16°percent by wel ght
phaatiom wih the Csubsm ab ; thanatigana ethadhesss tier melalliacoating havmg a

CRRR B PIHaCh S P BB Bl Sogrorctve contn
dd\’éﬁ?ﬁ!goﬁﬁ(h | 3bn&RAhE Olhleethetallic coating, wherein the protective coating

comprises an aluminide diffusion coating layer overlying and contacting the metallic

coating, wherein the aluminide diffusion coating layer comprises at least about 16
percent by weight aluminum and at least about 16 percent by weight of a platinum
group metal; and a ceramic thermal barrier coating overlying and contacting the

aluminide diffusion coating layer; wherein the article is dimensionally controlied.
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In a second aspect, there is provided a nethod for
restoring a key dinension of and protecting an
article, conprising the steps of providing an article
that has previously been in service, wherein the key
di mension of the article is below a m ni mum

erm ssi pl e di nensional. val ue as result of th .

FeviebeRd s BB irovidsi & med Tor rorbe adieydlimgusion of and
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having an original thickness and a protective coating
deen liyisegvithevharbit thet key dapeossian o the reticdé [i$ delow a minimum
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h i i .OR. 0 i hi .
SRR SRR g0 A58 45300 00F T BBbuc 0.015 inch and
depds@fid \4e pERedtivieg ceAImRr bsadying aldudbiitacténgditid wsdtdllic coating,
coating |layer overlying and contacting the petallic .
edataindhe wetlls poating adutierraiecys periingriogghen haye a restoration
3 S a . - .
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different from'the substrate conposition. The
theckaieks exfboigni togesisidebendingn nust be readily and
control |l ably depositable in thin |ayers, such as

DaaSckel Belelibis habged aficle mpaises i mBtalid3ubstraé havinj-aSupstrate
to about 0.015 inch (3.8 x 104m), but atégnt
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article conprising: a netallic substrate_havingT%
Saaisible. &t protechiyroeiating averlies and contacts the metallic coating” The

protective coating comprises an aluminide layer oveslying and contacting the metallic

" coating and, optionally, a ceramic thermal barrier coating overlying and contacting the

| aluminide layer. One embodiment of the disclosure provides a coated article
comprising:
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a netallic coating overlying and contacting the
nmetallic substrate, wherein the netallic coating has
a metallic-coating conposition different fromthe
substrate conposition, wherein the netallic coating
IS a precipitation-strengthened nickel - base
superal l oy having | ess than about 10 percent by

wei ght alum num is not a diffusion alum nide
protective coating having above about 16 percent by
wei ght al um num and is not. an MCr Al Y-type overl ay
coat i AFAKAYT FPsEBisNaving g gebsiterompasitiony wei ght

) | . . . - . N . . V
2 gas iR CodtaEoR AE P UBREHAL B by CAERANE Vhoftn the

santallic ecating hasg metallicneiatihg commposition diffaréne fioanthe sutdtrate

a protectiye coating . averlying and contacti t he,
SePRFHFE whlre e e Foptt B PO R op St prickel-baso
eaedlicyRaving 16h Hidin b 103EREnOHERE Y AmBRen GS RbELdiffidon
the ngtallic coating, wherein the alum nide |ayer has

o glomigide projgciive camtingdwviag abayy ahentoi§tperdenttiyivisight Ahunien and
' ' f i . ' oated, .
SR WREAIE s chtey EoB B S8l 6 BALEH by et
is a conponent of a gas turbine engine and has a
substrate conposition selected fromthe group

consi sting of a nickel-base alloy and a cobalt-base

al | oy;
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a netallic coating overlying—and contacting the
nmetallic substrate, wherein the netallic coating is a
preci pi tation-strengthened ni ckel -base superal | oy
having a netallic-coating conposition different from
the substrate conposition, and wherein the substrate
has previously been in service without the netallic
coating thereon; and a protective coating
overlying and contacting the netallic coating,

\whefifid, dddevira elsubsratedah cO@poMap6] ££8 tdtbine engine that has
pl ati num group netal -alum nide | ayer overlying and
PETvEoRsly; begn infervirervathout the setal g codting theream; and ¢

21 i AP s Ebatig S U ot doinf S nR ARl vioftin he
ipsot&ﬁi&@ opating cbmpfisea ag) phmﬁniﬂb iayer exvdiying and guitacting the metallic
EBPBSPRRER P i BBF PR IRS Aoh  SRET UL ESR oy
skebmen @ ni ckel -base superal l oy, or a cobalt-base

