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%latefrﬁ%ﬂ’éf“‘ﬁasc@a%%efP@I‘qdo?ﬂ B%Pe&tlﬁbsst“h%f
substrate to am @bééiﬁdﬁllfnté 12CHbveN W efHORA NG N endlin Qh@\dﬁhﬁftnt@amﬁgsafo%eé 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@’@I(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 arti cle which wll

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

di ffusion zongeme: gads a8 lﬁmg&hﬁq ks 'tﬁlbnt@'engttpétot Bbr en¥ihrhdbe pﬁtte&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%&lf]greﬁ? b Ined (?%?S%D%Fatlr%&:ég%rtmggn%&cféwﬁ{’ vary
as it di ffuseg’pmﬂlwandktldsaﬁ@rsnp&rhl@ym Ab . pu&tuda bewetion bephimet toaglation gindal
surface,,fhe initial 1 C osition_of stra e i.S_nai ai 5 but
the N chcentPatidhedhir REREEP RN o8 o o hF SiiBkRieiZ BRaPHA04rY ac o
function -1 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



17 Septenber 2004 of distance into the diffusion zone. T bgod hat
al though Ni Al forns at the outer surface of the articleﬁ%agegwﬁeént of
varying conposition of Ni and Al forns between the outer surface and the
original substrate conposition. The concentration gradients of N and
other elements that diffuse outwardly frgmthe substrate and the 5
deposited al um‘%ﬁlﬂ%ﬁtaf}&l@ ,mtErtE%lfjéff%“H‘i F4NGsi %ﬁe Fel 1p dhahalibough Nt forms at thece

of the articl guanduih@l ofP@k tirddle of faﬂﬁ:n?ﬁp§£12yg{gecdgg¥)§iﬂgn | FNCAOAP B rms

conposition. O course, exposure of the coat su rate to an oxidizing
at nospher e t ypibstvden theguibr sirfane and thefapigingd sdstrate campedition. ndh¢ agreentoatm t he

nickel alumnide,..ln s C I Ng sSyst o | at i num_al um ni de (Pt

coating is for r%%dl?ﬂ}s oqlgF@ch@tth%%F@ﬁtﬁSﬁg; d{tﬁ]\sﬁ opéw&yﬁ%?pgﬁuﬁgm(t%g@ hlane
ni ckel - basg suhirpésies aliniadui! AICERAE I aHflsfnCIone SetwebhaRe oaiPQaHE& of tHde
platinumto an alum numrich environnent at_ el evated tenperatures causes

the growt h of & ped thappertiogrof phezsubstratethauing) itsrarieingl gPmpesiden.i R soume,
reacts ' with t LA LIeRs: N | hfuses: 3 t he
Gubstrat e chancr o roct B oatth B8R eiPyt bR sl hohRicqH) SR 1 A
moves i nward t Homumgiontolien pluatinanlaper aveotht hickeldilfihinédeon zone of the
substrate. Thus, conplex structures of (Pt,N) A are fornmed by exposing a

substrate electroplated with a thin |layer of Pt.ft. t nosphere ri in
oo mary at el ovas o sEile Mobdhessstertas Wl altinitifl BB SaBRE i Sty o
the substi@te Mdidblathg A layert BE NRRRE t Gvelli heChicRél-Habé OHBBritbetdta
creating the diffusion zone, PtAl x phases 20 precipitate out of solution so

that the resul tFSHFYERINGE AtbiGkRess mathai.| PXPOSIE oofc Bist BlAHRUM Jped) iuraipum-righ
PLAL,, Inter mteﬁbfrbrﬁnen%ﬁél@vﬁ‘ted it eﬂftut%:? cﬁ%eﬁt’\ﬁg%ﬁm.d?'aﬁ%?l'ter%}gpo'?'lj{iﬁl a

coating, a gradient of alumnumoccurs from um numrich “outer sur%‘ ace
i nward t owar d thelusmiben rdiffeses uinfeaer] rewd witlyrtbelipbtinunf At thedaro¢ Hiame, Ni

el enents occurs;: hese | enents, diffuse .outward fromt substrate .,nto
Che al uni mam 1 ifttsshafttas FpBU sTusitls oafe e WL mpeb 350 oF SRS " ©
al umi num t5 ch elimhuhaytied SniadnBEowh tH&equh@ﬁ inf fthid Cdl ffu¥ibh CFon@BYf the

I ncl ude both platinum al um ni des and ni ckel al um ni des, while a diffusion

| ayer bel ow t heubtitas Thperomalex pawatisgs ofPiiix Al ardomiediby exppeing pisglstrate
Cypi carly resulySropeiarf SHEap SR in nBiip g b IRE A e
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.



-2 17 Septenber 2004 These al um nides are al so used as bop;d% CSer 04
thermal barrier systens, being internediate between the substrate and an
additional applied thermally resistant ceramc coating, such as
yttria-stabilized zirconia (YSZ) which is applied over the alum nide.

However, the process,for.formng these diffusjion alumnides.is essentially
5 the sanme, that is%tilssesaéwl nar?éggetfgﬁ?sg as Lgn %&s‘é@%ag‘i’%ﬁ‘?‘ﬁﬁ'ﬁﬁemﬁs Mgy
by a pack prog@ssnddiat@ teddeRr B6 esibstadte &lndvVal eddiienfeipplied aGerniNY febiStant

resulting alumnide formed as a result of diffusion. er time in the hot

oxi di zi ng envi CE¥HCOBMEa Suphisast Yiina-yiebilizash meconian€Y SBowhich gs applisst eier the
applied as an s ' Qat: .1

barrier syst em%[ehv\{ﬁelﬁ{aggm%gee[g ﬁ%&g&%gﬂénr ?‘Z‘E‘ﬁ?g 8{0%? © %12@&1819 Qgﬁg%@g{ {r%% ?eéﬁa%%
ongoi ng pr oceslxesamd)ithit isrtolsaylethersubstoate dexposed e alurpnungenmatly dfy hetck

gases on the airfoils rosion due tq reaction of contam nants .in,the
products of coRBF&tS 8h a\/\ﬁsg Prpsess it g‘Fth‘é‘{ éW?%ﬁ%‘EﬂsoPn‘f&é& Lispfigg) alumipyde
oxi dation. Prodseted 29% reiiysstfaaine requently build up on these outer
surfaces. In addition to degradati on as a consequence of 15 exposure to the

hot engine environnent, airfoils may be damaged in service due to a
variety of factors, O¥SH timeyin the hepaxidizng envirenmanhlof f sembHbEg ¢neificaribe by
wel | - known pr . ' . ' t

order to repa CoRmEEnAc BRdE A niiohARHl Boting D s EBGHY BEATET el
only the Jr odubtsieofsystembivehivally defrade aprar resulopf pne duct sombidation dfibhgoing

products resulting fromroutine exposure to the 20 englLpe environnment, but
al so previ ousl ;Pf%i%?ﬁef & _1°(1,‘o‘3‘flflabﬁr,°s‘1|%fl fd9 tff?amnﬁe_“éﬂnf ggﬁ‘gf s ﬁl‘érﬁ}%@lf’ as
a result of serkyir68eon Bt @6 rédctioR0PCRERAININ il BRAPplodts ©P2bRBuRlAIRER the
chemcally strip any remainin coating fromthe turbine blades. One of

these repair mEtgiglle surfaces of the pirfpil, pnd) widatipat efpodegss off combulipg fregrenibes

acid stripping. u ' ar ny u a
di ffusion pr océnslg?(@ci&g tﬁs? ?iop%?tr‘vig a% f 'aclﬁsg{dﬁgﬂldﬁof ?%gé%ﬁoégﬁé E’%:&:%ﬁc?%f

i ncl udes brigi rapossubietthahet engirerdnairpnmentywirfoilasnaytte deinciged iradanvice dadetamnd
any outer |ayer

