ARTI CLE | NCLUDI NG A SUBSTRATE WTH A NMETALLI C COATI NG AND A PROTECTI VE
CQOATI NG THEREON, 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 di nension of
an article such as a gas turbine conponent that has previously been in
service. BACKGROUND OF THE INVENTION In an aircraft gas turbine (jet)

engine, air is drawn j r f i ressed by a
shaft - nount ed conpr es%‘ghhmé%@@ﬁ"ﬁﬁ %ﬂgézﬁ%ﬁeﬁgﬂﬁ;%ure i s burned, and

t he hot conb i 4 S t r.hi ne j nount ed on
t he sane shaf mﬁﬂ%%Zégmﬁ@@egﬁwﬁﬁﬁ’ﬁ@&%ﬁh@Eﬁw s fl ow passes
bet ween pair i V, S 0 imes termed the "nozzles"),

ohi oh r et r et it EERBARATIN AN P R oM E ST TR AZESR Cpon 1 he
turbi ne bl ades. The inpingenent of the flow of hot conmbustion gas agai nst
an airfoil section of the turbine blades turns the shaft and provi des power
to the conpressor. The hot exhaust gases flow fromthe back of the engine,
driving itpigdedddf reidiel & @k groftc%[i}%&fia su-BgﬁatQQ#iﬁgﬁ fo%ti@@%‘ﬁﬁ%bﬁﬂ Fﬁ)’?@ exhaust
gases, the nore efficient 1S the operation o g | et engi ne. ereis

t hus an ipucgntlare té ther @btomtivh @f admdyuditnensiom nfl ar xhiadls budgiass a pemebiag ur es.
However, at these high tenperatures the conbustion-gas flowis highly
corrosi vec,ong?oé}%’i‘%?thg?lﬂre&ﬂualé(the%mﬁ?r‘flﬁ% materials it contacts. The maxi mum
tenperature of the conbustion gases is normally Iimted by the materials
used to f@RCKQﬁM@ﬁOFW}mE@VE nents of the engine, including the
turbi ne bl ades and vanes. The turbine conponents nust have the necessary

strength, but also be resistant to the environmental danmage caused by the
conmbust i dn-agasciftgay tugting (et) oygeeatii isgliravemingy the drost oflthe enginegodmpressegd nes, t he

t ur bi d bl ad f t | d, ni | - d
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corrosion, erosion, and
turbine section, the 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 impingement 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 engine, 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 maximum temperature
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 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



1 oxidation at those tenperatures. Many approaches have been used to .

i ncrease the operating tenperature limts and service |ives of the turbine
bl ades and vanes to their current |evels, while achieving acceptable

envi ronnment al resistance. The conposition and processi ng of the base
materials thensel ves have been i nproved. Cooling techni ques are used, as
for exanple by providing the conponent with internal cooling passages

t hrough whi.ch.cool,ing air is flowed. |In another approach used to protect

t he tgrbi 8&5@5&8““83WB§W3HF§3 a portion of the surfaces of the turbine
bl ades or vanes is coated with a protective coating. One type of

prot ect i VRIaGQ adrrbdbhid el B8 138d & iHETeite MCetaain P tedshePin@b fifilils iRd 6@akE NY
deposited upon the substrate naterial to be protected. The exposed surface
of the alkivasmwithectoriting bladey and venesdp ithesr aumnt leyeloxvidlieabiavimgncoeniade an

al um num oxi. de protective scale that protects the u %Imggqnsutface. A
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al unmi num genptal & H&epﬁ&hqg{ﬂrwed.w@bbm% teRnhighdshae REQ! &Ctoraidmipsy) ate the
substrate. Despite careful "'selection of the base materials and protective

coat i ng, providingathgaempondit vath oterpd menting passiges thriongls whidhomwoling airds usual |y
eroded, cgrroded, and oxidized so that one or nore key di nensions of the
conmponent “A&Ybe reduced bel ow respective m ni mum pernissible di mensional
val ues. An exanple relates to the throat separation di nension between each

adj acent Raddotih afp@altiRANG preeESthe BintRRESor HrRMERnidhh ?Brtfolﬂ%fﬂﬁé

conmbustion-gas flows fromthe conbustor on its way to contact the turbine
bl ades. acesoiche tudbine hkidenotraneseis woatad waldljaauetettiyamating. bOnetypawés has

its maxi rrun}éep rm%?.i bl. e (%I mensi anal val ue that cannot. be exc\eﬁﬁded wi t hout
" educt ng PRIFHES FETHE e 41 et EmesoRiAmgPe PrRLeog S8 Conlingi(FEOSNHABRO he. gas
turbine vaBeshsAaR MRAEHAEHe hotBidY ITHR expddl surfidbf Be@hurAlBmQhhidnay SO
that a key thickness di nensi on of the vanes becone dinensionally smaller.
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aluminum-containing protective coating to further protect and insulate the substrate.

