. ghe3eeb” p6TCHLY June 2003 | MPROVED COATI NG AND METHOD FOR IR PPNG
CONSUMPTI ON mw RI AL DURI NG H GH TEMPERATURE SERVI CE Thi s

i nvention rem“\ turbine engines, and nore particularly, to a

di ffusion barriegdyer applied to ai rfoils in the turbine portion of a gas
tur bi ne engi ne. DI SCUSSI ON OF THE PRI CR ART The current coati ngs used on
airfoils exposed to the hot gases of conbustion in gas turbine engines for

(Te0) “oyst SERPYAR GO RNuEbrfTaBIRR MR oz G AR HMEE S5 Frgs are
applied over syRBNA MABRIAIRDERINGPHEGHIDEMPERAITURES §ERUNEEAl | 0Ys, to
provi de protection agai nst oxidation and corrosion attack. These coati ngs

are formed on the substrate in a nunber of different ways. For exanple, a
ni ckel alum nide, NiAl, typically is grown as t on a nickel

base superal | oy by si rrpl y exposing the subst rammlllmumlmmﬂmm num r| ch

envi r onNegRfgye 33 ng tures. The alum numy 91{ uses into

substrate and co |nes W e nickel to formthe outer coating of N| Al . A

pl ati num al um ni de (PtAl) coati ng is fornmed by el ectroplating platinum over
t he ni ckeThisaiswentibat refites tto @spmbhteeenginesl, and aknes partfitidarlyexpasur e of

the plati to an_al um numri nV| ment, . at, el evat ed te rat ures
causes th@&g}rsb% ﬁ’aweﬁﬁémt @plf‘%@yg AR e W‘Fgmé? RATHAR Pf%t%ses into
and react girbiddendifiep! ati num At the sane time, N diffuses outward from

the substrate) while alum numdiffuses inward through the plati num Thus,

conplex structures of (PtNi) Al are fornmed by exposing a substrate
el ectropl RIRAUnSIGNFOF {131 pr?t)éﬁﬂ‘ere rich in alum num at el evated

tenperatures. As the alum numdiffuses inward 19 June 2003
The current coatings used on airfoils exposed to the hot gases of

combustion in gas turbine engines for both environmental protection and as
bond coats in thermal barrier coating (TBC) systems include aluminides of
nickel and platinum. These coatings are applied over substrate materials,
typically nickel-base superalloys, to provide protection against oxidation and
corrosion attack. These coatings are formed on the substrate in a number of
different ways. For example, a nickel aluminide, NiAl, typically is grown as
an outer coat on a nickel base superalloy by simply exposing the substrate to
an aluminum rich environment at elevated temperatures. The aluminum
diffuses into the substrate and combines with the nickel to form the outer
coating of NiAl. A platinum aluminide (PtAl) coating is formed by
electroplating platinum over the nickel-base substrate to a predetermined
thickness.  Then, exposure of the platinum to an aluminum-rich
environment at elevated temperatures causes the growth of an outer layer of
PtAl as the aluminum diffuses into and reacts with the platinum. At the
same time, Ni diffuses outward from the substrate, while aluminum diffuses
inward through the platinum. Thus, complex structures of (Pt,Ni) Al are
formed by exposing a substrate electroplated with Pt to an atmosphere rich

in aluminum at elevated temperatures. As the aluminum diffuses inward



2 toward the substrate and Ni diffuses outward through the PR Jum0X phases
precipitate out of solution so that the resulting Pt-Ni Al intermetallic

al so contains precipitates of PtAIX internetallic, where x is 2 or g.

Al um ni des are al so used as bond coats |n thermal barrier systens, being

i nt er nedi ate between the substrate andZan additional thermally resistant
ceram c coating such as yttria-stabilized zirconia (YSZ) which is applied
over the alum ni de. However, the rocess for %lorm n theseggi })&gsi on

al uni ni dedoyardthe subsirate and Ny 4 S%Sh@letwasfdt reugh Vo Lo Bk phases o
exposed 1 gralifithfiBhe 47 WBldtorP¥o a@fzﬁeg@am PENACHRPALBERARS A}, ©! evat ed
t enper at ures, e resulting a umn| e Is grown into the surface. Over
tinme in tlaentmhs gmplha;teenfll’hﬁmnﬁnrmetalhc gaserewribiore ngi ne, the coatings,
whet her applied as an environnent aI coating or as a bond coat in a thernal

barrier system eventual,l e a resu n conbinati on of
ongoi ng p,fﬁgg‘ggléi&S aerFoaslis% S%élst or{ O?ﬁffp%{jbeﬂa‘ﬁﬁl %gfnﬁgtsy%tgggs bSngt he
airfoils; igRriedife setoveen theasibsomtefantoahatddieonsl thernidl gpf@ﬁiﬂﬁhﬁ of
conbustion with the airfoil surfaces; and oxidation. In order to repair an