Uy ther compl | SATY o B aad e dansagle srmo L e daranePl sto Dreron 1y
to resist chempesdessat tsaéik ss fweldihg, 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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corrosion processes and protect the substrate airfoil. Yet, % E

met hods of 30 stripping the coatings are controlled chem caﬁ attac S upon
the airfoil. Unless -3 17 Septenber 2004 exceptional care is maintained,
the chem cal solutions used to renove the coating will vigorously attack
the regions undgichibm@cdb % rﬂﬁl‘ﬂ%a%gd' e cﬁ@:ﬁkh%lutéﬁs ﬁ&ﬂ‘?(y Amele tﬁ@@oatlﬁgwxﬂng
will affect the olUter coating |ayef and the diffusion Iayer, may
involve a di rétﬁ)rmb/aﬁtmclomet tegicns bsilerdting the profootive omtiog. tSIoeremspbslt ¢fauhe
Because the par ar.e e rocess t ves

portion of the® ‘Sa fng; {1 2 Z%ngl?gf'ger ﬁ% r aPﬁif&F ‘kﬂ]g{"%{ ga?’eﬁtaBgWg ‘B"?‘Y‘hgi on
zone limts thexréur:m@dk &if the lsiBSratedita pdi€orpbf the kltktraRN BeBausk eheSRils Skd 1k,

m ni mum al | owabl e wal | thicknesses cannot be violated. O her nethods such
as di scl osed i A TPEX pEgesnthahgemaveson legst o agwion oft theiipitiabsplesgrater higbvs of

coatings such gz, oﬁ:ﬁﬁdem?d DdiFrlesh %o[r]xl Jimits @Iéaxlclitlrﬂyer Befittis El{aﬂh%%lrlz&ls‘@aﬁ IBQUt

adversely affecti strate My mnimze a
Hast el | oy- X submsechsleqe mﬂmrnhnhdiswabllemlll‘thwkmﬁ@mhnnombeompmd son to a
Ni - base superalloy, but it still renoves any di ffusion zone forned between

the ni ckel al um ni and .the s bstrat re.. Whi s may,.. be an
oot ve! methag folel Mertall SE03E W Rsed i hRACEIRAENG e S b8 by TR it

50% N, it is obfcefchRebl ¥ cdtihgd sudtbadhicRalSAumites b YHWMILY-X 30bdtedsude
Ni in excess of 80% Anot her_nethod for renoving coatings is set forth in

U. S. Patett NoWithgutgyeraely affectingfhe pubstrate: This methed may mypiatze e iHpach§8Rgnee
of the present HyQuf, éri]sﬁxo&bst&t@' WG hed o) @WN\{% %P%%bﬁ@%{x%qnbﬁf’?ﬁﬂe—%et he

envi ronnent al coat| enperature bel ow t e duc
transition terrpwllswe bof it lstll dieqfoves any zdiffesidd ue rfoasednbesmm theemickg].

Thi s mechani cal; act.,on racks i,n the coat Litat
penetration of ajuininidp an &eﬁb‘bi‘ﬁ?ﬁtfﬁﬂ‘cﬂﬂ% ﬁﬁ @B%?’iaﬁ € aﬁtegi%?thvtf R}?‘E?‘Hctfy of
the interfaceahallveerchtReH &l nacenainthet ity dbdift UBYPNI,Z0 ReEnd ndfesidecs at he
renoval rocess. The difficulty with this nethod is that since there is

significam, ifiase %@féiloy]?{@f?étc?&ﬂc&ﬁ[e Njfin exees0ff80isi on zone, incl uding
renoval of at |east a portion of the 25 diffusion zone that was

i ncor porated from t hgoine} tmahocﬁtf@ﬁtréaaﬁngt&%negst iCh& Fotth WAGS MRy No.
thinned as a result of the procedure.

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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What is needed is a method of renoving the outernost |ayer; Qa6
al um ni de coating applied to a nickel-base superalloy substrate w t hout
affecting, or only mnimally affecting, the diffusion |ayer substantially
formed fromthe superalloy 30 substrate, the diffusion |ayer being |ocated
bel ow t he outernost |ayer of nickel -4 17 Septenber 2004 al um ni de coati ng.
Associated with the renoval of the outernost |ayer of the coating is a

met hod of r esilomimide @atifng Bevdcikged With theedadvah bt Budenes0 Ry tad édating Bpai r s
of the superalloy substrate has been_repaired. SUMWARY OF THE | NVENTI ON
The present i MRSHAdo Testornd or seswing: the mrckrbpluminide centas witek epaisnat dieni ng

superal l oy co Aty el evated tenperatures and include
SRAGY @g&@&& h&ﬁ)%@@feﬁ%\gefd.

al um ni de coatings envi ronne protection froma harsh environnent
or an elevated tenperature atnosphere such as is found in the oxidative,
corrosi ve exhaUMMaRYaOFeEHE ENYENGIONy pi cal ni ckel - base superal l oy and
cobal t - base superal |l oy conponents exposed to such environnental conditions

include airfoils ign_the farm of. vanes,,. zzl es d bl ades, .shrouds,
conbustion liners 21?1% p?ﬁ%’ﬁrelﬁf’e tloﬂalrc’cmgy%ag?%o %%&%%@%Pi?(ﬁgcﬁ%gt _

i nvention extqipdsalibh@ombbier® thhhberfd REEISAE] ettt ed AddiMRNRe RMmiRITRYI N
the outer layer of the diffusion alumnide coating so that repair of the

har dwar e can $RRtAST &fpenvateatmenial proteetionairom #dayshnenyiarnwent prean @iryatedyi ng
di ffusion |ay ' i i ! o) ' .