Despite careful selection of the base materials and protective coating, after a gas turbine
component has been in service, it is usually eroded, corroded, and oxidized so that one
or more key dimensions of the component may be reduced below respective minimum
permissible dimensional values. An example relates to the throat separation dimension
between each adjacent pair of gas turbine vanes, the space through which the hot
combustion-gas flows from the combustor on its way to contact the turbine blades. The
throat dimension between two adjacent gas turbine vanes has its maximum permissible
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 wom away so that a key thickness dimension of the vanes become
dimensionally smaller. Consequently, the vane-to-vane gas-flow throat-separation
dimension becomes larger and the maximum permissible throat-separation dimensional
value is eventually exceeded 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,
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value is eventually exceeded as the key thickness di nension of the vanes
falls belowits mnimmpermtted key thickness di nension. The gas turbine
conponents are expensive to fabricate, and it is therefore desirable, 2
where feasible and the service danage 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 dinensions and
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present approach provides an article that is protected agains
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may be usgd t.0 restore dinension of arti.cles,that have preyvjously been in
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di mensi 0nﬁéed}/ﬁidlﬁﬁh&ﬁrbﬂﬁéJ&Pafftedsa%wﬁtﬁ%‘es. It may al so be used with newy

made articles if their dinensions nusi be increased. A coated article
conprises a netallic substrate having a substrate conposition and a

met al | i ¢ SUMNAGYOVETHE RYVENIIGDNt acting the metal lic substrate. The

nmetallic coating has a netallic-coating conposition different fromthe

b ition. . The. | 1ic- i iti. b di |l
2ndcont r Of AEt drrfaich PR e aricfe i3S e B BERRT ehvifhole™ 90w ange. of
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arate sufficiently high to be econonmcally feasible. A protective coating
overl i es okaticlesdhetdwerve prekieuste begn in gergisa and gvhofhdinsnsi presoare veduesddtelavy

conprises_an alumnide.layer . over] ving.and contactjng the nmetallic coating
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cont act i ngevienalle WrididsdeiHeRViBhensidhsdn 26 iRteabdi €r est, the substrate is a
conponent of a gas turbine engine, such as a turbine blade or turbine vane

(nozzle). The substrate conposition is preferably either a nickel-base
al | oy, sudtrogtedariigle kempnspse mejgBicaiubgyate bpving eshbitrathewrapesitiayand o an

metallic coating overlying and contacting the metallic substrate. The metallic coating has

a metallic-coating composition different from the substrate composition. The metallic-
coating composition must be readily and controllably depositable in thin layers, such as
those in the range of from about 0.003 (7.6 x 10”m) to about 0.015 inch (3.8 x 10*m),
but at a rate sufficiently high to be economically feasible. A protective coating overlies
and contacts the metallic coating. The protective coating comprises an aluminide layer
overlying and contacting the metallic coating and, optionally, a ceramic thermal barrier

coating overlying and contacting the aluminide layer.

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 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 due to

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



application of nost interest, the substrate is a conponent of a gas turbine
engi ne that has previously been in service without the netallic coating

t hereon. Where a key dinension of the article has been reduced belowits

m ni mum perm ssi bl e dinensional value during service as a result of the
renoval of substrate material due to environmental factors, the key

di mensi on cannot be restored sinply by making the 3 protective coating
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properties that are simlar to those of the substrate material, but also
for its almdppligativos tfthe pressit bpgtoach, themadaliatadtingtihappkied tcathie substrateao t ypi cal
exanpl e, the netal Lj coating has a thickpess of, at |east abgut 0. 003 inch
(7.6 x 1029} up Predhicrasss pf theosHbsBE: buooe protertive roaisng isiapphebuthe. 010
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C coating restores the t ness of the substrate back
t 0 about c¢dasingid sglented botli fok hewisg gbebmethumical priopbdies thabire shailgtotimse i ve

ing, h h i mal tective ti i.s_ applied . th
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an over| A el eSS th U Bl MRS o REe A el AbbigoRs < not
pr ot ect i viack ¢Af k@ midrefembbyvesth apout 0.003 (7.6 x 10°m) to about 0.010 inch (2.5 x

10“4m), but in some cases as thick as 0.015 inch (3.8 x 104m) or more. The metallic

coating restores the thickness of the substrate back to about its original thickness, less the

thickness of the protective coating, and then the optimal protective coating is applied over

the metallic coating to restore the required overall key dimension.

