1/7 Sept enber 2004 A METHOD FOR RENEW NG DI FFUSI ON COATI NQS, thWOY
SUBSTRATES FI ELD OF THE I NVENTION This invention rel ates Tusion
coatings forned on superall oy substrates and specificall y to a novel
nmet hod of renewi ng the diffusion coatings fornmed on superalloy substrates.

BACKGROUND OF THE INVEWQBHQDT#@Rmmm@@ﬁtmg@wé%ﬁmgweral | oy
substrates such as airfoils exposed to he gases of conbustion in gas

turbi ne engines for both envi Qﬁ‘hﬁEBE&ﬁpr&@éﬂﬁiB&ATéﬁd as bond coats in
thermal barrier coating (TBC) systens include alum nides of nickel and

pl ati num These coatings are applied over superalloy substrate materials,
typical ly niclkgi-ibagersppevantirayg, to provide protection against oxidation
and 10 corrosion attack. These coati ngs are fornmed on the substrate in a

nunber of differ eni ways. For exanp a nickel alum nide, N Al p| cally
is grown as an out P‘SGB‘éet““% r%lateﬁF%ﬂ’éf“S‘Baﬁa%%efP@I‘qdo?ﬂ B%Pe&tlﬁbsstﬂhﬁf
substrate to am @béé'iﬁdﬁllfnté I2CHbVRN Wb N enélin Qh@\dﬁhﬁftnt&fmﬁgsafo%@@ onThe

al umi num fromthe outer | ayer diffuses into t%e substrate and conbi nes

wi th the ni ckébpegiioy gubstigtesut ward from the substrate to forman outer 15
coating of N Al. Because the formation of the coating is the result of a

di ffusion preeessGROUND bFT‘?&fl\W@t@ﬁ(ﬁ@d that there are chem cal gradients
of Al and Ni, as well as other enents. However, Al will have a high

rel ative concentratjon at t he, out er surface of the article which wll

t her modyrani cal |y &R GeTnt soaings s o supgrellayrubsteaiessupipcaidfpidneipagedddo

di ffusion zoneg,eme gads a8 lﬁtdgg&hﬁq s 'tﬁw@'engmpﬁo& Bbr endfnchdbrai pﬁttec%fan
concentration will “gradua ecrease W th Tncreasing distance'into
substrate. Candes betd coaty m/\thletmaﬂa dagieq chatg‘rge(rTBSBrm/euqm anglade W.lmhlquﬂStdfe
substrate and I f m a

ni ckel al um ni gk!ﬂ aﬁqu l%g%glenf ?%ﬁn%%]%eﬁ?b ]ned (?%?S%D%Fatn%&:ég%rtmggn%&cféwﬁ{’ vary
as it di ffuseg’pmﬂlwand}cﬂd)aﬁ@rsnp&rhl@ym Ab . pu&tuda pewetion b@lamw tolxeianori cendal

surf ace, 16 he corrgslxc%la Ic:k.c?ﬂgjsg%t)z}tfngg at%ffo}n?eed osnutgeS tsébas rate manum er ofn de t(tlérent

ways. For example, a nickel aluminide, NiAl, typically is grown as an outer coat on a

nickel base superalloy by exposing the substrate to an aluminum rich environment at
elevated temperatures. The aluminum from the outer layer diffuses into the substrate
and combines with the nickel diffusing outward from the substrate to form an outer
15 coating of NiAl. Because the formation of the coating is the result of a diffusion
process, it will be recognized that there are chemical gradients of Al and Ni, as well
as other elements. However, Al will have a high relative concentration at the outer
surface of the article which will thermodynamically drive its diffusion into the
substrate creating a diffusion zone extending into the original substrate, and this Al
20 concentration will gradually decrease with increasing distance into the substrate.
Conversely, Ni will have a higher concentration within the substrate and will diffuse
through the thin layer of aluminum to form a nickel aluminide. The concentration of
Ni in the diffusion zone will vary as it diffuses outward to form the NiAl. At a level
below the original surface, the initial Ni composition of the substrate is maintained,

25 but the Ni concentration in the diffusion zone will be less and will vary as a function



25 but the NI concentration in the diffusion zone wll beg- WA |
vary as a function -1 17 Septenber 2004 of distance int oqt7hsge?)§ﬁnﬁ%gg%4n
zone. The result is that although NN Al forns at the outer surface of the
article, a gradient of varying conmposition of N and Al forns between the
outer surface ar%d.the Qri g{bnal_ substr at ea“?lorrposi,tion. The concentratign

gradients of NOAIRPWEHEP 18 SHERMQ 1a0at IR B i thanaltbruehr i fopes at the
substrate and tguter SuAEROSH H8 AR BHMlenfbf vAH AR &nfhoskibh FNORE fhgisveen

the outer surface of the article and that pg[?tlon f the substrate having
its original cdepesnithoeuteurfaoepndihe wigies sutstrete composivat. ehs atrsentaatont o

an oxidi zing at npspherg.typjcally results in the farmatign of an al um na
Mayer over the SRS OENL R Per ST el diffih Ry Jibn OF Sbsifls At The

al umi ni de § Pt Aldep6sad ialgningmf A1/Tedatya difisRneLdnt HebvichNBe duichisirthay 6f tRf

pl ati num over the nickel-base substrate to a predeterm ned thickness. Then,

exposure of thérilaanhint pertian ofthersyhsireteiheningdinariesprepmpenitia. e PAceurse,
tenperatures C%'ﬂg@s%ré E'Pthg,r AW sggﬁiga%pfﬁg%rﬂ)xih@'ng at%&dﬁ%@kﬁ&ﬁ% p@sﬁlﬁé YU m

diffuses into and reacts W th I num

di f f uses out warfdmiatiomof healsulist lagéreovehéngickel dlimeinidenposi ti on of the
substrate, while 15 al um num noves inward through the platinuminto this
di ffusion zone of t

e substrate. Thus,_,conpl st.ru es aof (. Ni ), Al
are formad by exposifdoleSanils SeehtiafiPgh Smitity THAL Soalhe el
to an at nbEpherefectroglating) £l ®iA rayer abf edl@wrie dovet eMPChRkelRSe Nbstdle to a
al um num di ffuses inward toward the substrate and NI diffuses in the

opposi te di r ectArestamingdgtucknesspy Themaeipesurenel ther plainwm 19 o#e alympinpsa-tighhses
20 precipitate Qui ' | -4 =N | iC
al so contains re(():rimfﬁn?g% gﬁse{(%?d W@ﬁ%?@sﬁﬁgl%&éc, d\?h%grl}yg% 1%%&%%2?A§%§ As
wi t h t he ni ckelthalabwminimediffossat integ andy rgpeadivih ttho plaginumi nAmtloe sams timg Nt he

ar adi ent of N i HrRE Rone sttt Batghe ettt P on ok of PP bRl Bifiar o
from the subst rabirginuit ovbe imbardl thishghl €l pREhirhVRd ayierdiffdSiolieione &5 the)
the prior exanple, an alumnumrich outer layer is fornmed at the outer
substrate. Thus, complex structures of (Pt,N1) Al are formed by exposing a substrate
electroplated with a thin layer of Pt to an atmosphere rich in aluminum at elevated
temperatures. As the aluminum diffuses inward toward the substrate and Ni diffuses
in the opposite direction through the Pt creating the diffusion zone, PtAl, phases
20 precipitate out of solution so that the resulting Pt-NiAl intermetallic also contains
precipitates of PtAl, intermetallic, where x is 2 or 3. As with the nickel aluminide
coating, a gradient of aluminum occurs from the aluminum rich outer surface inward
toward the substrate surface, and a gradient of Ni and other elements occurs as these
elements diffuse outward from the substrate into the aluminum rich additive layer.
25 Here, as in the prior example, an aluminum rich outer layer is formed at the outer
surface, which may include both platinum aluminides and nickel aluminides, while a
diffusion layer below the outer layer is created. As with the nickel aluminide coating,
exposure of the coated substrate to an oxidizing atmosphere typically results in the

formation of an outer layer of alumina.



surface, which may include both platinum alum nides and ny é;i\d hAi des,
while a diffusion layer below the outer layer is creat e(r:}]!.7C teﬂﬁﬁ'@?ﬂ%
ni‘ckel al um nide coating, exposure of the coated substrate to an oxidi zi ng
at nosphere typically results in the formation of an outer |ayer of
alumna. -2 17 Sept r ,2004 These al u des are sed as bond coats

mal I
in thernmal barrier E%MT‘H e ALY a%onlfsgahgh?ré %oabse‘fl\?\}ésoa CRYEERS B

an addi tional agpinhethtd hRweRh! the  RbbtEdtatind &€ aaBitionsl OB, th&dfily Asistant
yttria-stabilized zirconia (YSZ) which is applied over the alum nide.

