; JKe3eOY4OV<RX6T47: PROCESS FOR REJUVENATI NG A DI FFUSI ON ALUM
FI ELD OF THE I NVENTION This invention relates to diffusion coaMﬁEﬂlMMhllﬁﬁﬁl
conponent s exposed to oxidizing and corrosive environnents, su

hostil e environnment of a gas turbine engine. Mre particularly, thagooo*
invention is directed to a process for rejuvenating a diffusion alum nide
coating without entirely renoving the coating froma substrate. DESCRI PTI ON
OF THE RELATEROSESSHIQINRETUVENA TING PEDIRFUSIONS A LUMINIBE COANING engi nes
are continuously sought in order to increase their efficiency. However, as
operating tenperatures increase, the high tenperature durability of the
conponents of the engine nust correspondingly increase. Significant
advances in high-tenperature capabilities have been achi eved through the
fornmul ati epeoh oF tHEIINVENTE@RR! t - base superal | oys, though w thout a
protective coating conponents formed from superal |l oys typically cannot

wi thstand | ong service exposures if located in certain sections of a gas

t ur bi ne edyisriayendignhelates i diffusiasi evatingsolo gemppnenttexnogereint o¥idizogeanduch t ype
of coating is.referred to as.an environnental coating, i.e.. a coating that
s resi st SEOYE RiPRent. Aol As Y SIS DX TomRoR, st AFrtingelgiBe ( ha
have fountfoit gartiesRrlyNHid Beestidn 8diRoRH UoIanpreeess dat fefifSndtignediffiidiodi f f usi on
processes, such as a pack cenentation and vapor phase processes. Diffusion
pr ocesses alyaHpidg cpatingnvighqut eetirelyi ragoving thyegatias fiom asesipnent with an

al um ni um cont ai ni ng gas conposition to formtwo distinct zones, the

out er nost i 1 e ) r containing an

envi ronne@asqugl??g%yg%fgm{ I ntlté}r\xgpa%?(?c represented by MAI, where Mis
iron, nickel or cobalt, depending on the substrate nmaterial. The MA

i nt er met aHigher i apetating rtempetatusés fupeesi tuddine lengings ara eordinanuslyitsaaght idi f f usi on
of iron, niﬁlck?l .and/ or, cobal t frogthe substra%.e. Durin hi.{qh t enperat ure
exposur e PHICHI¢ INYGRSC (hGIT FHICISPRE AANYh &P QRCTRIRE SemRsratees ACTRisHi % oxi de
(al um na) hipghadempthidire | duRIBRlity Sofotke EBhipBhert of Mige Bhdihd SRD c§1‘~?é§pbﬂ(ﬂngl'9d t he
under|ying substrate. The chem stry of the additive |ayer can bé

nodi fi ed Biereaie Hignibeant advanche i highitemperobie ghpabilijies dwpo deen achieved

addi tiona I nt as i nu j.u il .l.€O ' haf ni um
yttrium a#gg%%rng}beni%%rfﬁw%%fl f ?st Bgﬁgla%&gcﬁﬁg{égégga iP ﬁ%‘%‘"&% ntﬁg}l%¢g’§{h%matai num
referred pfotésivelcdhiifg odmbowents femed dtom Gaperall@ysp@picaltylcatidot witledlnd used on
gas turbine engi.ne conponents. Platinumis, typically [ncorporated into the
coating byong EBHsLEIREsHISE) 1hlopafpd in gertaam seqtionpobA gap ArBIs eleeSYhiasr to

al um ni zi i ' it a teod 4 AR

i nt ermet a:ﬂ%tgw pl) éggggu%gﬁgﬁfiﬁ%ﬁﬂtdzr' )clgﬁep%da&? i érqr?ji} %&ggg Eﬁ%ér}ll.}éﬁ'rtﬁea)é%gcond
zone of aenvifdnusingah cadting, nege cvating thyt issresistanet éxidation awrifichcerrosign.on of

t he conponent beneath the addjtive |ayer...The diff usi zone cont aj ns

vari ous” RRUSITE foshas Bah beYE folh huige acaitcin ARG FRERESDS | ng
reacti on @gatihgk EStldd B didfubibH Proveades J6iRH a8 Al facRREmEMBAEELINd Pardk ?H@d&t al
solubility inthe local region of the substrate. The internmetallics within
t he di ffuprasassgsne are the products of all alloying el enents of the
substrate and di ffusion coating. Though significant advances have been nade
w th envi i L ] 0 S r..faorm

coati ngs, bt?ﬁg?gﬁ ?’go%%ﬁ%gi%ger{;ﬁgg{ngﬂr Zec?wlr ﬁﬂeenglﬁ?%%r%ffpgicro Hgésdgg‘gggfa}a ngs
under cer dhinfinitint-ceam@ahmgces .colpositxan lfesm teoehstinctmeonekhethe @eaesmbstaifed by
erosion or ,thermal degradation of .the diffusion coati n% refurbiéﬁmsnt of

the compoRdifh &h anpdditiv daxen9qnipining n epudonmentally-resisiyn JBEEMF @G 1 of