‘alloy. In an application of nost interest, the
substrate is a conponent of a gas turbine engine that

as previoysly been Jin,service. w G
2 Eprames O i s Sl BGidth h e0iba b Bhirlin:
gas bg ﬁﬁ:taﬁ&!kwbl ?fbt@%hﬂ%/aicbﬁpﬁimit pllappatbineen I Bine ;md I;]as a
i_mensi onal _val ue during_ service as.a result of the
SRR IcoBposiRsiclsicd roRt e R OB RS Ik Rkt oY and a
" St YaSe alf key di mension cannot be restored sinply
by maki ng the protective coating thicker during.the
r epai a motallivenbating overlyimgrand cageding Thremetalliclsnisteiss whésein the

the.layer or |ayers _.of the_protectiye coati re
BT PR 1 s R REHRRBeL Be et es werly Miving o
file@llid-d¢da¥ing &sbdsRvh T fEeR fodh fHRFaNMate(Batipdgtion, and wherein
subsequent service. Specifically, if the _alum nide

thgyubstraiedyas proviously deeninservire wiouh the metallic engting thegron; and
4 . . _
ggalel Qél\%%‘/%éés&aaﬁ?%gﬂ S %fdntar%? mal 13 i&%lg uc eedgost %@?g"gm the
puotkctivdienting esemises Aghiiherorgabip/methhdupimdedeydr weerlying and
coat i.ng doe ot have the sane ,nechgni cal - properti.e :
SRR LiaarIlS coTHREal comae TP HBa ComaR Vg g an

- ESRRRE tRushinRkSayeRt erial with the material of the
protective coating mutts in a net weakeni ngof the

article. _
In a case of interest, the substrate is a component of a gas turbine engine, such as a

turbine blade or turbine vane (nozzle). The 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 2 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 sinipiyby making the
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In applications of the present approach, the netallic

coating S applied to the substrate to build up the

t hi ckness of the substrate, before the protective

coating is applied. The netallic coating has a

conposition different fromthat of the substrate. The

nmetallic coating is selected both for having good

mechani cal properties that are simlar to those of

the substrate material, but also for its ability to
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That. is,. the alumnide is forned by interdiffirsing
the mgtallie srating tomesiorsibareyied g erall keHimamsion | i ed subl ayer

of platinum palladium or rhodium The al nm nide
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' Ilic coating |s deposifted overl and
| 'fhefec%gt%a@t 9% ofst gmeefssf%%ﬂ{ o sirqngh and other
propdBkd Isr!tdhcas‘%&ﬁﬁlhﬁﬂ Bk Bldduf, {alnﬁ, AR b,
different from the substrate conposi tion. A ,
titanipmohiebiumy boxmoaitidigr dadboappl i ed overl yi ng and
contacting the netallic coating, wherein the metal lic
coating and the protective coating together -have a
-restoration thickness sufficient to increase the key
di mension to no | ess thamydie m ni mum perni ssible
di mensi onal val ue. The protective coating conprises
an al um ni de | ayer overlying and contacting the
metal lic coating. Conpatible features discussed’
herein may -be used with this nethod_ O her features
and advant ages of the present disclosure will be



followi ng nore detailed description of the preferred
enbodi nent, taken in conjunction with the

acconmpanyi ng drawi ngs, which illustrate, by way of
exanpl e, the principles of the invention. The scope
of the disclosure is not, however, limted to this

preferred enbodi ment. BRI EF DESORPTI ON OF THE
DRAW NGS Figure 1 is a perspective view of a gas

turbine vane airfoil; Figure 2 is a schematic plan .
The ewmirfidd hayads desrablyraplaanmnewyp neslatvginidedays fhatds, the

vanes:. Flgure 3.1s enl arge I Yy ;
SRR e R0 Bl GOyl A
sitlaykd Jf?la%nﬁm, FIThditg) bf Modiuts Theblvatikidt layer mtiyadsodenfopied by
_a preftaied qgglnagh for practicing.the qrese t :
interdiffusing an applied aluminum sublayer with an applied sublayer ofn another element

such as chromium. The aluminide layer may instead be a simple ahwminide.

Another embodiment of the disclosure provides a method for restoring a key dimension of and
protecting an article compriseé first providing an article that has previously been in
service, wherein the key dimension of the article is below a minimum permissible
dimensional value as a result of the previous service. The article serves as a metallic
) substrate having a substrate compbsition. A metallic coating is deposited overlying and
contacting the metallic substrate, wherein the metallic coating has a metallic—cbating
composition different from the substrate composition. - A protective coating is applied
.' overlying and contacting the metallic coating, wherein the metailic coating and the
- protective coating together have a restoration thickness sufficient to increase the key
| dimension to no less than the minimum permissible dimensional value. The protective
coafing comprises an aluminide layer overlying and contacting the metallic coating.
Compatible features discussed herein may be used with this method.