airfoil afeemicgoating such asmétﬁbahaﬂdt@m@%%%ow ishiig applied evensi on

products 0] We ati ngs,
if they hg\agﬁmﬂ-ﬁpéa een %%r%@g{efsaégzg%ﬁﬁgl gg‘%:gal‘l:?"lt :\}\{n(g)ffsilIg'?l!ailrﬁeﬁa[{g:]i into
t he subst natas’selnylaaycthéfsumeomha:tnsaessay, thiei subistraod iseexposed to ndurmimani i on of

what was once bstrate materi al ecause th arts are thin, IS repair
process | iYsially B PCeIS qrian%’ameﬁ%t ei?\%tgﬁ F@E%tﬁ’@sréﬂg si nce

m ni mum a'rb%‘iﬁgeah‘i\ﬁﬁhldtehb BEPS B thaklftacde viol ated. Wat is desired is a
nmet hod of formng protectiVve alumnide coatings on airfoils for use in gas

turbine service in which the growth of the coating into the substrate is
ei ther el iQReratiowe dn thenhel gastous amyvipemaenDOf B BRI tarbigeMurgine Otha HE

that at orseaopEbT ek APatAET ab Sl eR el Ik & K LA SRBETL 10
subst r at e thegmsl rmime@ygtbm aeatiglya dbgtddisi on dafesukr of oone uoeral | oy

conponents, such as rfoills, used in gas tarbl ne, appl i,cati ons.
advant age combinatign f-PREqQIRG ATPERRTES: serloﬁ‘é’tn ye éstttbﬁdglnlnﬁemﬁnteomma t ur bi ne

foil I toth
airfoi %8&'% e Tﬂ?fgﬂ%g‘r@?nﬂtogfotr{]%epgst@&éﬁdﬁ of Mtih@?a@ﬁaﬁi e ! Nto the

substrate “hateri al e subsequent renova e coafing to
occur wit ipmdnctrsmf amplamtimnwiﬂhethierﬂirfodlsw@lcbs,tand:kndauonf Inherdartéoi |, so

that the airfoil g‘ﬁ‘?@n be ext nded thro h additi {}Hgalr Cécles in
excess of FRBIHATHY ?rWFE' ISREEHE aéf’?’é’r"ﬁé’(ﬁ’ OR Mt age of
the syst empeldukbeard Sﬁi@ﬁhohrb’:%ﬂhb@,n buf aIsB&hth@vx@hﬁl&%’iﬂﬁH&d%aﬁh@é Ifayer

sl ows the outward mg@atlon of alloying elenents such as Co, Re, Ta,

M and Ti thephaver't elisedy been gemiowed hBgpauserthecaatings @fﬁegmwrbmtgdhe hat the
mechani cal g Al PEHY 4§ With&ish Rote& thiSinbivelSGemoving a portion of what

was once substrate material. Because the parts are thin, this repair process

limits the number of times that the airfoils can be reused since minimum

allowable wall thicknesses cannot be violated.

What is desired is a method of forming protective aluminide coatings on
airfoils for use in gas turbine service in which the growth of the coating into

the substrate is either eliminated or minimized.



substrate is maintained. Still another advantage of the systlé)rrIIUB‘Fz?%
present invention is that the diffusion barrier |ayer retards the i nward
m gration of alum numfromthe coating so that the al um num content of the
coating is not depleted as rapidly as might otherw se occur. The present
invention provides for an article for use in a high tenperature oxidative
envi ronnent such as is found in a gas turbine engine conprising a nickel

base supe Hﬂﬁ%iﬁf‘ r&“W@@T ni ckel base superall oy substrate
is atigh Iy%@ren nme glﬁglcoa infg&gorrpri sed of cobalt or nickel, or
conbi nations of cobalt and nickel. The netallic |layer is applied over the
substrate and dtheoptesentciveientignof ditected taleards a fprotentiveycoakipgsthag at he

nmetallic layer to, a high concentration of .alumnumat a 19 June 2003 4
ol evat od PEERERATISES. o Phetceimcoapenas haickelbansd sepetatios gibstiee

af or esai d jp@t gkduilEarfe@daklynSets Q%P4 | Eiffdsioh K&bridM for%ugﬁ?iﬂby‘@éh%ﬁeﬁfs, Co and
Ni, retarding or delaying its reaction wth the superal I'oy substrate. The

netal | i c duech aspifoilsaise@in gagbirbirie apniqatiessnt i nvention may be applied to
new airfoils prior to alumniding or it may be applied to airfoils renoved

oM eer e, 2oupkafibel b ERALLI A Gyidh S, BRACH by LT RToPg o ©

the present inventrion r enoval XI'S
coati ngs tarbiaerdirfoilsby esdweidgfthengroathii afethel protaetivs phohinidéeoptingent

i nvention provjdes a nethod for repairing a superalloy turbin opponent
removed fABiA & spb%tﬁaweﬂ@é?vﬁﬁe,ﬁewﬁmﬁsn@e PabsAusgt semgiel o 1B

cor r osi on (Ba K GoSoddit vttt RRACHN B F Fhe AhitidICwERTRRIGRLs WRARE T ePai T
removing existing alum nide coatings fromthe exposed surfaces of the
conponent aiwrfdidy sa dadithe airfaihlifedesiolé extegded tiwounghaadditiohalarepelraryeles
sel ected f.romthe gﬁougmgtgn 'hséi n[gll oﬁ Ni , ,Co and combi nations of Ni and Co
over the éﬁref(g%séocg tR ‘ﬂ% ABRYER %Fal?gﬁé’ie AB'%vat the surface; then,
form ng a diffusion alunmnide coating by exposing the coated surface to an
al um num sour ceAéthen adveniaige bftthengsaim/ bE the present invention is that the
diffusion barrier layer slows the outward migration of alloying elements such
as Co, Cr, W, Re, Ta, Mo and Ti from the substrate during high temperature
operation so that the mechanical and metallurgical properties of the

substrate is maintained.