However, the pCBREYS CPBigf sk argytiresfabilizad gesonin GY A Whighds pBplisdseverithg | v
5 the sane, th 1S 4.0 P o] - | |y
by a pack. . pr otmuifidk” Hecr, IR phbess P inlily BRRPEMISbE pRiniaBl sty
resul ting 3l umthe skeme, ftbatnis do a8y athe essbittatofs digdsed tonlunnan, tsuatly iby 4 lpeckhot
oxi di zi ng environnment of as_turbine engine, the coatings,. whether .
applied as an EHW?Soﬂﬁén?ng BERSESSnY %\Fvﬁggéﬁﬁﬁ atugéagntfﬁh%gqug%qlqude
barrier systemfgyeqtadalbdidgaidesm@s a result of one or a conbination of
ongoi ng processes which include erosion due to the inpingenent of hot
gases on the airfoils, corrosion due to reaction of contam nants in the
products of combust CBET Wittehint fize hetepxsidizing gnyifeisrant of & gas Hbingj ¢ngingn dhe

oxi dation. Pr Oggﬁnﬁs,o&/h&f?%teﬁg?g%% A %ghleXml pé’duhg 83 B% ?@’f@‘ﬁ] Goat if? Httﬁ‘ér{ng

surfaces. In additron to | on as conseque exposure 1the
hot engi nd) envibaoieepitemaivehmially degpdd as aareagje df ione Deravcambidatéont of angoing

variety of factors, and.require repaiy after, renoval of damaged regiaqns by
wel | Skmown  pr GRiseised WHHAGLAE elofR e dp MRt anh g b GRS GLeRital,
order to repai kcoAbsiomidaé % lreRtib®of TRMMIRAN §n K PREESES I XokBudtRIADV /L AL
only the products of conbustion, the corrosion &;}oducts and oxi dation

product s resul thaiR]lie surfages ofithe aEiqb sud oxidatione Prodeqisyioh eomhystioonfieqventlyut
2 Tesult of serulaa BF AR08 L Sutices MPVRdiMGIS B BRGN 3OS b fiRee de S
chem cal | 15 st r ieppesmye togh@haot egine environment, airfoils may be damaged in service due to a
variety of factors, and require repair after removal of damaged regions by well-known
processes such as welding, cladding or the PACH process. In order to repair an
airfoil after service, it is necessary to remove not only the products of combustion, the
corrosion products and oxidation products resulting from routine exposure to the
20 engine environment, but also previously applied coatings, if they haven’t already been

removed as a result of service.

Prior art processes for repair of coated blades chemically strip any remaining

coating from the turbine blades. One of these repair methods, as set forth in U.S.

Patent No. 4,746,369 involves acid stripping. Because the coatings are grown into the

25 substrate by a diffusion process, acid stripping attacks the diffusion zone, which
includes original substrate material, as well as the nickel aluminide and any outer

layer of alumina. Of course, this acid stripping procedure is further complicated
because the coatings are selected due to their ability to resist chemical attacks from
corrosion processes and protect the substrate airfoil. Yet, existing methods of

30 stripping the coatings are controlled chemical attacks upon the airfoil. Unless
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coating fromthe turbine bl ades. One of these repair neth $6hod orth
in U'S. Patent No. 4,746,369 involves acid stripping. Becau e t e coati ngs
are grown into the 25 substrate by a diffusion process, acid stripping

attacks the diffusion zone, which includes original substrate material, as

wel | as the ni EJ&%btléﬂa‘PHArQh@rﬁaﬁ&@ne@nﬁle‘%ﬂ&ﬁfcal éo‘mf%ﬁs E’Jed% WRAR th&E oG a8

this acid stripping @roce ure is further conplicated because the coatings
are sel ected thgOtcws hesack disi teigtops tunderbding thecpreteritwad coatingc iBo femowel of the
corrosion procg £3 a df{é ect t he subst r at

ot hods of | 30 g St St RIer 3 A dibrbion taVe 2 S EPveaon

the airfoil. Uairasetta& ch/thoe@seiaRedr affdores P kiR, BREMIsE SheMiridtaad had,
the chem cal solutions used to renove the coating will _vigorousl att ack

the regior’s un@EPaT pEpcesiethst seerasvt leaita ngmosd)frfépmvéaal éﬂbstti%’ %lf@ba\tas ng
will affect thﬁlcg%?d’tecgﬁ?& ﬂh@gh cﬁ'{b 2B Bk Gndhdchits 'o?ﬂme?%fﬁf heaa 1mn be

involve a direct "attack ont strate or a portion o strate.
Because t he pardusedsigcetthinimuih alowelplaiwaliphiokeesses tchratot bemﬂm&i.at Ieast a
portion of the initial substrate that was incorporated into the diffusion

zone limts the nu t hat.. t ir C b d singe.

m ni num al | owabl e U@?‘F"f’hﬁﬂ&%&%‘w disg 8?‘{5‘ $ EP&Q &%éﬁk&r@ Yo¥fs &lich
as discl osed i pbjektSrenfdaticot cmnéél,séaﬁaslaﬁkaamemaﬁdetsmxﬁ HAIRGIX rsabdmads Of
coatings such as_nickel alunmnides fromHastelloy-X substrates 10 w t hout

adver sel ylOaf f e¥ithayt adyersely pifectitedhe sehstatge Thisgn Whmwezet t}he lmmféetl aon a
Hast el | oy- X t
ast el |l oy- Sui’?% Oy,f%(umsﬁ'gte @vfﬁlx& h2WaNowl R r%ﬂ#e}pi Gy Q:B one or maoﬁiagase

Ni - base supera It st renoves any ust on et ween
t he nickel al oupendlidg, dnt it hellsmtrslvcataay ditfusibe ravoe eforméd Ibetvlrémsthﬂ:ayxchﬂ an

effective rretho for u sHastelo Xcotaln

Soson | 1t ts Aspanr afd rfe Pt PyltpoR, ShSChEy B g R B e
N in excess ofan&08¢ smasheastmybodoﬁtﬁrmrfge@mylaﬂ@t@o% Nngs id 1$ot5‘e¢fecfﬁwfoh ai n
U S. Patent No, . . 5,6851,409 to Schaeffer et al. and assigned to the assignee

of the present Niteesuperatloy which canfnelideilH e pxqess QfeQ(%('am cally inpacting the
environnental coating at a

Another method for removing coatings is set forth in U.S. Patent No.

5,851,409 to Schaeffer et al. and assigned to the assignee of the present invention.

This method involves mechanically impacting the environmental coating at a
temperature below the ductile-to-brittle transition temperafure of the diffusion zone

20 such as by shot peening. This mechanical action forms cracks in the coating that
facilitates penetration of the stripping solution into the coating into the vicinity of the
interface between the substrate and the diffusion zone and speeds the removal
process. The difficulty with this method is that since there is significant, if not total
penetration, of the diffusion zone, including removal of at least a portion of the

25 diffusion zone that was incorporated from the initial substrate, the article is

undesirably thinned as a result of the procedure.

What is needed is a method of removing the outermost layer of a nickel
aluminide coating applied to a nickel-base superalloy substrate without affecting, or
only minimally affecting, the diffusion layer substantially formed from the superalloy

30 substrate, the diffusion layer being located below the outermost layer of nickel
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tenperature bel ow the ductile-to-brittle transition tenpq{ %ﬁéﬁ&g b
di ffusion zone 20 such as by shot peening. This nmechanical action ?orns
cracks in the coating that facilitates penetration of the stripping
solution into the coating into the vicinity of the interface between the
substrate and the diffusion zone and speeds the renoval process. The
difficulty with this nethod is that since there is significant, if not

total penet ratingtide @btihd) Asghdidietswitnthzeatoval 6£ihe ditkEndse HEAIS i caating Bast a
portion of the 25 diffusiqgn zone that was_ incorporated froamthe initial
substrate, themghadcefereptering, s iig the migkghalymipide coating aften Feppirp of the

procedure. V\hg#p faﬁo?%gﬁﬂeha% e hogy of renoving the outernost |ayer of a
ni ckel alumn ge coating applied to a nickel -base superalloy substrate

wi thout affecting, or only minimally affecting, the diffusion |ayer
subst anti al | ySUMVBRY O5MHBENYUEPEIAN oy 30 substrate, the diffusion |ayer
bei ng | ocated bel ow the outernost |ayer of nickel -4 17 Septenber 2004

al um ni de coati ng. sociated with the.r al . of .t he. out er t layer of
the coating is a ?R{)e&e%fmyeergl[of}rlf r‘?@p%?a%rée)goewcﬁﬁl'lfaﬁ%d AR ﬁéﬁﬁgfﬂm%ﬂée
coating af t er sypepdoy To@bohdies thatGrrat hoyesubbichitlefatites aRERBIVIE PRInkiAle
SUMMARY COF THE | NVENTI ON_The present invention is applicable to

ni ckel - based eQINg éReenvitonmenial peptedigpetram| dyrarshngsytrenment pan Glavetede at
el evated tenp Lacl J. Wy g ' SIA nt.al
protection fr%@%}éhar S?F{H(Seis b%gﬁﬁg?\ Sg&@nlq&eeg}%? Letg@?‘)elffr(%évrea%%{ésqgﬁ nﬁéstphere
such as is f oengind. MTypdienl adtlddbiasee supoalioys and cekhliabsde lajipeaallogt corRgiens.