the di ffusdptierRAUYIAT whelOF FBikorP 8illet br 084N, Mpéddin bE RO bibs@dieer ed to
t he conponent by the diffusion coati’ng. The currenF state-of the-art repair
process i sateiaboithé MAl ntermetallis ia thi febuis pHdepmisited albodnivmaanidrag dywandeat nent

ith i di ti f ] pt ti it d.r i both th
nddi e Sty o Lo e BRQF afbatl Bhey 8BS BopRg ASTRARGHEE 0seq” i n
comonl y- agSdsaited dit, the PRAIGRIcrMOtallR. 1888s 4 plott@iverdlshinigh oklde (ARgnifd) Si K

process relies on | engthy exposures to an aqueous solution of nitric and
phosphor i écaethatinhihits |oeméaowf thealiffvsion coating and thel yodeilyiag sebstateg ahst e
solution to conpletely renove the coating. Renoval of the entire alum nide
coating, which includes the diffusion zone, results in the renoval of a
portion of the substrate surface. For G

airfoils, renoving the diffusion zone Cg?] E:;Lgiengl Fggi ggpPmemmﬁﬁﬂm\i’ﬁmeﬂ

substrate
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2 surface and, for air-cool ed conponents, excessively thinned walls and
drastically altered airflow characteristics to the extent that the
conponent nust be scrapped. Therefore, rejuvenation processes have been
devel oped for situations in which a diffusion alum nide coating nust be
refurbished in its entirety, but renoval of the coating is not desired or
al | oned because of the effect on conponent |ife. Rejuvenation processes
gener al | y chethigiry ofltaaddigvé e oid de encfified by o peséncefinlthewhenibiung
controlled-activity alum ni zing process that deposjits additional alum nium
on the cofp¥aBHEg cappasiionseipdditiopakelements.cuigh jas platinume sBeoming, sijicon,

rej uvenat iom. 0r OLASSEeS, ] . 1 hen: ipi | aye Lekness in
excess ofhgg%u ’IUouﬁFe?%ﬁ%}géggﬁ%§h$ﬁéq%@%%ghéH@nW§§(%gpﬁ%%gﬁh%bg@iously

r ef ur bi shethtihyme esfirdret ©l a5 platimm Blynihisle @batings) ate pastanianky, widely wsetlionhe
coating (i.e., .additive layer and diffusign, ,zqne) can he fﬁlléﬁftripped and
t he conpoS&hiurhine hging FamRERentsy flamrm is typieally dpeAsporated INQLheeQating b¥y i ousl y

ref ur bi ShEQcQMplB@Yé[ Byt Dt Pl I tEORITshSte GO 1S LfinYinl AP Yedding Har eby
reducing its wall thickness, it may be necessary to scrap tHhe cohponent.

From t he additiee layercthat becledspr @EINiAEtypehitermepalloy olasest moadlyf BtAl, or

r ef ur bi shi Baﬂi a_di fflu ion alum nide coating are desired, particularly for

t hose cor‘rB BRI SRR O Rrave under gone rejuvenation to have an excessively

t hi ck al um ni de coating. BRI EF SUMVARY OF THE | NVENTI ON The present

i nvent i onTheResond! 20nP 00 i diffGsion RIALRRS cohtingeisueanal intie autthéd tegioarof

al um ni de coating on_a conponent designed for use in a hostile environnment,

such as stlisecampenent \bepsail the edditive dayernd ThaghiEhsion zo9grontainss vasious gas

tur bi ne engi ' t 3 LSk ' [

renovi ng %g%@%ct)arﬂgﬁ?d %}%@ﬁ@l@?&%%%@?@%&% ﬂﬂg%glétﬁﬁg%%%ﬂfﬁ E‘%anu:ﬁgﬁgf coating

wi th m ni diffusidnahgradients el olreohged 1 algmednfal selubitity dmehe beahregimat ofitHeoy

depl etion and thinni.ng of the underlying.substrate does not. occur, The

component SkEtialce HednGrstales withine e diftion 1998 atkulbe prodicisgfall aovinge

coating. WaidearsRAtkRNhibairaty ald BifflsiohQoadng/ar i ety of situations, the process
at

of this invention i1s particularly applicable to a diffusion alum nide
coating that has been recently deposited on a conponent before the
conponent Thasglhsignifisheicadyanges Jave ibeen ngde veid epyaronmentad cpgtingomatesiglst i ng

t hat was rejuvenat he r.esulti | Livie . r . e i to an
exceser ve P PRERRLE forthmindSuliE g L ALHE e oy BVl colTferE 08 iR
service, sheé estings hiidlee! @viaine tircampanaisur eBorofexamples rethobalneén®ndiene,
limted interdi ffusion has qgccurred between the conmponent substrate and the

addi ti ve Pgsessitatedy ¢rogien 9% thermaldegradatiomof e diffysen eonting Jstyrpishmpet