Still another advantage of the system of the present invention is that
the diffusion barrier layer retards the inward migration of aluminum from
the coating so that the aluminum content of the coating is not depleted as

rapidly as might otherwise occur.

The present invention provides for an article for use in a high
temperature oxidative environment such as is found in a gas turbine engine
comprising a nickel base superalloy substrate. Overlying the nickel base
superalloy substrate is a tightly adherent metallic coating comprised of
cobalt or nickel, or combinations of cobalt and nickel. The metallic layer is
applied over the substrate and an outer coating of aluminide is formed by

exposing the metallic layer to a high concentration of .aluminum at an



| n anot her aspect, the present invention provides a nethod;§¢i,JRp3i ring a
superal | oy turbine conponent renoved from gas turbine service, conprising:
renovi ng oxi dati on and corrosion produc%ls fromthe exposed surfaces of the
conponent under repair; renoving ?xi sting al um ni de c;?ati ngs fromthe

exposed s§levateds temPERSUESndhEn@IYRHBIM r B4 has t Reditiyap odrensty et hin
| ayer of %&yﬁpn&lpﬁlﬁéQ%gﬁgﬁscteqnfé%g&c%f62)? r@P'HfQO&%%i#‘dHQRE oF&B&lahg then,

depositing a t ayer o nt seleéted fromthe group consisting of
Ni and Pt Noysstatdiegloayelayohg @ @aetidy iwith thresuperildey sobsttdte. conponent under
repair so as to overcoat the thin Co layer; then, formng a diffusion

al um ni de coating by exposing the overcoated surface to an al um num source
at an el eTheadetadhipdifftisioa. barrit ldyareo 2O0R3préacitninyentibn anag berapasipdct , t he

present inventian ovi.des a. superal |l oy. turbine congonent.for use i.n a gas
burbi ne efPRY, ASkitsr PEPT IR SWriREAS 470 BRLhE RPURTAP AURLE rameved

di ffusi on fRik LRI EE a§ PaE SYAhEUBHAIY IcHEId MBhe SHAISNA! diPPusPGS BalFRlrSSf tRe. the
di ffusion alum nide coating forhed Over the superall oy substrate by first

deposi t i ngresehhymrendfonaworldhenppled efteedefmoyal ohpregxostmg ovatingsi fog of Ni
and Co to (:ga,‘:l t he su({hace of .t he conmponent, then formng the diffusion

al umi ni de 2HORYT FY"BR°T HETS 1A% of the substrate by exposing the coated
substrate surface to an al um num source at an el evated tenperature, so that

the diffusion al urrié{i q?l coating.is stubstant.idal I%/ foglé) d %{y t he diffusion of
al unmi num it Y% FEPFHy €M Cc BEEPRY 'ThE Ty PARYESF § HE® ”ﬁpé edfPYEEhit t he
anount of sipdrarbfltufbiRencéMPofisierealdved fBsa e atat®ih&keriidts comipeisigact i ng
with the alum num source to formthe diffusion alum nide coating iIs

subst ant i &MyVingderidatianand eorensieh Prodiats diam che gkpased; siréaestof e t he
superal | °¥08?§ﬁe1§€ﬁrﬁfeir41t:%§i#b5t rate is substantially maintained. In yet
t, nt’

anot her aspe e pres i nvention provides a nethod for preparing a
super al | oyerhovinignexisvitigonbuthidide domeinigs frioen tthe bexpospar surfacesf ol tHhas
turbine engine, conprising the steps of: cleaning the exposed surfaces of
the conpoR@WPonemeiideddpp@fting a thin |ayer of an el enent sel ected from
t he group ISk . s, i i 1 -t he
surface o%ﬁﬁ?eggﬁgﬁﬁ%m‘hg er repa?%@gmggg? R;t%hfe}grsn{:'lr e:%g;u&bﬁqelgi,%hp grm’ ng a
di f f usi onofiNimCui aied combiimagidns ekNosnddCd beer duat adfseer dhtde tcamponaltum num

sour ce at ag el evat ed tggperaiure. O her features and advantages of the
present i HVERE 1RACIG02hNSHH3%nt from the fol | owing nore detail ed

descri pti exerQffofhigtd affgidied atihndieedhting BkakpbBingaRk WoatddourMcehot he
acconpanyi ng_draw ngs which illustrate, by way of exanple, the principles
of the i neamlymmunpsgwicerEd apEderted (NP @RIUEE | NVENTI ON

In another aspect, the present invention provides a method for repairing a
superalloy turbine component removed from gas turbine service, comprising:
removing oxidation and corrosion products from the exposed surfaces of the
component under repair,;

removing existing aluminide coatings from the exposed surfaces of the
component under repair;

then, depositing a thin layer of Co over the exposed surface of the component
under repair;

then, depositing a thin layer of an element selected from the group consisting
of Ni and Pt over the layer of Co overlying the surface of the component
under repair so as to overcoat the thin Co layer;

then, forming a diffusion aluminide coating by exposing the overcoated

surface to an aluminum source at an elevated temperature.



