; OPe3eOL\ x60T4821 Mach 2003 1 METHOD OF REPAIRING TURBI NE 24 Mptohi2808) £L D
OF THE I NVENTI ON The present invention relates to nethods for formng

envi ronnmental coatings on turbine airfoils. Mre particularly, this
invention relates to a nethod of preventing oxide interactions and the
deposition of excess coating material . within cooling holes and on
internal cavity surfaces of an airfoillduring al um ni zi ng by vapor phase
deposition. BA HE | NVENTION Airfoils of turbine blades and
vanes of gas tfmmmm“m&,gs often require a , conplex cooling schene in
whi ch cooling air t%ﬁﬂg through the airfoil and is then di scharged through
carefully configured cooling holes, for exanple, cooling slots at the
trailing edge of the airfoil. The-performance of a turbine airfoil is
directly related to the ability to provide uniformcooling of its external
surfaces. Consequentl| ' I ' and shape is
critical in many turb%ﬁ%fgipﬁgﬂ%ﬁﬁé@ﬁgﬁgggibgﬁgggﬁﬁgﬁéﬁﬁé and shape of the
openi ng determ ne the anount of flow exiting a given opening, its

di stribution across the surface of the conponent, and the overall flow
distribution within the cooling circuit that contains the opening. O her
factors, such as backflow nmargin (the pressure delta between cooling air
exiting t hFIEDDIORTHRINVENTIONNMuUSti on gas inpinging on the airfoil) are
al so affected by variations in opening size. In addition to conventi onal

hole drilling techni ques such as |aser machining and el ectrical -di scharge
21 March 200® prepentrinvention rebmes te sngthesds fonfonmang ensirpnmeptal coatings ar e
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openi ngs are not ocesse rough any operations that signiticantly
al ter the diifieinsteslinghot@mendrord ldtephalt vigPetifaes obum biféibelwayerity of
t he operating environment of turbine airfoil's, environnentally protective
coat i ngs artumingiing byyvapyr phede deposition. conponent s when manuf act ured, and
nmust be renoved and reapplied during their repair. D ffusion alum nides and

MCr Al'Y coatj n Vi it i sed alum nide coating are wi dely
used in thyﬁﬁmbﬁ%émﬁg as environnental coatings for
airfoils. These coatings are produced by . alumnizing the airfoil surfaces

by such Knowoietdrodsbie Paaks GRABMRL dIkas turbine engines often require a
complex cooling scheme in which cooling air flows through the airfoil and is
then discharged through carefully configured cooling holes, for example,
cooling slots at the trailing edge of the airfoil. The performance of a turbine
airfoil is directly related to the ability to provide uniform cooling of its
external surfaces. Consequently, the control of cooling hole size and shape is
critical in many turbine airfoil designs because the size and shape of the
opening determine the amount of flow exiting a given opening, its
distribution across the surface of the component, and the overall flow
distribution within the cooling circuit that contains the opening. Other
factors, such as backflow margin (the pressure delta between cooling air
exiting the cooling holes and combustion gas impinging on the airfoil) are also
affected by variations in opening size. In addition to conventional hole

drilling techniques such as laser machining and electrical-discharge
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above- pack, chemical vapor deposition, slurry coating, and ¥aMarch2p9s)
phase deposition techniques. Each of these processes generally entails
reacting the surfaces of the airfoil with an al um num cont ai ni ng
conposition to formtwo distinct zones, an outernost of which is an
additive layer that contains the environnentally-resistant internetallic
phase MAI, where Mis iron, nickel or2cobalt, depending on the substrate
material (e.g., mainly ~3(NNAl) if the substrate is N -base). The chemi stry
of the additive layer can be altered with such as elenments as chrom um
silicon, platinum palladium rhodium hafnium yttriumand zirconiumin
order to nodify the environnental properties of the coating. Beneath the
additive layer is a diffusion zone conprised of various internetallic and
nmet ast abl e phases that formduring the coating reaction as a result of