di ffusi on algu.nl I g W . 0 L QR | entially
of i tri c b B Bich! e, AR R bY b R SRS, Sl o B Dot
80C unt i | diffusicasiatipgot a Glerthileaanieticoating (ibpresenbiasihbzed o thenouwgpdnénttbyt he
substrate _renmmjns unaf.fected. The expos treated surface of the conponent
s then sl ATDEa THNAED LIS U (HBRA Bar TS RGeS 19 SPRHESA0aI ¢ 1 ve
layer to & 4 8dfusidnHRBRIde ARGAE B Mdatnfent Rethi AAVRMiE QSlutibhBapedlelidsi on of
nitric and phosphoric acids at the tenperature used in the treatment step
does not dweseriengewith radweraoving bathfthe gdditve padhiliffugiondayers- ndn exemplesofbeen t he
practice w.th prior .ant ri.ppi hads. t i qi e~of..the acid
sol ution iSsthc%lgrgﬁ?ses lo‘fhs%lfs);éegnl foﬁglr?og&; %‘ﬁlgtnﬁ% Ula%&fa?%\%‘f % ?&?gtl)%?%(}glf fusi on
al um ni de ecglat THROGMbik pBstesiclias b Rahgthyeexpofifity @i, aguells doh@ionadfl itic
depletion and wall thinning of the substrate does_ not occur. As_such, the
reliabili , SJ)

| i abi | i 89d Rhespberi¢ peids, foflawed by drepnra tdthy &y alkplingneeymgyeangte sl@iBss of
this invent] L.ogni td cant: i nproved over that possible with prior art
met hods. %F%plﬁ%ﬁr%h%&?%e%ﬁ%% held to any theory, it is believed that
the substrate is not attacked because the acid solution is selective to
al umi ni umRemavhieofithe sutire pduhinglepertng) vdsch inaluddsitheidiffiysion zangeredulf msi on
alumnide s a platinum al umi ni de, .t he atinum content of.t oat,j ng
Appears t dermdialst EAPHIRPAE B tsaiCal it T4 eEnBuERe shei TR A " he
process OfyahdhisfollViRRoviHE theé diBssiorf2drRCdah\@uid 4llbyaddpldtionsifaRe alibkidatti de
coating having only limted interdiffusion, such that the additive |ayer
and the diffusion zone are well defingf, as is the case when the diffusion
al um nide coating on a gas turbine engfne has been rejuvenated but before
t he conponent has been returned to engine service. As discussed above, a
not abl e exanpl e of such a situation is when a coating has been rejuvenated
but the resulting additive |ayer is excessively thick for its intended

application. O her objects and advantages of this invention will be better
appreciated fromthe



foll owi ng detail ed description. 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a perspective view of a high pressure turbine blade of a gas
turbine engine. Figure 2 represents a cross-sectional view of a diffusion
al um ni de coating on the blade of Figure 1. DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The present invention is generally applicable to conponents that
are protected froma thermally and chem cally hostile environnent by a

di f f usi ongata¢e dmidd €orC giricobigd depipRpkets.e¥aERdiedly ahinhed vatisnpEingnkscallpcl ude
the high and | ow pressure turbine nozzl es and bl ades, shrouds, combustor

liners andlteedsfowr chasacieristies & thesxtent tiehdhe ponpenent wrist betsseaprediant ages

of this | IHEBKIONANRNAR hbRE hadPBebE Wlobd GRSShIBAD G SHEUNG
conmponent s, the teachings I's 1nvention are generally applicabl'e to any
conponent diffusishi aliménidé toatigomust! bentefurtbéshed dn ii13 genitibety bleutusadviloofthet ect t he
conponent fromits enyiyropnment  An_exanple of a hjigh pressure turhi ne bl ade
10 is shof®fting 15 gat estredifr pllgiye 1@65&%9&% FHEt o0 a‘?qn?Rﬂanlill%%md

pl at f or m #%6; jnst i & O, ARRE r i d i

operatio nﬂ{gjfu%?‘ﬁdg%gagiqaﬁégsl %ﬁgxﬁg?ﬁgﬁ&g nﬂe whos Zthgu%fai(b:ée g&ﬁar%e c?‘ﬂgdr)ﬂel%é’r e

subj ect edfdlowedv by ea atamkledractiwiyd sl uroinjziog r prosdse nthah diepositsi @dditioha ai r f oi |
12 is anchored to ahturbi ne gisk (not shown) with a dovetail 14 forned on a
root sect FYRIHPT HLOECIBROUBY: Cool i ng hol es 18 are present in the airfoil
12 through which bleed air is forced to transfer heat fromthe bl ade 10.
Par ti cul aDnYocsaHibra RixEesiBe Rohihe isf @potikd B %j&eﬁ@ﬁdrﬂﬁﬂo@@b@e@ ifsK &tandiél

cobal t - base superalloys, though it is foreseeable that other materials

coul d be thseaddifeglayseresck ithickmegurie excess af gbgyty e migtometeis-delictgt i ng 20

overlying t ' [ [ ' . hi for a
di ffusi onC‘Z’Pﬁ@nﬁﬁffﬁ%@éi&?&n‘gﬁ ﬁ@gg&gﬁﬁ@égsﬁetﬁ t}JP’ bcljoﬁg’ lé@?\%%ﬁ‘%@%ﬁ%"}gﬁen gﬁil%s about
50 to aboubatihgp tia entireet@iting @As., katddiivel liythendrdiffusibe 2dnéY oai de flllym ni de
coating 20 is forped by an alum pi zi hg,prqQcess, such as pack cenentation,
vapor phaSiEPPghant ik £9mapReRf ﬁ?-arqqgn %A)I,plowee,hé g AOMPPER BASHRRENL i on
(CVWD), th kit o T3 r ! e . 5