Other features and advantages of the present disclosure will be apparenf from the

following more detailed description of the preferred embodiment, taken in conjunction
with the accompanying drawings, which iltustrate, by way of example, the principles of
the invention. The scope of the disclosure is not, however, limited to this pfeferred

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
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approach. 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 nay 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
"nozzl e"). The gas turbine vane 22 has the
illustrated airfoil 24 and is attached to its support
appipaddnd structure (not shown). The present approach is
not limted to a turbine vane, which is the preferred

ﬁﬁ@ﬁﬁ ¢d as an exanpl e.
%fgure deplctsﬂh?ree ¥$V tur bi ne vanes 22

arranged relative to each other as they are in a gas
Figoge bilepacteapontion ofsrearticle B0 fet iscanesotedingra ofithe presest appeehch

anf e Bt PP ol P RGP aB@lo dh ot S A RERR i gprvonens

of 6 le@s@BinARRIRAGH Hetifiedly 4 i tindinevane 32 (lscaalbd paidzzle”).
The throat area TA is the product of the throat width

e Yane 2¢ bagha illustspted HEH 21 ooy 1s aftached fodty support by end
_ m@ﬁnﬁ?gﬂo E}Efv&at 'hﬁe r@&%l gs' dofhi tﬁodftuﬁ)hl% v@ﬁé f)vﬂich is the
ee g I ntain e throat area

prefgriddi applidation qumhleiﬂ ispten@dassn eBaonpleist be kept
Wit hin its required tol erances. During service, the

t hi €SS turm
Figgek £ ATRY gl e b el SR ol 8RS ok B oy
in & Ba¥ tetGRSenghieWWThe fturbink vBbesIOORAEBe ﬂ@@nﬁﬂragebemgdwo adjacent
exceeds its maxi mum per m Lte

t hr oat {
paigy peen vatefie /b BEPat FeBHHoR 3@%@3&?@?’ adeaﬁaéwa g§ closest
aprtichl AR @R %a%vo%%em%ap iy 0P @538 frca TAUS thd ibituct of the

hi ckness tv nust be equal to or greater than't :
thrmtnwdmw@@mwsﬂm blngthdl b thei adrioil measuged paryllal Itwtheﬂh@thwme

NEN L
Iolf'l%s a? rz%‘te S negﬂvanertﬁtirﬁmslqgn t ¥ t 'ﬂé %{hu}/ its

ar |soera

reqﬁﬁéd/toﬁ&ancbs; IDQI rhumy kaiitivﬁﬂm fs qum&emlehme; Gfmﬁmgaé;@me the
re,3 depicts the surface region of t
desitnet Dawaoins VRSP aRas o deFrEase dug fpenypammet Qfdﬁ@ﬂge so
thaE W Oindfea¥RN CHEWenE! MEB, FRcinSl B! faffeCartPeNBYAsNE Maximum
substrat e conp03|t|on The substrate conposition is
perméeﬁdeuhatalt yepatetion dimensiving Kl opigtigion and effickancy ofithe gas turbine

ensii YRy GORRES, Rl o e RaGRR PO Bl e

thebﬁﬁni&ﬂhrﬁ brokiBable AHerRidnal v T&k dﬂﬂuat&ﬂi whi@&if ty becomes
superal oy is a nickel-base alloy that is

less;tha houoh Bively pijses jglerdbe Birbine yencol? is pregaledin Vit belit gay
AnEesA ? ql t-base alloy has nore cobalt by
vvelg%‘[9 an a#@ el emrent and a cobalt-base

superal | oy
Figure 3 depicts the surface region of the turbine vane 22 in greater detail. The body of

the twrbine 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 oobalt-hase
| alloy has morc cobait by weight than any other clement, and a cébal&-hase superalloy
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typically is strengthened by the presence of large

atons that provide solid solution strengthening and

by the precipitation of carbide phases. An exanpl e of

a cobalt-base substrate conposition of nost interest

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

percent, of about 0.6 percent carbon, about 0.1

.percent manganese, about 0.4 percent silicon, about

22.5 percent chrom um about 0.2 percent titanium
typadliytis Stbngiimeé bty the prescaoauftlage Glonpetheepiovidersolid solution

about (0.5 percent zirconium .abqout 10. percent .ni ckel.
srspghpning By b PREROm Pt cxbifrhaes 8&6&%‘&?‘%’5&?@? yase
sublLBNGadosiaah bf A0t ifileRtef is ALARMISS0, bR RIMRESRH composition,
approach is not limted to this alloy, which is
in yegbbtperecht,af abent Séopaptcat casbore bout Pd ReErsdl |gapgese, about 0.4

overl.j.es a acts.t algl | L.
* oD B BEL SBhSHA L o2 R, b 15
pefcehiasi, bbe 0di1f fedsetnborbit, Gitioht (25 pedoatt zirt@nivngbosi 10 parcent

AR e REbAR2 4254 135 EORBERR b5 ST B i

| Fitorefh -thi¥RH {s3r&ented
ek%%ﬁ%%3|tions pﬂﬁgﬁvﬁggﬁﬁggﬁﬁgggeadingéggggf?gdcgs e

