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restoration o “ﬁmm\ﬁmmﬂ of a protective coating on an article, and, nore
parti cul arly, ment of a local, discrete portion of the coating.

Certain articl es, *coe¥t as conponents glperati ng in the hotter gas path

envi ronnent of gas turbine engines are subjected to significant tenperature
extremes an oxidi zi ng at nrosphere and contam nants such as sul fur, sodium
cal cium and chlori U‘mllﬁﬂ are present in the conbustion gases. As a result

of service opﬁmmMBMﬂ exposure to such an environnent, surfaces of
conponents suc blades and vanes are subject to

oxi dat i on/ corrosi onéstkeygr adat i on. To protect the conponent substrate from
excessive environmental attack, surfaces of such conponents normally are

treated w @bgww@mpeﬁt@tsckmssm@nv%ummﬂéﬁug{ g\y rafEes i n the gas

turbi ne engine art. These environnental coatings gener are classified
as diffusion or overlay coatings, distinguished by the processing mnethods
or degree of substrate consunption during deposition. Reported diffused

al um nide coatings, relying on interdiffusion of the applied AL with the N

fromthe s f 1 ralloy to create an internetallic
surface%%@gﬁ,ﬂwgﬂjﬁ%meﬁ vari ety of methods including pack
cenent ati on, above the pack, vapor phase, chem cal vapor deposition and

slurry type oqgliffendderdiies K088 r MR HRARBEEN: fa protedfeune 2003

coating on an article, and, more particularly, to the treatment of a local,

discrete portion of the coating.

Certain articles, such as components operating in the hotter gas path
environment of gas turbine engines are subjected to significant temperature
extremes an oxidizing atmosphere and contaminants such as sulfur, sodium,
calcium and chlorine which are present in the combustion gases. As a result
of service operation in and exposure to such an environment, surfaces of
components such as turbine blades and vanes are subject to
oxidation/corrosion degradation. To protect the component substrate from
excessive environmental attack, surfaces of such components normally are
treated with environmentally resistant coatings widely reported in the gas
turbine engine art. These environmental coatings generally are classified as
diffusion or overlay coatings, distinguished by the processing methods or

degree of substrate consumption during deposition.

Reported diffused aluminide coatings, relying on interdiffusion of the
applied Al with the Ni from the substrate of a Ni base superalloy to create an
intermetallic surface layer, have been applied by a variety of methods
including pack cementation, above the pack, vapor phase, chemical vapor

deposition and slurry type coating. The thickness and aluminum content of



2 the end product coating can be controlled by varying such coating
paraneters and materials as the coating source materials, cod0iJuget2008,
coating tenperature and al um num activity. For exanple, such control is
reported in a variety of U S. Patents including 3,544,348 - Boone et al.
(patented Decenber 1,1970), and 5,658,614 - Basta et al. (patented August
19, 199. The oxidation and corrosion rfsistant performance of diffused

al um ni de coatings has been shown to bé enhanced by incorporating Pt, Rh
and/or Pd. To incorporate these elenents, thin |ayers of such el enents
generally are deposited by electroplating or physical vapor deposition
means, prior to the alum nide coating cycle. One type of overlay coating,

applied for oxidation and corgosi onwﬁra ection of Ni base superall oy
articl esthe; chicogidag san §F SAPLTRIEA DNKAYING SHEh 6PHENE PREAFRAIRES such as

Cr, Ta, Hf; Y_and others, These coatings. hayv een | i gd. by deposition
Cechn qd! | FEREIRRG o5) Tt Ceis st el Sufthl, Bncy oBSS ool
vapor daBgildchfite ARG ActivilES FoP EREAPIE SubRIehtiBT s Rifrted Lpwed by
di ffusion &l um niding processes that enhance the environnmential protection
of the sysarety dilJiS)Fabads ittaledinge3)544,3481/ Boons et al. {pateptsdaDiecembér t he
article such as in a@gas t urbi ne engi ne, such overl aé coatings can diffuse