1 usi on af LerREisE Suflsphtis th & NIOIEG OBLLAR, (I MCREE KFa iy
exposi ng t heengimpohgital sniblsdlbasee supesalyy ahdindobalivbageesipesalldy thfgheARy one
of a nunmber of we]l-known proceSst. A platiphum I_I?y_}esr, may be

el ect r odeposi PHESEh % S HeTVETBERAIE! SonutipRs: matige pineits inothexiora fevages.t he
conponent  subgd LRk &nd BlaHBE sibHd, e&ﬁbuﬁﬂ%ﬁqfne&-anaaggﬁlaftw fdrfgad! Ot eCtive
coating may be fornmed as a result of diffusion o alumnuminto the
under | yi ng mat eri aln enttiodimendyfiilee picsdné ineentivn ketendrathe life o éhialekpansive
substrate, a cobalt-base . superall substrate . at i,num.pl at

super al | oy su%’ﬁ?%?%&?ﬁéﬂg%gﬂ qﬁ%?utﬁﬁi?&e’é?f 'i%rgéliﬁﬁ%f%ﬂml&?\ﬁ?ﬁ%&sp i ons

overlying thgatrsperidfithe hatdReEd b le abdvwiplRhel withalitik o tnoPRAdovaINofMig be an

outer portl Onunderlying 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.



conprised of a layer that is substantially an al um nide. bt 1%5“2' hee
| ayer may be formed as the major el enental conponents ofﬁ%@% stpgfe, Ni

and/ or Co, diffuse outward fromthe substrate and conbine with the
alumnumin the additive layer. If platinumis present, the al um nide may
formPtAl, N A, CoAl, and conbinations thereof, depending upon the

chem cal conposition of the substrate. Because these alum nides are

ordered interpgtighl! The {RbMEDobYortichdyuBeoR. diffibibh alah¥ W8T BasWa! Ehddicl
gradi ent of and Pt, N Al and/or N'Al and/or CoAl "across the outer -5 17
Sept ember 200pppasitionntesaiting Seaw e pight feoperatiyre shiffusioh of ehinomty fgwr thehat

has a chem cal ,...conposition resul.ting fr th i t enper r.e ¢i ffusion
of elenents f?délrqu‘f% UL ?ﬂ‘i}ﬁe ﬁb&h@%ﬁﬁt%%r ﬁﬁ@gﬂ?ﬁ ?r?‘ég ‘%bﬁfmﬁ PFelent
fromthem Thinterflefifatés betiveb@)ed uhsffedtedt Sib¥RticaiRl BRL ¥@EN aldigve Nafek amtied

substrate and the outer additive |layer and incorporates a portion of the
initial substge@oratised PereBsett thednidipl suhstateafbe camppsition of thigdayes wille
various el ene RSy .| e Jat.e {nglu . rapl at ed
Pt |ayer, the\rl;hte@rr%ge etgéanggtﬂitlsor?ﬁn F?I&C{ ﬁ%‘{égé? Lfggl\fegﬁﬁF%g gﬁu?%%a e and
t he outer addeledtopldtad/Br laybip drremagdaran dptioaal Rixidli 1zysrdettonshd eubsiratgny
excess Al int outer additive_ portion typically my con}:j)i ne with oxygen
to form an a@lﬁﬂéiﬁauﬁ% HIVERYeh, KA CXROSYFC te 17158 2ROSPheRRy A R¥ECSeen

deposited on Afe, Y Giter hdMBle BbrtiohCyFidRBs HayOdnRAHP WHENExyRER th b o6l €aned
of f by conventi onal rre?rhods. e%elsee[%@t ﬁlg}éls ailync%ngﬁe l'ig tx)%%charf?cal
buffing or cl&wmimegayeri |izing suitable chenical solvents. In accordance

i th t of .th ' t | t hod f | | ed |
of at 1'east a por tAbh PR B extilon iy alil? Pt oardat FRol P ont ad
super al | oy sulgé Gt BelsspRagyy d&ﬁ%oﬁehe artefiRO GRS ff Dy bnb BRionhERR s,

providing a coated superall oy substrate conprising an outer_ additive |ayer
and a di ff ustiease Zopibodeingdede liget sechanicaddiutfing drasleaning atilinegswieblsl | oy
substrat e; ca{%hﬁ&ﬁi S'I%ﬁtge coat ed superall oy substrate with a chem cal
stripping solution for a preselected time under presel ected conditions
sufficient to at |Bmastcopdantce akitly ohenaypect 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.



the outer additive layer fromthe substrate w thout substﬁﬂgép%ll@/er%@@pti ng
the diffusion zone, the chem cal stripping solution consistrng essentially
of about 0.1 to about 0.3 grans of NH4F per litre of about 10%to 75% by
vol une concentrated nitric acid in water, or about 0.1 to 1.0 grans of
NHACL per litre of about 10%to 75% by volune concentrated nitric acid in
wat er, or about 10 to 20 grans of anmoni um hydrogen difluoride per litre

of about 5% to 15%mb¥cosflatte witOndek a8 ofithd pfes@fiiflvdnfiolal @éthod for
wi t hdrawi ng the superall oy substrate having the at |east partially renoved

out er additi vEePRiENIER Goatsehsupereliet subsirafe ihelse hevided) thetméthesd egmprisingitheon;
and neutrali Zét@[% (ghe stripping solution to inhibit further coating renoval.
6 17 Septenber 2004 | n accordance with anot her aspect of the present

i nvention, a netpgheddinga coatefaupdrilthyesubstedte Corapiidh@hl optesatiitivedhperiagdal S0
provi ded, the nethod conprising the steps of: - providing a coated
super al | oy substiEsonEmsbesyesy ﬂ&’r‘P‘E‘ift"éﬁ“ﬁ’&d‘iﬁfeF%fP thgyuperaliqy substmte:f usi on
zone between t he, i ILd Al ;

i mrer si ng the coat ed&@%glgﬁyé’f"i%?“é%@? rsgap gr%t%ﬁlagc en@gasfﬂél@t? Ilrrg)%%{l:u?légnegélaut i on
for a presel ectpecielecied tond Sufficient tot a ledst lpediatly pembdvatieyoutenmidéivieHeyaut er

additive layer Jfromthe sybstrate witho ffecting the diffusion zone,
Che chemi cal - st AT RSP OSEHE oY C et iag ey kS 71 GO shomisaletgpes o
about 0.3 grans sgfutithitbnddfinglesdchBallyPbf A4, 110 Y& 07Pah¥ ot NI per litre
concentrated nitric acid in water, ‘or about 0.1 to 1.0 granms of NH4CL per

litre of about YHvbew 1735’%%2/5%@Wm@nn@mnntrfaécbmnima@id il vt dori abowa@.ér , or

about 10 to 20 i-4m hy.dr oge i f ri er. litre of out 5%
0 1596 by vol urd donedme LRl Yt 3 Aot TobARL 5% bl v e
superal | oy substiitéit@cidamiviges] Beatdiut | @ 8520 paids ¢ b iRVSdraieh fiflucidi ti ve

| ayer fromthe chem cal stripping solution; neutralizing the stripping

sol ution to i nadef e ef heut Hdrto dod nyplvmpsoraentrates sitde 83iAd WhETsuper al | oy
FuDSL e PR IFRK SELLNES kS HRShEl B RIS i |
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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superal | oy substrate to a gaseous phase of alum numat a gﬁge at.ed
tenperature for a tinme sufficient to deposit a presel ec'lt‘i em?ﬂg@
al'um num over the outer surface of the partially stripped substrate; and -
formng a protective alum nide coating by heat treating the superall oy

substrate at a preselected elevated tenperature. At the.conclusion of the
stripping operatio ,no[tﬁeé aﬁY%ﬁ@e-%ég%He§ é‘}vﬁpﬁ'%’“ QFF%Y%O@%% PRpBSi r ed
i n accordance pktbRd@st DEYnveNEHaPVPASSHIESS thdt a08LH B er SNTumidIE) all6G a7}t @
Repairs can include wel ding, cladding, PACH, brazing and other established

procedures. Thidummideclagemigybe resioraskwithin e additive dayier By chffugiem of s Golandhed
nmet hods for ap | NQ: | n mt_ i LOR. |