Sl
exgshple. | ayers by readily avail abl e and econom cal |y
feasi bl e deposition techni ques, such as those that
may e _used Lor t LG - ' b aldiitic
A %%gl“f f’%a%é'ggtsi b g ]Beg alﬂg %Lédta%t? It}?égﬁ%{ﬁn%a%gg%?égndq?‘g not '
coting F8f 18 ia AetAlic+Soating eompasitnt differeatdein thg saistiate Somposition.

an overlay, al yni ni de protective cpating..The
Tie tnetallic GROHEAR 19 P AE BT RR AT R [ LG Sbygete that may
be%&?@%ﬁ#{% d tedThith SR REALRSHE. IRoSQabinae daaiBsitolti s@fiply cannot

content, typically above_about 16 percent by
beweadjhyt dereiedd i gtin dasers hyieaddiat avaiiable) aud egmgmically feasibic

- oxidation .orot [ Qn, t hani ]
oy RS SEUL 3P ot phf Bief B 106 1Y BTRERAAL Eting
coinpoditien.c ahe nadtaliie colng28 & iretalldont natgre28nd & wot a diffusion

nickel -base all oy, and preferably, a.ni.ckel -hase . .
aluggipise JF9iGgIver RS 1K B BoPYeERY BB PRLHYS Foatige. The
- difhlRRR ARRMdeHPotBeHE 85dtinD ¥nd\Ble GRérlayARkhihiae hRtdciivéooiiigi have

-content of other elenents found in superalloys for

a high ehgtihuamgntsnh dypigallypebove @boutsifcperepnt by ryreadhtmSuch high-

t ungst en.. nol.ybdenum..chr om r ' ' [ .
_ah{n?’img'ﬂi QRGBT B ‘ghlé?a%lr? n pgzr’wt or- c%%ﬂ].io ﬁbt;é:agrger red cal
propRitids |cofpeable wigh &8 substald @ynd6itba, hhtheicag wharethenndtallic
conposi tion, in weight percent, of about 15 peafgpt.
cod e iapicktldiee 810y, B TElvRbL AMPFRRSe ERERIOYphe sluminum

: ; g t  of
o AL ApiRy i tho A R e B, B lre B0t Someny

otiee tlemehtsyburd in supeniitngs for spengtie mid ofhéripeepertiegruch avtagaim,
ercent. zirconi,um. abqut. 0. 015 percent boron bout

ol TRl AR P CBIh SRR SRR i, DO, and/or

* calbBh] A6RERhed R dodfing T8 all6EBEN?, Biigekdning cdfiposition,

. limted to this netallic coating 28, however. A
 in prightpartan of ebatit 4§ pergens wionies, 2Bt &5 pereank shupyum, about 10

metal Li oaf n ) r j '
vefiet el S0} b3St ditfind BORS bofConf HEhIsH 3Bkt 0.5 percent
haﬁ@ﬁﬁpg%gﬂgljhﬁnfﬁﬁ?t?ﬁﬁ,ﬁ@?ﬁimgmﬁaﬁ:ﬁh&mﬁhﬂﬂtﬁldﬁipmnaﬁ
_layer is preferably a, platinumgroyp .
ZATPRITD. @W-ﬁfwm@mmﬁh@m&%ﬁ%ﬁm “@?Q?Bpﬂlﬁg‘l‘l%’f’ nickel and
althorn' ide eonprises interdiffused al um numand a
pl ati num group netal, preferably platinum palladium
and/ or rhodium and. nost preferably platinum The
alum nide layer 32 partially interdiffuses with the
"nmetallic coating 28 after exposure at el evated
tenperature. The alurnin' ide |ayer -32 preferably has
at | east about 16 percent- by wei ght al um num and 16
percent by weight of the platinumgroup netal.




Aiter exposure to OXygén at elevated tenperature, ar
outernost portion of the alum nide |ayer 32 oxidizes
to produce an al um num oxi de (alumnmina) scale 34. The
al um num oxi de scale 34 resists further oxidation,
protecting the underlying structure. For the present
pur poses, the al um num oxi de scale 34 is considered
part of the alumnide layer 32. Optionally, a
ceram c thermal barrier coating 36 is part of the
ingpteptab purities 0Fhé nrgs@0 apprdadnvie npbt bmitedht hisrmetallis ceatimg 28,
A abani ni de | ayer 32. The thernmal bather coating 36 is
OB¥e&ferably zircortia having fromabout 3 to about 12
percent yttda therein, a ceramc terned yttda
A prorbtivd doating B0 oo¢liss andrcodts the hetallicwvating28.| @he proBRiive
preferably has a thi ckness of_from.abou O 0Q05
cosfing d0sppuden atlgrstien phupamds aer LrovErliing R B Tl
M%ﬁﬁﬁ]ﬂldﬁ: layer.
@ prg?@rg%%@&@eégﬁﬁﬁﬁggﬁ?gpr om abo u? 0.005 (1.3 )3(@
M@M@mmmr@mmtaml@mdemmmm intaediffrs@hylumingmend a platinum-

e ae b9, kil i i, 3, it

plaffhe. C'I‘l@&’ahhﬁhdﬁll@%r 31 pdrhdlyriretdiffesenith e maplii @ating8 after
~ of the underlylng structure, .and al so so th&ui g
exposursak elpvased tempRislse cEbeglaminide 13vt g7 prgtomalihag ffdeast about