g
into thel 4363} radd 6350t mBaya gt b Paisatesdt Angusad nadh@gradatiem as the
wal | of a(#ur bi ne bl ad% ati rf?i | Alt h@agﬁ‘&o? at i.on4corrosi og dﬁgr adation
or i nt erdIF FOFOHIPN BSEYH BFF YA € o%'b‘&lm RS BREBFL duri ng
engi ne SHI to REEARLAR BY |iRSorpBraBhE Y] Rh ARAPSP FRL!! BCARoBboded UT bi ne
airfoil wth some surfaces experiencing very' little attack or® conposition
| oss, a these alémieapai thiprlagerscef isuchudiendiite gangrhly eareccieypabitéd dvy al |
coated surfaces of the protective diffused coatings or overlay coatings
prior tcclectpeplatinguen phygistabtvapes rdrpasition aneansy| pEoT fo | hesalyiminide
t hi ckness, .fromrenmoval of the interdiffused region, which reduces
conponerfPHREFY5ri ng capability. Additionally, conplete coating renoval
creates problenms with mai ntenance of designed cooling air flow patterns and
flow rates foppgi W;{eowfeévf&%@%sahg, Hpphenksy YxidhHi G ARP!dopbsist €S,
comruni cating withH’i nternal cooling passages, intersect the conponent outer
sur f ace prodeatidri ohiNi base sapératjohastitles rinclenies & @t Alakdngerittepha@oed f or
conponent reuse. BRI EF SUMVARY OF THE | NVENTI ON The_present i nvention, in
one f or nnope efereelemants suah @61Ct dsy 3 NG aBA Ahers: oA hesk sPatings bayet
coati ng,, havi ng..a,goatj nq tota hi ckness, w.t.hin_a coating design thickness
range, OPFR ﬁggnggq}bgeng%m& 49‘5 Li%scllngl%flghpllﬁlgg‘ae If)léary? éﬁ?ﬁe&%%‘& vi ce
oper ati odlectrbR 1@, ?H Kiexs g G dRPbEiti 0RO elrh Sl HHe@N THagE piokédsed
diffused wth the ne a?’ subst?ate, for exanple; during original coating
manuf actsormetmes are 46llewed s diffiesion séuminieling pratdsses thdteerduanee therti on
has at | east one discrete |ocal surface area jncluding an undesirable
anount oRGRORIRENEN/ prajectien o theoaystem. r Luringnhedt GrerbReatRBAY 8T ser vi ce
operation._ The nethod gompri sehectivel y rempving t.
oxi dat i offf &1 r' oS8 OBrogotg‘gtasrﬁgﬁe T 11 Srgﬁshtéungfnsecgneg‘}e‘g’sEulﬁhag\e’e%?%a of the
out er poiddrBip Wi EiffiRbahf Ak AIPEHGRAIIORGUTIAG ] PORIJrOBE 4 1BRT BeRtiggent ) at
the discrete surface area, and retaining the coating inner and outer
por t i onswall ssithfszdhe avalbof adjuddenbladeeaicfosicr et e surface area. Then at | east
the discrete surface area is coated with an environnmental resistant coating

selected fromthe group, consi sting. of alum nides and alloys including
2l uri num to { Aithaugh exidationdcemioBian siperadanion o WFA!&‘%&J%Q% R§ to a

t hi ckness_.substantially within the i.n i w! IEQH In
anot her ‘P%E’rﬂa?t“r?eat*'&ge§§mp‘%_%°éhttf{%%§?‘té‘\lﬁ gggfﬁ% %EB _ od%F %rﬂégn angﬁ?ﬁ an
exi sti ngygiyd IANERMHsMy heRiss!ARfack9adf AORBir@N adfdil GhRh ddifleCcantidRg bei ng
of a coating total thrckness wthin a coating design thickness range. The

met hod cexgriceing eleeptlittlg mtackemstompesitiosclost ea lcveedntsugphirc practice

includes the complete removal from all coated surfaces of the protective

diffused coatings or overlay coatings prior to repair. Such complete removal



20 Jupe 2003 4 area of the coating nore subject to undesirable

oxi dati on/ corrosion during service operation, based on an oxidation/
corrosion attack pattern identified fromsimlar articles which had
experienced service operation in apparatus of a design for which the
article is intended. The surface areas ®f the coating adjacent the discrete
surface are nmasked, |eaving the discrete surface area exposed. Then at

| east the discrete surface area is coated with _an environnental resistant

coating sE¥SBtedn flegmof Healythigknasssifeamnigraevall efnths dterdiiyised) sggion,

I ncl udin | [ a avoi d
G gni 11 canricth Raels; HnpofcAl fof? RIS CopPbRRLE HAALOHAR) bl
DRAW NGS &ogfumg rémoyah cpmtqun‘oblmns avitly rramrmenanvé ofv delsigneglasodlingd iaie

areas of Hes,paRee fafl DR Eoapb T ol Ry ERBRPLe Y RUCRe PE

Fi gure 2 béolﬂ’@‘h@ﬁ@sﬁr&ﬁﬁﬂﬂiﬂ@aﬁﬁgtw-ﬁﬁ&ht&ﬂrﬁw dd&ﬁﬂdgdpagsa%eﬁoﬁﬁﬂe&)é‘e&ft}%n
envi ronnmental resistant coating portion from which oxidati on/ corrosi on

product he@MPEBSNE i Ui Which Ghét@ﬁﬁt&g)d?aéphls@ns@é@@‘(ﬁﬁblar\ﬂ ew as
I n Figureﬁﬁnﬁhgyhﬂgac ﬂﬁqghﬁbQHen@nﬁﬂﬁ¥6t within a coating additive |ayer

from whi ch corrosi on as been’ renove Figure 4 is a graph showing the
ef fect of coating thickness on average stress rupture life of a NI base