The metallic coating is not a diffusion aluminide protective coating and is not an overlay
aluminide protective coating. The diffusion aluminide protective coating and the overlay
aluminide protective coating have a high aluminum content, typically above about 16
percent by weight. Such high-aluminum coatings give good oxidation protection, but
they do not have 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
properties, such as tantalum, tungsten, molybdenum, chromium, rhenium, zirconium,

titanium, niobium, boron, and/or carbon.



al um ni de protective coating have a high alum num content, typically above
about 16 percent by weight. Such hi gh-al um num coati ngs gi ve good

oxi dation protection, but they do not have mechani cal properties
conparable with the substrate material. In the case where the netallic
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coating 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 invention will be apparent from the
following more detailed description of the preferred embodiment, taken in conjunction
with the accompanying drawings, which illustrate, by 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 1s 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



wi th the acconpanying draw ngs, which illustrate, by way of exanple, the
principles of the invention. The scope of the invention is not, however,
limted to this preferred enbodinent. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a perspective view of a gas turbine vane airfoil; Figure 2 is a
schematic plan view of three gas turbine vanes, formng two pairs of vanes;
Figure 3 is an enlarged sectional view of one of the gas turbine vanes of
Figure 2, take generally on line 3-3; and Figure 4 is a block flow

di agr am ofPPR°%f'ef erred approach for practicing the present 5 approach.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure | depicts a portion of an

article 20FTAIEDDESCRIMTOONTGRIHY INVIENPI@RENt appr oach 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
(al so cal Figbred dapisiss porjion offgreartjels 20 dhabisan emabndimentof thetpiesent dppeaetat ed

airfoil 24 and i1s attached to its support by end, str re (not shown).
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depi cts three of the turbine vanes 22 arranged rel ative to each other as
they are Tbpegas ehing vanpi2A basethg ilhstrateth eirfoil 24 and isatacked 20 itsrsuppbe bleadr i bed as

bei ng two_adj acen airs, of turbine vanes,. A throat..separatij.on.dinension

o 19 t ne LR RLngh) Tagielehl habtack AR paleh N 85 P ekBiden pai r
The t hr oarefii@a applidabioh BEt WhieH ikChre@intddn@ anlekifiple. Wi dth Do tines the length
L of the airfoil neasured parallel to the | engthwise direction of the

airfoil 24 (see Figure 1). To maintain the throat area TAwthin its

requi red ¥igherZadrpects thiwe afifies tugunkegnes 42 erpreed relatiejgiepduothen asithgyows. Duri ng
cervt e HEp hEISTS. oS PG R del b BEhgL°, e O
| ar ge andpsinceradthihd $ad¥BXi AYi¥oat separation dimension Do is the distance of closest

approach between the two vanes of each pair. The throat area TA is the product of the

throat width Dy times the length L of the airfoil measured parallel to the lengthwise

direction of the airfoil 24 (see Figure 1). To maintain the throat area TA within its

required tolerances, Do must be kept within its required tolerances. During service, the

thickness ty of the turbine vanes 22 tends to decrease due to environmental damage, so

that Do increases. However, if Do becomes too large and exceeds its maximum

permitted throat separation dimension, the operation and efficiency of the gas turbine

engine unacceptably decreases. Thus, the thickness ty must be equal to or greater than

the minimum permissible dimensional value ty . The situation wherein ty becomes

less than tyum usually arises after the turbine vane 22 is operated in service, but it may

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
1s strengthened by the precipitation of gamama prime or a related phase. A cobalt-base

alloy has more cobalt by weight than any other element, and a cobalt-base superalloy

6



permtted throat separation dinmension, the operation and efficiency of the
gas turbine engine unacceptably decreases. Thus, the thickness tv nust be
equal to or greater than the m ni num perm ssi bl e di nensional value tv,MN.
The situation wherein tv becones less than tv,MN usually arises after the
turbine vane 22 is operated in service, but it may arise in new nmake

articles are well. Fi gure 3 depi cts the surface regi on of the turbine vane
22 in gre detajl. .The of t he rb| erv
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conposition different fromthe substrate conposition The netal lic coating
28 has a ddwposillic opatiigf28erae atcompositiehdiffert fihe hald theambsttdiathanmyy be
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econom Cabel: Yedd®gSddpbSited as thin layers by readily avallable and economically feasible
deposition techniques, such as those that may be used for the metallic-coating
composition. The metallic coating 28 is metallic in nature, and is not a diffusion
aluminide protective coating and is not an overlay aluminide protective coating. The
diffusion aluminide protective coating and the overlay aluminide protective coating have
a high aluminum content, typically above about 16 percent by weight. Such high-
aluminum coatings give good oxidation protection, but they do not have mechanical
properties comparable with the substrate composition. In the case where the metallic
coating 28 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 properties, such as tantalum,
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 rhenjum, 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