Di ffusi onB{aélg{l}r?‘lblki ﬂgi{u%%%ﬁﬁ%ﬁ%\gn%gtg?ah@%gﬁ a%ogﬁgé; PgIgP l:%gerlf ?é(ﬁs“?t’se? Zatrﬁé&gﬂd form
an al um need{£ibg 06 wallahikngss, i omly de (rodssah dnsdrapthetchmipongur f aces duri ng
exposure to el evated tenperatures. The alum na scale protects the

under | yi ng_supgeralloy .substrate fr. i.dation and.hqgt corrosi.on. The

coat 1 ny 26rrL NS Al i 4AR er bpriilR) JBAc PR BROREE BEH MR Sa o an
addi tive UafisionZdumitidd yoddiagtde dssifeﬂagmieﬁlaﬂiﬁe‘oxbihaﬁleecdxﬁpor&mi thatthdvieusi on
zone 24 in the surface region of the blade 10, as is typical for all

di f f usi onuBdesgnsiraivenssion ke Bavemmeexgessivghy irkabwainidsapating.cont ai ns vari ous
internetallic and netastabl e phases that formduring the coating reaction

as a resugRpf SMW?WEHEW@NWWO' changes in elemental solubility in

the | ocal region of the substrate. The additive layer 22 is typically about
30 to 75 microneters thick and contains the environnentally-resistant
i nt er met allheé predeat énvgation weemerallyl providesra proesike|of orejuvehating addif@sivnng on

the substrate .material (mainly Bl (N.Al) if the substrate is N -base). The
chen ot vy Bp i B o S Hpgherl 8ol fof wie IR ARl bt iR o e
coati ng pr@resyouttthe, &loaitRsios and UiBmefitoPlcafpBhehts ehaoFdsUWiitbisd thEaa,
rhodium hafnium yttriumand_ zirconium For exanple, If platinumis

deposi t ed The remeendliont: pracess oofi Hiis deveationinvolvergremewdng dartt ox all| efythe 22
contains (FhhN el L aiRsRM Hlfinide cfABAS $ith minimal attack of the underlying
diffusion zone, such that alloy depletion and thinning of the underlying substrate does
not occur. The component is then re-aluminized to restore the additive layer of the
coating. While potentially useful for a variety of situations, the process of this
invention is particularly applicable to a diffusion aluminide coating that has been

recently deposited on a component before the component has been placed in service,



Di ffusion al um nide coatings of the type described above are the nost

w dely used environnental coating for protecting turbine hardware because
of their relatively |low cost, sinple equipnment and coating operations, and
the ability to be deposited w thout plugging air cooling holes. Due to high
mat eri al and manufacturing costs, superall oy conponents having danmaged or
flawed diffusion alum nide coatings are repaired on a routine basis. The
process ofind pdrficulitets 4 0fating tHat et refhiveatédbutrthe vsalidgi additive layee vlisf f usi on
alum ni de coating 20, and nore particularly to renmpving at |east a portion
of the adé¢nosifed foagteexcessive thiekngss. wheHis Beseabegauss, the| ppting has Raksesien
deposi ted n cessl.ve .thi =] p e - £] t: he
coating 28 ithosil 85 dhafhecte e dampliinfel o i3 Alrth WHERE. bl

removi ng iedidfidionihas ot@ired b2Rvashtthoctmsaeaigsubgirdté endthe sitdiive layet.eri al  of
the airfoil 12. The repair process of this invention entails contacting the
di ffusion_alum nide coating 20 wth an. acj di.c.stripping, sol uti on, contai ni ng
phosphor | T0%EFOgexsIa 885 ivaerhiny pives seating dherdiffitonyiminitc oatbe "B ABosi ¢ i on
for the shfieBRé NBIRBh UdrRRtihS  csBhtiXBY WitniGE GRIY and@DSHékpiarlé heidakodt 75%
phosphoric acid containing about 85 weight percent P04 (bal ance water),
and about tepfratareatf about7 B Cniot about 8@ CHuntdratdeast payrt abthet addstiweelapén haser cent