superall o 5 is a diagranmatic sectional
Vi ew as .ﬁfﬁﬁg’g@@%ﬁ Qﬁg%%twﬁﬂ%gé a restoration netal at the
position of product renoval. Figure 6 is a diagrammtic sectional view as

in Figure 4, including alumniding of the outer portions.
The present invention, in one form, provides a method for restoring an

environmental resistant coating, having a coating total thickness within a
coating design thickness range, on a metal substrate of an article which has
experienced service operation, the coating having an outer portion and an
inner portion diffused with the metal substrate, for example, during original
coating manufacture and/or after subsequent service operation. The outer
portion has at least one discrete local surface area including an undesirable
amount of oxidation/corrosion products resulting from exposure to service
operation. The  method comprises selectively  removing  the
oxidation/corrosion products at least from the discrete surface area of the
outer portion while retaining any coating inner portion (where present) at
the discrete surface area, and retaining the coating inner and outer portions
on surface areas adjacent the discrete surface area. Then at least the
discrete surface area is coated with an environmental resistant coating
selected from the group consisting of aluminides and alloys including
aluminum to fill the entire discrete surface area with said coating to a

thickness substantially within the coating design thickness range.

In another form, the present invention provides a method for
enhancing an existing environmental resistant coating on an article, the
coating being of a coating total thickness within a coating design thickness

range. The method comprises selecting at least one discrete local surface



20 June 2003 5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON Each specific design
of gas turbine engine turbine blade has its own uni que envir Gindene2003
"attack pattern" of nore severe oxidation/ corrosion of a protective
coating occurring during service opera%ion in an engine fox which it has
been designed. One such attack pattern of selective, discrete surface areas

of undesirabl e oxidation/corrosion is shown in the perspective,

diagrammatic view of Figure 1. J1n Figure.l. durbin i ne thi ne
bl ade T orngaet 1 oatnd fhdies v bel ol thiadurdil Po it Loorg iftecatbitis
gener al | yseavict lopezatiph| s&sedaohage okidtish Atbreodidbni dttddk phitterni idehtified

thereon an envjronnental resjistant coating, one formof which is shown in
t he phot dRPRY Sgpilyhartislesiwhichshad gxpesienged mergiceqReraHON BhABRREATUS

resistant, a&gigg foR GHER Jﬁ@ AHHATE 1 #2e5980 ] TiHe 3priiek ardds JF tAY 0LAN
coating of an alloy including Al. For exanple, wdely reported overlgy

coat i ngs afjedeninthddisyastet smifane aragnasked,t leaving tlee M3kt sumacal areaype of
overlay coating if_whic i t | east .one_elenent selected firom,Fe, N

ond o) aposett ot B0 Khs? e ARRerR ) Su BT e R St et R EoRRhve

si de of tdigrikraflenta0nradisethta continoy pRelekctan Rbnsutie girbapk ceasistild yofoccurs
to a turbine blade, are discrete |ocal coating surface areas 16 and 18

whi ch haBUBEBilgfe @t eallavs | yladigienAlbapnee  Siséng PORUIRY Baramsters

envi r onmeg aleedleh At sBA AN alboid iBAl A tiherladk iRl RAGifletigRnedien attack
in a discrete area exceeds specified limts, renoval of the oxidation/
corrosion is required and reapplication of the coating must be conducted
before t i ) r j operation. Current state of
the art g?giéﬁégtﬁﬁgé d KJ&@#ﬁégﬁg5tﬁpﬁgﬁ§¥$§re surface coating, not just
fromthe undesirably degraded portions, and subsequent coating
reapplication on all surfaces, not just the attacked areas, w thout control
of 20 June A0@8re lwisl & pavspeeidss dipgrampratic vievwefiaggas ithrlpisie aygingal
design t i I | ki fs | (e i i | ades
I T e S R S R S T
m | s for Hdewiavexitlationgdadirngon rksulidsg dreo sesede aipeyatioconpl et e renoval of
the coating can result in detrinmental wall thinning and/ or problens
relating to cooling hole openings in the article surface. Overcoating of an

entire surfacerightdQub prutbffitrograpBRy t@idredl dliew hhelkikag acpsrti@sul hni n
significant .increase in _such thickness beyond design limts. Not only can

such i ncredyéronpeRiadt reristest aFoating kKpRony; ey tWhichr |aFiflaHien £59550HeRoss a
bl ade, but . alsfnak 5l AMNSIRE! y affect nmechanical properties of the
article. "Numerous existing nechani cal property data bases show a strong
correl ation between coating thickness and key nmechani cal properties, such
as stress ruptgire strength, high [ atigue. resi stance, £tcCu. stanti al
decreases in %ﬁgﬁg%i%aﬁgﬁ$ %é@?%%x%%%p%%%u%xégug%ayfﬁﬁ ?%i%kﬁggg%? 5