deposition techniques, such as those that may be used for the
nmetallic-coating conposition. The netallic coating 28 is netallic in
nature, and is not a diffusion alum nide protective coating and is not an
overlay al um nide protective coating. The diffusion alum nide protective
coating and the overlay alum nide protective coating have a high al um num
content, typically above about 16 percent by weight. Such high- al um num

coatings give agpod oxidatjon protectiagn, but. they da not ~have nechani cal
propertie C@SP%QW% i ePWE“@&BQ‘P?@TEQ?ﬁ?ﬂBEﬁﬁP@H? n}eﬁf‘l{l]%goaé’é‘gé where the
metal lic p&@dlefNg 28 is a nickel -base alloy, and preferably a nickel -base
superal l oy, the alum num content is typically |less than about 10 percent
by weight, and there is a high content of other elenments found in

super al | osProteetivet qoating RO arerlios trd contasirethe inestallie goatings?& aReaprgtactive ungst en,
mol ybdenum_..chrQmi rheni u zi.rconi um., titani um, ni obiu borqon, and/ or
carbon,  AHER & Fistides prlfrte Al i Biiblg g 1 v Bite e Backing g gttt ot nal
conposi t i @ating 28 TR QlthinRRNSRAS2 isYref@RBta plAinket- nfefl-gRhdiie BRQUt 6.5
percent al um num about 10 'percent cobalt, abou percent tantalum about
2 per cent Thaphiinwn-gaerpumetal Bupimidecsomprisesfinierdvifuset alumious apé e platinumt t ri um

serecn: DBPUR eloat @ abhah: SeBEH Sy SHSRD.AT mRdBG©
i nci dent aplafidfinl Thd SSminidQaRE 83 fttialPRFPREsek SvithQhe hkfiiHcadat@y Ay metal Iic

coating 28, however. A protective coating 30 overlies and contacts the
met al | i ¢ epasiragt devatshiempentwet Thealundzte lyest? prefdrahde basadt I¢ashigttoutin

al um ni de, | ayer .32 overlyi ng and nt act.i.ng t.he talliLc coating 28. The
oL o eq S oo 55 oS pefuiaga 36 BhAGH i <8 o Bl S SRRl oy e
The plati num group netal alum nide conprises interdiffused al um numand a

pl at i num AgeQdxPodiRé & oxypéreAtRIe¥iel tdphkdtiean RadhRA pRioPRtheEufdiadé um and

most preferably platinum The alunminide 1 ayer 32 partially interdiffuses
wi th the lagerall oxidigento prgded af aleminuax puisla(eluatina|seslatddd Thendemituar e. The

al um ni de_Jl.ayer .3 referably has.at |east out 6 _per cent i ght
a1 um num GHEe Se5er Bele BiRRE paRRuGh R ineRR e pol Sty Tor'he
present purposes, the aluminum oxide scale 34 is considered part of the aluminide layer
32.

Optionally, a ceramic thermal barrier coating 36 is part of the protective coating 30 and
overlies and contacts the aluminide layer 32. The thermal barrier coating 36 is preferably
zirconia having from about 3 to about 12 percent yttria therein, a ceramic termed yttria-

stabilized zirconia, or YSZ.

The aluminide layer 32 preferably has a thickness of from about 0.0005 (1.3 x 10”°m) to
about 0.004 inch (1.0 x 104m) 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 104m). 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

8



After exposure to oxygen at el evated tenperature, an outernost portion of
the alum nide |ayer 32 oxidizes to produce an al um num oxi de (al um na)
scale 34. The al um num oxide scale 34 resists further oxidation,
protecting the underlying structure. For the present purposes, the

al um num oxi de scale 34 is considered part of the alum nide |ayer 32.
Optionally, a ceramc thermal barrier coating 36 is part of the protective

coating 3Q an overlies and.contact.s the al um nide | r 32. t her mal
barri of oou s B RER AL G55 St NRR g OF s G 6iAins Bshibout - 12
percent yitidhbfh frBSsr8éSgendral § ERM® td BSEEK thE bisRateD6ald thhzRfladdm&RREA, OF
YSZ. The alum nide | ayer 32 preferably has a thickness of from about 0.0005

(1.3 x 10thsrpsttroctabpbiite Wbsigete i2Gcwitlf thometallis doatingt2s dées Mitgesdr fna
g R T S B e e R M T R
pr ef er abl yrofdcqi@ bk 1, QAShE bitdrhat®- fe BudhOwaiker thd: @d 3ndtded df3n8 X |