Typi cal nickel -basge superal | oy and cobal t-base super, oy conponents
exposed to suBWOSHY G BHifertAIONESHEl @%ﬁ%onsn@m‘ée ﬂﬁ?l?som i mbred Yasem of
vanes,  nozzl £5;RR4ndbRdES shdhiQeRbudRRtRLI A8 al: &iitdr Rty AN TENT OF

har dwar e. An enbodi nment of’ the present 1 nvention exten e life of this
expensive engi ne Aarcgvedindny of dmppiesent tirention extehdsydhe 10 of lileis @k pénssieon

alum ni de coal) g S0awkid, BRI BL ohidf 153! SHRE &R SuATiorBoARR%S W 1 h
that repair of the hardware can be accomplished with little or no removal of the
underlying diffusion layer of the diffusion aluminide coating. The protective
diffusion aluminide coatings may be formed on superalloy components by exposing
the component substrates to an aluminum species by using any one of a number of
well-known processes. A platinum layer may be electrodeposited onto the
superalloy substrate prior to exposure of the component substrate to the aluminum
species. The resulting protective coating may be formed as a result of diffusion of
aluminum into the underlying material, which may be either a nickel-base
superalloy substrate, a cobalt-base superalloy substrate or a platinum-plated
superalloy substrate. The coating may have at least two distinct portions overlying
the unmodified superalloy substrate. The first portion may be an outer portion
comprised of a layer that is substantially an aluminide. This aluminide layer may be
formed as the major elemental components of the substrate, Ni and/or Co, diffuse
outward from the substrate and combine with the aluminum in the additive layer. If
platinum is present, the aluminide may form PtAl, NiAl, CoAl, and combinations
thereof, depending upon the chemical composition of the substrate. Because these
aluminides are ordered intermetallics formed by diffusion, initially there will be a

gradient of Al and Pt, NiAl and/or NiAl and/or CoAl across the outer
-5.



underlying diffusion layer of the diffusion alum nide coati i@l 2004
protective diffusion alum nide coatings may be formed on superalloy
conponents by exposing the conponent substrates to an al um num speci es by
usi ng any one of a nunber of well-known processes. A platinumlayer may be
el ectrodeposited onto the superalloy substrate prior to exposure of the
conponent substrate to the alum num species. The resulting protective

coating may b?‘orfi_@ﬁ.”ﬁﬂeaf&c@nd Gomtidn Hhaydibkl HSHiPRsieh 1a96URMMAUMS Bt Shduhi€al
underlying material, which nmay be either a nickel-base superall oy
substrate, a ewhpdsitidnaresulting dram |tes highbiempatagure rditfugidm of elemaptsafrenh the

superal | oy subpstrate. The c I n have..at |east, t di std nct,portions
overlying th%ds(%thvr%agw}w %Tﬁ%b? 3'19'15%%3%%&&%?%&%@@9%&3 %&Pf‘%@%? be an
outer porti oninte@PiateS Bélwetn ahd ANEedidtpbulisraRUASE aiY bakt Mdd@ifvellae: ninde.

This alum nide | ayer may be forned as the major el enental conponents of

t he subst r at elNCAPORARE b Pottion i the dsidial gibstiatied The samppwtien of dhis deyes gl
conmbine with um ' L i . r p | i ent,
The sl um ni dev iy s iy Aok RGP EHE e I el s TPt
dependi ng upodlettivpladiehi katr, depoay bean optiohdlPtaidhdbyattetwdBadhs sebsirhiese

al um ni des are ordered éx{)t_erget aU ics fornmed by %,f,f usion, initially there
will be a gréyi BROVST 29Ity @yet UpRp SKPOSHER 120X iZIa 8 GrarsPRefal aycs¥68%$ t he

outer -5 17 Sﬁpﬁﬁﬂ%eéutgpl%:li{ggé Béi%n_%ﬁ%al?ﬁﬁﬁ?%&?éiﬁ% %?tthh”%}&ﬁ,@r? 6 G faHS1 On

| ayer that has a chem ca ositi resul Ti ng I gh tenperature

di ffusi on of &hwmeriagerfromthe additive alumi num and the substrate, yet
different fromthe Thi iffusipn layer is .internedi ate between the
naf fected subst r By ielReobitnPosal G, iy Ltk Bafhy deststed gor Bt dute
portion of thryémbe thalsupsthBéy 8é:Bpontie afeOfRRP slehh o @byt dnGedtRNET mdthols. vary
due to the various elenments conprising it. If the substrate includes an

el ect r opl at edTmse | mgtbpds dnpdpde Hght chﬁﬂ@étblkfﬁ% opt cledqning [ugilieingbetigblen t he
substrate ang the quter additive layer. Upon exposure to an oxidizing

at nosphere, any excess Al in the outer additive portion typically may
conbi ne with oxygel tuecokdunoe amith one aspect of the present invention, a method for

controlled removal of at least a portion of a thickness of an additive coating from a
coated superalloy substrate is provided, the method comprising the steps of:
providing a coated superalloy substrate comprising an outer additive layer and a
diffusion zone between the outer additive layer and the superalloy substrate;
contacting the coated superalloy substrate with a chemical stripping solution for a
preselected time under preselected conditions sufficient to at least partially remove
the outer additive layer from the substrate without substantially affecting the
diffusion zone, the chemical stripping solution consisting essentially of about 0.1 to
about 0.3 grams of NHyF per litre of about 10% to 75% by volume concentrated
nitric acid in water, or about 0.1 to 1.0 grams of NH4Cl per litre of about 10% to
75% by volume concentrated nitric acid in water, or about 10 to 20 grams of
ammonium hydrogen difluoride per litre of about 5% to 15% by volume
concentrated nitric acid in water; withdrawing the superalloy substrate having the at
least partially removed outer additive layer from contact with the chemical stripping

solution; and neutralizing the stripping solution to inhibit further coating removal.



alum na layer. Any products of conbustion that may have beeg, gﬁgg? on
the outer |ayer of the superall oy conponent are first cleang QB@P
conventional nethods. These nethods include |ight nechanical bufflng or
cleaning utilizing suitable chem cal solvents. In accordance with one
aspect of the present invention, a nethod for controlled renoval of at

| east a portion of a thickness of an additive coating froma coated
superal | oy substr ateadcdrdahey wiitanottee aeBdch @d 16 Prkérd i iRGentibe, 8 hediBod for

provi ding a coated superalloy substrate conprising an outer additive |ayer
and a di f f ustepairingecosted huperall tiesubsirele inelee pravidedathsrmethe! eoraprisingthgl | oy
substrat e; cggﬁ;ggw ng the coated superall oy substrate with a chem cal
stripping solution for a preselected tinme under presel ected conditions

suf ficient to-atprdidiag apaated lailqbefallgct?/rmf betraté b@npmé@gf ?@dﬂbﬁ édd@tﬁeﬂiﬁdﬁ' ahd ﬁm t heI
substrate w thout _substantially affecti I ffusion zone, the chem ca
stri ppi ng sol ut |dé)ﬁusé‘8h%qn§tbﬁwbeeéé’%"e‘?ﬂt‘?faﬂdagwﬁlaﬁﬁ6’(54th@ sypergloypybstrates. 3 gr ans

of NHAF per "trﬁuﬁsﬁé)%tco&t%"’sﬁ erﬁa féﬁlﬂimééé!i{ﬂ?cﬁ %ﬁ%ﬁﬁ%solﬁﬁ go? aci d

in water, or about 0.1°to tre out
by vol ume concempresateettd rtmncr sufﬁaxentjtm at lomst @m;naliy rahom theCoutex a?idltgaeaiayerof

ammniumhydrog di.f luori de a t.5%to % Iurre
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having the at  |seRfibn Rafididtil!c¥schBAMY SCatRUE 61 t@qgédt'OVﬁgﬂaﬁﬁéfo NELE R Hact
with the chem cal stripping soluti'on; and neutralizinhg the stripping

solution to i nhloﬁlaboﬁtd /h@r7%évwlwgnn@mnt;ated m@e@dmtel,z«wbouhm
accordance with .he present a nmethod. f
repairing a coat‘g pera ﬁ\ﬁ%}c& EFrStogaggﬁgllo Bt ?go%’lbc?’efﬁolu?lﬁec ORETH8 d
conprising the rﬁtheﬂsld(if’l ‘waterPbOMollt 1Y t@Z@@ﬁi&Iﬁ%f’%&ﬁ%lﬂhﬁﬂWdﬁd@éﬁtdEM&lde
conpr|5|ng an outer addi tive layer and a diffusion zone between the outer

addi tive layer @FuliFrpel 2hepes%tedy”stibeqlime goncentrated nitric acid in water;
- withdrawing the superalloy substrate having the at least partially removed outer

75%

additive layer from the chemical stripping solution;

- neutralizing the stripping solution to inactivate further coating removal;

- inspecting the superalloy substrate;

- repairing imperfections in the superalloy substrate;

- restoring the outer additive layer of the superalloy substrate by exposing the
superalloy substrate to a gaseous phase of aluminum at an elevated temperature
for a time sufficient to deposit a preselected amount of aluminum over the outer
surface of the partially stripped substrate; and

- forming a protective aluminide coating by heat treating the superalloy substrate
at a preselected elevated temperature.

At the conclusion of the stripping operation, the nickel-based superalloy
substrate may be repaired in accordance with established procedures if needed, and
then recoated. Repairs can include welding, cladding, PACH, brazing and other
established procedures. The article may then be coated in accordance with
established methods for applying coatings.