i ncr easeshoxdpgcinl dddiconady pocket niitHial a bameirgy peditivteo Yeyenhfrom mapicH
interdiffusion occurs between the substrate and the coating, due to high

r ef r act orSPTEPAR MASREREF™BY S uch al | oys. Additional Iy, thicker coatings
are nore prone to craze cracking than thinner coatings during thernal
transi ents experienced during engine operation. Therefore, total coating
thi ckness is JaBute ddsfograplpshowing she ¢dsryal epating thicknesspragveragar bi ne
bl ade to i 1 hi desi L0l t hrflow
considerégﬁﬁﬁghgﬁprgkg§8¥%q%é?#%ﬁ?ﬁ&ﬁgggpg%“%@éﬁg%%%a 8%?%%érties for the
article during operation. Typical of such data show ng one rel ati onship of

coating thickness taq nechapical properties and.that praopertie an .be
Ceduced vi th ITIERERST Y 7 RECHRASREG SEFEoREt HIhAudad EHTE 1 SHEPRSor
Figure 4 c_l-‘\éfiﬁéit'ﬁﬂq bha rekffatioafmefatdtiBel pUsiki68 9T RBdhibEr@vevaAge stress
rupture life of a comercially used N base superalloy single crystal

material. The coating was a commercially used Pt-Al type of coating.
Figure 6 is a diagrammatic sectional view as in Figure 4, including

aluminiding of the outer portions.



20 June 2003 7 In Figure 4, "inward" and "outward" refer to the predom nant
di ffusion direction during coating formation. |Inward diffusi @0 Jupepoes es
that the coating is formed primarily by diffusion of alumnuminto the
substrate surface with imted outward diffusion of nickel (i.e. |ow
tenperature conbined with high alum numactivity). Qutward diffusion
indicates that the coating is formed hy outward diffusion of nickel along
with inward diffusion of alum num (i.e. high tenperature conbined with

| ower al um num activity). The present invention provides a nmethod for the
restoration or enhancenent of environnental resistance to a coating on an
article while maintaining article design limts and substantially avoidi ng
reducti i ¢ i { Wi th increase in coating

t hi ckneggl.ET oﬁ?&?@??glggfe(?gfgg]ﬁ%?eﬁ arglt(g es, this is acconplished by
the selective renoval fromdiscrete, |ocal surface areas of excessive

oxi dati on/ corEadi opedifiodlesigh bf %ﬁstthﬁoiﬂétéﬁgiﬂ@ftﬁfblﬁe(ﬁlade deatitewn t hout
renoving the inner portion of the coating, where present. The coating on
sur f ace wrique enyjronenentahtattaskepatiara" of swoxe sevare asidation/comiosezh dfir i ng
such renoval of the undesirabl e, products, and an i,nner pqrtion of the
coat i ng JoPFAtREIE §9atNS QeATING RTINS PRy IGCRRgratigndR Agy @F@é%rﬁ%vc e

retaine Ll I ' i.an/ S uct. chi eved
by oi ¢ ndt Pe dh AR (e BHHR SR SRR OB SRR ffiel T SUCH
pur posesiredd dfhauidiEmabdle P6E8E6n) CorfBSiBANIE how S NtheOfpeasth @GRR! _
surfaces generally is required. If the renoval process is chem cal, masking

of adj aclagrasnnfadicevieyewérEighye ils hofFigerpuls egasi hubineghgite turbinet

oxi dati Qn/ ¢corrosion ,products are not affected b he chem cals ordinarily
Dsed. THRAGHJOBNES dBr ApIBHo BIRISSHF cTDIi I Wh OB A S CRBERER SHE { hat
portion e I i i gur . tJ ubstrate
o 20 Sk 5o8E 18 b BYEEH B0 12ld Bt aRot 1EMD SRR R e

ref erregn @nasronaiéntall 3esidRirR’ é@dti_rfg'}'dm@é‘ folinC bf hatlidtess HRYH &6 @he
commercially avail abl e CODEP al um ni de coating shown generally at 22.

Coat i ng ptidbtondénogeaphs ob Higurepd andrd. 2Boams ofirthée remeniroponéntah r&bstdint f used
with substrate 20 jn a nner. wel | known in the art. During gas turbine
engi ne @am@ép’éea&% imyjide caating pp wgll ay aaovsrlaygoginedf By aliese coating

outer p | Of ex i | i hQnL.cor | . W e. area
o' 56 Pahbuding AR CRRGH, RITERID A ORUIARCEIAIOLOM nldghle: oL
form of thisineRinefe aft Are@hBNICAL of MERAIY BipSHILHv&tdyladd il irt AHigsi on was
removed selectively fromthe discrete |ocations at 28 and by chem cal