that only the Cg)u é‘?ﬁigggﬁ%rgcgsfrg@etrh%o Erﬁgélﬁg?nﬁﬁnﬁ?%@{ agoal isﬂgm?‘{tgmg E?ESCP éd by
renoval ffom thekaning ok ehinmdg fof tieppdrt dueltvethe dirfppiigy rocdsay eltenratieellyya mignt he

outer additive |ay I s substantj al naffected. -6a 17 Sep er 2004
Anot her advant 2%& Gl 98 r%%‘éﬁ??lait‘?f{/é#?%?l?’é(ﬁhé)t)&lcﬁngé"i(&é’ Eﬁ[@rm% &r
can be restorggply a conventional VPA process that adds a | ayer of
alumnum allowng the alumnide |ayer to be restored within the additive
| ayer by diffusion of Ni, Co and conbinations thereof fromthe renaining
‘under | yi ng mat er i al Stdbanother advaatageiof thropresape iiverfiangs et itiexieaindiedie phdepar t

due to the strj.ppi ' .ar ' N, ' e b
cl'ect ropl at od MAEH sl SRRy iy L Bt 0 Wnlbret\ o Bpec il 38
Still andb0her wmgsanydge Tie irkiclepagderdrippederepiiond aml feb@ited withodteangtdodshof
life of the nickel baﬁ.e supera{}l oy articl ﬁ“‘t by enabl i ng It.to undergo. an

i ncreased nunbEAMRpPCR! &cgwé?-ranéﬁ ¢ Epaired, rtiglehas pgegiangd plotegtive foaune Mabisi r ed

and recoat ed Wgldputivedithd 88sin coag@PONent thi ckness, and the repaired
article has a restored protective coating that is as effective as the

original coating. Other features and advantages of the present invention
wi Il be apparent fr@ter fasaresoandordvaptages of the peasednyrasion jwitlibsrppparephigom

preferred emboglh BAbwide?KERe | ditatird CELA i ] | Ren i
drawi ngs whi cﬁﬁub Fﬁ’us‘?’%‘%ﬁe, %y walgdo(?éaé@?r&pﬁ gp %yﬁ%ﬂ&l USRI, Reken 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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principles of the invention. BRI EF DESCRI PTION OF THE DRAW Eﬁ'te@ﬂ%r shod S @
partial cross section of a coated nickel -based superall oy ‘ar

depicting the additive |layer, the diffusion |ayer and the substrate. 20
DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENT The present invention is

general |y appli cabl ni ckel - d,superal |l o conponent s havin

di f fusi on al umi ni deﬁgﬁ?gi”?gn‘b%w ol Wi S BBl s $e6toR Bheyipenticalar to
environment al  prpMmRChicuRh Qhe Eéht&BHY 8xRAdiAg ROME SR sUrB¥Ebr hatrbinPERaYg0t | Y
applied thermal barrier coatings. These conmponents operate in hostile

envi ronment al Q@t%mﬂl @ dfysion slyminige rentiagHat Thzibdse mnvterialmf the furbise \bbide
at nosphere at ?A g.{pefa‘f & %1“&61(?0 o[}bcoﬁq r GHGRE Fand Eo (L]i%.{h (%ﬁérglg nfnt S

can be found in sec i ONs I'ne engl nes "ahd 1 nc
t ur bi ne blSades n&hei waeesperdllopt fmedrCo il asbbalt base supotallgy disfuserohtvaed fbomothds,

conmbustor liners and auygnment har dwar 7 Sept enber 20 rr| n now
to Fig. 1 whi o ibsfEatg *Biglw diffisiopaling: F’cﬂﬁldt‘é?é‘fi’eﬁé]t%%ﬁ'ﬁy aﬁ‘-ﬁ? ne
through the Ce%@ﬁlﬂaﬂﬁnfgéﬁ&qb tWhFl@@lS@L‘fktsFoﬁ o?l{ﬁé E\gﬁra‘?lfo %ufaéffal?é H’%ytyeqqe 10

coated with a diffusi'on al um ni coat i ng teri al
turbi ne bl ade tamy Oﬁéh*ba@wpeftraII%Gyltmﬁllhe umler@oqd that T Ootbaseasuporatopfubisiratand

Co. Both the Ni ase a _cobal

superal oy i t PLEAEaRbat Sorrafis: mes st pRouPRed 4n af R for orting

al um ni deld), andiffudnsalp@imddsa) IhesYsubatesde stbdtdntidlly Atdsante? The \baddgi 10Gis
per cent ages. Wil e, di scussi.on of t he superall oy substrate may be in_ terns

of Ni-base sup&P&fd wifh anpdd W?Pua’én%&?épgbbwoslﬁaﬂheab 295 19 A<FASANS SPEigs AL
substrate or guhifdn Qaélﬁvaiéﬁ)éﬁﬁle%a%ess U’hﬁé E@éc@oxﬁﬁl%h@&f bﬁ ‘all?f bhd bf umBs dihe
on al um ni ese sub

process for formng 10 diffusi es inth rates Is
substanti al |y wel-koaws. indtherigl pobeestes. i Exeoplang cexamples ancladeliviapere gad phiseum

e, oY XPOl i ABLAS' D JESURBEE Slne 0H BRlnY BB

i ndustri a5 pr oamsﬁmsn thi Bradb & optienslplecrdpigdd dlith ¥ pREAuBTEIVNSHA in Fig. 1),
al um ni di ng suc %\/E nd_over -t he-pack processing. Prior {o exposure to
the 15 al um nu é‘ a sN%aleHiz%aquﬂygésf desitedp Aaigkel \yuminide noating $d( not

shown in Fig. ilﬂodlﬁed (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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If a nodified (Pt,Ni) alumnide coating is desired. A n|
coating, or a nodified (Pt,Ni) alumnide when Pt is |ncI eg?em%er?g@ﬁed at

the outer layer, also referred to as the outer additive |ayer and
designated as 14 in Fig. 1, as N fromthe substrate matrix diffuses

outward towar dylGiblis ﬁb Gheapsi ikl a\f)%ud W64 irRfed 41 rm)x%q'?pxbaﬁl)zt(;’e inehsbu . 03

el evat ed t enperature. cour se, fusion is not restricted to Ni, and
ot her el enent incles imslecl(mssxvaerhefdlffmmméam bist r\ahleh 19 gaswmlinkoi the mutltﬁtfafms es

inward fromth .oter it h a t achi.eve
t her nodynami ¢ 591" aﬁ?’ﬂ? | ﬁor’fl?(}dpégé) @ga\?c Q“gi %Bjﬁ a& 6‘?0(@)1/ Til'%d&s
shown in Fig. WhilCanposiet aoditige @dﬂfbﬁﬂﬂ&:oﬂlfpnséfsadhbcvdﬁm@é aimmysawuwowmoogx' st
in the diffusion zone. In the outer additive zone, 25 however, there is

formed Mals andinghes. Riegireng,pgain EnFigh bnbaincomasaticacpfithe sbstiete ghtg e diffusion
consi sting Oft er gh%egrg&gﬁg(ih@@imh%é&% & repﬁ% t@‘h%lfﬁltxap&ﬁﬁ%smon

super al | oys, itive zone IS primari um ni de or
optional |y (PtofNitheAbubsirata d#Pttins t,, pné SetetfaceARD, ewhxelaa“emesemltajmampm'tnmyofaﬂ&o
exi st which can,n tur thin outer scal of .al um na
shown) upon exﬁ'ﬂ? gh thfBg Bﬁmﬁg’gy@&y it g4l GoDpoRIionHt 2¢ ?*B%ﬁb’ﬁ%?é”heﬁ* e
al um na scal e, gidwth & ifGignificgntneasured in angstroms or fractions of

m crons. The overall thickness of the diffusion alumnide coating 12 may
vary, but -8 17 Septenber 2004 typically is no greater than about 0.004
i nches and@ nore typﬁ@allwwb@f kg @9@9@5  tho presppidnvention affiets guhstantialiy enly

di 1 usi on b &Y fnelbuothigilhvh o SANUIKO e PHBRLIAS rerlo(BRAL e bFRARAV.