19 June 2003 4b The present invention conprises depositi ngrlrgﬁr{yﬂ)ogayer of
a netal selected fromthe group consisting of Co, Ni or conbinations of
and Ni over the surface of a turbine engine conponent such as an airfoil

prior to the formation of a protective alunm nide. coating. ically
Conponent 40 S a5ais degpets B rignt GLPuaY Ripvidsnct ApPaltY aiPintequent |y
wel |- koo Mm@tk e bl @4 Sutif ciginBeBemBisigene N5, Rene N6, Rene 142

and Rene 162. These superalloys include a nunber of alloying elenents. The

nomi nal carsppsialioyrbast nRgacaBgybstrate;exanpl e, is, in weight percent, 0.17%
C, 0.2% M, 2981, 149, 9. 5%Co, 3%Al, 5.09%/i, 4. 09 0. 2%-e, 0.01598,
0. 03% 21 Sa9tHRRY %‘H@“H&Fgﬁ%ag“ﬁ oXRHY It Aepprafios P 9 e Fhape
super al | oy gudIsh " Aumifflcetbaify IfHfhed e vr NMleabufdrBNBPt subkiFateabl Ofifstwei ght
percentages. VWen Co, N or conbinations thereof is applied over the

surf ace oflepgsitingfadliayer pf an elraent spleqted ifipnadhe graup censiting ohNo apfli ch a
protectiv um ni i | S . i | | in the
gas turbi Ejeoaéaor sa? t?‘ﬁ%&rgﬁéémgﬁghgec%ﬁogﬁkﬁ&q#ggqgéﬁl\?lg tglg déﬁfué\%\r} i arlﬁﬁl?r%ﬂte al
coating f obatstglon tHO shufaee 2003nd subsiitel byl expusing th@ycoaesd gubstratebond
coat underlying a thermal barrier topcoat. Wen the engine is takq%n out of
servi ce f8RITAEHAPr aBr AlUBHOREY SARESS 3| AN | deYRIEESICAMPrAEIGefdyVBabxist i ng
coatings, 3ay¥6h! aﬁﬁniﬁﬂ*'e %'aﬂﬁ%' % s%st%@ﬁ?ﬂ?tf&ﬂmﬁr% ugls difkidiyfhave
formed on the outer surfaces of the turbine conponent parts in order to
acconpl i slalanin@iniribios thve bdyer Tduasing thet berfpcee9€nthe i congpririenn, sot theat athpl i ed
netal is sacrifiﬁ]ial i.n érhat it is uged,to form.the alum nide protective
coating aRBoWhokinaerighEoghthmsurtralol hase matrrkrybaraih 2eaclioer ¥iBved
during refpr Biditeh sodte GOULRR: thE UirRXioht A10chihidcbiARingORRRABSANGalllhe NI,
Co or conbinations of Co and NI may be added after renoval of the éxisting
coat i ngs, redicsH and ¢hdhdémengionsd amd chemécal utpsegrityeofi shenguestaoy repse
procedures. .This %dgreg et %I sFrﬁes t.0 r.e‘%)(’ ace the renoved substrate
material SHiCHal HosEALe K SARONABHANY ANt g to be grown into the added
metal rather than directly into the substrate, which has already

experienced thinning as a result of conventional alum niding and renoval .
I n addi ti émyet heothgraspasbtthe paesent asventiginf pregidss omethad farprepssing ahe

In additi dnye e PRz Ehe
tor i ng. t ALBPABpriie RpibRenf off T, (T RHBnL RoAMRELF T gl hfifiasured 10

t enper at ukagile, opmpsaikimpnthefstepsgals t urbine in the turbine portion of the
engine is sufficiently hjigh, about 2000F and hi gher, that the effects of
di ffusion® b‘&g’@se"d’é’ﬁf:fi)gu‘lf%c‘isg‘?fto‘lhéc?.onmonleﬂtése tenperatures, there is a
tendency ey, Qie%!;i'ﬂi‘ﬁ@a WhhqhydrSogfe’ntthi 3cRR%E REWDRTe Q‘b‘{lﬁ%ﬁs@ﬁngt her
equi val ent process t0 forman alum nide outer protective surface, fo

di ffuse t lof dNigiCa med sbonbimdtihms| efyNi aad Coriogenthe sunfece pethsupempenent Ther e
is also a tgndencg_ for fgfbfﬁsn te elements such as Co, W Re, Ta, Y, V M,
etc., to HPFPLERALIFRE BTN Y HECabst rate when present through the al unini de
| ayer to ttllf@l,thﬁrnfgswaffa@ﬁommtﬁidih@woﬁt@ﬁgb%xgeﬁnrgha& cahedniirfdceabt | y
adherent. This diffusion process results in an adverse effect on the