means, rMtisiatileapttdre datremt selectedhfrono&e Mg and €lo, podt Y aepfesents amcat i on
29, coating inner pqrtion 26 beneath | ocati oniﬁﬁeS(?fgri_g‘nret ai ning the conplete
coat i ng 2Y8g8R W&Sﬂgﬂ'}e@&e OHIs ERE OBERYS & t adg, opfw a

selective,. discrete surfa [ f.rom whi.c >ﬁi9|§fi [gorroskaon i.s to be
renmoved rﬁ%}é}ﬂpd)ggl%-ih%fﬁs%c& %ﬁ%@‘ gg‘i rﬁglgsocé:gr%goegi ngs1E1 ?Drlf%%e?\rtea(lth?ﬁr%gf or the
di schar ggcdlf c6Qahd Nerfice. ads N d QAU S Swhih PavETS&ed delrradsd renoval
means are used to avoid changing airflow patterns of such features. After

t he sel evtgine seeviow aipegdtiomdo oddftiet Ao rvrourarosental fatork | paattdrinofes h@tand 29,
coating sur,fagi\_ airgas adj acent | ocations 28 and 29 were nasked and a

r est or atiBHCHAr flade desigds Pt, Rh, and/ or Pd, was deposited selectively in
the void at |locations 28 and 29. The restoration nmetal, which in this

exanpl ¢ was Ry 40, 49P0SLLAL L0, AL ILEKIRSS, WG 1 A0RE Tobllg T ho! S

di ffused with inner coating porti a coating design

thi cknessxidaneR/ @ rrbfidnols sédidted @did Reapplicaties 6f ahedcliipe maanbeal Iy for
gas turbine engine high pressure turbine blades the coating design

t hi ckneswnidorctay defarye teatrtige candie asturhed NMOrs&rvicy prperatiohngClgreng t he

range of about 1-10 mls and for diffusi alumnides is in the range of
about 1 statg %%.”A@éﬁﬁttﬁer}@ﬂ}‘,deaéﬁﬁhqvﬁze? g%e ERLISGHREACe (GO0 PO ISt the

range ofaROULE- Jundebfrally " Ubprd@Ed SYHGOAS, aRd JHMe4A0R: O coating

reapplication on all surfaces, not just the attacked areas, without control of



turbi ne engine bl ade applications. As is well known and reported in the
art, conveniently such elenment as Pt can be applied by el ect rpdgaeshhson.
However, alternatively the restoration netals can be applied by other

met hods i ncludi ng spraying, sputtering, etc. Resulting fromthe deposition
of Pt in this exanple is the structure shown in the diagrammtic sectional
view of Figure 5 in which Pt 30 was el gctrodeposited selectively in the
discrete void at location 28. After deposition of the restoration nmetal 30
selectively in discrete |locations 28 and 29, the masking was renoved from
the outer surface and the restoration netal was heated to diffuse the netal
into the inner portion 26. Typically for a Pt deposit, the heat treatnent

inth f.about 900 1150 C.f j for . le 0.5 - 4 h ,
sur i o1 WA PHCBRPeR, L HhRectoty SERiEmoite s TyRiosl: ARG cRATG (i on
suf {1 Fubk AR e rtion.
el 1 mi nalt Bare 124t RteiPiloR crgind R BB A T AP B AboRL Re”

al umi ni Slenity fdrditfisiin AlursiRid e and ABBGE TRLIN0ATIsifr EBig6vetsf chimgsonpl i sh
both Pt diffusion and alum nding at the sane tine. Also, it provides
si gni fi Aanwab| discsdeidt above,t bempldtectemovar of Hbeateating diangregaudcéss and

t f he al yni ni di f ot f bst anti al i t hout
P her easteRimenal il HUPBIG FRaATCRORERS AN KoSPoms Reld ghenRBEkness,
di t] i.on, Foll Qui: PARILY t of
Che r esTOM? AASRRERRY | CReRRAR of dh BIRE st S BRoUE TpakbP ™™ ©
al um ni &%hn(g R&taV dhtknkbe cBh fdsaRt B shRliAcAMtY h@bsde’ Bt Sudhesciatsyel | as

t he other adjacent surfaces of the article. The al um niding used coating
par anet keyonwhidesignelimitsel ot edly caprsedhcieceeaBe -inlcoadiagi togalptitkesson t he

sel ective di scr,e{tqe surface areas arLc{ &n gl um_num enriched s rfage on

adj acentlisgrpb firflgw npaftershacrans i & blader Butalse it fark selversely afiefte 2003 10

in such i i.le maintaining the coating total thickness
RERREEH RARE R ik

W t hin i ckness range. One exanple of the resulting
coating according to the present invention is shown in the diagrammtic

sectional vi N’Mrﬁérq'ﬁsgléki@tiﬁg aleenhmigal pRoPbrthlderababes 3ot at BeoAG! ective
di screte area previously identified as |ocation 28 and the new, alunm num