HNO3 (bal ance wat er). preferred sol uti@n conf.ai ns e | .amounts qf
phosphor i Batived bit feEREHS Fmd BBt o oosl Bra g Sibie2
prepared fhe GoRinBhE, thB aUPhidiFRd t6RIRPSsiOAIdi bR RAGhinFind &b bufll@Nipaihei Ny

about 85 wei ght percent H3P04, and about 50%nitric acid containing about
75 wei ght agsitivelayeninealevipeshthickaesst usi on al umi ni de coating is contacted with
the acidic stripping solution at a tenperature of about 70C to about 80C
(about 16QE.tQ: ab . prafe : . ( 17 Ofted
duration o cc%r g%t %213}1%129\5 88"?’ %: %@ﬁﬁ?%?oﬁ%ge%?gbﬁgg%%uﬂct gglés n%tngltees, t he
addi ti ve temyerat@? usedsinrthppegtmerthstep doeghnbtevahplefelys e¢mevd thet giffusion no

nmeasur abl e _at.t.ack of, the underlying superall.o upstrate.  Bel th
preferr edalﬂlmﬁ%i%flgg’raér]i‘@%,ge € H%CPG/?WE@PO?F@ SUHPRG IBﬁthP§S° %‘iﬁ?‘ii ci ent
to renoveibhedaddbt iNdSicl@Ritichds cibiblEof SIEAI T RMoViRERRI AUV Ja@hora this

range can result in attack of the 'superall oy substrate. The acid sol ution
of this i diffisionciumpypdeaacating vathout atitacking the isalestrate, swibnthay aljsr deplesioar [y i f
the diffusion alumnide.s |.at,i num al um nj de, , and t.het.efore contains

ol at i num P pfbianing o8 thebe e dogs 1OtRerl A ishol reirpUity and seivise

di scl osedijfe otl.c&nlpl?ﬁérﬁ@ trefliEbishdd 83 tifel prdcessCof $hikl iBVendion, ark hegrifiaglynwas f or
a process of conpletely stripping_ a diffusion_alum nide coatl ngq,e and not
for the |improged pyargbaieossibleonigh Briey art methodsndVhile aeiavishing tp Ay &elddp

di ffusion LRI oal ke C LA : ippi Ng
sol ution F’@L F‘E’léwéﬂﬁ?nﬁm um&lo att eﬁgggz}tﬂsvﬁe&?xgé@!reﬂ;b%,béﬂ[shghe%c&&e%ﬁl%%ﬂ iesnabl es
t he renovadleaivean adummbisn \atlthe presakbedddinperatirésay br addition,,if ithe diffusom of

croneters as,.may result froma rejuvenation process. The selectivity of
the stri p)ﬁ‘uﬂﬁn‘éﬁll%ﬂ’ . lljl}l@ m{n‘%w\éﬁ%‘%éo?@%?féﬁES%?t}Wpfﬁmﬁi% I‘j“\?/flot yseen
hi gh tenpgg é‘tc&'tﬁgfstsﬁ)rr YiL&Idctive remdVa oPhiafEnidh. Ak RBLesB 8¢ il Mlealibe and

operated in a gas turbine engine), so that limted interdiffusion has
occurred beshelfectivhavith adiffusigreslamings codtimgauating andy limited iprdiffusiome

di ffusion zon . ce the ex S i.tive layer 22 af the .orjginal
coating 281G t%‘aéﬁ}g\,ag&ltlvg lﬁg% ﬂ@gﬁ’ﬁ(ﬁﬂﬂsﬂg?éfm%f%t Wgﬁ§§glp?(£&stlﬁith‘gﬁgsgs can be
deposi t ed whieh iR HifARON! dlekidde 8ddtioyg dhePlgas habind nuginei R ibeen eéjutdifated

under | yi ng substrate. |f ay\g; atinumalum nide coating is desired, a flash
of pl at i nBHt peforg the aorapenenibasheen seftned $0 pREipg parKices £y dsgysysd agapv @i t ed and
di f fused hf(}faelet Smble of Hichaf Guflioh IS yAkbh W datidd nEX BOSER LS bit PP N0
operation (i.€., e diftusion zone and any“remal ning portion of the

ori gi nal askditinig\additiay taye2 R)excésselyt thivkdopitvinesded applidadiérisi ng t he pl ati num
| ayer is a thermal treatnent of about two hours at about 1050C (about

| 925F). A suitabl e re-al um nizi pr.ocess is, v r. phase al um.ni di.ng (VPA)
per f or med ORerphests, and, adyantages &ggﬁlﬁ lﬁtﬁﬁ‘@n(‘ﬁﬁbs‘{)%ittéjr&ppée"%?gﬁogh 48f about
si x hour sfolg‘ﬂﬁ%d%ﬁw@s&qp@&m ni ding processes could be used, and are
therefore wthih the scope of this invention. During an investigation

| eading to the present invention, high, pressure turbine (HPT) bl ades were
treated with an acidic stripping sol ut? on of , by volune, about 50%
phosphoric acid containing about 85 wei ght percent H3P04, and about 50%
nitric acid containing about 75 wei ght percent HNO3. The bl ades were forned
of a nickel -base superall oy known as Rene 142 and havi ng a nom nal
conposition, by weight, of about 12% cobalt, 6.8% chrom um 6.15%

al um nium 1.5% nol ybdenum 4. 9% tungsten, 6.35%tantalum 2.8%rhenium

a A7z 1 . ~ A NN ~N N AN 7




CLAIMS: 1. A process for rejuvenating a diffusion alum nide coating (20) on
a conponent (10) follow ng deposition of the diffusion alum nide coating
(20) and before placing the conponent (10) in service at an el evated
tenperature, the diffusion alum nide coating (20) conprising an additive