Ly N Q&%z)éh Ml&ﬁ& 848k by f'@il thd aﬁhlﬁ]5~gt‘ou metal.
16 oatlﬁg de ond Lg?romt err resp sct i ve under ylng
structures These thicicnesses cam ot be

Afigrizposine tangen Felevated @mp@ratl@ﬁ) | aa@@tw%pﬂqhgg pf e aluminide
t undep | v
layﬁrEbfzg?’flfhcz O rf’%’@ 78 48 i c es ??51 Laﬁ]%’?afgﬁ Cﬁﬁed flaiiom

oxitié ecalé Be raisasuithbeodfaticnD phitectigs tﬁmaﬂieﬂmgls&ncm t&nkhe
- to above the m.ni num ssi bl e. §%§n8| H?I i
PresepipPoseRdhalpmipym 0xig %ﬁﬂ%"z's congide é’? iAot layer

~gpproperties generally simlar to those of the

substrate 26,80 that replacenent of the |ost.netal of
the substrate 26 with the netallic coatln 28 does

, Oph@tallVeﬂs%ﬁmmlp thesmal hesrierPopting 3658 s el B¢ em’qﬁ‘fg F?aélﬁg phand
Gvegé ote Ct lve.CO a%ln&uﬁ%é la%r %2 E'h ﬂ—l er aE:Il &gg?égjﬁ’fl%l gf'eferably

; zummnﬁQNWﬂgﬁhmnﬂmwnﬁuiﬂxmalzpﬁm@ﬂgﬂsmﬂsmmnaewﬁMMcﬁwm@dywm%
i cal case, e netallic coating 28 has a thickness
'Smllﬁ ol zijegniay or t 0.003 inch (7.6 x 10-5m) and in
. sone cases as high as about 0.015 inch (3.8 x 104m,
ThediSmitsdtthier 30 @?ef&a]&l?llﬁ:kﬂﬂﬁdm&fs off frof a‘bbﬁﬂﬂ 05003 X(]:D-Sal) to
x 104m to about,0.010 inch (25 x 104 Figure 4
aboye Pi08t anch (i0et £0 Tahithisk: e @Fﬂ%lfsé'aﬁmei igtating 36, where

ol SRS B 80 Ut

(0.22 10ha), nias mﬁﬂaﬁl‘p ﬁshyau@aemoeﬁ(m \H)fm) tosabpuioid eigich (3.8

Kl@%%g’awﬁagﬁiﬁgg%ék%k cIe %iggreferab m%%%rmofgﬁ

undlHYBRSiRRularRif aidch® tﬂt%&ﬂeﬁae@@v& hiclRlsO akd1Got ¥ BicMNL the

pef mssi bl e di nensi onal value tv, nuz- The key
 ahugiimidnkya32 raag} cm@h@mbé birsieowating 3rletiond fom their respective

| imc%ﬁir X Sg’ucgtruie esg%lsta éaﬁgotl B sub&&%aﬁ?ﬁcr%& 90 l%place

en aritses In a“repalr

meRPIEEX! absci ol ihb ‘éh@er%@ambai’ats 26.VaRtead thdmenficaddating 28
- substrate 26 having the substrate conp03|t|on
, J:eplaces ﬂle mctal lost or absent from. the substrate 26 bring the dlmemmon ty back to
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The nmetallic coating 28 7s deposited overlying and

contacting the netallic substrate 26, step 52. The
nmetallic coating 28 has its netallic-coating
conposition different fromthe substrate conposition
In the preferred case, the BC 52 nickel -base
superal | oy nmetallic coating is applied by any
oper abl-e approach, but is preferably applied by the
HVOF (hi gh-vel ocity oxyfuel) process or the LPPS
dmﬁé&wmﬁmﬁmmp@ﬂmhﬂﬁmkmquwwﬂvﬂn@uamsTﬁﬁnwmwﬁowﬁmsﬂgm%

m%g deposl t | on r%%%ﬁ%@ %\ﬂ B-fa}%a%%entof

the 365t e@e[lQathiﬁé k:ﬂb%trﬁglz%l Hith hPrRMER cdaﬁhngS fdewadiﬂ @ﬁult isa
arelatively low tenperature thernmal s t-hat

substhntiahgoss ot‘ oggspll smlgﬂbpﬂ'oeﬁrhas ﬁf@lﬁ afisies 29- y The mpberiolef the
m%ﬁ@t Ian g@ }—R?(ﬁ'% MRLRLY £ G SShisn ﬂiémﬁﬁﬂ%f e

process yplc 'y “uses any one of
subdtadié B8, YinQftyfics lcagahe spetailic boating A% gy othickerse of at least about