0. 0005-0. 0015 |nc es t nor e
t he outer addi aiuu'enlkiayeatmgénzcdmprsmwsttm@()?!b&[)amumhes,lsnmm sonsdmands, 6 @afion 002

5 inches. Refergi.ng ai.n,to Fi .th incr.or on, of .th ubstrate
“nto the diffudl B s “I%g% belo de% défﬂ‘ésd" ey g’ﬁt"é’“ B’é‘f"&@&&?"iégemﬁ&w
represents theirvehfiorabnlgORRESEd tlﬁfbuté}faddhﬂ(csld t 1At @ At withiBthe .scofef the
interface 20, which represents that portion of the substrate still having

substantilal |y Prgentimyvenionclonfsstveithe catircaadditier laverd 4t sdwaesnalupettion of

growt h is insigphki t f dse 9% .8 h

i nvention affects Ss&gﬂggng@ﬁ%y@ égg%tfel ogfjgt.'er eg@%tt?fvg 1aygrr1 Qliei-ﬁfe?ﬁ]rﬁdke
prior art netheadodikent, loely[theomtheadeluﬁuerlwedns‘rfeumwexh al um ni de coating 12,
that is at |east 0.003-0.004 inches, and in some cases, a portion

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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of the substrate below the diffusion alumnide (i.e. bequgéﬁiﬁ&%ggmgO)
the present invention only renoves the outer additive |ayer

wi'thin the scope of the 15 present invention to renove the entire additive
| ayer 14 and a small portion of diffusion layer 16, but only to a depth of

a few tenths ob.0a1350002 liRcHeB & P6RECEIREVe BTRPTIRERAL Re®NRY fuRRnOUlredil, the
additive layer is renmoved. The coated superalloy substrate, such as a

t ur bi ne ai rf oi fompgCcRthshoyld Bapinemensed m thmsmmgb%é@nsammbmt dympgratgre for
cobal t - based s r

conmbusti on, \/\h#‘(gﬁ{e%%/g%ggiéiu&ul aq? Kggs aﬁ?'&ﬁ%&&aggg é?%f&?lg}emvedso& i Rerem
application of a:ablsnm' te&tpbmn&ehyasﬁd mterdhangaablyanitt abormaedipargturdCend edpresents
conmponent deS| i nclude ceram c thermal barriger coatings that.

require rénpvall tf&ﬂ?& emperafres; 1N, fPRRdyetion, ok m@lrmw OMSUTERGY tQ Vigteg o g
coat. The arti sét@eééawdﬂu%la@%eﬂ%razo mﬁf gﬁmetznggﬂm ﬁlﬁi‘?fcﬁé?ﬂ shibibiRg

article over its tinme In operat can |nc e cracks, gouges and
erosi on. The amky céquiresndrben ldssirresedemoveahe hdditiealayers tTﬁemmifmi@;s mey also ba

such as HNO3 +NH4F or .ASC 2-N for ,a.tinme suffjcient t out er
St e aver Mgersd i 3us@abing ol dieh M Bvted b or brgtateckst Teivheghihy oAoe

outer layer WahbiceFese\RR tRe RHERE theQbluYioh walD be SdjubiBd doRhRerdRY acdtit for
linited to, the thickness of that layer, the concentration of the

sol uti ong0 t hethednereased shemistal epiévityontuelpvates temtperagges dftan cuchremexalviior s

and the chem c r
5004 0. 0015. 0. BEFL: ncﬁ@é’mﬁ &‘R{"“ ‘Qﬁe p?‘%x“fégft%?é’}%f‘ﬁ’ggnﬁ?%%é’%e}%o rg’:g‘%g
airfoil, the sowonsch as Iamnladubc&xslsmmﬂoseﬁl\ﬂa@}lt, OB Na, 00, npreferdtily havingt
anbi ent terrperﬁ]g% for

ha 60 , desi r abl
about 25+ 35 m AEGeREn ks TaBRabtet O, BE B LrteR AL PO e e

i nterchangeably with roomtenperature and represents 5 the range of

tenperatures in a pIogucéhbiii@ent &P@E hrdsa@i ihidn¥ioh) B8 chERIGRI s $Wgrﬁoﬁmon
bet ween 330ut 60- 90 F 15-32C). Turbine airfoils made fromdifferent

substr at maifch el b’irdlﬁséé‘?dt“i' rsolution efmitrie acifbanggwates. vEhg sldion The
airfoils my ai:é&dl?@abduwg%%dabbgrb?s%tcBﬁcﬁoirélgd ﬁﬁhb'%bﬁ'hnﬁ%téie%&ﬁ&tm -£0

presel ected tenperature ove I'n the solution
wi || be adj ust pmdefdkAFds disscoxidnrtch liter &lhe higrid avid/ewsedobitioni cal activity
at elevated tenperatures. After such renoval, the

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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chem cal stripping solution is neutralized, either by ex r or
a mld basic solution such as a an aqueous sol ution of @éﬁi}% %ﬁ
preferably having a pH of between about 7 and about 9, to inhibit further
renoval of material. In one errbodi ment of the present invention, the

chem cal strippi,ng.sol ution NHAE - . NHAF | i sso] ved.in
corution of nf B diE dhe ktibortiee of eSO N Bk e RBAT e P about
75% concent r at @ dmhdunt 6f GGk eleq%ndd YéitiSimerbPsHould Hec%n@spo%ﬁl@& RAuddF is

di ssolved in each liter of the nitric acid/ water solution. I n another
enbodi nent of the present invention, the chem cal stripping solution

incl udes NHAG . NH4C is dissolved in &EXWMELEIN of nitric acid and water.
20 The solution includes about 10%to about 75% concentrated nitric acid
and water. About OTﬁrﬁn@bIQHérfﬁadg of Mk iSoadk §.§ﬂ}a\ﬂ%§j Hefle Q@%ré hﬁxﬁéx’s&f il NE
nitric aci d/ wat er sol ution. Another chem cal ppi ng solution used to
practice the pﬂé@bﬁlpnqum@mrigmf appretiondtedy angmfﬁﬂﬂﬁypﬁr (blgmfmfd:lﬂfutmmﬁmmcld
Anmoni um hydr ogen fI r|d dlssovdlnas on_of ni cid
and wat er . Theg}s%gfe{ cH)lwnf:l %3%1%338&0%’&/3 8““%68&? acp(?ﬁoé(é'ﬂ?tfg’t %%/ “ric
aci d and wat er voldaruUontéhtZ2eOiaiBacl, RIEADOILLBT mhw@lvrscwamb@hnt kdi@eralerel SThe

di ssolved in each liter of the nitric acid/, water solutiaon. The .