An advantage of the present invention is that only the outer additive layer of
the aluminide coating is affected by removal from the article under repair. The
diffusion layer underlying the outer additive layer is substantially unaffected.
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I mer sing the coated superall oy substrate in a chem cal L ppl tion
aBb 00

for a preselected tinme sufficient to at |east partially ter
additive layer fromthe substrate without affecting the diffusion zone,
the chem cal stripping solution consisting essentially of about 0.1 to

about 0.3 grans of per litr of about 10%to 75% by vol u

concentrated nitri CA‘\I‘&F%F% agﬁar%ﬁe the;presgpd ffveption ’Stﬂ& F.’L‘."E%Yed. erggyerﬁlglﬁ’(‘:ll_’eper
litre of aboutrediffaltty o/ &SbvEMtioHal VIR 056 Mhdt al@a 1Ykt &ff Aumiueh, iaNloWaigethe OF
about 10 to 20 grans of ammoni um hydrogen difluoride per litre of about 5%

to 15% by vol wiemiddeclaner tatkedresiored withiai e iadditiae daver by wiffudomaf M, €pand
superal | 0y SUBSAL iR Abmilne! GARnIRA LAYy HEIAE oMb e AR phT Ve
| ayer fromthe chemcal stripping solution; neutratizing the stripping

sol ution fo i naedkeniag@r thintingof cleapirndus embe atrippingmpest. Adtetiagivelypetkihl oy
substrate; repairi [ rfectiops jn fhe superalloy substrate; restoring
The outer add EY4el bR torelcqnonBiasheind FOYPIEk ONo ARl A3§/0EBas PhhL e be
superal | oy subgihade to a gaseous phase of alum num at an el evated
tenperature for a tine sufficient to deposit a presel ected anount of

al um num over the outer surface of the partially stripped substrate; and -
forning a prot ect i V#ilbanomenadentagstof sy prysenbiventiands theg itertenduerie phije

substrate at g l&rl%%?%aﬁﬂp%ga@geé{'@&lg%a} S&%%Egtir‘i@ unlired N6 HARGLUSLAbP ort NE
stripping operaflon, e 'ni cKel -based superalloy SUBStTat e nay be repaired
i n accor dance mpiihcpdésabTheshediepraadeduiged] fepaieciad, reasuied withoutraagdodsast.

Repairs can include we| dj ng, cl.adding, PACH brazin nd other establjshed
procedures. ThEMBRPFRY tE‘C S’téﬁ‘éﬁﬂ%EﬁP H‘a‘f @Q]wlcrhaa@gstftgrga(péotﬁﬁt{vrq coaurs et Shed:

met hods for a%leyfeegv%qhégggna%aWant age of the present invention is
that only the outer additive |layer o the alum nide coating is affected by

renoval fromthe article under repair. The diffusion |ayer underlying the
outer additive | aye?thesfeatises &k adypripeeseffthe prasent inveggon will be apparent from

the following more detailed description of the preferred embodiment, taken in
15 conjunction with the accompanying drawings which illustrate, by way of example, the

principles of the invention.
BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a partial cross section of a coated nickel-based superalloy article

depicting the additive layer, the diffusion layer and the substrate,
20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The present invention is generally applicable to nickel-based superalloy
components having diffusion aluminide coatings formed thereon ecither to provide
environmental protection or to serve as a bond coat layer for subsequently applied
thermal barrier coatings. These components operate in hostile environmental

25 conditions, usually in a hot oxidative and corrosive atmosphere at elevated
temperatures. Notable examples of such components can be found in the hot sections
of gas turbine engines and include turbine blades and vanes. ' Other illustrative

examples include shrouds, combustor liners and augmentor hardware.
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17 Sept enber 2004 Anot her advantage of the present inventj '

protective outer layer can be restored by a conventionaII%th‘%F%Egg%‘Ethat
adds a layer of alum num allowing the alumnide |ayer to be restored
within the additive |layer by diffusion of Ni, Co and conbinations thereof

f th i ni 1 yi terial that, th i 5 keni
thinni ng of the par REHTAMA BT Febies | MOt 2 BrCLEES Setieh REeT DEPgITtpy
layer of Pt cas prechRfulhaRd adieHind exendBg X K \butePluribe 30E/ RFbikOBladPyd Al

may be formed. Still another advantage of the present invention is that it
extends the |i feated witha diffpsieenluparidelcealiparldl |Thy base matedalmf theasbinaglade t o
undergo an inc -a‘mpr feJ0. r | r c .. Ihe. art el -

stri pped, repa%rﬁggj%gan reglggtgefﬁvﬁrtcg‘gac}r cgﬁ%ﬁ:uiag@%s %l?ﬁl %%&nggthrﬁqg??é)@kﬁnegs,
and the répai r atkelrthase lsepdnalbyaandeSs i & dobalobse tsup@altmadiffnge bixatard fomathe

it AT N T R
escription of chhg viagﬁ&%béﬁ%tﬁ@?%ﬂﬁé‘ﬁmcﬁs@i&ﬁ%f‘tﬁe éﬁaae%%féﬂtﬁﬁg@g‘rﬁ}r pR ihhe

acconpanyi ng drawi ngs which ilTustrate, by way o nci pl es
of the inventi tmms BRNEFaDESERARMHSON Wik b ki dDiRom i@ #Cg-base juperallppsutistrbte

cadicive | ayer O pCNRE siehy SBSE, SRS bty Bl ofs bE preR FlegPnbng®
DESCRI PTIION OF diFfdsionREnBRRE ikNBée sibdatehhie sobagially ity Simid. OThé blgien@r gl | y

applicable to nickel -pased, superalloy.  conmponents having diffusion .
al umi ni de coat FPRSEE WER 3B addiixe alymimim faver bpexnosne dhe bladntoaggageats gpecies of

protection or LRnIAkN Gt ASvAePRRperRRts. | AYEts Jc@ém?l%é@ﬂ#%@% il)?fe 8PPhiSHer of

thermal barrier coatings. These conponents operate In e envi ronment al
25 condi ti ons, weHtkabiy indusiritloproosaserat i Exempiaty coampkes viecladerospiiegas ahase

the hot sect 1 oRLtifE weR PR PR HRR B SrsRiRevae L a78l e coradtlats
vanes. ' I& her alubditasth) 8¢ blade is optionally electroplated with a platinum (not shown in Fig. 1),
if a modified (Pt,Ni) aluminide coating is desired. A nickel aluminide coating, or a
modified (Pt,Ni} aluminide when Pt is included, is formed at the outer layer, also
referred to as the outer additive layer and designated as 14 in Fig. 1, as Ni from the
substrate matrix diffuses outward toward the Al-rich additive layer as the blade is
20 held at an elevated temperature. Of course, diffusion is not restricted to Ni, and other
elements diffuse outward from the substrate 19 as aluminum diffuses inward from the
outer additive layer as the system attempts to achieve thermodynamic equilibrium,
This creates a diffusion zone or layer 16 as shown in Fig. 1. Composition gradients of
various elements also will exist in the diffusion zone. In the outer additive zone,
25 however, there is formed Mal and Al, where M is an element selected from the group
consisting of Pt, Ni, Co and combinations thereof. For nickel-based superalloys, the
outer additive zone is primarily nickel aluminide or optionally (Pt,Ni)Al when Pt is
present. An excess of aluminum may also exist which can naturally form a very thin
outer scale of alumina (not shown) upon exposure of the blade to an oxidizing
30 atmosphere. The alumina scale, if formed, is measured in angstroms or fractions of

microns. The overall thickness of the diffusion aluminide coating 12 may vary, but
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exanpl es i nclude shrouds, conbustor |iners and augnentor dwar.e. ,ad; 17
Sept enber 2004 Referring nowto Fig. 1 which is a partiani§§ﬂ§§ﬁ§529@%n
t aken perpendicular to a plane through the centerline extending to the
outer surface of a turbine blade 10 coated with a diffusion alum nide

coating 12. Th : | ' ; I of
N or G0, or o OTtng iR Bleaftr (Pl dedR QUGB Rl THiGHE By Rup R

super al | oy andincbed in ghicuised. t Thasdiffusiperiaper oy dwhithise goowmantd the crebstrate,

substrate to form.dif.fusi 1 N.des, and .t he superal | gys i nel.ude
borh N and . CORRY s S BBl g ddenefiind, Mok thitRy e P01 SBEUHER oy
substrate may bilknhe beeraddifiviNiayen38 coHipeEa! thelalantd, vsidlly Boudmdes-stopod
that a Co-base, superallqy substrate or a N Co-base superalloy substrate

can be suBsti t {iches- Referripg agin teEig. 1 othe finpomosggionpidhe subsirein infp the diflpsion; n

t hese substrat | | Al;: LSniss i th an
additive al um ﬁ%ﬁ# Fgg#ra&fgga @té?(%%é%ﬁ%é]%h%@%ﬁegsdW%Mgﬁgggé%ﬁlg 52’835‘?33?%8%}‘

al umi num at el ef &teesubistapent dire &5 .andhnterfese a@,cwhishirspreskalyy thahpodiva of the

nunmber of wel | -kpown .industri.al processes. Exenpl ar xampl es i.nclude
vapor gas phas@ubsﬁf“iﬁﬁf‘hihm*ﬁés lﬁ&?ﬂﬁﬁﬁy “é?ﬁ&O‘BF}%’puqr’r?\é-aS%wrﬁF gc“étéeé‘ifﬁrg'her
Prior to exposgfowth @ fbignikeagl Um num the blade is optionally electroplated
with a platinum (not shown in Fig. 1), if a nodified (Pt,N) alum nide
coating is desired. A nickel alum nide coating, or a nodified (Pt, N)