- / hyd ; f,
0.0F4saeh G B 3nd BeorP e TR OB ROU S ks § X 1D m, a
usuéﬂa/%{l 2 EndsC BPRLALBYE0.005 (11& APER I adbirlo.cleRRA.6R 10Te).

stion tenperature of the fuel gas used, but wll
typically be in the range of 3000-5000F (164%@@7
Figaz dalgyicts In@f@{isleﬂrf@éﬁﬁ'@%%ﬁ the frvention dgueptp dimension

- : s preRRust
- sucfpHRg Rieiic il aloleB8l TRORERRARAAOT i DB s prEVRusly
‘beef @deiiitd i grdvitbdmépafid iTheausidllingficle ispefmblyThede of a cobalt-

netallic co |ng d,th ratecti C
bas? P i ¥+ TS ke ko Fe ot Gl At Doy the
%ﬂﬁmhﬁﬁz (iiﬁ%nﬁéﬂ@ Riful By ik (The@y|dasensidhadiay h&tead be
mn| erm ssi bl e di nensional value tv,mti -

Belmieﬁbfsntln!mei pérgvissittiel dimnensianal alye i prﬂéfvem?l@dmfﬂslﬁrr%ff the
t | c
sitftichiapoc BHEHL s Thd ffhic B IhB RO o b s B URY bl

e surface o e netal
sub@@éﬂ@ﬂa‘&fgth&'hﬂasﬁhlﬂtcbmpmmmt aining layer is

preferably deposi ted by el ect rodep05| tion. For the

’I'he%eetaﬁ:ﬁ{os%p%& 5§/ g?%pOSI . on %&% éh}eka%'i]c élﬁ)strate 26,

 step$. Uftle@RethIE Boaing Q@ﬁzﬁdﬂdrﬁﬁaﬂlambatﬁgdoﬂpmntdlﬁgmt from the
' platinumfromthe solutlon onto the arface of _the
 subiestesameositiont I pELoTISd coe S hRskSR BRElPRAglic

ol AR B0 g o o

(highl-@dl by oy Skl ptdoess\oo ieslRI Sclow-pressisoplassa Srprapeeeese yoth

ofx%%l?%%%ﬁt%gé&%%%ﬁﬁﬁ@%ﬁ% e Qrp i

o utﬂ{z%s erﬁglﬁ Lalb¥y BAOm 30Rbkctlvel Midkd @librededt] cidy Rirdiation, is a

d nost “preferably about 5 mcroneters thic
relatielydpo sttmmﬂatm thenoh sprry; tit allowseiop applicatien ef a high ensity

200F - 93C
Omé‘ﬁ% H’@ v@ﬁ%ﬁ%‘?ﬁ% Of%}‘l B%g'%nt} £e ove"’a{th%%{]ummjﬁ
proBés8 it FibillyC ot ainfi i@ bBY ara:w aihgoeD gﬂe&,b#@hmpow@;ﬂene

wi t h 'chem cal vapor deposition t hat
oxygep/hpHegen Wiriyes @géwmam déﬁa@?‘igv%t f@“iscaﬂs Fatigd from
_zonYﬂjg)ﬁ a%bc&m{?“ﬁ‘ﬁ xl 8¢ eﬁ%ﬂfﬂglr Fhleaépwmma%ﬁ@bn the

: num a he correspondi ng
© conibustibm wingradtind efghs fudtiatak dsed, dhut auily tymehllyybenin the range of

3060 RO ARk 7408 ol LS RESGT: AP LSRR P e 97y

hal i de of the nodifying elenment, if any) contacts the
pl ati num containing |ayer ghat overlies the netallic’
coating 28, depositing the alum numthereon. The
deposition. occurs at el evated tenperature such as.
from about 1825F (996C) to about 1975F (1079C) so
that . the deposited al um num atons interdiffuse with
the plati numcontai ning | ayer and somewhat with the