t enper at ur es oPladpe wer thepokighdipwn feonn the stEaPiag salwsioa nd iBmersedyinprater 1 sed
to about 80 C Eoue e I i the
-10 17 Septenbg%ﬁg%g%l tgr yﬁﬁéle?%cetyhéé tt}%rnsa((gal?ﬁ@gr eﬁé? eé)% ut |ué' Elq%ltﬁ

i ncrease 0he cheutiadiabd as:mg\al mild basc sdlation suvh andimt Kﬁ)iH o1 NuOHaquvatexd Thor

i mrer si on shoul d tb COH’GS{) di nﬂ}é%e%g ij XAMPLE | Tur bi ne s made
of the nickel - BRSE €SS %é}lqﬂé FPRMPG R SEIZHIE PT WEPIREAS) flf

consisting of appbmg sRirgtlon Rnbved Ghoshidd fthd 100N 9 tifiéhed fof GutddtRAdRIver Tagerard d,
where t he dllute nitric acid has a concentration in water of approx] mately

25% by  vol ume (BeEbiknessydeaying ahoubPO01 mehesaf outer additivalayerd 4avednive i
tenperature. Tnﬁaff&ltéfjgﬁfﬁl\éﬁ)hela?&enTﬂé tb%gie?%ré Esﬁ%&tgf ft‘ IIOB%:: Fbgrhoﬁlgi HF i@

and imersed in water to neutralize't strippl e sol ution.
The bl adel® opt coatuigl apdiferother imperfections or defects prior to repair,

EXAMPLE 2
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10 neutralized using a mld basic solution such as dil ut e/ QpdNablh i n
wat er. The neutralizing agent optionally may be applied by sSpraying or
wi ping as desired. The stripping operation renoved nost of the 0.0019
i nches of outer additive layer 14 (nean thickness), |eaving about 0.0001

inches of outer addRehe/80 bRUS widt iWRIdeiiAG doliRionWTA d@ QLI dodbdrive&i Sbut
| ayer. The bl ades were inspected for proper renoval of the 15 coating and

for other inpeffdétmnisuigs.drutdufieatysandrpreferably %@&éﬂ?’ mlEN‘AWPL@:Z N molytigndsrber
2004 Rene 80 b e | 2 A

about 25- 35 niet oo SRRV ARl o Bl sbilaRs ANk it ShadihiTale.
2-N sol ution i aammHASCLmNtSmppex’i’ thllnySud‘addsmmpahy,l lacapodied @f Wilmingeon,

mat eri al %old nder the rade flma "ASC 2-N Strjpper" by Al oy ?lrfaces
Conpany, | ncoré&aéﬁaéed o@‘ W EH mgluiRn epngists akgdeminaidy ?fI\P@B’loﬂ‘t“Pb YaE®ER st s
predom nantly gff @ HERN nHAL NYGA OGRD walkd | ¥R | A6 BLN ' 56uAGH dlsae&ncpﬁée%r of The
ASC 2-N Solution is conprised of approximtely 15 grams of "

Stripper" per amnremrr@telzséﬁ graronof TADG2ZMN Strmper"qier lmdanblenn,riataerﬁmﬁu‘@mfc

acid (by vol ung) .The bl ades were. th Lot wn from

tri ppi g sol b P pFReers AR ROCR e obie o ek (R il
sol ution 10 hafofghe s@ippii sbmmeﬂiﬁ itnradeedintvatdteu bpRbriall§ atdﬁlatesﬁa@icamwt\gn
effects of the sqlutiagn. About 0.001 inches of outer additive |ayer

(mean) wa® r enbddee 2 REAOf Rgvess Jt anded tpoerifalish s BFpRing éffe%d’lftth‘?/éOIP‘é%r
(mean) overlyi I&@o&th@oe'f‘?ﬂc%@scb?%t@i ) éPi‘z?f(ﬂx@a %'\ﬂrl%véd %@aﬁ?@b&%
bl ades were imersed In a solution conpri Brom mat el g of NH4F
per liter of dPI0GO%invhes oﬁ:ouicn aﬂi,dlthéaser(Meart]lohratﬂﬁngrthermrmffacuedl difissica zone
concentration ?E; approxi mately 25% by vol une of concentrated nitric acid in
water, held at anbient tenperature for about 5-10 m nutes, and preferably
about 7.5 mnutes. The blades were then withdrawn fromthe stripping
solution and imersed in water to 20 neutBXaAMPEEthe stripping effects of
the solution. The stripping operation renoved nost of the 0.002 inches of

t t | t hi ck ! bout O 1 inch f
ut o addt i ve | ayoReld LeY IS N RETBRAF 1661 U R FRRFBR 1D papronimately”

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

-{12-



EXAMPLE 4 Rene 125 bl ades were imersed in ASC 2-N sol uti et
forth in 25 Exanple 2, held at anbient tenperature for qn“a’e ﬁ%’gﬁgg&)é
m nut es, and preferably about 30 m nutes. The bl ades Were then wi t hdr awn
fromthe stripping solution and inmmersed in water to neutralize the

stripping effegts. of t Th I 0 atio bqut
0. 004 i nenes ofthigndi el et SRt Rt MpetRr iRl SRS A
about 0. 0005 i gehwsting amUoethe peldeiideE ottry @¢fedtd. overlying the unaffected -12
17 Septenber 2004 diffusion-layer. The bl ades were subsequently inspected
for satisfactory renoval of the coati ngk*qNgﬁf*% e presence of other
defects. Wiile exanples 1 and 3 utilized H F for stripping, a
solution of 5 HNO3 NH4CI may be substituted to renove the outer additive

| ayer. In each exarrmﬂle samphisadasd vafRizED SRET, 8 NHA I fo @fripliry, andlutRRaif ed
as required. Repair be acconplished by a series of suitable conmerci al

repair téchni ‘TNH4 bmmgbm&@ﬁm&qdé@lmwe thepeteraddiiredeyedi ng at el evat ed
tenperature (SWET), el ectrode discharge nachi ni ng and nechani cal worki ng.