di ffusional gradients and changes in 21 March 2003 3 el enental solubility
in the | ocamachifling (EPMhsompex advanced qasting qrractines are iy pically vised teoat i ngs
on ni ckel - base, superal | ogys typically inclyde N Al and secondar hases such
25 Gi sper solielhe P pris WP gtinteadiSnally” Confest i N P dd s g
phases (e.g i ol I A tiingdep! et ed
of solid sofetﬁelgghn@’l%tc ?‘Zﬁgltﬁ%én‘?ﬂ%g%eén%‘%ete}.a%{Assuﬁgsé%‘%Bg?gﬁ?d P}Jg%&ﬁe cgncer ns
di scussed abperationgairdist e Qstrfortnedolsachli R SeaapIo-sikiel opehidigsahtemnytde
coatings must not prevent the airfoil from, neeting nunerous operational

r equi r emrent prodesssidudthnough r &pwoperations nthat s wauldt significantlyy alter rthqui r ed
to flow thrqQugh the internal cayities of the airfoil and exit through

cool i ng hol dingRsions efsome ox aldoktheropenings  ace. As a result, cooling hol es
of new airfoils nmust be formed in an oversize condition in anticipation of
the al um ni coat iing, Lcar St en [,d _or 1 NI

al um ni zi ngﬁglF ?ﬁeh{éog]e?%é&hg eg].é I?lpll%gavm ,&Q’F‘%ﬁ%i r?g t&rb{%er Ta(i%f{;@s,

returned fognvied@nenfillyiprateztivd Botidstraeppidhllya ?lliéﬂ tOthRYOLSMPbnEMEI M ze
al um ni zing of the cooling holes and internal 'surfaces of the airfoils.

Ai rfoil s undtegohagufiacpaed, avdmust beldmovedihng reappliedcduning tkeir sepaie t he
renmoval of a_preexisting.environnental coating and the subseque)

appl i cati onm? sioge Auginides; andn MEEALY cgalings W@F@aﬂ?%‘ﬁ@oﬁsg’%@ﬂpi cal
approach forqr i n n_existi al ugi.ni de t] s a.conbination of
chem cal st?%uﬁl_%i‘q%e gﬁ%ﬁjﬁg e g‘%lad;?gf r‘iﬁg@vbﬁl gﬁ ggé?mu\l/re _%teﬁl%?‘ﬁeer{g%% Ve | ayer
and the di f Ep3ONIMERRE éﬁat&%@ Exatgiffbils. TO THeBE ”&c?aQidg@'péﬁé SibdRichd | By
control, internal surfaces and cooling holes, whether originally coated or

i nt ent i onal hlpnhieizinPaheairfoikbswfdces byaskie knoerrgmettidds| ascpauktdenvamtatiqat,i or t o
coating renoval in order to prevent renoval of the , alumrude coating from

the walls ofb@¥eePedorheryidsdvaROLAPIsHiQN SHITE GRS ANASYRIPISBEHPRASE o
prevent integracti.on, of the stkippi olution wth 2 ch. 20 4 oxi des
fepost t ed vTRTIOOR ARl asy Hasha eSS BHdeRile Hehprally e RrsPRE R g ne
operation. Ekgiadicthe ARSI hﬁﬂﬁaﬁﬁ}d’fﬁﬁl’&n@kbh&mﬁg c%%;%dit‘i’&? tARnPXvEe
deposits can result in the liberation of oxide flakes that can plug cooling
hol es duri ndissinbs eomes) tanengenaostpefr whicnis amddditive Eyel tthatncantainaptient  of

residual stripping solution in oxide scales, |eading to rapid attack of

ai rfoil intennsonantadlyeresiaat nteemptallitephaseAdewhere M isizewdickel or

t enper at ur es. e,preferred t ho ol appl vi di ffusion_ al-um ni

envi r onnent S‘Pba:[{']c ‘5&‘1 g M Hﬁ% ﬁ’i’égﬁ{ﬁ ﬁ%&xﬁﬂgﬁ&rgﬁaﬁég B&gﬁﬂhy‘k &g‘ﬁor
phase deposi.td QL. )i t -&gfg L QR s Phes Siithon
produces a %é&#%ﬁfsur géggfﬂgfgﬁghgvo EE@%?Q&%Pﬁggfﬁb as§%%ﬁ§%§d &Pth pack
powder, redugds aRealemiht@nss ChedmAMN siliddes pldtinteh, Ppaliadiaini g riydium,