Where used, the ceram c thermal bather coating 36 is
deposited, preferably by a physical vapor deposition
process such as el ectron beam physi cal vapor
deposition (EBPVD). The ceramc thermal barrier
coating 36 is preferably fromabout 0.005 (1.3 x
104m to about 0.020 (0.5 xi 1(13m inch thick. The
ceram c thermal barrier coating 42 is preferably
yttria-stabilized zirconia (YSZ), which is zirconium
at aggduged denatitiPMPISEFUS om about 3 to about 12 wei ght
percent, preferably fromabout 6 to about 8 wei ght
, bl B | {48 CortitsEing Ble enetdticduating, step
’Hﬁﬁg§erlafg ngéb&ékﬁ%%%&ggﬁggﬁ%. Exa I%s I n¢l ude .
54.yThe inamlialvioktinget anidrtbopiotectiie ernting 30 segsthepBerg regforation
.with additions of "third",.oxi S laaut
iy ot ptent P e by HREPAEE (76 o B G, B8 Ml
Pﬁdagﬁy%dﬁﬁ%&hﬂﬂbﬁﬁgﬁQMgg, tantal um oxi de, or m xtures
of these oxides, which are co-deposited with the YSZ.
The present invention has heen reduyced t ractj ges .
To peppsi theabiius v o pmreaddonr pfEnftli S | Mo
contihikl (i%ep AV ErsPEEIbs PG T8 Rt fich Of ARpmenltic detingi38.edhe
abov n a prototype-process basis. The_dlrrensmgwgved
plativsn-cotdiniag layetie proferabliedaposite by eleetredepesitae; Fonthg prrer

j.ncreased. to wi,thin. the s i @n. i st by t B8 ainin
 Platinge “S%'ﬁﬁr%ﬁgﬁpo Of‘ﬁsoﬁcélﬁgghgp%egﬁj &léul ang Jﬁ#‘%odi rent of -
soltibR 1htd ¥ ABdsRidn BRE aheposiaagplairath from detsatutio onto the surface
- purposes of illustration, various nodificati ons, %ﬂ%n is
of Gishraselivernatingds- HAn ApGERblG PRETGENERIE JEPE PR
A - 1BAR AL GikciloN pllatinuni, hed the
e e S e s v
volegpendead sciree issoperated at about 1/2-10 amperes per square foot of facing

arficle surface. The platinum-containing layer, which is preferably from about 1 to about

6 micrometers thick and most preferably about 5 micrometers thick, is deposited in 1-4
" hours at a temperature of 190-200°F (88 - 93°C).

| A layer comprising alumipum and any modifying elements is deposited over the
plétinmn—coniairﬁng layer By any oi)erable approach, with chemical vapor deposition
* preferred. In that approach, a hydrogen halide activator gas, such as hydrogen chloride,
,. is contacted with aluminum metal or an aluminum alloy to form the corresponding
aluminum halide gas. Halides of any modifying elements are formed by the same
tochnique. The atuminum halide (or mixture of aluminum halide and halide of the
modifying element, if any) contacis the platinum-containing layer that overlies the
 metallic coating 28, depositing the aluminum fthereon. 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 platinum-containing layer and somewhat
 with the uppermost portion of the metallic coating 28 during 2 4 to 20 hour cycle.

* Whiere used, the ceramic thermal barrier coating 36 is deposited, preferably by a physical

vapor deposition process such as electron beam physical vapor deposition (EBPVD). The -
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VWhat is clainmed is: 1. A coated article conprising:

a netallic substrate having a substrate conposition

and an original thickness; a netallic coating

overlying and contacting the netallic substrate,

wherein the netallic coating has a netallic-coating

conposition different fromthe substrate conposition,

wherein the netallic coating is a

preci pitation-strengt hened nickel-base,superal[gy
cetaait thgrohad barrichamting d6its ptcfepbly diamt alippt WBIYAL3 Rl ¢imtasbout

' t g ffusi inid tecti ti
04 Prigr 18wk el 8wt Sgoal dragier oSt Ahdhpifebly
yitkis-staBllizad zban (VA PRhRH 84 £ifdonaR@bkide chadinig fefd@ ot 3 to
about 16 percent by wei ght alum num and wherein the

abewttwaighs persent. prsfrseie fromatbout §wsabedt hveightarfgsant of pigium
o . el .  hal . )
oxfiR5 ORI SR XorER b i ik B8l U, EREabIEL Bl
stapilized emcopia Wwhich $ab dtempinedified thth alditipng af “hihdt kndessuch as
the netallic coating haying a thi ckness of frqgm about,
LonRTE o BT RT ) BT i e o e cRep B Svide
mﬁﬂ%b&ﬂie?éfﬁhiﬁk@é}oﬁﬁé&e%ﬁmeﬁﬁﬂiﬁma& f&S—_dEﬁ‘Jsﬁéd With the YSZ.
coating, wherein the protective coating conprises an

al um ni de diffusion coating |ayer overlying and :
The preseattinyeption hasbeeal Fiucod Sapielce. RIS ShEmRws that have been

_ SR N i g Lo | ea
g ou{j fg&pl)[g%rteq{r%té h%{_\fe %?ghii a| um nﬁ%&gﬁ%ﬁhactﬁ%uggggtagw ona
praditppet pro€esplasize Mhe Bimensiog kit wafindialy below thespecdiigatiodipit, and
and a ceram,c thermal barrcier. coating overlying and
wog gt (o s e R B Bt PGy o
wherein the article is dinmensionally controlled. 2.
*  Alihbegins tpagiclap brmbbdinitnt of Waciteénlioh t@s dodist¢saiibed in detail for .