0-4m) . These thicknesses are sel ect ed because of the requirenent for
pr ot ect i oyubsirate B6. Inumtigiday casg, the metallic eqating @8 dlas o tigckitehaof dthenst alsmect i ve

thermnr - oapoTinen PESx IRALER iRk ofom B ooco 0B Fhet s Rab iy g
St ruct ur egeualky1es 8 filiekTERas oA NeHs (8 SHPsh iRt o.414 Aek :t%;@@o*t@ér epl ace

metal | ost or absent fromthe underlying substrate 26. Instead,

metallic coating 28 rgg aces the netal lost or absent fromthe substrate
26, to brFigaetdrispiisrremsicord methiod ok pradtic@ngthe iryentive trrirestare akgediniessipn| e

di mrensi onal , val ue .;tV, M N. .The. lljc _coating .28 has,, .Strength properties
gener al | ysuglﬁ"f}Vae}ndtt?)pforti%cég‘eoqma%é&sh‘hgwgﬁCaz‘gflegfgof?l%ltha& éﬁ&%‘ﬂgﬂff of the
| ost et abeeffin §diPics Wabliate skP 501 tite WMINRAALICS peRIAVLY thadB oFPESHANOL T esul t
in a substantial |oss of overall strength properties of the article 20.

The mat erbas glley ot haickpirkase ellow e Thokey dignedsion ¢ of the astitle 20 imbelpwahe nuch

weaker than.the materi,al .of the . s bs%rate 6.. In,.a tg/.gi cal case, . the
metal | c BOYPRPSEIIC dTpesiibak daug o | Doy 4iBisnsion mayatiRehbe 7 6 x
10"5m) angklbw thE MnERASE HeAisSiblNdRfendBAM vAlud P al RGN:Be Srttcld D the and

situation most often arises in a repair context. The article 20 or 22 serves as the metallic

substrate 26 having the substrate composition.

The metallic coating 28 is deposited overlying and contacting the metallic substrate 26,
step 52. The metallic coating 28 has its metallic-coating composition different from the
substrate composition. In the preferred case, the BC-52 nickel-base superalloy metallic
coating is applied by any operable approach, but is preferably applied by the HVOF
(high-velocity oxyfuel) process or the LPPS (low-pressure-plasma spray) process, both
of which are deposition processes that are known in the art. The HVOF process, which
utilizes a high velocity 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 ft/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



usual ly has a thickness of fromabout 0.005 (1.3 x 104m to about 0.010
inch (2.5 x 10-4m. Figure 4 depicts a preferred nethod of practicing the
invention to restore a key dinension such as tv and to protect the article
20. The netallic article 20 or 22 that has previously been in service is
provi ded, step 50. The netallic article is preferably made of a cobalt-
base alloy or a nickel-base alloy. The key dinension tv of the article 20

i s bel ow the dni hnunm erm ssi bl e di nensional value tv, MN. The key

di mensi on®\fy ?ﬁ@t?@?“@@lnﬁﬁpﬁhlthe ni ni mum per ni ssi bl e di mensi onal val ue
in a newnake article, but the situation nost often arises in a repair

cont ext. Theptdiitd @aBfy B0 isApSBEY 6verBigldna cﬁﬁth@dﬂgitﬁe metARIdoadify, 46p havi ng
the substrate conposition. The netallic coating 28 is deposited overlying
and cont a24.i hbe nistallieeqdting 28 snd she protecive coating303pgetMérchave akstomationat i ng 28

has its tallic-cpating conpositi.on different fromth bst.rate
conposi t i DRCIFE SHRCHP S PEE= e dimeoos 3v i eRdstien T pupiEm i,
metal lic p&ﬁﬁgsmgdh&ngﬁggp@gmw’Mﬁpy oper abl e approach, but is preferably
applied by the HVOF (high-velocity oxyfuel) process or the LPPS

(I owpressure-plasma spray) process, both of which are deposition
pr ocesses e Heposi the atwpipideilayer incthe prefered donavaia patimws slumitifle la plainii: zes a

hi gh vel ogj . tj hi.el d t oxide f tion, i
rebati vel ordnPRIARE A8 i tePaieiiiere e it BT IS e Fasi A atPon of a
hi gh densplanuihiteminpg8yes airbRgibiyHepodied By CRELSIpofion. NFGHRESEREed S known

in the art. The HVOF process typically uses any one of a variety of fuel
gases, suplatiagn drygsiteyy therdeposibsny peavcomulighyd bymlading e platinuinetontéing Gas

tenper at ras pipd Bprior e Bl Tomub SRR ORILF SERE of *che.
fuel gas use@ mbtatlioredtink Y. cald b?&ﬁblienplht!ﬂﬂnﬁ%aﬂﬁm@{g aids 20RBEn 14649 -