el imnating a significant anount of the therﬂgl nass? and i nproves coating
cl eanl i nesshafvéwaoy yhage angr siteiam iinchrdbr tchanodify othe' govirpamengal such
as fluorides, chlorides and brom_,des gs paré of the coatiggg?eneration
process. ThBEPEAHE Patt FSCO&F‘QSVSBSP?% dthg Rt HGVEIsERT phds PR fi%eng, and
freely trav r irfai. |, i I i i P4 nal
pavities_mhgbgkgfgyggég%%ﬁ%d%g%ﬁgﬁgp%éggggg?égﬂﬂhggeggiﬁ&%n%thaggg i ce,

i nteract i ongheoeeakingM reRctidie agx4 dRsle Rsrs diffusisrhlapiadibntdl ahdecleages ne
remaining in the cooling holes and/ or internal surfaces. These
interactions are detrinental, leading to the reduction of oxides forned
during engi ne operation and/or the deposition of new coating over existing
coating and/or oxides. Coating deposited on top of an existing internal
coating and/or internal surfaces that have an oxi de scale previously forned
during engi ne operation does not adhere well and can flake off during
subsequent engi ne operation, |eading to plugging of cooling holes and |oss
of cooling airflow control. Additionally, deposition of coating on internal



21 March 2003 5 surfaces can change pressure drops associat%h“ﬁf@hz%ﬁbenent
of cooling air through conplex internal passages of airfoils, leading to
the deterioration of backflow margin. Masking solutions that can be

enpl oyed during stripping of existing alum nide coatings are not
appropriate during vapor phase aluniniging due to the el evated processing
tenperatures sustained. In view of the~“above, it would be desirable if an

i mproved nethod were avail able for protecting airfoil cooling holes and

ot her internal surfaces during vapor phase deposition of a diffusion

al um ni de coating. SUVMARY OF THE | NVENTI ON According to the present
invention, a nethod is provided for repairing a conponent, the nethod
conprising the steps of: providing a conponent having an internal cavity
and having a cooling hole in a surface thereof, the internal cavity and the

cool i ng hol g havi ng i.de deposits.on .surfaces thereof: . .and preventing
reactions \A?EIFH‘ %ﬁ‘(l&‘g‘%ﬁétbg}g‘? t‘%f%?glen\f’of;‘g‘fe %’ﬁl’égé?eal Blr&H?IQF‘n@Qeﬁénsur face
of the conp . i R 0, i . b Y t

O e COMPARGIRIAY RABHE 08 Al Un ki BHSERR) ISOUEINDACAR!
internal cagdcondand phbgescafthl A9 dispeesedunidiallic PRk é.89 @, UN) Néatbitiesof t he
surfaces of the internal cavity and the cooling hole wWthout interfering
with the al(eqg.nTaChgndsigrhe phasdsaed. cfoCt)cand apregiont of yrystiuatuak that is
surroundi ng, t he coo]in ole. The method of, this invention also prevents

ot her undesioe FiﬁPiﬁt%fg?PW e strengihenipgpiementind cool i ng hol e

surfaces and/or other internal surfaces, such as reactions with existing

method encrs iy EPtrof S6F <Bhicts ipdriSed REBRE ek tfing ook iBhrtide 'of ¢ e
ai rfoil anddprénsiohs) {ffubidf Aaslihide dRkdgs trﬁuéthﬁoteg£@reh9rth@fairtfm fRdrhf o | .

Wiile the flow of gas is nmaintained, the“surfaces of the airfoll are

al um ni zed mmpetingmunpdrans operatiinal eequirements ciswluding aitflovo uequiremeats 1 ow,
vol atile activators and, al um num conpounds are prevented fromflow ng into
the cool i ngfoidhe sooling pirypqpired daflowy thnoughtheiinteroal cayitiescef theqirfeile wal | s
and internal surfaces, .and preyvepting, interagtions .W th any ,oxide posits
W thin ne b PR ORRGes CGalRe Kot At o Af Bl ARl st 6 %ip Hpuif