| ayer (22) on a surface of the conponent ( 10) and a diffusion zone (24)
bel ow the additive layer (22) and in a surface region of the conponent
(10), theBRIBE®ESCRIPRIONI OF THEDRASYENGS: treating the diffusion al um nide
coating (20) to an aqueous solution consisting essentially of nitric acid
and phosphoric acid at a tenperatyre of about, 70C to_about 80C until at

| east par figyfe | wea%fa%nem%wggzﬁ@ higtyprepsyze Bebipe g@%e@a ERUTRIRREREIRG. s on
zone (24) renains, thereby establishing a treated surface of the diffusion
al umi ni deF(ﬁgqa@é bripfedhts ad6ssldaetiorl YW of oG fulien (A GRIRAL Siihacsh e ¢ he
conponent 10). 2. A process according to claim 1, wherein the aqueous

sol uti on bldspbfFgunfl.nitric acid, phosphoric acid and water. 3. A process
according to claim1 or 2, wherein the aqueous solution contains nitric
acid and j (s Rl 6?5}. tﬂﬁ,l al proportions. 4. A process
accordi ng o@ggﬂoﬁgggﬂgt@%r ecelgllg“ng 5%@@:1 wherein the diffusion

al um nide coating (20) is treated for a duration of about 20 to about 30

m nut es. Fhe prepemdresmitian ¢Ogetierydlyt appticablo teecadiipdnbets phist @edprogctddairors a2 wher ei n
t he agqueoys solutiqn . is at a tepperature of about. 75 C and the diffusion

al uni ni deﬂwaaﬁﬂsh@ngz@mlgaﬁm et enpironmenty BY 1o MIBRomBMIDGS hoRtibes . 6. A
process asepiil Bahe@dY sA0F BhpbPLREGH BQ 1BLRIE: loblphShe GRBRI S NO
the steps o géepgasnltl]tgfng aS f)lfgtlltnguﬁnﬁ ayer on{ht hekt raggt 8{3“@:% a%e oel oW ng

t he treat nozplestand,bladed, shhanlsheambustor dinersgant] egmentophandivate ¢f @iy torbimgi f f use

the platinumlayer .into the treated.surface before the alumnjzing step. 9

7. A procg%n?ccg‘?}ﬂ‘en%‘etaévﬁlﬁﬁg%n%fe S {vepGen iret}?f‘%?ul%ﬁéta@? H’aghetod P us!oon

al um ni denGBRk ieAging ¢MhpS Rk tSteRdHRhds B TThistilnBbR aRSSenblly RBplIGBIPL! Si Ng
Tod SUrt

the steps of depositing a platinumlayer on the treated surtace follow ng
t he treat pigcempenenand whielh ardiffusion @liminifet ¢rating mpynlehbised toogrotest dief f use

:tA\he pl ati @g@g(lm ﬁroh][rﬁsoenrvﬂgmtngﬁgt ed surface before the alumnizing step. 8.
process actording to any oneé of the preceding clains, wherein the

di ffusion alum nide coating (20) is present on the conmponent ( 10) as a
result of Aal exampie ofg highepresngeonebihe blad®) 0ds sieowrt eFigoregpnndhe bladeéA0 has
been pl ac Zgneirarl‘llysﬁgsveimcgirtaoh &nar?J Slat E)r(nh(lj 16 against which hot combustion gases are
directed during operation of the gas turbine engine, and whose surfaces are therefore
subjected to severe attack by oxidation, corrosion and erosion. The airfoil 12 is
anchored to a turbine disk (not shown) with a dovetail 14 formed on a root section of
the blade 10. Cooling holes 18 are present in the airfoil 12 through which bleed air is
forced to transfer heat from the blade 10. Particularly suitable materials for the blade
10 include nickel and cobalt-base superalloys, though it is foreseeable that other

materials could be used.

Represented in Figure 2 is a diffusion aluminide coating 20 overlying a substrate
region of the airfoil 12. A typical thickness for a diffusion aluminide coating used on
gas turbine engine components is about 50 to about 125 micrometers. As known in
the art, the diffusion aluminide coating 20 is formed by an aluminizing process, such
as pack cementation, vapor phase (gas phase) aluminiding (VPA), or chemical vapor

deposition (CVD), though it is foreseeable that other techniques could be used.



tenperature. 9. A process according to any one of clains 1 to 7, wherein

t he conponent ( 10) is a gas turbine engine conponent ( 10), and the

di ffusion alum nide coating (20) is present on the conmponent ( 10) as a
result of alumnizing the conponent ( 10) after the conponent ( 10) was
installed on a gas turbine engine, the gas turbine engi ne was operated, and
the conponent ( 10) was renpved fromthe gas turbine engine. 10. A process
accor di ng Diffusioy alhfnidé cobdrgoapositiogs aleakmuoﬂmﬁm ahdh fordi 4 AlGmaa

al um ni de coatlng (20) |s(§resent on the conponent, (10) at a thickness in

excess of éb@smacyr—bﬁeﬁéﬁﬂg pt showny emdheiy sufgagy duriay expesurg t@r%@segl
accordi ng é%ﬁpé?gtﬁregneﬂg alﬁln?r 5 Cohp te%ts gi)eﬂgﬁlgesuﬁﬁfa 1@ IOkt bRl de

coating ( resent on t onen ess i n excess of
100 mi cr oweidatisn aid kot cotresiah.um ni zi ng step and prior to the treating step.