2760C). The LPPS process applies the coating as a plasm spray 9 at a
reduced dBiYERRIBR: havergaemcentatiop o ekt 126 grons perdit@®fiphtidemowid the

overlying d contacting.the nmetalljc kN ste 54. The allic
coati ng SeeeRRet SburEat PG BaH rhepts b dincir Toa sdvire Fedrafren
article 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 aluminum and any modifying elements is deposited over the
platinum-containing layer by any operable 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
technique. The aluminum halide (or mixture of aluminum 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 platinum-containing 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 physical

vapor deposition process such as electron beam physical vapor deposition (EBPVD). The
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t hi ckness sufficient to increase the key dinension tv to no | ess than the
m ni mum perm ssi bl e dinensional value tv, MN. To deposit the al um nide

| ayer in the preferred formof a platinumalumnide, a platinum containing
| ayer is first deposited onto the surface of the netallic coating 28. The
pl ati num containing |ayer is preferably deposited by el ectrodeposition. For
the preferred platinumdeposition, the deposition is acconplished by

pl aci ng a _pl atinum cont.ai ni olution . into ition tank and

oL2CL N9 2B MR FROLE e 5 D L OB S5 BRSO B BB 1
coating 28.026v0.8RE1@RhLinRh ikl UThe @BIaaH & B AMBBRYScoalhg i Y pleferably

Pt (NH3) 4HPO4 havi ng a concentration of about 4-20 grams per Plter of

pl at i num yiamatstabidized, gikcomire(MSE) whichde aircanium capler@ntihing fatattoul B 2e 10
anperes per are foot of faci article surface. .The plati pum contai ni ng
| ayer, V\:hi%%%l% :i]g WS gprggqltypqe?qg?hqgggm al?fuf gt‘é V@‘;hté’re’%ﬁ’étt gfgtrfl’r’ﬁ‘ck and
most pr ef gxiab! piiRbepdratle FbramMBEREMS ity U6 ustPasdPAR EdafhldsIndinde ytRRUr S at a
tenperature of 190-200F (88 - 93C). A layer conprising alum num and any
nodi f yi ngstebilirehzisconga wbighdias dderomedifiedewitlp hdditionsnefctintdl miidey duaes by any

oper abl e roach, .with chem cal vapor. deposition referred. In.that
aBproach, @%W@é&ﬁ K%ffl‘}gﬂgl %3%\%3@1111‘@%?1@1@?%0 JemSoLmMIEm Bid%e, s

cont act edaalibn k] Mx@ﬁ%@bftﬂése%&i@és%@liﬁ}eadol-&%}ogiﬂegf MR Z,
correspondi ng al um num hal'i de gas. Hal ides of any nodifying el ements are

formed by the sane technique. The al um num halide (or mxture of alum num
hal i de an@htpteseld infentine hagrbekinfreiwgd déb erastice. Nbzzlepggnoamt et Baviereen

pl ati num cont ailni ng l.ayer. t?@t gverl ies the, netallic,.coating 28,
Geposi t1 riFeYIvasIy| BEHR il ey o8 MagR Do sPaBLRY thogihptach Aiscibed ABks: daya
tenper at up@t rB&esé bAN akedimdBRak, @%@&@ﬂl&%e@@ﬁﬂé spedifetidnlifi{i@Ghdso t hat

the deposited alum numatons interdiffuse with the platinumcontaining
| ayer andwsdinswiasgd towritin thesspagfeativnd imip by theqmessht 4pipecagkt al | i ¢ coati ng 28
during a 4 to 20 hour cycle. Were used, the ceramc thermal barrier

coating 36.is_deposiie referabl y by. a physjcal vapor, deposition process
such as eggh??%‘ng Qg%%u%ﬁ}?&bggﬁmquﬁ\é tthéldﬂlp‘{Slgtf‘({q %??at(e@%ﬁ%jqbegﬁg dsf%'ﬂ for

purposes of illustration, various modifications and enhancements may be made without

departing from the spirit and scope of the invention. Accordingly, the invention is not

to be limited except as by the appended claims.
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ceramic thermal barrier coating 36 is preferably fromabout 0.005 (1.3 x
104m) to about 0.020 (0.5 x 10"3nm) inch thick. The ceram c thermal barrier
coating 42 is preferably yttria-stabilized zirconia (YSZ), which is

zi rconi um oxi de containing fromabout 3 to about 12 wei ght percent,
preferably fromabout 6 to about 8 wei ght percent, of yttrium oxide. Oher
operable ceramc materials may be used as well. Exanples include yttria-
stabilized zirconia which has bee qg&%éied wi th additions of "third"

oxi des such as | ant hanum oxi de, Spf T um oxi de, gadolinium oxide, cerium
oxi de, neodym um oxi de, tantalum oxide, or mxtures of these oxides, which
are co-deposited with the YSZ. The present invention has been reduced to
practice. Nozzle segnents that have been previously been in service have
been reparred t he approach di scussed above on a prototype-process

basi s. HE%@F@ fAitv was initially below the specification linit, and
was increased to within the specrflcatron limt by the present approach