The diffusion 10 al Tﬁnegé}p%xgrﬁﬁﬁ:' 'k %?ad@@%ve'f@siﬁ%e@tgdtfer tdafech %%?e;@(red as

recoating themw th alum num* using an alum ni Zing process, such as vapor

gas phase al unreyuiedg, Repuid mayl be\aecemplisheqbdngka pcmnsed‘ssmtgbleﬁwsnermt Incp;aa are
used in the re

ration ses .repaire onent n whi ch of
the coati ng | < eeanByEy RGeS eladfineo Rpiraloy FERERR MesieValshiumieaute
However, any meswm)oEleatmﬂeym@amageumammmgOaddhﬁlea@arrﬁoal RRirkig. uskesl difhBioEhe
coati ng terrperature and times used to form coati ngs in partrall Stl’l pped

conponent¥ wer elyreideiceating &2 tvaresterad do thohlafes by seaating themavith ¢! ul%wmoped
urbi e omponsla il Bket! ko Ve Ve T g 0o g g e
stripped in acderpehpeocstding. These preé®dstreiusodint the nestsativg pk(i@s%sl‘ﬂpsmbairéd)n
compar e 1 avor ERRPORPRIHEC ALl P B REIREE gl 1 Bt i Ras™
gm??n) dThe fi @Gﬂng&hdcnwsﬂi@@e\%@%yﬁﬂeth@ sKappHfingd aluﬁ'fmlﬁﬁﬁ@ﬁ%% &\ﬁsbe used.
pped in accordance with the present invention using NHAF sol ution
and 15 The coating temperature and times used to form coatmgs 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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restored by al um ni'zing was about 0.0027 inches (nean) aslﬁﬁﬁ?@ﬁt?eg &4
prestrip coating thickness 12 of about 0.0029 inches. Mta Iograpﬁlbc

exam nation of the 25 bl ades after coating showed that the coating

t hi ckness and structure is predom nantly the sanme as before stripping.
Thus, not only is tlhe theatdxagpipbit @nidnabhiyntr @Sicotoad tHeOcoating tor thgi paatially
state, but this restoration is acconplished w thout,L any detrinental effect
on the conponeftiRRaH P1adR; usigeansidenties] proces,pndhBraressing £opditipne i ok 435

it is convenie | h itial. ' :

usi ng an ident :}Eg[?ocp?r% g?:éeggsg%&rl\ gtgﬁg%égg@n%ﬂ%éoshg}ﬂ}??g%és ﬁ{eoéqvﬁg%ééugggﬁgv%hggﬁpl y
coating to conpbenenypretass pedudet 4clesat patiially saipped endchrapittabestopped Hladdsng a

conmon progess ,to be ed to.coat partially stripped.and conpl etel

T bped bf aded ot B, SUGE R, Rt By torSenied B 108 pOSEG S oot tht i
IS possible to éa@ﬁﬁqgtstﬁmd_m@dets,llﬁ,tdgydﬁfe_fdnp@e&ebﬁi@gdeéndimmgmddﬂffewne@bating
processing conditions or different coating rocesses fromthat used to
recoat conpl et rgreesses i fpradth Hepdsto Tereat kemplstedy stimped ddadesg dbadibeicsnefl and
coating process,.| f i i t he
restored coati 66(‘;%33% e E !:? “8? 3@/?@%@%&22% %k%mgﬁﬁd%fﬁpg#ng{%e z%rtbgg%ggér 10
resi stance to tshdorngemaihe echt@edrpanimptis abletth poglidd dreepnisls @nidatio end camodiars
been described in connection . wth specific exanples and enbodi nents, those
skilled in'the raﬁlﬁta%elt?&%ﬁé‘éﬂ?&ﬁiif@“? Lihe present invention is capable of
ot her variations and nodifications wwthin its scope. These exanples and

enbodi ments are i nt eQigRdg@thetpréteafihvéitionhas bedn deb@ibelifin 8bhedtion Withispéoic 15
on, the scope of the present invention as presented in the_ appended cl ai ns.

17 Sept enber 2@_@@1@9&\{3% embogimeatsy Sepse skilledrie s p villereramizeohatithe) Nt
portion of a thh&éﬁﬂ@%%s 0dpaBf offGtflid Hfﬁti‘af?é‘kﬁd‘ga_oh{fﬁﬁli@n %Rﬁi‘ﬁ%séb%géa'hfé}ée
met ho coer h p : d d

substrate, the rising the steps of: providing a coat _
super al | oy subskamples exhpnbslimgntaareduteadedaidypicslef] miter thaand apy way fingiing

zone betwpen NG AUl elpedd M print AVENiAM philguBy RS b RhaSt QRELAT ©
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contacting the coated superalloy substrate with a chem cal, Q”P#;.ng
solution for a preselected tine under preselected conditi onszetpsu Iclent to

at least partially renove the outer additive |layer fromthe substrate

wi t hout substantially affecting the diffusion zone, the chem cal stripping
solution consisting essentially of about 0.1 to about 0.3 granms of NH4F
per litre of about 10%to 75% by volune concentrated nitric acid in water,
or about 0.1 grans of NH4C per litre of about 10%to 75% by vol une
concentrat ed acid in water, or about 10 to 20 grans of ammoni um
hydrogen difluoride per litre of about 5%to 15% by vol une concentrated
nitric acid in water; w thdraw ng the superall oy substrate having the at

| east partially refouetiod dartentralet tdmweval aff et lehstanpartion aft thickhess lof an

chem cal stripping solution; and eutralizi t he _stripping sojution to
Cnhi bi € f ur t HAEGSRGE e aroated Sapraliny AR eamribed daiEine e st ep
of providing gté}gld{des providing a superalloy substrate conprised of a
superal l oy selected fromthe group consisting of N -based superalloys and
Ni - Co- based super aproviing 8 coditxd suptrailny subsitdtaicomprising 2p ontberragiditiveHayer

N bsit incl ] - a _diffusi | ymi nid li ed
by T eact s wo. HE Adirisiel 2o faeten HEBMsr By et T momern Gy BrEe R b or m
the additive outercdngaah Q{ehdglﬁ{ed?]gﬁerﬁllloy MBSt &e Withi SchinicaPeiripPing@Bfition

ic
conbi nations thereof, and_ di ffusion zone is fornmed bel ow the addi tive
| ayer during for ghpressigntedatinne eindgipprsselectpd, conditienst sufficiedtf tositdrashipatiiailie

substrate. -15 17 tenber ..2004 4. The.,met hod of .claim.1 r wher ei n
The_chen cal SRRV LG En ATy (gh ARSI wpeiad it Rprpfulptiigrnr
per litre of @baffusi®Pebme, dadeiimival in€ NGB catsRFinBl dsfdn€ialdf bfl absutvat er .
5 The nmethod of claim4, wherein the chemcal stripping solution is

mai nt ai ned at0.4 toephsat £ 3irgsae tafeWHB esut litte of (o) 18%d taF§8t bFO®IpmB6F) .

O The. et nod el ldThage W55 b6 SPEREH1 2 1 0PRhAY PRt PRr e 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.