al umi ni ddOhen Pt i 4pphicatigaed the methadselfhe prasprt ipvandipn affpets substasngally enlyr r ed
to as the oute Lt n Lanale ' | ' .om
the substrat e{hﬁaacgﬁrxddgﬁfv# %ggmgutgj\f\lgg%b I?omr%eﬁgslﬁ}la{- %ngﬁ’géh d?ntﬂ?(\?/g g{‘/)élr as
the bl ade i s 26luhehide abatmng 12| thabised ldastped320.004 inches, end irsmetiabés, 8 iportions

not restricted Ni , and, ot her enments diffuse outward.fr t he
substrate 19 ag% %etﬁﬁbﬁtﬂ#‘f B?’PWU@E ”ilﬁr'ﬂ\%ﬂ ?ﬁ‘fr‘r“b‘ﬂ? E‘h"’e b.e .g}tﬂg{’&a%},\}ge PEFEN as
the system att givehtiorl OnigCiRin@ves tHesuIBOAdIRMClaGetuld.i Y isUithinTihE Scopecat afe a
di ffusion zone or layer 16 as shown in Fig. 1. Conposition gradients of
various ePemenPEseitsgveiition @xiesiove the rratied addigyotayenré. andyatswallpedion of

addi tive zone, dg‘ﬁsm"‘ﬁyﬁ'rw,tﬂﬁ ofily © 4 QEFEDMN bRy of RG] € 1M pf¥ferred

! 2%
el enent selected fromthe group
embodiment, only the outer additive layer is removed.

The coated superalloy substrate, such as a turbine airfoil, which is typically a

nickel-based superalloy or a cobalt-based superalloy, is removed from service.

20 Products of combustion, which have accumulated on the surface are, removed either
by application of a suitable solvent or by mechanical working. Certain component -
designs may include ceramic thermal barrier coatings that require removal to expose

the aluminide coating when it is used as a bond coat. The article is inspected for

defects that may have formed in the article over its time in operation, which can

25 include cracks, gouges and erosion. The article is then immersed in a chemical
stripping solution such as HNO, +NH,F or ASC 2-N for a time sufficient to remove

outer additive layer 14. Of course, the amount of time required to remove the outer

layer will depend on a number of variables, including but not limited to, the thickness

of that layer, the concentration of the solutions, the temperature of the solutions, the

30 presence of activators and the chemical composition of the substrate, To remove
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consisting of Pt, Ni, Co and conbi nations thereof. For

superal l oys, the outer additive zone is primarily ni ckel%@%ﬁgoﬁ
optionally (Pt,Ni)A when Pt is present. An excess of alum num may al so
exi st which can naturally forma very thin outer scale of alumna (not
shown) upon expo§Ly-8.00% ih&Rsiragi@et ad@iiveoXdydt Ziond a3Red BOSRARAE airfdiE the
alumna scale, if forned, is nmeasured in angstrons or fractions of

M crons. The o%@RRANENt hoaldnkesimmersechin B SPDINGrsoltion: at jambiens MPRIAIUE fory

vary, but -8 1 3o 4

I nches and rmré gl%ptlteg[a@ﬁ b%'g I}/lgo%t%hgﬁa%%b |#g%t%ﬁnéﬂﬁ%nesskd$ﬁ%%’

di f f usi on | ayeambiénweinphrainge g¢ mml :lnm‘ﬁrchahgmb@u\b&h radre tempatpiuen bid/ rapsesaitout

0. 0005- 0. Q015 ji,nches thick, nore. t about 0 Q01 m | thick, while
the out er “addi PFVEI§eaYelemparaln i gé’ O a BeAe, faqiliyaftPy SYBBHT BOYBteE. 002
5 inches. Refe tode et h 0.

into the di ffugﬁmgg& ?gﬁljlt oo; % E glﬁc%t]zeg}'agu{b&& %ﬁgﬁﬂﬁ{é’gé‘ %En\/\gﬂg%réﬁ?ﬁsq cﬁ
represent s themapnir¢quae mmerpoizasi; tiow to oémdveahs aldmnvealrageratﬂtel andoils ma)amlrdo be

interface 20, which resents t ortion of the bst te still aV| ng
subst ant 1 ai 1y THEERH £ 2 SCoHBBcTTioR S B i & preer e it e e

growt h is insigabichC adwevkd tl?@manmﬂeqelu%n LR bERENNEE dOknivhR tB8S&RRE for

i nvention affects substantially only the outer dldl tive layer 14. Unlike
prior artlOnet hBgsinemsased rahamical pptdvienet elevaiids fempemturesy| Yrfiasisyeh cemeyahgthe2,
that is at lea 0, he
substrate bel o§vﬁ {rﬁcﬁgé}_p% "% g)rl{hg) B%ﬁ%%u%ﬂg?d @1tl§e?g§| &/ggﬁ? gtgltra&z%?uldt aSiE
present i nvensaledonosucly as armmaeddseohmbenf DOk, K(H{Itdg(zéloj,lﬁmfelrably hawmg hin

t he scope of t esent nventi o r the entife additive |ayer
14 and a smal |3§8}g‘r‘ ﬁe‘bf‘b"”ﬂ gé‘t’ %@‘ggg“rﬁl?ﬁfe“&?ﬂa; {‘83 pth of a few
tenths of a ml. In the preferred enbodl ment, only the outer additive

layer is renoved. Theomoahbstisemesathe (pyessmhﬁwn%ﬁ,, ths WhBméal atri Tpgrnlglslaﬁmon
airfoil, which_ i gl callb%%‘ ni ckel - based superal |l oy or a cobalt-based
E‘ﬁlﬁﬁ/ Eiy

superal | dy, isie Lk qissoved Jma polytiereeknitic ackhandsvateh, ThasokKionay e
accunul at ed onifoRiRles MR G 6%A0Cabolie T8 LOn&hirhiEd nitric acid and water. About 0.1-1.0

grams of NH,F is dissolved in each liter of the nitric acid/ water solution.

In another embodiment of the present inventibn, the chemical stripping

solution includes NH,CI. NH,Cl is dissolved in a solution of nitric acid and water.

20 The solution includes about 10% fo about 75% concentrated nitric acid and water.
About 0.1-1.0 grams of NH,CI is dissolved in each liter of the nitric acid/ water

solution.

Another chemical stripping solution used to practice the present invention

includes ammonium hydrogen difluoride. Ammonium hydrogen difluoride is

25 dissolved in a solution of nitric acid and water. The solution includes about 5% to
about 15% concentrated nitric acid and water. About 10-20 grams of ammonium

hydrogen difluoride is dissolved in each liter of the nitric acid/ water solution.

The temperatures of the solutions are maintained at ambient, but may be

raised to about 80° C (176° F). However, as will be recognized by one skilled in the
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St

require renoval to expose the alum nide coating when it is used as a bond
coat. The article is inspected for defects that may have fornmed in the
article over itg time in operation,, which can.25 include cracks., .gouges and
erosion. The afth QU &° (SiERera LR qLoTions Syl Rcsease eicheBIS ey 0 Rt
such as HNO3 +bddmdunt H56me réyufred fet itnnBesisn/EHoutd l%'@onteﬂadnﬁm?lﬂﬂ'cd@éﬂﬁr
additive layer 14. O course, the anmount of time required to renove the
outer layer wll depend on a nunber of_ variables, including but not
linited to, the thickness of that |ay&®AMREEdoncentration of the
solutions, the tenperature of the solutions, the 30 presence of activators
and the chem cal  comsid biaflesthadd it (URRkEAaSe suerd BYRERe 88 wkfe BRRLSHDAS
2004 0. 0015-0.002 inches of outer additive |aye f70fm a Rene 80 tUrDI ne
airfoil, the ecapsiearrensiking of tpproximetebie8.3i g of AN Etper pigirmd dsloteunitnim acid,

anbi ent tenper re.for, no.greater than about 60 m nutes, and desi I
about 25- 35 m Aisctne Al B, B8 s ' AP op R s, Y er BB 2SR b
i nt er changeabl yolitehcaneearmatemieiahdia,efod BBt BERAds St anibiedt tadieatle. The
tenperatures in a production or repair facility fromsumer to w nter

bet ween about BHeH werq then Jwithdravyy fgim gheastripping soltign and dmmerseldpeamater to
substrates ma eﬁtﬁgﬁbrtﬁe @ﬁgplgé SEREE O B E&uﬁ&ﬁ“"’f’hé %Fad@sd%h&bﬁ’a‘ﬁ | 34§ be ThE
airfoils may also be 1 mersed’in a stripping solution and eated to’a
presel ectldd t enpgraizad esiapaveild hatic soltitiorHswhvasrdilutdBEOH oeNa@Ht inewatedl. UThon

wi |l be adjusted td wnwar d {o account fbor 18 ége i ncreased chem cal dﬁc'hil\/i ty
at el evated teRBuFARIEEentoRERaly, By, b pplied bY sraviog o BRIER e g The

sol ution is negtippingZEsbrattint f@ioved neocP @F Uhe 010D 19ah&es OF cltdl ddditReShger 14
sol ution such as a an_aquequs_sol ution of NaOH_KOH, Na2CC31 preferabgﬁl/
€ of

having a pH ofmet hisknesshdeaving ahoyt @BOQ inghestaf onterpdditive layeridroveding

material. In opg.@idaQdl of, i e ' ' ]
stripping soluti %n 15 ?ﬁ%fo&degérNHZE% %ﬁ‘ﬁgl&—' ﬁégygﬁggﬁgyﬁrﬁﬁg&egﬂa} 8?\ t%
nitric acid andoatmgend fohathedinpeifestions ot defests photd rdd¥h t o about 75%
concentrated nitric acid and water. About 0.1-1.0