12. A process according to any one of the preceding clains, wherein the

treating ep reno bstantjally all of ditive | ayer 2 ) and does
ot - danragd TEeG0E Phs SFRTRERELY eNERabAERe 1 6 o CORosRS Ko A A
- A LAY AF%%tlve Mye?f'?g&rlymg the surface of the blade 10, and a diffusion zone 24 in the

&"&~&&&Q wr mhc”Y] ca] cd] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] caJca]ca]ca]c
a] ca] ca] ca]mfaqedaglon@lﬂ}lm blpdea Q;al}sca]mal: ﬁp@dl} sipn ahaniniieSepingsl [THEKKKF MNQ|
OPPQR

U uvvvn/\w\r \%fm?&‘mﬁ"élﬁ](%? &4 pentping vatigusdpternetallic and metagtablg phases,hat sy crq) cay
%31_] ca] ca] datiag]he] watlit@ reation] 4ah crbela]ofadifikSivha Oyra8fnisBakil Rhkdgekt MNO OPPQR

U- UV Wlemeatal seBibility dajthejlec] segiempé dhe splstiptea) dhy @dflising dayes 42 #) c~a] ca]
ca] ca] ca] (E?;Jlga"fl]yca%l)ﬁ@j(?@ PR REEEAh R 588N ains the environmentally-resistant
intermetallic phase MAL, where M is iron, nickel or cobalt, depending on the substrate
material (mainly B(NiAl) if the substrate is Ni-base). The chemistry of the additive
layer 22 can be modified by introducing into the coating process other elements, such
as platinum, chromium, silicon, rhodium, hafnium, yttrium and zirconium. For
example, if platinum is deposited on the substrate prior to aluminizing, the additive

layer 22 contains (Pt)NiAl-type intermetallic phases.

Diffusion aluminide coatings of the type described above are the most widely used
environmental coating for protecting turbine hardware because of their relatively low
cost, simple equipment and coating operations, and the ability to be deposited without
plugging air cooling holes. Due to high material and manufacturing costs, superalloy
components having damaged or flawed diffusion aluminide coatings are repaired on a
routine basis. The process of this invention is directed to the rejuvenation of the
diffusion aluminide coating 20, and more particularly to removing at least a portion of
the additive layer 22, such as when the additive layer 22 has been deposited to an
excessive thickness in a process of rejuvenating the coating 20. The rejuvenation
process of this invention is capable of removing the additive layer 22 without

damaging the substrate material of the airfoil 12.

The repair process of this invention entails contacting the diffusion aluminide coating

20 with an acidic stripping solution containing phosphoric acid (H3PO4) and nitric

6
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acid (HNOs). A suitable composition for the stripping solution is, by volume percent,
about 25% to about 75% phosphoric acid containing about 85 weight percent H;PO4
(balance water), and about 25% to about 75% nitric acid containing about 75 weight
percent HNO; (balance water). A preferred solution contains equal amounts of
phosphoric and nitric acids at these specified concentrations, i.e., prepared by
combining, by volume, about 50% phosphoric acid containing about 85 weight
percent H3POy, and about 50% nitric acid containing about 75 weight percent HNOs.
When a diffusion aluminide coating is contacted with the acidic stripping solution at a
temperature of about 70°C to about 80°C (about 160°F to about 180°F), preferably
about 75°C (about 170°F), for a duration of about 20 to about 30 minutes, preferably
about 25 minutes, the additive layer 22 is stripped with a high level of selectivity with
no measurable attack of the underlying superalloy substrate. Below the preferred
temperature range, the activity of the solution is insufficient to remove the additive
layer 22, while treatment temperatures above this range can result in attack of the
superalloy substrate. The acid solution of this invention appears to selectively attack
aluminum, particularly if the diffusion aluminide is a platinum aluminide, and
therefore contains platinum intermetallics. While nitric acid and phosphoric acid are
disclosed in U.S. Patent No. 3,833,414 to Grisik et al., their use was for a process of
completely stripping a diffusion aluminide coating, and not for the limited purpose of

completely removing an additive layer of a diffusion aluminide coating.