al um ni de aprabemityny sourppeat aprelevated tempet@bies depl et ed of al um num
altering its ability to act as a protective surface, and it alters the
conposition of the underlying substrate in that a diffusion zone is forned
i n which tOtaec hemueslandndiviaatupes of tRe pucsen? G nbiomewabe aplpapnodesthi es are
al tered. Because the diffusi,?n process is time and terrpe(&ature dependent, a
rel ativel yh¢ fpldewing aorgrdetgilods dpscatniiareqf ithe greferref Frabefimand BkeBcts of
the diffusj Swri ghadi t i r of Co
e R T A

di f f usi on eefmalejrthapmnciplas df the augintiome cobalt | ayer and the diffusion of
the alloying elenments outward through the cobalt layer is significantly
slower. Thus, a thin layer of cobalt serves both as an effective surface
for formatpgopaef EpDEKER IPTION O EAE MEVERAtION and as a diffusion barrier
to inhibit the mgration of alum numinward toward the substrate and
alloying elenents outward away fromthe substrate. ‘WWen the present
invention is used to repair a superall oy conponent renoved from service
froma gas turbine, it is first necessary to renove the oxidation and
corrosion products that may have built up on the outer surface as a result
of exposure to the hot gases of conbustion and other contam nants. This is
usual |y acconplished by degreasing and grit blasting. It is then necessary
to renove the coatings fromthe exterior surfaces of the conponent. This
may include thermal barrier coatings such as yttriastabilized zirconia,
which is removed by grit blasting, and al um nide bond coats or alum nide

e o, . o — o, .



conponents is virtually identical to preparation for servigg ﬁf ﬂﬁévturbine
conponents. These conponents are typically airfoils such a H'?% bl ades
or vanes. A thin layer of a netal, either Ni, Co or conbinations of Co and
Ni is deposited over the surface of the“bonponent to coat the surface. As
not ed abovdie Biegert RVeaHan aTeprisdsehenosting ffthie layarogn noetak |sek9§tedt han

t hr ough cker.| e
effectlveﬁéggﬁgg%ggﬁgégzgghé ‘f@?eﬁﬁﬁy 1n31PP%g#ﬁ%£%9#15 ? ness of
the deposistgfdcerdéfla wutbiny agngihe Odfbrﬁb@mﬁntZStidh alodh Hiefail oprders toi thebel ng
understood that Co is applied at the |ower end of the thickness range and
the Ni isfappatienofta Pﬁéew&méwr@m%mwtmmz% wmg&entﬁrﬁé@ ei ng an

overlap i ke ymﬁ osited
by any co%#gﬁygﬁpgéecﬁnléﬂgﬂﬁﬁ @%@HSX%S a ﬁﬁagaﬁ allty, unlggrﬁggbatlng
thicknesssuﬁhﬂﬂeypmmcbs&e&emm@bum&neuﬂﬁtR@pbdﬁ&n@pn@hyslaaﬂlvapnﬂ62

depositio el ectrol ting and che por deposi tj.on. ill be
r ecogni zeJ}Fﬁﬁts‘tPéFﬁl&W {pclpde iqpwmber g} aﬂ‘é‘ﬁ' chepenfsyer g?oatlt ct the

charact er 'c%tﬂ&ﬁy’&t?d]{jof)ﬂ@én%t%@”fo?fe)&a'ﬂ?plé" BSSRtwiigHE PEIRAL, BY 7L CRTRIGNt i N
the deposited nmetal. After deposition, the netal -coated conponént is

exposed t Mn, §RA%8k H%eruﬁlﬂ@ﬁipat3"/ahl,e5@\9/a'fled4 puvber At2%Ee,s6.001h8&B.a

G 745100 L 959541 ST e SELLRS 1 od e oG oL s ™

time-test gdpsmldgdsubstratdranicnald NRSIRAE OshlingSelehithlls AR GAMRCHIdight he
conponent to a pack process or an over-thepack process. O her successful

net hods i mereandagisem WaenygporN rd@posqmbmatlanél thepenf phapplied weweti theng. O
course, it A Yint e r time,
N om ¢ bt of B AR TGN nle R S riabe 386, Phict 4 PR SE

coating) fabirinide @oatihgXs (growhi ) Of caliss, nsdesvélbkavgim inthec gas ttrrbmeThe

al um ni de coatjng. thjckness will vary dependi ng upon the alloy system but
typi cal |y 3ds t fae phetde coating may §651F 85 £ §HYArONmERtHuS A IS @4 Htchapout
2-90 mcrons. Wien Nl is applied in sufficient thickness, it can act to
slow di ffusion of .Al fromthe outer surface to the substrate, and wil |l

al so mnimze the effect on the underlying substrate. However, the present
invention is nost effective when used to take advantage of the diffusion
barrier characteristics of Co. In a preferred enbodinent, a thin |ayer of
Co is applied over the substrate, typically to a thickness of about 2-io0
m crons and nost preferably to a 19 June 2003 8 thickness of about to