EXAMPLE 2

by application of a suitable solvent or by nechani cal mrl@ﬂ’éﬁten%%ﬁh@éd“
conponent designs may include ceramc thermal barrier coating at
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grams of NHAF is dissolved in each liter of the nitric acifde i@k 2004
sol ution. In another enbodinent of the present invention, the chem cal
stripping solution includes NHACI. NH4Cl is dissolved in a solution of
nitric acid and water. 20 The solution includes about 10%to about 75%

concentrated nitricragd 80 BReRERN immerRAUA 20solirtibnbrH S8 10ftoMN6ERken Sbout
di ssolved in each liter of the nitric acid/ water solution. Another

cheni cal stri ppPrg mionigs, tnyéailymdmra@taqbbeahq% 3preinetgs. Adly dnitlisehution is

i ncl udes ammon lL.u d dr | .5.25
di ssolved in a{ngg% t&igdgggglg{l g {rlcg{ugacﬁﬂ agggg ttﬂ1 %Trﬁgtgggll sg)thli gﬁ%ﬂ\@? I:?é%
about 5% t 0 ahant “ASQXNtgpparabedlioy Bntf@ceatﬂwhpanyd, Inedrporatelod WilthDrgih,
grans of \,\,@f’-g}”g%drogndlfl orldels di ssolved . in each Ijter qf the

Nitric acid rreluighpansietsr pedeminaRdy ] gmgR, hydrogen

mai nt ai ned at 8RR nRHE 58Y BRI WabSe¥hd CAGBOYBIN 88 ikl /R E&mp#‘@%‘&e%?r
as will be recognized by one skilled in the -10 17 Septenber 2004 a

rai sing the t emmmamteéy &F grdms &fofARG 3R Steipper’i pec didsd sohwbonHa ki rnaqture of

e oo P e e o B O U

superal | oy Ren&oﬁﬁhw@tlh@pinmruﬁeﬂl ammlmrﬁeraecsaﬂlwmém op@mmgrtald’ngtewasm solution
approxi mately 0.3 of NHAF per liter of dilute nitric acid, where the

dilute ni¥ric B%‘P%B R of é@W@éﬁﬁrfwd. P pwtwézﬁ%ﬁheo&tnawz &&ﬁeﬁtapéﬂv S ULYY,
vol une concent R@B@ld? b1 Gdche@6F g tef Q&dl&ﬁ@iﬁgex‘?‘i’ rom %&Salten‘ﬁ)[‘}pd qgﬁvm% about

t enperature. The ades were then wi t he 'strippi'ng sofution
and i mer sed i A.088% ercheof mmaddltlvzéayehémearr) ioppilyigg ¢tfef waffected diffisianaionei on.
The bl ades opt ilﬁnal ly may be 10 neutralized using a mld basic solution
such as dilute”KOH or NaCH in water. The neutralizing agent optionally may
be applied by spraying or wiping as desired. The stripping operation
renoved nost of the 0.0019 inches of out 8XAM®ILE Ve | ayer 14 (nean
thi ckness), |eaving about 0.0001 inches of outer additive layer 14
overlyi ng s t he . . . . .
Rene 125 blades were immersed in a solution comprised of approximately
0.3g of NH,F per liter of dilute nitric acid, where the dilute nitric acid has a
concentration of approximately 25% by volume of concentrated nitric acid in water,
held at ambient temperature for about 5-10 minutes, and preferably about 7.5 minutes.
The blades were then withdrawn from the stripping solution and immersed in water to
20 neutralize the stripping effects of the solution. The stripping operation removed most
of the 0.002 inches of outer additive layer 14 (mean thickness), leaving about 0.0001

inches of outer additive layer 14 overlying the unaffected diffusion layer.
EXAMPLE 4

Rene 125 blades were immersed in ASC 2-N solution, such as set forth in

25 Example 2, held at ambient temperature for about 25-35 minutes, and preferably
about 30 minutes. The blades were then withdrawn from the stripping solution and
immersed in water to neutralize the stripping effects of the solution. The stripping
operation removed about 0.001 inches of the outer additive layer 14 (mean thickness),

leaving about 0.0005 inches of outer additive layer 14 overlying the unaffected
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unaffected di ffusion |layer. The bl ades were inspected forl-‘,-pge%pe%be{_gg@yal of
the 15 coating and for other inperfections or defects prior“to repair.
EXAMPLE 2 17 Septenber 2004 Rene 80 bl ades were imrersed in a solution of
ASC 2-N for between about 25-35 minutes, but typically and preferably

about 30 m nut ASG 2- N.sol.utjon i s - b | XENg_J. [ gric
acid solution .gﬁﬁ%{ogﬁ%qr. s@eoblfﬂir‘f erer %‘é"g%?“:%}@)p 1r}§é?gg%df§£§%a%'}ﬁ%§?rr{c%%g%1%f;y
Al | oy Sur f aces tfeaspeiy/and fof the podsaiicrdfathey\d¢fottegt on, 5 Del aware. ASC 2- N

sol ution consists predom nantly of ammoni um hydrogen difluoride, nitric
acid and water. The ASC 2-N Solution is_g | f approximately 15
grans of "ASC 2-N Stripper" per liter 0?**8%?%"{*?‘%%‘:% na mxture of 8%
concentrated nitric acid (by volunme) in water. The bl ades were then

wi thdrawn from t hevgilel ®RtdplsSObY B Qfiliaed HNOEF 364, F for WRipdingdla RitioANsH | Y
a dilute basic solution 10 having a pH of -between 7 and 9 to neutralize the
stri ppi ng ef f eEMNOf NEh€l may be substitutediio tamaeyegba ontacadditivstlaysit er addi ti ve

| ayer 14 (mean) was renoved, |eaving about 0.0005 inches of outer additive
| ayer (nean) overlyi f | I: : ene
125 bl ades were i rrrr\g#]%g{:jlh%ﬁé&gﬁ%b?ﬁ ig%rqggcfc\)‘;rfcﬁilg%g&g?efg%gireg%%dé%ﬁ 1%5349?' of
NHAF per |it er rafuirdd.] Repairi may de actanphshed &yt heeris| oft mitabler jommard! hewina

concentration of approximately 25% by. vol unme of concentrated njtric acid in
nater, el d afeetfBhen i et et spteie. TR e Rt
about 7.5 m nU{SWET),T BRctdRAGScHABS e mablgRingl 4dddfi@itinidaP Wdrkifg St ThdP Aifiion
solution and inmersed in water to 20 neutralize the stri p@ll ng effects of

t he sol utitbn. Fhmisideicepling1dpeas sesterad te ths blgdespby recoptinghtem wsh alypipug of -
t ddi t i : 4 ick , ' 0, ' of
outer add! 11 ve iy Sh i EANLHALEIER Sk voh G Ma PR APSOVD ApERET

Rene 125 bl adesheagack pronessime dThese ASHods Mteasbdiin the resgugtiongrosssesffor tehaived

components in which all of the coating is removed, as well as to form coatings in new

components. However, any method of applying aluminum to the parts may be used.
15 The coating temperature and times used to form coatings in partially stripped
components were identical to that conventionally used for coating, stripped turbine
components in which all of the diffusion aluminide coating 12 was removed. The
final diffusion coating thickness 12 of the Rene 80 blades stripped in accordance with
the present invention using ASC 2-N solution and restored by aluminizing was about
20 0.002 inches (mean), which compares favorably with the prestrip thickness of about
0.0025 inches (mean). The final diffusion coating thickness 12 of Rene 80 blades
stripped in accordance with the present invention using HNO, +NH,F solution and
restored by aluminizing was about 0.0027 inches (mean) as compared to prestrip
coating thickness 12 of about 0.0029 inches. Metallographic examination of the
25 blades after coating showed that the coating thickness and structure is predominantly
the same as before stripping. Thus, not only is the coating substantially restored to
the original state, but this restoration is accomplished without any detrimental effect

on the component wall thickness.
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25 Exanple 2, held at anbient tenperature for about 25-35-% e;lg
preferabl y about 30 m nutes. The bl ades were then w t hdrawn romt
stripping solution and inmersed in water to neutralize the strippi ng
effects of the solution. The stripping operation renmoved about 0.001

i nches of the outer Iadhistiekambiyelt bdconvedentt i @KIOAS te, codtifgVioNihe aiaoiidlly

0. 0005 inches of ,outer additive |ayer 14 over]ying the unaffected -12 17
Sept enber 2004 SHibPed diagls qswearn ldwécabwsﬂfé%s TS RroSERBBE FOBAIPYS F%gﬁéeﬁ%’dtq or
satisfactory r t