-15-



7. The nethod of claim3, wherein the chem cal stripping pﬁ%ﬁ&éﬁ@xgg@§ists
of about 0.1 to 1.0 grans of NHACL per litre of about 10% /5% by vol une
concentrated nitric acid in water. 8. The method of claim?7, wherein the
chemi cal stripping solution is maintained at a tenperature between about
15C (60F) and about 80C (176F). 9 The nethod of claim8, where the chem cal
stripping solution is naintai ned at anbi ent tenperature. 10. The nethod of

laim 7, wherei | th ted Il
cubstrate i Fo g oo BITRRLAT SB0N" GoohnNEE 1he SherEnefBh g oLfigm 10”
wherein the p&ﬁ}%@,tse&ta@eum Mo DB %mﬂﬁwmmertm& ofCBLETS YD 5 wyol%%st rate

is about 30 mnutes. 12. The nethod of claim4 wherein the chem cal

stri ppi ng sol eanconratesheifrén acidbin watbout 0. 3 grans of NHAF per liter of about
25% by vol une concentrated nitric acid in water. -16 17 Septenber 2004 13.
The net hod of clain112 wherein the coated superall oy substrate is Rene 80

i mersed for & preyt aaémed tafmeldhat We 6Fhed1A Uthe2 2hetBichll Ritipg Js&}utﬂ;ﬂelsrmt hod
of claim 13 wherein the presel ected time is about 30 minutes. 15. The

met hod of cl ammnmned/mért@npﬁr@wéelsajwwraahogyl%@i@@?%)ta@duabome?r%cikﬁ?ﬂ mer sed
for a preselected tinme between about 5-10 m nutes. 16. The nethod of claim
3 wherein the chem cal stripping solution consists of about 10-20 grans of

amoni um hydregen Thd hd@iod &€ cReh 3, whef: @k chaiehl SripginesoMtivelsuiBintined
concentrated nitric acid in water. 17. The nethod of claim 16, wherein the

chem cal stri@finHucy HMRIrgHrG s maintai ned at a tenperature between about
15C (60F) and about 80C (176F). 18. The method claim 17, where the chenical
stripping solution is maintained at anbient tenperature. 19. The method of

claim 16, whevein Thenetated cidhped, avHepdin Shidstiohdta sh@puhgﬁmﬁmﬂcdr@fstsaof
presel ected period of tinme no greater than about 60 m nu
about 0.1 to 1.0 grams of NH4Cl per litre of about 10% to 75% by volume

concentrated 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.
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20. The nethod of claim 19, wherein the superall oy substr p @Fggoégnd
the preselected tine is about 25-35 mnutes. 21. The rret 0 alrm 20,
wherein the preselected tine is about 30 mnutes. 22. The rret hod of claim
19, wherein the superalloy substrate is Rene 125 and the preselected tine
is about 25-35 mnutes. 23. The nethod of claim 22, wherein the presel ected
time i s about 30 m nut es -17 17 Septenber 2004 24. The nethod of claim1,

wherein the s of n r Z e str ppi ng, solution further includes
contacting th A TE 03&&4 reiR the aaFd S%qr%ﬁqycw bsigate I Renfré0hod of
claim24 whergifelhe I_fo*??%%é‘se&@ﬂe&ﬁn ue![t@eéi’l aﬁgh%ﬁﬂ 5’5"m‘?ﬁ ta0H,  KCH or Na2C3

in water having a p et ween a 26. T e net hod of any one of
the preceding clains, wherein the step of neutralizing the stripping

?rglt EE):jOP o]; urtg“iu r: | ud@ggggg{ acéé?"gﬂe}%tiﬁ%g"["ﬁp tm@é‘ﬁﬁp‘%’,\@bﬁd‘“ﬂ@%t eps

of providing a coated superall oy substrate conprising an outer additive
| ayer and a diffusion zone between the outer additive |ayer and the
super al | oy s_ub%t r aTlks mathel sf wlpimhE2, coldred Swpswpatalloy ssbhiisite at Renn 135

chem cal strippin | ution, f resel e ime sufficient to at |east
partianl y r erBBoReERs fremelsal i o G0 FHEEhbst r ate. wi ¢ hout
affecting the diffusion zone, the chem cal stripping solution consisting

essentially of about 0.1 to about 0.3 granms of NHAF per litre of about 10%
to 75% by vol Uore cOmewoethodtafctlaiint ¥ mheredn thei chemagad strippingatodutionGeonsists of. 0

grans of NH4ACL per | i f about 10%to 75% congentr itric
acid in water, %Eﬁzﬁcﬁr% ?g Z" é‘?ﬂ%‘ﬁl{iiﬁﬂ @8?8@ e&f%{’?}gé]de per
litre of about 5%5%}, S,Jh{a,yemoﬂggmggyaqﬁﬁcra@{dqg whidric acid in water;

wi t hdrawi ng the superall oy substrate having the at |east partially rermved

outer additive |ayer from the chem cal stripping solution; neutralizing the
stripping sol HI OnTltle thé} I \faclalrrfl uf6t hw eréin the ' Shémiical s{ﬂppmg 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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i nspecting the superalloy substrate; repairing inperfectieng idtdr®004
superal | oy substrate; restoring the outer additive |ayer of lphe super al | oy

substrate by exposing the superalloy substrate to a gaseous phase of

al umi num at an el evated tenperature for -18 17 Septenber 2004 a tine
sufficient to deposit a presel ected amount of al um num over the outer
surface of the partially stripped substrate; and formng a protective

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

presel ected el evated tenperature. 28. The nethod of claim 27, wherein the

processes of pestoThOiGndi®l S¥tclim Rddhkire tﬁ@)él%? of nteuﬁt@alﬁzmgeﬂél 5t9¥pin
substrate by exposing the superal|loy substrate fo a gaseous phase o

al um num at asqiwteeliugberddclufies\cantadtingtip evithdraven sibbtzatemtithal Hapic sobigioni cal to
the restoration processes for outer additive |ayers on nickel containing
superal | oy substrates in which the previous coatings are conpletely

renoved. 29. 7§ supehétdefivd ofREdimalewhweRsic HaaYkaktibh & 25okBRRIE NaOH,udes
the nethod of any one of the preceding clainms. 30. An airfoil whose

manuf act ur e oKOFepralN2GChdn wates heviag ebvecarapoubarsfS. clainms 1 to 28.
31. A gas turbine engine conprising an airfoil whose manufacture or repair
I ncl udes the nethod of any one of clains 1 to 28. 32. A nethod of repairing

an airfoil, ip&l UdThY nidifodTef hag &fe amth@rpeedeﬂmgl dlaii®s, WhdiéinZthe stép o
met hod of repairing a turbine engine, incl dggmt he nethod of any one of
'FWQQE&MN

clains 1 to 2ggutrajiZigg eFan@u @opETiingshe epbsgafERh OY
SUBSTRATES ~ ABSTRACT

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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A nethod for controlled renoval of a portion of a diffusipwgﬁﬂgmﬁf? $4 om
the outer surface of a nickel-containing superalloy article” A di ?usion
coating typically includes a diffusion |ayer (16) between an outer

al um ni de layer (14) and the nickel- containing substrate. The net hod

I ncl udes contacting the coated superalloy article in a presel ected chem cal
stripping solution for a preselected period of tine sufficient to renove

only the outer .al umnide |ayer. (14 i thout suybstantially. affecting the

't T usi on | ay it PRk e ARFBHL & prbbelotlel ARt AT M et 1 e st
neutralizing @mepﬁigjlpgh?&@gjbgﬂt@,rhndt he article can be inspected and
repaired as needed. The alum nide outer |layer (14) can then be restored in

a conventional manfesmingFagerotective aluminide coating by heat treating the superalloy

substrate at a preselected elevated temperature.

28.  The method of claim 27, wherein the processes of restoring the outer
additive layer of the superalloy substrate by exposing the superalloy substrate to a
gaseous phase of aluminum at a preselected elevated temperature substantially
identical to the restoration processes for outer additive layers on nickel containing

superalloy substrates in which the previous coatings are completely removed.

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
1to 28.

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

claims 1 to 28.
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