m crons. A diffusion alum nide coating is then formed as set forth above.
In this enbodi nent, the Co acts as a diffusion barrier slow ng down the
diffusion of alumnuminto the superall oy substrate. The al um nide coating
thus fornmed will have a reduced thickness conpared to that when the
substrate is coated in the absence of a diffusion barrier. When a conponent
coated by this nethod is next repaired, a smaller amount of material wll
have to be renoved conpared to conponents coated by conventional nethods.
In anot her preferred enbodinent, a thin layer of Co is applied over the
substrate, typically to a thickness of about i-io mcrons and nost
preferably to a thickness of about 1o microns. Then, a thin |ayer of a
netal selected fromthe group consisting of NN and Pt is deposited over the
Co. The thickness of this second |layer will vary from about 2-25 m crons.
Most preferably, when Pt is deposited, it is applied to a thickness of
about 5-10 mcrons. These netal |ayers are deposited as set forth above
using typical netal application techniques. An alum nide coating is then
formed as set forth above. In this enbodi nent, the outer netal |ayer,
whether NI or Pt, forma protective alum nide. However, during subsequent
hi gh tenperature exposure, the Co acts as a diffusion barrier. As Al
diffuses inward fromthe alum nide, an additional protective coating of
CoAl is formed at the surface) which beconmes a conplex alum nide coating of
either (Ni,Co)Al or (Pt,Co) Al over tinme, depending upon whether Ni or Pt
is deposited over the Co. This conmplex alum nide will grow fromthe outer
Co surface. Since Al diffuses faster than Ni, over tinme Al diffusing i nward
fromthe outer alumnide and Ni diffusing outward fromthe substrate w ||
conbine within the Co to forma further conplex of NNAl in the vicinity of
the Co/substrate interface. However, the effects of Co as a diffusion
barrier are such that this reaction is relatively insignificant and the
effect of this reaction at the Co/substrate interface is mnimal as
conpared to current practices. 19 June 2003 9 The overall effects of the
coatlngs of the present |nvent|on are to prOV|de an effectlve protectlve
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integrity of the conponent is mninized, while at the sane 19i7hee 28%% i zi ng
the adverse effects of the hot gas turbine environnent on the superall oy
substrate material so that the chemi cal and hence nechani cal properties of
the substrate are substantially maintained. Although the present invention
has been described in connection with specific exanples and enbodi nents,
those skilled in the art wll recognize that the present invention is
capabl e of other variations and nodifications within its scope. These
exanpl es a nts are intended, as.t at her t han i n any way
Tl oAl o8 dbgBeg <t T r Eabit SReb BRI 5 DEGHELPeHREre
appendedoptdtByhen lﬁe SHpRe30 UskekDoGiLa¥ S¥bvidh dér tepatt & lféfﬁlrblﬁlmbnt A met hod
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coati ng t r n el evat ed
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deposi tigffer eéiRoVA0bEIhePEdbtiing catinghewhieh haa&Obe@ierg@éwhl o the The
met hod of claim 1 wherein the thin |ayer has a thickness of from about 2-50
m cr ons.Substrate using existing procedures. This added metal serves to replace the

removed substrate material and permits a new protective coating to be

grown into the added metal rather than directly into the substrate, which has

already experienced thinning as a result of conventional aluminiding and

removal. In addition, the added metal acts as a diffusion barrier to limit the

inward migration of Al so that a minimal amount of substrate is consumed in

forming the protective aluminide coating and during service.

The temperature of operation of a gas turbine in the turbine portion of the
engine is sufficiently high, about 2000°F and higher, that the effects of
diffusion processes cannot be ignored. At these temperatures, there is a
tendency for aluminum, which is added by a pack powder process or other
equivalent process to form an aluminide outer protective surface, to diffuse
through the aluminide layer and migrate into the substrate. There is also a
tendency for substrate elements such as Co, W, Re, Ta, Y, V Mo, etc,, to
diffuse away from the substrate when present through the aluminide layer to
the outer surface where they form oxides that are not tightly adherent. This
diffusion process results in an adverse effect on the aluminide protective
layer in that it becomes depleted of aluminum, altering its ability to act as a
protective surface, and it alters the composition of the underlying substrate

in that a diffusion zone is formed in which the chemical and hence



19 June 2003 11 4. The nethod of claim 3 wherein the thin [18JeneRed a

t hi ckness of from about 2-io mcrons. 5. The nethod of claim4 wherein the
thin layer has a thickness of about ~o microns. 6. The nmethod of claimi
wherein the step of formng a diffusion alum nide coating is acconplished
by a pack process. The nethod of claimi wherein the step of formng a

di ffusion alum nide coating is acconplﬁshed by an over-the-pack process. 8.
The nethod of claimi wherein the step of forning a diffusion alum nide

coating is agco i shed,.b em J tion oc ssS. 9. The

met hod of “@CE W.@ Rmeéf‘ﬁy?ﬁ%g@fffsﬂ ﬁe eﬁﬁhﬁdle @ﬂg“’f‘fﬂm IS¢ Alde coating
i s acconpdmip@dtine depeident, Aty Bl‘n@kfl@yd?rdmﬁsﬁ préferred iedided thor
repairing a superall oy t ur bi ne conponent renpved from gas turbine service,