VWi | e exanpl es%wgég agﬁ% %@géhjl\%%pﬁéaﬂlm@ f oﬂpﬁgiﬂ ?fg%%a&g egghgllti?»giﬁlg
HNGC3 NH4CI may cbmnmmhsmelsmtoelmb tsod te poat @atthadly stripped antucampletelym}appedlbia@ach

exanpl e, bl.ades We ected for defects.an i red. red
Repar 1y be dECGVER | BRSCRISaI B8 Gl Gopgue Dot RePTri o sl e
techni ques | nC' giang sudsRd lﬂh@@dlsﬂ@ diFReRRI ProcRYsivge cehdifort oreligfédne doating
tenperature (SVET), eI ectrode di scharge machi ni ng_and nechani cal wor ki ng.
The di ffusi on POOERsehi fmacthabousadnly 1eeopasomplstedy strinpsd thledes| adbs ghpice of
recoating them r
gas phase al um'*-)\reél)('Izelg'snlgé H&&}B ngg{ng{h]géeg%ﬂé@ %?@%e@s?ﬁgé&ﬁ%émhﬁ?%ggpare
used in the resbdomg amﬁnepts@mre&s%m@os ablepaipt@dde acapable mikilation ahd chredion of
the coati is renoved, as well as to formcoatings in new conponents.
However , E‘ﬂy m3EPRRCE 0 5 SPRATSE COmBRHEm t o t he parts may be used. 15 The
coating tenperature and tinmes used to formcoatings in partially stripped

conponents wer e i demlifoagh e prékaht iBPEHRAHa9 Bednl desetiiRd ih 66nreRéd With spédifipped
turbine conponents in ich all of the djffusion alumnide coating 12 was

removed. The fexpmplegand gabediments; ithage skilled indhe a3 vl repegnmzenibaigtheiiratsat
stripped in ac ol n
and Irogstored bqw gﬁlﬁgsl \zé\%&r?gievxg@&g out %nog%dgg{ol nc Hédsn‘gn{etgiﬁqgvﬁpé Hich®
conpares favor alahlynplms fid ethbodiments larqantehdﬂkampxcdfofaﬂaﬂmt thaﬁ 115) % wiap tigting
(mean). Tge final di ffu5| n coat g t.hi ckness 1% th Rene bl ades

stripped Ih acdBr HEEPELE RfﬁseenL'P SUIRR 35 RUBRIPOH %FPPgen YPRH4F sol ution

and
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restored by alum nizing was about 0.0027 inches (nean) a 7Q%ﬁg%g
prestrip coating thickness 12 of about 0.0029 inches. I\/tha ogrtgeg%?(%

exam nation of the 25 blades after coating showed that the coating

t hi ckness and structure is predom nantly the sanme as before stripping.
Thus, not only is the coating substantially restored to the original

state, but this restoration is acconplished w thout any detrinental effect
on the conponéﬂté"ic@l t hi ckness. -13 17 Septenber 2004 In these exanpl es,

it is conveni restore the coating to the partially stripped bl ade
using an identical process and processing conditions to that used to apply
coating to conpletely stripped blades. This has the advantage of allow ng a
common procesk to Aenebed farccontatlepamiaval bf aslenstpppatiom df edhickadse lof an

stripped bl ades,...5 Howeve t hos Kill in.the art will recognjize_ that it
s posei bl e tBHEEOHAIRAR A podp guRTTyp BN Brisdbe Heihng QT erenbe
processi ng cogglstgrons or different coating processes fromthat used to

recoat conpletely stripped bl ades. The choice of processing conditions and
coating process i spaviditg @coaied sarevahiyenwbstrdto copesing paiquber adddiviedaygeras t he

restored coati I.S. abl e t rovi de accept.able oxidation and cqrrosion 10
Fesi ot ance. 1 otitudiFudan Fote bRt R o RRRH Bty s e S0nBlon SRBH “has

been described in cRRRERE IRt RUPRENDY dubstrX Rl Lehetich] 8PP BRkDn t hose
skilled in the art will fecognize that the present invention i's capable of

ot her vari at i ons pmsklentedi filmgatmiden preatledied conditisnsopdficiditetoeat leashppttiadlyand

nbodi ' ded as.typjcal .of .rat t hap i | it i 15
on: "t he_scopdeBvE HES B Bt bRt a8 et paRobhs Btentife e 2 s
17 Sept enber RQQHEdMN Mnel the \cHERiBAGARings blufion koskidiRBRantily 8 abf@st a

portion of a thickness of an additive coating froma coated superall oy
substrate, thelntet st dbinsrins md NHeF par dpfse @g:abou’f 10% to 75% by volume

concentrated nitric acid in water, or about 0.1 to 1.0 grams of NH4Cl per litre of
about 10% to 75% by volume concentrated nitric acid in water, or about 10 to 20
grams of ammonium hydrogen difluoride per litre of about 5% to 15% by volume
concentrated nitric acid in water;

withdrawing the superalloy substrate having the at least partially removed
outer additive layer from contact with the chemical stripping solution; and

neutralizing the stripping solution to inhibit further coating removal.

2. The method of claim 1 wherein the step of providing includes providing a
superalloy substrate comprised of a superalloy selected from the group consisting of

Ni-based superalloys and Ni-Co-based superalloys.

3. The method of claim 1 or 2, wherein the superalloy substrate includes a
coating of a diffusion aluminide applied by reacting the surface of the substrate
with an aluminum species to form the additive outer layer of MAl and Al, where M
is Pt, Co, Ni and combinations thereof, and the diffusion zone is formed below the
additive layer during high temperature exposure by elemental diffusion with the

substrate.
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providing a coated superalloy substrate conprising an outergagditd:%8o4 ayer
and a diffusion zone between the outer additive |ayer and t?}% supéraﬁ oy

substrate; contacting the coated superalloy substrate with a chem cal
stripping solution for a preselected tinme under presel ected conditions
sufficient to at least partially renove the outer additive |ayer fromthe
substrate wi thout substantially affecting the diffusion zone, the chem cal

trippi |yt i i, Std tall f about .0.1 to _.about 0.3
of NMF per 1t 1o B Bt SB0RE 7chBhy” vherriR k. shreiel SrBRRH e, o

in water, or ahRiss &F abolit00.1 8 09 @ais NHMHEA1itREST dbolif B0Rfto 780 vdldpRet O 75%
by volune concentrated nitric acird in water, or about 10 to 20 " grans of

anmmoni um hydr egeenteitéd wibid abéd mewatei.t re of about 5%to 15% by vol une
concentrated nitric acid in water; w thdrawi ng the superall oy substrate
having the at |least partially renoved outer additive |layer from contact

with the chenscal ¥ké iRehéd SOklaihon; vatgein Niet CRérhichiN Gtrippeh S tsbiubiph NG
solution to inhibit further coating renoval. 2. The nethod of claim1l
wherei n the swéjstanedst ueapergiurndtueensabonbliq (9§°HD and upentROFOW 1 #aTEt r at e
conprised of a superalloy selected fromthe group consisting of N -based
superal | oys and N - Co- based superalloys. 3. The nethod of claim1l1l or 2,

wherei n the sgper arhometddcRig 5, Rbletéd®s cﬁemﬁ@lagdiﬁ%ngtsolaﬁ&i {sf rginihed
al um ni de applied by reacting the surface of the substrate wth an

al um num spec#tesntieit fespparathee. addi ti ve outer |ayer of MAI and Al, where M
is Pt, Co, NN and conbi nations thereof, and the diffusion zone is forned
bel ow the additive |ayer during high tenperature exposure by el enental

di ffusion with theThshRtHotaifelaimly whérde plictgtical Qbfbping Joreridieédiemtsadf cl ai m
1, 2 or 3, wherein the chem cal strié)lpi ng _solution consists of about 0.1

to 0.3 grams #a¥k Oolrto 4.4 rgsares oAPNHClIDOG Hise mfophept V@Purie 75¢eivetelaiced
nitric acid | Sonf@tflted nitric acid in water.

8. The method of claim 7, wherein the chemical stripping solution is
maintained at a temperature between about 15°C (60°F) and about 80°C (176°F).

9 The method of claim 8, where the chemical stripping solution is maintained

at ambient temperature.

10.  The method of claim 7, wherein the preselected time for immersing the

coated superalloy substrate is no greater than about 60 minutes.

11.  The method of claim 10 wherein the preselected time for immersing the

coated superalloy substrate is about 30 minutes.
12. The method of claim 4 wherein the chemical stripping solution consists of

about 0.3 grams of NH4F per liter of about 25% by volume concentrated nitric acid

in water.

<16 -



5 The nethod of claim4, wherein the chem cal stripping | UL '
mai ntai ned at a tenperature between about 15C (60F) and Z@oéde%"teglg)ék?g(%F).

6. The nethod of claim5, where the chem cal stripping solution is

mai ntai ned at anbient tenperature. 7. The method of claim3, wherein the
chem cal stripping solution consists of about 0.1 to 1.0 grans of NH4CL
per litre of about 10%to 75% by volune concentrated nitric acid in water.