enhanc ecbmelndiondmdwieny cpatingdhickesswandh dey medsrdodli plopenidesaschian coat i ng
thi ckness, within the coating design {hjckness range. During evaluyation of
the predEess THPEME SHengtyakigh ¢ éﬁ@‘%’e rgsiptagise) &4C-hi g?ﬁHBF re

t ur bi ne i . i p i . i | nspect ed
For oxi deearol FRsiBcSLBRAAGRES LB INE SPRRe itk Tiolse T00°1 e
manuf aCéw&Mf O ad ¢AHuwel Aickel Walls adpliraliise wiidre rabi@Vinsaaethdma referred
to as Rene' 125 alloy and included onthe airfoil an alum nide coating

commer coedury bevaieembhe substCopEMdthewortiteg, bt tnbighTtefragtery elgmisdi gn

t hi ckne ran fqQr thi rticle l.- 4 mls and the coating total

L hi cknecantept O fuch ey eABAURNAILY, TaiskeE CoRHREP SHSTIORS PROR LRS! about 2
o The i . ! . . .

o G OBOASHL G0 B oG Rt

shown i anfingpRrdtiend Therdore b tod @ tiitReedsap ablecteel for @ pareichlaade coul d
be returnéd to operation service. The surface of the airfoil was cl eaned

usi ng adesigmiafairticlessuchreg  tubéss blacler tonmy withiper désigathisknésecrmnge
contam nants_and to_renove the oxi g@;i on/ corrosi on pro_dgéts identified in

the att Bk ophi f@r AltfAvt Fensiferasiansopitlerlsgor einiamn degirad sepehaicalocal
Fi qur esPaatired 1SR ikl S8R botRRoh s ISR o RRE e KeBRRRIR
sur f acegeladbASIBPlof (MRS BEdNNESs t6lnSch@htcad Propefies andthal PiepeAitd | i
can be reduced with increasing thickness are the data included in the graph of
Figure 4 showing the effect of coating thickness on the average stress rupture
life of a commercially used Ni base superalloy single crystal material. The

coating was a commercially used Pt-Al type of coating,.



The coating surface areas outside of the attack pattern were nmasked with
standard el ectroplater's |acquer. Then the discrete, |ocal aE@QﬁnE&BB&“hiCh
oxi dation and corrosion was renoved were electroplated with to a

t hi ckness of about 2.5 m crons. The maski ng was renoved and the Pt thus
deposited was heated in a non-oxidizing atnosphere at a tenperature of
about 1050 C for about 2 hours to diffyse the Pt into the underlying inner
portion of the original coating. This resulted in a structure simlar to
that shown in Figure 5. After such diffusion heat treatnent of the Pt
deposit, the entire surface of the airfoil was -alum nided using a
commer ci al vapor phase (above the pack) type of alum nide coating process.
The coating res : fq @ " Ot " I | MR ;
represented by Pﬁ?&agfé%p?%%ﬂﬁa g %gggﬁﬁgl%gﬁéptﬁﬁgg%%%ss mﬁfﬁ#ﬁagﬁe
coating degim@dtibhi duriagScoange fodhhomr oliwiany diffasiohadedivhfed fhaprtbeed

resi stance to oxidation and corrosion. As was nentioned above, another form
of the preseating iy darmed primarilyeby phiffusiore ob falwménaimo irdodtex sitbetdateet hod
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areas at 28 and 29 of the coating outer portion 24 experienced excessive
oxidation/corrosion, with the area at 28 to a greater depth than the pocket
area at 29. For practice of one form of the method of the present invention,
such oxidation/corrosion was removed selectively from the discrete locations
at 28 and 29 by chemical means, retaining the balance of the coating outer
portion 24 at location 29, coating inner portion 26 beneath location 28 and
retaining the complete coating 22 on areas adjacent discrete locations 28 and
29. If the selective, discrete surface areas from which oxidation/corrosion is
to be removed includes such surface features as openings or indentations for
the discharge of cooling air, such features can be masked if mechanical

removal means are used to avoid changing airflow patterns of such features.

After the selective removal of the oxidation/corrosion from locations
28 and 29, coating surface areas adjacent locations 28 and 29 were masked and
a restoration metal, such as Pt, Rh, and/or Pd, was deposited selectively in
the void at locations 28 and 29. The restoration metal, which in this example
was Pt, was deposited to a thickness which, when the metal is diffused with
inner coating portion 26, will be within a coating design thickness range of the
original coating. As was stated above, generally for gas turbine engine high
pressure turbine blades the coating design thickness for overlay coatings such
as the MCrAl type coating is in the range of about 1 - 10 mils and for diffusion
aluminides is in the range of about 1 - 5 mils. Accordingly, deposited Pt

thickness typically is in the range of about 2.5 - 10 microns for such gas



the coating total thickness range is about 1 - 10 mls; the restoration
metal 30 is Pt applied to a thickness in the range of about »o-Juhf200%rons;
and, the restoration netal 30 is heated within the range of about 900 -
1150 C for about 0.5 - 4 hours. 20 June 2003 15 6. A nethod for enhancing
an existing environnmental resistant coating 22 on a netal substrate 20 of
an article 10, conprising the steps of:, selecting at |east one discrete

| ocal surface area 28,29 of the coati ng 22 nore subject to undesirable

oxi dation/corrosion during service operation, based on an

oxi dation/corrosion attack pattern 16,18 identified fromsimlar articles
10 which had experienced service operation in apparatus of a design for
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enhancing netal 30 is heated at a tenperature and for a tine sufficient to
di ffuse the ex?t%rrl