conpri si nglow themffests ofdihediffusionroeessy é@ﬁaﬁtwmmdf&mhodme@x posed
surfaces Bigliffer of 8o I8 ABpTERT0 sonf AEBAREAL d1IEYHERBA Grob&EPYIRE I Stino
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the dlffusmn of aluminum inward through the cobalt layer and the diffusion

of the alloying elements outward through the cobalt layer is significantly
slower. Thus, a thin layer of cobalt serves both as an effective surface for
formation of an aluminide protective coating and as a diffusion barrier to
inhibit the migration of aluminum inward toward the substrate and alloying

elements outward away from the substrate.

When the present invention is used to repair a superalloy component
removed from service from a gas turbine, it is first necessary to remove the
oxidation and corrosion products that may have built up on the outer surface
as a result of exposure to the hot gases of combustion and other
contaminants. This is usually accomplished by degreasing and grit blasting.
It is then necessary to remove the coatings from the exterior surfaces of the
component. This may include thermal barrier coatings such as yttria-
stabilized zirconia, which is removed by grit blasting, and aluminide bond
coats or aluminide environmental coatings. Removal of aluminide coatings
is usually accomplished by acid stripping or fluoride ion cleaning (FIC). Of
course, since many prior art aluminides were applied by growing the
aluminide into the substrate, this removal process reduces the thickness of
the substrate.

Subsequent to removal of the coatings and FIC, refurbishment of superalloy
components is virtually identical to preparation for service of new turbine
components. These components are typically airfoils such as turl;ine blades
or vanes. A thin layer of a metal, either Ni, Co or combinations of Co and Ni
is deposited over the surface of the component to coat the surface. As noted

above, since Al and other elements diffuse through Co slower than through



conponent under repair; then, depositing a thin |ayer of Cﬂgdg%?m¥ﬁe
exposed surface of the conponent under repair; then, depositing a thin

| ayer of an el enent selected fromthe group consisting of Ni and Pt over
the layer of Co overlying the surface of the conponent under repair so as
to overcoat the thin Co |ayer ; then, ;orning a diffusion alum nide coating
by exposing the overcoated surface to an al um num source at an el evated
tenperature. ii. ~ The nethod of claimto wherein the thin layer of Co is
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formthe gi fdf USi'Eerrﬁ]ieal @1 nide coating is substantially reduced and the

di mensi of3¢ IEROSISEIRCHY i ntegrity of the superal | oy base materi al
substrate is substantially maintained. i4. The superall oy turbine conponent
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sasosfubjecting the component' to a pack process or an over-the-
pack process. Other successful methods include chemical vapor deposition
and vapor phase aluminiding. Of course, it will be understood by those
skilled in the art, that over time, Ni from the substrate will diffuse through
the Co as will Al from the coating, forming complex (Co,Ni)Al aluminides
through the coating. The aluminide coating thickness will vary depending
upon the alloy system, but typically has a thickness after exposure to the

aluminum source of about 2-90 microns.

When Ni is applied in sufficient thickness, it can act to slow diffusion of Al
from the outer surface to the substrate, and will also minimize the effect on
the underlying substrate. However, the present invention is most effective
when used to take advantage of the diffusion barrier characteristics of Co. In
a preferred embodiment, a thin layer of Co is applied over the substrate,

typically to a thickness of about 2-10 microns and most preferably to a



cl eani ng the exposed surfaces of the conponent; then, deposi%ivig2803 hin
'ayer of an elenent selected fromthe group consisting of Ni, Co and

conbi nati ons of Ni and Co over the surface of the conponent under repair to
coat the surface; then) formng a diffusion alum nide coating by exposing

t he coated 19 June 2003 14 surface tg an al um num source at an el evated
tenperature. 16. The nethod of claimi ®"wherein the thin |ayer has a

t hi ckness of from about 2-50 microns. 1~. The nethod of claimg wherein the
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that when the substrate is coated in the absence of a diffusion barrier. When
a component coated by this method is next repaired, a smaller amount of
material will have to be removed compared to components coated by

conventional methods.

In another preferred embodiment, a thin layer of Co is applied over the
substrate, typically to a thickness of about 1-10 microns and most preferably
to a thickness of about 10 microns. Then, a thin layer of a metal selected
from the group consisting of Ni and Pt is deposited over the Co. The
thickness of this second layer will vary from about 2-25 microns. Most
preferably, when Pt is deposited, it is applied to a thickness of about 5-10
microns. These metal layers are deposited as set forth above using typical
metal application techniques. An aluminide coating is then formed as set
forth above. In this embodiment, the outer metal layer, whether Ni or Pt,
form a protective aluminide. However, during subsequent high temperature
exposure, the Co acts as a diffusion barrier. As Al diffuses inward from the
aluminide, an additional protective coating of CoAl is formed at the surface,
which becomes a complex aluminide coating of either (Ni,Co)Al or (Pt,Co) Al
over time, depending upon whether Ni or Pt is deposited over the Co. This
complex aluminide will grow from the outer Co surface. Since Al diffuses
faster than Ni, over time Al diffusing inward from the outer aluminide and
Ni diffusing outward from the substrate will combine within the Co to form a
further complex of NiAl in the vicinity of the Co/substrate interface.
However, the effects of Co as a diffusion barrier are such that this reaction is
relatively insignificant and the effect of this reaction at the Co/substrate
interface is minimal as compared to current practices.
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has been described in connection with specific examples and embodiments,
those skilled in the art will recognize that the present invention is capable of
other variations and modifications within its scope. These examples and
embodiments are intended as typical of, rather than in any way limiting on,