Accor di ng t@difig hBNGNbf Alw AiRRilR! AGEE bel oriedl # ahObvdrige’ &RRlitio fin
airfoils as well” as newy manufactured airfoils by 21 March 2003 6
preventi ng 4rticipatidrdwd the alliminhiledeoatirg, odhedrenntist it salen thavohl log of the -

cooling holes and other internal airfoil surfaces that could act as flow
restri ct or sanignize whyminigingrefabe ceoling dwles dlikewtisaliadumingginigoef aikfodlagh t he
airfoil. Fromt hﬁi {'albove it cag[ész see tha# a..not ab[ e_advant age. of the
present i nVERRETSS 108 Tepal mpskalse deqRerformed ayih grtela BRI ¥y #Ag hol e
di mensi ons ﬁﬂ%ﬁﬂiﬁ‘%Bf"th&@ddl&%@@hﬁ&gﬂérﬁélrs&i‘fat&bé‘gﬁtﬁé‘é‘i&fdi'lg.d%%‘ﬁ% vapor
phase al um ni zing, yet is unc Icated In 1ts processing and equl pnent
requi r ement endéngoitiirdpadncrehtecad divional proceskesndesss, Ginceateaeniovhl vf a

avai l abl e gases to protect internal surfaces of an airfoil fromreactions
and mat er i apregyistingpenvitanmaental enasingeand ghevsuhsequeny épiplication gf iangew

ti . The, only lintat.i IS that th t b - ti t
ol num. 19780 o2, gl asbing hol2 dimeneiontat R U ARIL ik FRIVE vapor
umi num 578" _ . PIBREL T
N th the ol ineeang BRTIRE Bfate R oRibutdtion o A bl aEELY ©

obj ects andbladﬁ@?t‘am Rindvl lsothnie ididdtiveMdyler Bad bk tdiffusippr fieadfetiel r om
the follow ng detailed description. DESCRI PTION OF THE DRAW NGS Figure 1 is

of a turbi nepadingt did mhiminniag impateeaicdow comtind] internpEfades aDASORIIRE| ON OF
THE | NVENT The

I present .invention pr.ovides od for preventjng oxide
interacti onlécyﬁ?rdw hathey %’&?%QYYOFP"H?d é&d@?@“@&éﬁ}’ Hgét H’éf%ra}rSIOQW‘t 'Pﬁaﬁf“’s‘gr face
openi ngs ang.g., filled with wax, prior to coating removal in order to prevent removal of

the aluminide coating from the walls of the cooling holes and internal

surfaces. Such steps also prevent interaction of the stripping solution with



internal cavities of an article during alumnizing of the ardfiMarhi2008apor
phase 21 March 2003 7 deposition, The nmethod will be described in
reference to a gas turbine engine turbine blade 10 represented in Figure 1.
Wil e the advantages of this invention will be described with reference to
the bl ade 10, the teachings of this invgntion are generally applicable to
any conponent having surface openings and on which an alum nide coating is
to be deposited with the exception of the walls of the surface openings and
internal cavities. As is generally conventional, the blade 10 shown in
Figure 1 may be forned . of an iron, nickel or cobalt-base superalloy. The
bl ade 10 includes an airfoil section 12 agai nst which hot conbustion gases
are directed djxring operation of the gas turbine engi ne, and whose
surfaces are therefore subjected to severe attack by oxidation, corrosion
and erosion. The airfoil section 12 is anchored to a turbine disk (not
shown) t hr oundides depositeel within lthe dCotingniylpsandges ihfernalssinfacesndadirg r oot
section 14 extend through the ajrfoil section 12, defininpg, internal
cavities thdfngies aperafieng Otherwisadieagionsdtyvesn sBiRRINg solutionsang; oxide

from the codtoeReces i AR IRRFR o of SrdF Bk Bt 8 phod o QR ROBE ‘and
fromthe coo and
Fil | . ' . N .  ul
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invention i stipplrgcsdlutiohdnostide sagles, leadingdty adpidnatfikdofc giefdihhtesiagmes.
According to this 1nvention, the airfoil section 12 is or is intended to be

prot ect ed f rsowfacaewhestthe blasteds heatedrto elgvatédbtenmypdratimesect i on by an
environmental | y-resi stant alum nide coating. As is understood in the art,