Céggosition of the restoration metal 30 selectively in discrete
locations 28 and 29, the masking was removed from the outer surface and the
restoration metal was heated to diffuse the metal into the inner portion 26.
Typically for a Pt deposit, the heat treatment was in the range of about 900 -
1150° C for a time, for example 0.5 - 4 hours, sufficient to diffuse the
restoration metal into the underlying portion. Heat treatment at this point in
the method, before subsequent aluminiding, eliminates the need for extended
high temperature exposure during the aluminide cycle which in certain
known methods is practiced to accomplish both Pt diffusion and aluminiding
at the same time. Also, it provides significant flexibility in the selection of the
aluminiding process and parameters for the aluminiding of the surface
substantially without increase in coating total thickness beyond the coating

design thickness, according to the present invention.

Following diffusion heat treatment of the restoration metal, in this
example the entire outer surface was aluminided, including the Pt treated
selective discrete areas as well as the other adjacent surfaces of the article.
The aluminiding used coating parameters which were selected to produce a
Pt-Al coating portion on the selective discrete surface areas and an aluminum

enriched surface on adjacent areas, without substantial increase in thickness



metal, 30 into the existing coating 22. 20 June 2003 16 9. The nethod of
claim6 in which the applied environnental resistant coati ng283une2bosles
the entire coating. 10. The nethod of claim8 in which: the article 10 is a
gas turbine engine blade including an airfoil surface 14; the substrate 20
Is a NI base superalloy; the discrete |local surface area 28,29 is on the
airfoil surface 14; the coating design thickness range is about 1 -10 mls;
the enhancing metal 30 is Pt appliedi® a thickness in the range of about 1
- 10 mcrons; and, the enhancing netal 30 is heated within the range of
about 900

in such adjacent areas, and while maintaining the coating total thickness

within the coating design thickness range. One example of the resulting

coating according to the present invention is shown in the diagrammatic

sectional view of Figure 6, showing the Pt-Al coating 34 at the selective

discrete area previously identified as location 28 and the new, aluminum

enhanced outer coating portion 32, without substantial increase in coating

thickness, within the coating design thickness range.

During evaluation of the present invention, a gas turbine engine air
cooled high pressure turbine blade which had experienced engine operation
service was inspected for oxidation/corrosion degradation on the airfoil
surface. The blade was manufactured from a commercially used Ni base
superalloy sometimes referred to as Rene' 125 alloy and included on the
airfoil an aluminide coating commercially available as CODEP aluminide
coating. The coating design thickness range for this article was 1 - 4 mils and
the coating total thickness for the turbine blade as manufactured was in the
range of about 2 - 3 mils. The inspection disclosed discrete local surface areas
of oxidation/corrosion in an attack pattern on the airfoil similar to that shown
in Figure 1 and to an extent requiring repair before the blade could be

returned to operation service.

The surface of the airfoil was cleaned using a chemical cleaning process
to remove superficial surface contaminants and to remove the
oxidation/corrosion products identified in the attack pattern on the airfoil
outer portion in the discrete, local areas. The balance of the coating was
retained, generally as shown in Figures 2 and 3. Retained as well was the

complete coating on airfoil surfaces adjacent the selective, discrete surfaces.
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-B #$Wﬁ\é§@o!s%tggﬂva§%ajt9§ in a non-oxidizing atmosphere at a temperature of
about 1050° C for about 2 hours to diffuse the Pt into the underlying inner
portion of the original coating. This resulted in a structure similar to that
shown in Figure 5.

After such diffusion heat treatment of the Pt deposit, the entire surface
of the airfoil was-aluminided using a commercial vapor phase (above the
pack) type of aluminide coating process. The coating resulting from the
practice of the present invention, as represented by this example, had a
coating total thickness within the coating design thickness range while

providing the blade with improved resistance to oxidation and corrosion.

As was mentioned above, another form of the present invention
comprises practice of the above described method for Pt-Al coating
application at selective, discrete local surface areas of a coated, substantially
unused, new article, one example of which is a blade, to enhance its resistance
to oxidation and corrosion. Application of the Pt-Al coating at the discrete
areas is based on an attack pattern identified from similar articles which had
experienced service operation in apparatus of the design for which ;che new

article is intended.