Al t hough par ti the invention has been described in

det ai | fo? pu%ﬁ%ges Oﬁﬁ?@ﬁ%g@ﬂg? 3% various nodifications and
enhancenments may be made w t hout departing fromthe spirit and scope of

t he i nvenainmnllideubsirate (2d)\havinge substeid ¢ommpdsitionpt  t o be limted except as
by the appended clains. 11 CLAI M5 Wat |s clainmed is: . A coated article

(20) conprisi ic,substrate ( havi substrat conposi tion;
Lt ol | B s o TE D GV e Srctin s cRs e EARSTHE LA MECSRIBE T at ¢
(26), whe I osition
P e S T
over | yi ngcanpbsttom; acd i ng t he netallic coating (28), wherein the protective

coating (30) conprises an alum nide |ayer (32) overlying and contacting the

nmetallic coattecnge

a pro an%?ng (30) overlying and contacting the metallic coating (28), wherein the

protective coating (30) comprises
an aluminide layer (32) overlying and contacting the metallic coating (28).

2. The article (20) of claim 1, wherein the substrate composition is selected from the

group consisting of a nickel-base alloy and a cobalt-base ailoy.

3. The article (20) of claim 1, wherein the substrate (26) is a component of a gas

turbine engine,

4. The article (20) of claim 1 or 3, wherein the substrate (26) is a component of a gas
turbine engine that has previously been in service without the metallic coating (28)

thereon.

5. The artiele (20) of claim 1, wherein the metallic coating (28) is a nickel-base

superalloy.

6. The article (20) of claim 1 or 5, wherein the metallic coating (28) has a thickness
of at least about 0.003 inch (7.6 x 10°m).

7. The article (20) of claim 1, wherein the aluminide layer (32) is a platinum-group

metal-aluminide layer (32).

12



2. The article (20) of-claim1, wherein the substrate conposition is
selected fromthe group consisting of a nickel-base alloy and a
cobalt-base alloy. 3. The article (20) of claim1, wherein the substrate
(26) is a conponent of a gas turbine engine. 4. The article (20) of claim
1 or 3, wherein the substrate (26) is a conponent of a gas turbine engine
that has previously been in service without the netallic coating (28)

< o ol - ol uiBE 8 Fhing 1. §hBelf e bl helipE cOTRRIe EoriBRa . o7

the metallic coating (28) has a thickness of at |east about 0.003 inch
(7.6 x | Hedbbic tRermbhbardied doatigg (389 pverlyiny dad odtactifpehehlimitige I&k@l’r(Blm de layer
(32) is a platinumgroup netal-alumnide |ayer (32). 12 8. The article
(20) of claiml, wherein the protective coating (30) further conprises a
ceram c tfer naft cﬁéﬁegiaﬁl"’l‘:c@gi FHIBPRABS: overlyi ng and contacting the al um ni de
| ayer (32). 9. A coated article (20) conprising: a netallic substrate (26)

that is a, gRMM Lir - j SN : - r

conposi ti%n sel ected If>g%%qﬁgéééoghj&%gonsia;%ﬁggg’?%gg%??lgae)ﬁésb%sugsga[tfoy and a
cobal t - basempaitionyselevtied freimtht ixepupLdoatistitoen fa26¢ke -base atloppidie Bébabitbade gas

tur bi ne engi ne .t hat has tho’gl‘rev& qusly been in service wthout the netallic

coating ( =W\§’Feé’6ﬁl?e SubrEpty 216?: l%éa“‘tqn?ﬂjmte%?f B (tyioMy enednec Bt deking the
metal |'i c ﬁ@%&glgﬁoeer{ BRI Mot R BLAdLoRPALIAY, (28) has a

metal | i c-'coati ng conposition romt Strate conposition; and
a protective coating (30) overlying and contacting the netallic coating
(28), whez micrallidwatipg (28¢ ovéryengomtdontpcliBdihe congltic swstrate §2 @&t whemgingheup

met al - al um nj.de | gyer 2) over]ying.and contacting the netallic
metaihc coaﬁxg (28()31151)5 a meta{h)é-co ting composﬂ?on dlffgérent from the substrate

composition; and

a protective coating (30) overlying and contacting the metallic coating (28), wherein the

protective coating (30) comprises

a platinum-group metal-aluminide layer (32) overlying and contacting the metallic

coating (28).

10.  The article (20) of claim 9, wherein the metallic coating (28) is a nickel-base

superalloy.

11.  The article (20) of claim 9 or 10, wherein the metallic coating (28) has a thickness
of at least about 0.003 inch (7.6 x 10”m).