Because of the selectivity of the stripping solution to the aluminium of the additive
layer 22, the invention enables the removal of an excessively thick additive layer
(e.g., in excess of crometers), as may result from a rejuvenation process. The
selectivity of the stripping solution is most advantageous if the coating 20 has not
seen high temperature service (i.e., the blade 10 has not been installed and operated in
a gas turbine engine), so that limited interdiffusion has occurred between the blade
superalloy, the additive layer 22 and the diffusion zone 24. Once the excess additive
layer 22 of the original coating 20 is removed, a new additive layer of the desired
thickness can be deposited without any risk of alloy depletion and thinning of the
underlying substrate. If a platinum aluminide coating is desired, a flash of platinum

(e.g., about two micrometers in thickness) can be deposited and diffused into the
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surface of the airfoil 12 exposed by the stripping operation (i.e., the diffusion zone 24
and any remaining portion of the original additive layer 22). A suitable process for
diffusing the platinum layer is a thermal treatment of about two hours at about 1050°C
(about 1925°F). A suitable re-aluminizing process is vapor phase aluminiding (VPA)
performed at a temperature of about 1040°C (about 1 for a duration of about six
hours. Other diffusion aluminiding processes could be used, and are therefore within

the scope of this invention.

During an investigation leading to the present invention, high pressure turbine (HPT)
blades were treated with an acidic stripping solution of, by volume, about 50%
phosphoric acid containing about 85 weight percent H3PQy4, and about 50% nitric acid
containing about 75 weight percent HNO;. The blades were formed of a nickel-base
superalloy known as René 142 and having a nominal composition, by weight, of
about 12% cobalt, 6.8% chromium, 6.15% aluminium, 1.5% molybdenum, 4.9%
tungsten, 6.35% tantalum, 2.8% rhenium, 1.5% hafnium, 0.12% carbon, and 0.015%
boron, the balance nickel and incidental impurities. The blades were protected by a
platinum aluminide coating that had been rejuvenated to form an additive layer whose
thicknesses were in excess of 100 micrometers, which was deemed excessive for the
particular application. The blades were contacted with the stripping solution at a
temperature of about 170°F (about 75°C) for a duration of about twenty-five minutes,
resulting in the additive layers being completely removed without damaging the
underlying superalloy substrate. Following removal of the additive layers, a flash of
platinum was plated on the exposed surfaces of the blades, which were then heat
treated at about 1925°F (about 1050°C) to diffusion bond the platinum flash, and then
re-aluminized by VPA at a temperature of about 1900°F (about 1040°C) for a

duration of about six hours.

While the invention has been described in terms of a preferred embodiment, it is
apparent that other forms could be adopted by one skilled in the art. For example, this
invention is also applicable to a diffusion coating used as a bond coat for a thermal-
insulating layer, as is often the case for high-temperature components of a gas turbine
engine. Accordingly, the scope of the invention is to be limited only by the following

claims.
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1. A process for rejuvenating a diffusion aluminide coating (20) on a component
(10) following deposition of the diffusion aluminide coating (20) and before placing
the component (10) in service at an elevated temperature, the diffusion aluminide
coating (20) comprising an additive layer (22) on a surface of the component (10) and
a diffusion zone (24) below the additive layer (22) and in a surface region of the

component (10), the process comprising the steps of:

treating the diffusion aluminide coating (20) to an aqueous solution consisting
essentially of nitric acid and phosphoric acid at a temperature of about 70°C to about
80°C until at least part of the additive layer (22) has been removed but the diffusion
zone (24) remains, thereby establishing a treated surface of the diffusion aluminide

coating (20); and then
aluminizing the treated surface of the component (10).

2. A process according to claim 1, wherein the aqueous solution consists of nitric

acid, phosphoric acid and water.

3. A process according to claim 1 or 2, wherein the aqueous solution contains

nitric acid and phosphoric acid in substantially equal proportions.

4, A process according to any one of the preceding claims, wherein the diffusion

aluminide coating (20) is treated for a duration of about 20 to about 30 minutes.

5. A process according to any one of the preceding claims, wherein the aqueous
solution is at a temperature of about 75°C and the diffusion aluminide coating (20) is

treated for a duration of about 25 minutes.

6. A process according to any one of the preceding claims, further comprising
the steps of depositing a platinum layer on the treated surface following the treating
step, and then heat treating the component (10) to diffuse the platinum layer into the

treated surface before the aluminizing step.
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aluminide coating (20) contains platinum, the process further comprising the steps of
depositing a platinum layer on the treated surface following the treating step, and then
heat treating the component (10) to diffuse the platinum layer into the treated surface

before the aluminizing step.

8. A process according to any one of the preceding claims, wherein the diffusion
aluminide coating (20) is present on the component (10) as a result of aluminizing the
component (10) after the component (10) has been placed in service at an elevated

temperature.

9. A process according to any one of claims 1 to 7, wherein the component (10)
is a gas turbine engine component (10), and the diffusion aluminide coating (20) is
present on the component (10) as a result of aluminizing the component (10) after the
component (10) was installed on a gas turbine engine, the gas turbine engine was

operated, and the component (10) was removed from the gas turbine engine.

10. A process according to any one of the preceding claims, wherein the diffusion
aluminide coating (20) is present on the component (10) at a thickness in excess of

100 micrometers prior to the treating step.

11. A process according to any one of claims 1 to 9, wherein the diffusion
aluminide coating (20) is present on the component (10) at a thickness in excess of

100 micrometers after the aluminizing step and prior to the treating step.

12. A process according to any one of the preceding claims, wherein the treating
step removes substantially all of the additive layer (22) and does not damage the

surface region of the component (10).

10