the scope of the present invention as presented in the appended claims.
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What is claimed is:

1. A method for repairing a superalloy turbine component removed from

gas turbine service, comprising:

removing oxidation and corrosion products from the exposed surfaces of the

component under repair;

removing existing aluminide coatings from the exposed surfaces of the

component under repair;

then, depositing a thin layer of an element selected from the group consisting
of Ni, Co and combinations of Ni and Co over the surface of the component

under repair to coat the surface;

then, forming a diffusion aluminide coating by exposing the coated surface to

an aluminum source at an elevated temperature.

2. The method of claim 1 in which the thin layer of an element selected
from the group consisting of Ni, Co and combinations of Ni and Co, is
deposited on the surface of the component under repair by a method selected
from the group consisting of electroplating, physical vapor deposition,

electroless pfating and chemical vapor deposition.

3. The method of claim 1 wherein the thin layer has a thickness of from
about 2-50 microns.

-
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4. The method of claim 3 wherein the thin layer has a thickness of from
about 2-10 microns.

5. The method of claim 4 wherein the thin layer has a thickness of about
10 microns.

6. The method of claim 1 wherein the step of forming a diffusion

aluminide coating is accomplished by a pack process.

7. The method of claim 1 wherein the step of forming a diffusion

aluminide coating is accomplished by an over-the-pack process.

8. The method of claim 1 wherein the step of forming a diffusion

aluminide coating is accomplished by a chemical vapor deposition process.

9. The method of claim 1 wherein the step of forming a diffusion

aluminide coating is accomplished by a vapor phase aluminide process.

10. A method for repairing a superalloy turbine component removed from
gas turbine service, comprising:

removing oxidation and corrosion products from the exposed surfaces of the
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component under repair;

"109& () -

removing existing aluminide coatings from the exposed surfaces of the

component under repair;

then, depositing a thin layer of Co over the exposed surface of the component

under repair;

then, depositing a thin layer of an element selected from the group consisting

of Ni and Pt over the layer of Co overlying the surface of the component

under repair so as to overcoat the thin Co layer ;

then, forming a diffusion aluminide coating by exposing the overcoated

surface to an aluminum source at an elevated temperature.

11. ~The method of claim 10 wherein the thin layer of Co is deposited over

the exposed surface of the component under repair to a thickness of from

about 2-10 microns.

12.  The method of claim 10 wherein the thin layer of an element selected

from the group consisting of Ni and Pt is deposited to a thickness of from

about 2-25 microns over the layer of Co overlying the surface of the

component under repair.

13. A superalloy turbine component for use in a gas turbine engine,

comprising:

a superalloy base material substrate;
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depositing a layer of an element selected from the group consisting of Ni and
Co to coat the surface of the component, then forming the diffusion
aluminide coating on the surface of the substrate by exposing the coated
substrate surface to an aluminum source at an elevated temperature, so that
the diffusion aluminide coating is substantially formed by the diffusion of
aluminum into the layer coating the surface of the component so that the
amount of material from the superalloy base material substrate reacting with
the aluminum source to form the diffusion aluminide coating is substantially
reduced and the dimensional and chemical integrity of the superalloy base

material substrate is substantially maintained.

14. The superalloy turbine component of claim 13 in which the
diffusion aluminide coating overlying the superalloy base material is formed
by first depositing a thin layer of Co over the superalloy material substrate,
and then depositing a thin layer of an element selected from the group
consisting of Ni and Pt prior to forming the diffusion aluminide coating.

15. A method for preparing a superalloy turbine component for use
in the turbine portion of a gas turbine engine, comprising the steps of :

cleaning the exposed surfaces of the component;

then, depositing a thin layer of an element selected from the group
consisting of Ni, Co and combinations of Ni and Co over the surface of the

component under repair to coat the surface;

then, forming a diffusion aluminide coating by exposing the coated
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surface to an aluminum source at an elevated temperature.

16.  The method of claim 1 wherein the thin layer has a thickness of from

about 2-50 microns.

17.  The method of claim g wherein the thin layer has a thickness of from
about 2-10 microns.

18.  The method of claim 1 wherein the step of forming a diffusion
aluminide coating is accomplished by a pack process.

19.  The method of claim 1 wherein the step of forming a diffusion

aluminide coating is accomplished by an over-the-pack process.

20. The method of claim 1 wherein the step of forming a diffusion

aluminide coating is accomplished by a chemical vapor deposition process.