12, The article (20} of claim 9, wherein the protective coating (30) further comprises
a ceramic thermal barrier coating (36) overlying and contacting the aluminide layer (32).

13. A method for restoring a key dimension of and protecting an article (20),

comprising the steps of

providing an article (20) that has previously been in service, wherein the key dimension

of the article (20) is below a minimum permissible dimensional value, and wherein the

13



-coating (28). 10. The article (20) of claim9, wherein the netallic coating
(28) is a nickel-base superalloy. 11. The article (20) of claim9 or 10,
wherein the nmetallic coating (28) has a thickness of at |east about 0.003
inch (7.6 x 10-5m). 12. The article (20) of claim9, wherein the protective
coating (30) further conprises a ceramc thermal barrier coating (36)
overlying and contacting the alum nide layer (32). 13. A nethod for

restorin di mensi on_ of...an r.ot ing an article (2Q), conprisin

(e ot ep el Thalensh i Ribe iSO maleh Bl sintfiHamcr T sor vhce.

wherein the key dinension of the article (20) is below a m ni nrum

per m ssi bi&ogitikg ashaaak cyﬁi@qzsm%rlgh?rﬁh&ohﬁaiﬂ@ha_ﬁﬁét@lli@ sibfhteg@6)es as a
S

metallic substrate (26) having a substrate conposition; depositing a

met al | i ¢ @hereintle pe8liosesting (47 hand metatliczeeating composibomfifferens ﬁbmt%at e (26),
wherein tgg)pﬁ%%lli8§ oatigg (28) has a nmetallic-coating conposition

di fferent >t rom tREPLNBEA At e conposition; and depositing a protective
coating (30) overlying and contacting the nmetallic coating (28), wherein

t he met al dépositi@phipig@eétd@)coatitk GORoRIBIRCidWRnEeahg 1 nietPlic togRis28), have a
restoration thickness sufficient to increase the key dinension to no |ess

than the Yheehutie petelicseeabing (@Phend itk arotestive ccoating] (fhetoatther haveprot ect i ve

coating ( : gy ap- al um.ni de lLayer 32).overlying apd contacting the
el 1o RoRrRTRigREs e B o bhe bR iRy h I R B RN o

provi di ngpérhissiblé Bihedsica®)vahits i BereintRe Biotdttiot chitRig (J0ynigiRear ticl e (20)
havi ng the substrate conposition selected fromthe group consisting of a

ni ckel - base a|[Qé and a cobalt-base alloy. 15. The nmethod of claim 13 or
14, wher efthaliménide ayerdf2hewyivingngdicaatagting the ety coating|(2les t he step of

14.  The method of claim 13, wherein the step of providing the article (20) includes
the step of

providing the article (20) having the substrate composition selected from the group

consisting of a nickel-base alloy and a cobalt-base alloy.

15.  The method of claim 13 or 14, wherein the step of providing the article (20)

includes the step of
providing the article (20) that is a component of a gas turbine engine,

16. The method of claim 13 or 14, wherein the step of providing the article (20)

includes the step of
providing the article (20) that is a gas turbine vane.

17.  The method of claim 13, wherein the step of depositing the metallic coating (28)

includes the step of
depositing the metallic coating (28) that is a nickel-base superalloy.

18.  The method of claim 13 or 17, wherein the step of depositing the metallic coating
(28) includes the step of

14



providing the article (20) that is a conponent of a gas turbine engine. 16.
The nmethod of claim 13 or 14, wherein the step of providing the article
(20) includes the step of providing the article (20) that is a gas turbine
vane. 17. The nethod of claim 13, wherein the step of depositing the
metallic coating (28) includes the step of depositing the netallic coating
(28) that is a nickel-base superalloy. 18. The nethod of claim 13 or 17,

of 14 depaebiE BmeRIR e ROGERRE: Phudiiiiay Mo kRl ABE B g ' T ect
about 0.0Q30Pmgh (7.6 x 10-5n). 19. The method of claim 13, wherein the

step of depositing the protective coating (30) includes the step of

depositing the_alumnide |layer (32) as a platinumgroup mnetal-al um nide
| ayer (32?9- 20Thermethad phdainot3, eherem thg step ofidepositieg B protestiveeaaing (30)
depositin r ive coating (30) includes the step of depositing a
ceramc tﬂlgp@g?&ggﬁeﬁﬁ)er coating (36) overlying and contacting the al um ni de
| ayer (32). 15

depositing the aluminide layer (32) as a platinum-group metal-aluminide layer (32).

20.  The method of claim 13 or 19, wherein the step of depositing the protective
coating (30) includes the step of

depositing a ceramic thermal barrier coating (36) overlying and contacting the aluminide
layer (32).
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