This invention provides a method for restoring or enhancing the
environmental resistance of coatings exposed to service operation, such as in
the gas path environment of gas turbine engines, with coating application at

discrete, local areas to match actual needs for such environmental
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improvement. This is accomplished without complete removal of inner
portions of a degraded coating or removal of coating from adjacent coated
surfaces. Such selective, discrete coating reduces the required amount of such
expensive metals as Pt. At the same time, it provides the capability to avoid
damage to or change in article surface characteristics, for example airflow
characteristics at such blade features as air cooling holes or surface
indentations as well as edge portions which can affect aerodynamic

performance.

The present invention has been described in connection with specific
examples and embodiments which are intended to be typical of rather than in
any way limiting on the scope of the present invention. Those skilled in the
arts associated with this invention will understand that it is capable of
variations and modifications without departing from the scope of the
appended claims. For example, the oxidation/corrosion attack pattern will
vary with each article design and removal of degraded surfaces can be
accomplished by a variety of published processes while retaining the coating
and coating portions as described above. Also, the application of restoration
or enhancing metal, as well as the aluminiding application, can be
accomplished by a variety of known processes, provided that the thickness

considerations and limitations of the present method are fulfilled.
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1. A method for restoring an environmental resistant coating 22 of
a coating total thickness within a coating design thickness range on a metal
substrate 20 of an article 10 which has experienced service operation, the
coating 22 having an outer portion 24 and an inner portion 26 diffused with
the metal substrate 20, the outer portion 24 having at least one discrete
local surface area 28,29 on which are an undesirable amount of
oxidation/corrosion products resulting from exposure to service operation,

comprising the steps of:

removing the oxidation/corrosion products at least from the discrete
surface area 28,29 of the outer portion 24 while retaining any coating 24,26
present at the discrete surface area 28,29 and retaining the coating inner 26
and outer 24 portions on surface areas adjacent the discrete surface area

28,29; and then,

applying an environmental resistant coating 32 selected from the
group consisting of aluminides and alloys including aluminum to at least
the discrete surface area 28,29 to fill the entire discrete surface area with
said coating to a thickness substantially within the coating design thickness

range.

2. The method of claim 1 in which, prior to applying the
environmental resistant coating selected from the group consisting of
aluminides and alloys including aluminum, at least the discrete surface
area 28,29 is coated with at least one restoration metal 30 selected from the
group consisting of Pt, Rh, and Pd to a thickness which when diffused with
the coating inner portion 26 will be within the coating design range and will

be a part of the environmental resistant coating.
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3. The method of claim 2 in which the restoration metal 30 is
heated at a temperature and for a time sufficient to diffuse the restoration

metal 30 into the coating inner portion 26.

4, The method of claim 1 in which the applied environmental
resistant coating 32 includes the entire outer portion 24.
S. The method of claim 3 in which:

the article 10 is a gas turbine engine blade including an airfoil

surface 14;
the substrate 20 is a Ni base superalloy;
the discrete local surface area 28,29 is on the airfoil surface 14;
the coating design thickness range is about 1 — 10 mils;
the coating total thickness range is about 1 - 10 mils;

the restoration metal 30 is Pt applied to a thickness in the

range of about 1 — 10 microns; and,

the restoration metal 30 is heated within the range of about
900 - 11500 C for about 0.5 — 4 hours.
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selecting at least one discrete local surface area 28,29 of the coating
22 more subject to undesirable oxidation/corrosion during service
operation, based on an oxidation/corrosion attack pattern 16,18 identified
from similar articles 10 which had experienced service operation in

apparatus of a design for which the article 10 is intended;

masking surface areas of the coating 22 adjacent the discrete surface

area 28,29, leaving the discrete surface area 28,29 exposed; and then,

applying an environmental resistant coating 32 selected from the
group consisting of aluminides and alloys including aluminum to at least
the discrete surface area 28,29 using coating parameters selected to

substantially avoid significant increase in coating thickness.

7. The method of claim 6 in which, prior to applying the
environmental resistant coating selected from the group consisting of
aluminides and alloys including aluminum, at least the discrete surface
area 28,29 is coated with at least one enhancing metal 30 selected from the
group consisting of Pt, Rh, and Pd which will be a part of the applied

environmental resistant coating.

8. The method of claim 7 in which the enhancing metal 30 is
heated at a temperature and for a time sufficient to diffuse the enhancing

metal 30 into the existing coating 22.
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9. The method of claim 6 in which the applied environmental

resistant coating 32 includes the entire coating.

10. The method of claim 8 in which:

the article 10 is a gas turbine engine blade including an airfoil surface

14;
the substrate 20 is a Ni base superalloy;

the discrete local surface area 28,29 is on the airfoil surface 14;

the coating design thickness range is about 1 -10 mils;

the enhancing metal 30 is Pt applied to a thickness in the range of

about 1 - 10 microns; and,

the enhancing metal 30 is heated within the range of about 900 -
11500 C for about 0.5 — 4 hours.