8. The nmet hod, of_cl ai , erein the chem cal  stripping. solutiqgn i
mei nt ai ned at % T@@@%gwf\ﬁ%@t e"fﬁ*‘%ﬂ&def%‘?‘%é@l@fﬁ SUERE iBBent 396r) . o

The net hod of; ¢Lakil fr a El%ctfﬁﬁ‘ﬁ %:cabgf’{iﬁﬁ%ﬂﬂ“vﬁg' ution is maintained

at anbi ent tenperature. "10. The nethod o alm erein the presel ected
time for inmmrersing the coated superalloy substrate is no greater than

about 60 m nufes. . The method _of claim 10 wherein the preselected tine
for immersi ng{ he ﬁ%@ﬁ@ﬂdggﬁléﬁaﬂgwem PEPREICied SRS AP TIPESS. 12, The
nmet hod of claim4 wherein the chem cal stripping solution consists of

about 0.3 granms of NH4F per liter of about 25% by vol une concentrated
nitric acid In walke methdd 67 clhapt Eybeher2idOthe 18iperiey rsebdimte of Rehail@b 12,

wherein the coated eral | bstrate is Re 8Q .immersed for a
presel ect ed t1%“5%‘?%88@?8@%&33%?%@%%@%? gjiﬂmlfl‘ﬁﬁs met hod of claim 13
wherein the preselected tine is about 30 mnutes. 15. The nmethod of claim

12, wherein the superall oy substrate is Rene 125 imrersed for a
presel ected tlore béEhewethodldidaif- 3 Ovheiein theschecal Thgpingt dobutionf conbisis mf3

wherein the chem cgl i~Api ng sal uti on cqnsi sts about ..10- 20, gr of
Armont um hydr ogen S1OME bPdRe pF FiRmca Tagiseen atpeds B UEF ahavdi s
concentrated nitri g5gGhdoluind\Wt@heentrated nitric acid in water.

17. The method of claim 16, wherein the chemical stripping solution is

maintained at a temperature between about 15°C (60°F) and about 80°C (176°F).

18.  The method claim 17, where the chemical stripping solution is maintained at

ambient temperature.

19. The method of claim 16, wherein the coated superalloy substrate is

immersed for a preselected period of time no greater than about 60 minutes.

20.  The method of claim 19, wherein the superalloy substrate is Rene and the

preselected time - is about 25-35 minutes.
21.  The method of claim 20, wherein the preselected time is about 30 minutes.

22.  The method of claim 19, wherein the superalloy substrate is Rene 125 and

the preselected time is about 25-35 minutes.

23.  The method of claim 22, wherein the preselected time is about 30 minutes.
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17. The method of claim 16, wherein the chem cal stripping §é?'té1‘ﬁﬂe?

mai ntai ned at a tenperature between about 15C (60F) and ab 80C (176F).
18. The method claim 17, where the chem cal stripping solution is
mai nt ai ned at anbient tenperature. 19. The nethod of claim 16, wherein the
coated superall oy substrate is imersed for a preselected period of tine
no greater than about 60 m nutes. 20. The nethod of claim 19, wherein the
superal l oy substrate is Rene and the preselected tinme is about 25-35

m nutes. 21. The nmethod of claim?20, wherein the preselected tinme is about

30 minutes. 224 Thendeidiee of dial M %@lerefmﬁ@lsfegtmn@mpﬁzﬁigl M sHbpigate is

Rene 125 and the preselected time is about 5 mnutes. 23. The net hod
of claim22, st fartherdngndesaboatardn the mathideavabobst:8e withrmkasis. solutipn.1 7

Sept ember 2004 24. The nethod of claim1, wherein the step of neutralizing
the stripping solution further includes contacting the wthdrawm substrate

W th a basic 39| ut TR Imethod oFREiMEINQHerRIn 1 Dast 24luvibRi£h Boluhign laaNaGH
solution is a solution of NaOH, KOH or Na2CO3 in water having a pH

bet ween about K@HerdN&Crdn Wﬁtﬁéhmng@@mflnnyeeméow7mde9 .precedi ng cl a| s,
wherein the step of neutralizing the stripping solution further |ncludes
contacting the substrate with water. 27. A nethod for repairing a coated

superal | oy supstrarke nEdigd o$idg Sk of R Dred@ling! EMingh, nghaelﬁoafeeﬁe
superal | oy substrate conprising an outer additive Iayer and a dif u3|on

zone bet ween Rewrabzingrthe gtippingesalefer fugher dndudasprontdcting the substratee with
I mrer sing the ted superall oy substrate in a chem cal stripping solution
for a preselected tinme sufficient to at |east partially renove the outer
additive layer fromthe substrate without affecting the diffusion zone,
t he chem cal stripping
27. A method for repairing a coated superalloy substrate, comprising the steps
of:
providing a coated superalloy substrate comprising an outer additive layer
and a diffusion zone between the outer additive layer and the superalloy substrate;
immersing the coated superalloy substrate in a chemical stripping solution
for a preselected time sufficient to at least partially remove the outer additive layer
from the substrate without affecting the diffusion zone, the chemical stripping
solution consisting essentially of about 0.1 to about 0.3 grams of NH4F per litre of
about 10% to 75% by volume concentrated nitric acid in water, or about 0.1 to 1.0
grams of NH4Cl per litre of about 10% to 75% by volume concentrated nitric acid
in water, or about 10 to 20 grams of ammonium hydrogen difluoride per litre of
about 5% to 15% by volume concentrated nitric acid in water;
withdrawing the superalloy substrate having the at least partially removed
outer additive layer from the chemical stripping solution;
neutralizing the stripping solution to inactivate further coating removal;
inspecting the superalloy substrate;
repairing imperfections in the superalloy substrate;

restoring the outer additive layer of the superalloy substrate by exposing the

superalloy substrate to a gaseous phase of aluminum at an elevated temperature for
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solution consisting essentially of about 0.1 to about O. 317%63%%‘}2&%': per
litre of about 10%to 75% by vol une concentrated nitric acid 1n water, or
about 0.1 to 1.0 grans of NHACL per litre of about 10%to 75% by vol une
concentrated nitric acid in water, or about 10 to 20 grans of anmmoni um
hydrogen difluoride per litre of about 5%to 15% by vol unme concentrated
nitric acid in water; w thdraw ng the superall oy substrate having the at

| east partially re ed,  outer. additive.layer fromthe chem cal str.ipping
sol uti on:  neut RIS Redepprit ABrasgledd AmPRR of gRRERIAYEL B ARl R Coat | ng
removal ; i nsgﬁﬁggaﬁagia@mwé@g@gﬂrg& abstrate; repairing inperfections in
the superall oy substrate; restoring the outer additive |ayer of the

super al | oy subst r afosming exgrotsctive heniniléperatink oy heitstreating the supgeadloyus

phase of alum npum at an elevated tenperature for -18 17 Septenber 2004 a
bs{%e bhpreFglege ?qggaéﬁ:‘gt%fn@ﬁra unt of al um num over the outer

time sufficieft
surface of the partially stripped substrate; and formng a protective

al um nide coating by heat treating the superalloy substrate at a

presel ect ed e?%vat@éﬁ@ﬂp@raflﬂaém 23, whisinrghe ppogsses | ofi resteiing \therasiter t he

processes of restordng t outer. additive |ayer of the superall o
Dbstrate by SRR 10 did8s Sinsron SyPutt By sRESing tpe i BtiBC B

al um num at agReqRehRct &f AhRALEdt epREsiadted {laRat RAbkAklY subsdgitaigal to
the restoration processes for outer additive |ayers on nickel containing

super al | oy suldseticat tstheresipraton prsessee foronderasiditivedeyeas en ainkgl eqnddiging
renoved. 29. eral.l substr whose nuf act ure, or,. repai r, i ncl udes
L he met o or SRSk Bubeies HOWh{ AT pribiORF oIRAH 45 colficily FaR, (0
manuf acture or repair includes the nethod of any one of clains 1 to 28.

31. A gas turbine engine_conprising an airfoil whose manufacture or repair
29. A superalloy substrate, whose manufacture or repair includes the method of

any one of the preceding claims.

30.  An airfoil whose manufacture or repair includes the method of any one of

claims 1 to 28.

31. A gas turbine engine comprising an airfoil whose manufacture or repair

includes the method of any one of claims 1 to 28.

32. A method of repairing an airfoil, including the method of any one of claims

1 to 28.

33. A method 'of repairing a turbine engine, including the method of any one of

claims 1 to 28.
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includes the nethod of any one of clains 1 to 28. 32. A np;tg‘t%genggergg@@l ring
an airfoil, including the nethod of any one of clains
met hod of repairing a turbine engine, including the nethod of any one of

clains 1 to 28. A NETI—ILO:I?/IEF %ﬂ%%fklgfqgfﬁs%w:y@ SUPERALLOY

SUBSTRATES  ABSTRACT QL pERRLT a portion of a

di ffusion coating fromthe outer surface of a ni -cont ai ni ng superal |l oy
article. Adiffusion coating typically includes a d| ffusion | ayer (16)

bet ween an out&BSERARIINI de | ayer (14) and the nickel - containing substrate.
The nethod includes contacting the coated superalloy article in a

presel ect ed ohemt ool aiidR DO ARl bl B » RoRloR S8 LiisbPERlipd soh ik T

sufficient to renove on um ni
subst anti al | y aftérentfacmgof mmckeirdohtammglsdm;adiby @ﬂtﬁ)e uAdifﬁﬁlzsyomg)am@t}(ptﬂaéy

article can banP e BRI L Pef it ahduige AbmREE Boesilar M oot ayer
(14) can then Qmtdidsg aitBdate The GRIMRINTHEIRAR! conBEMRY the EbGeH Gupdralloy article in
5 a preselected chemical stripping solution for a préselected period of time sufficient to
remove only the outer aluminide layer (14), without substantially affecting the
diffusion layer (16) underlying the outer aluminide layer (14). After neutralizing the
stripping solution, the article can be inspected and repaired as needed. The aluminide

outer layer (14) can then be restored in a conventional manner,

Figure 1.
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