conposition.is selected fromthe group consisting of
PUERORER dfspation, ey W%ﬁmﬂ@ﬁ%‘@g%ﬂtﬁ’ By ’S"? mpaderyghont
defRRlLELAd Sk £ sg(lgl?k' dPifle inVARIRI A JeO@inEB), 8ld thfention is not

coat’l ng has 'a nomn conposition, in weight percent,

- to bf imbioliexct@ ap by deappemdedvlaimss. about 6.5 percent

al um num about 10 percent cobalt, about 6 percent
tantal um about 2 percent rhenium about 0.5 percent
haf ni um 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 bal ance
ni ckel and incidental inpurities. 4. The article of
claim1, wherein the article is a gas turbine vane.

i1



5. A coated article conprising: a netallic substrate

that is a conponent of a gas turbine engine and has a

substrate conposition selected fromthe group..

consi sting of a nickel-base alloy and a cobalt-base
alloy, the netallic substrate having an origina

‘Nh$$ﬁ@ﬁﬂ5§é$ a netallic coating overlying and

contacting the nmetallic substrate, wherein the

metallic coating is a precipitation- stren t hene

1. Amoeie@arbzpaes@or@wp%mal rpstalig shbRirale hMing 3 pUesligia ?%@POSI’HO"

and %ﬁ%@ﬁlbﬂh@ﬂnéﬂs‘f benaalic te tob@r[ﬁrh{;b&id @dr@a&mmmbmn
d wherein the substrate %&gew ously been

subsiEate, Ve eln FEtANGEORUIG IS & MelPHic g ting EpraBps i ifferent

frorrmﬁb albdtfat€ 8ahpotidre WherdiMthelhéalle tadtlnigGs & phsdigiatieh-t o
about the original thickness and haV|ngOa t hi ckness

Stre@ﬂth%ﬁ’é’nﬂ'%{%B?SEOSW“OM@HV'PB lesg AN 2Py 20 PRICRN yhweight

alunRh®h &8 hbV & dfesibh %nﬂﬁ@é'dét@ﬁlv@%amaiﬁﬁg srbve RBout 16
metal l'ic coating, wherein the protective coati
percephip waight %lU'BI”é_'m s geban N}%{*Ef-wa? QUETAYROAHNY P%%”%?Pwe
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4. The article of claim 1, wherein the article is a gas turbine vane.
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i nch; and depositing a protective coating overlying

and contacting the netallic coating, wherein the
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8, wherein the step of depositing the netallic
coating includes the step of depositing the netallic
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percent carbon, the balance nickel and incidental impurities.

7. The article ef claim 5, wherein the article is a gas turbine vane.

8. A method for restoring a key dimension of and protecting an articie, comprising the
steps of providing an article that has previously been in service, wherein the key
dimension of the article is below a minimum permissible dimensional value as a
result of the previous service, and wherein the article serves as a metallic substrate
having a substrate composition having an original thickness and a protective coating
overlying the substrate; depositing a metallic coating overlying and contacting the
metallic substrate to restore the metallic substrate to about the original thickness,

wherein the metallic coating has a metallic-coating composition different from the
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14. The nmethod of claim8, wherein the step of
- depositing the protective coating includes the step
of depositing a ceram c thermal barrier coating
overlying and contacting the alum nide |ayer to a
t hi ckness of about 0.005 to about 0.020 inches thi 5
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the key dinmension is a thickness of the turbine vane

‘required to maintain a maxi mumthroat separati
10. g WeHI9dah Elaim PV hereTaine stanef providipa terArtiqe InGluges the step

of pMoRdhg the article that is a component of a gas turbine engine..

11. The method of claim 8, wherein the step of prdviding the article includes the step

of providing the article that is a gas turbine vane.

" 12. The method of claim 8, wherein the step of depositing the metallic coating
includes the step of depositing the metallic coating that is a precipitation-

strengthened nickel-base superalloy.

13. The method of claim 8, wherein the step of depositing the protective coating
includes the step of depositing the aluminide diffusion coéting layer to a thickness of
about 0.0005 to about 0.004 inches thick. '

14. The method of claim 8, wherein the step of depositing the protective coating
includes the step of depositing a ceramic thermal barrier coating overlying and

- contacting the aluminide layer {o a thickness of about 0.005 to about 0.020 inches
thick.
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15. 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 iess than about 10 percent by weight aluminum,
wherein the metallic coating 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 aluminum, and wherein the
substrate is a component of a gas turbine engine that has previously been in service

without the metallic coating thereon.

16. 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 a metaliic-coating composition different from the
substrate composition, and wherein the substrate has previously been in service

without the metallic coating thereon.

17. 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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