al um ni de cogtings,may, i ncgrporate a.variety of additiqgnal elenents to

T odt Tyt nel e HR ST oy fohyareikiie, ilfustoroeiyniniie. eoutbampal®
coating. Al y.pi : i QS P i (gas)
phase " 21 NAPRESA3RE' G Ebire iy REChIHPDE RERA DAL dlpopRal |30

bl ade that iGorhpattilles pack!demenitatiory vaport pltasel depositiore produdsl 4 Rstep bl ade
t hat has seen engi ne service and whose environnental alum nide coating nust
be renpved betfface finishaavdids hepaipleggingfaseociafedcwithnpadkuponides, vashiceng i s

reapplied before returning the blade to service. Wiether or not the bl ade
10 has seen heakipcand sRolennrimes YERrAgessiRg DY PITRINaLEE RGBS h ¢ hi s

ent L0 1 4 oIERSBUAEE Mokl e R LSRR VAT .,

of the airfgitocdsdes lihclubie theade &P “RagvaseT S&H h§ FludrifdsdéBlorides and
bromides as part of the coating generation process. These activators are
vaporized during vapor phase aluminizing, and freely travel through airfoil
cooling holes and into airfoil internal cavities where, if the component being
repaired has seen engine service, interactions occur with the oxide deposits
and any aluminide coating remaining in the cooling holes and/or internal
surfaces. These interactions are detrimental, leading to the reduction of
oxides formed during engine operation and/or the deposition of new coating
over existing coating and/or oxides. Coating deposited on top of an existing
internal coating and/or internal surfaces that have an oxide scale previously
formed during engine operation does not adhere well and can flake off during
subsequent engine operation, leading to plugging of cooling holes and loss of

cooling airflow control. Additionally, deposition of coating on internal



oxi de deposits will inevitably be present on the walls of the cooling holes
18 and internal cavities as a result of extrene tenperatures2faNirch 2003
contam nants present in the engi ne operating environnment. Vapor phase

al um ni zing of the blade 10 without protection of the cooling holes 18 and
internal cavities would result in the dgposition of additional alum nide
and undesirable interacti ons between the& coating gases and the residual

oxi des, both of which would significantly alter the dinensions of the
coollng hol es 18 and the condition of the internal surfaces of th

e T RifaRes, canchASS ST o3 i, SEAPSsSPRGIEEE TMRYGmBTs o FORIOD AT TRPSy
the ai rf oicbmpRx ﬂié@rﬁé?fpéﬁgagésoofoﬁﬂ'faisn lédtingp €t 8l agreForatiory dP Wackiods targin.

alumni zin e sji nul t aneoys e ting the adverse effects that resul t
e, - ohhekBo sauiions it den e amBloYe Burng AEPEIBG A ool GLniBde Saatngs. oy o
non-react igye n@ﬁ%@Fro?hﬁteceﬂﬁanQp&' Nhefsleommnﬁilﬁ@léﬂlb fohthecelalvated prosssgrs 16
within the airfoi 2 and out through the cooling holes 18 during the

al umi ni zi RYPFBUERSSUStBREdyar t i cul ar gases used shoul d be careful Iy sel ected
to ensure that the desired coating reaction on the exterior surfaces of the
airfoil 12 are n eded. For 1 March 2003 9 this reason s such
as argon Hhéf'eﬂﬂ/ﬁfﬁ'@e%g%ee'tp"l"%‘f'%rbree@sl‘réf"et'ﬁlag mpgRvedi At °9H’6?E§I‘?Vgt|al?%f°r

fores eeablpﬁatéétmg awmlecsodn@@hblearahu\dﬂwaamemacmﬂaéeb@uuﬁgadap&%bé@ Heﬂésu'idhe gas
nt to the success of this invention, in that excess

pressure |? gﬁf gfortﬁ
f1 ow rat eSf 2 4ffugion Aunipide ceatiRg ng gases and inhibit coating of the airfoil
12 imredi ately surrounding the cooling holes 18. Therefore, appropriate

pressures gy erinentally based the nunber and type of

airfoils @ﬁﬂﬁﬁAR§€gfégﬁmgﬁﬁgpﬁéﬁparticular coating chanmber used. Wen the

met hod of this invention is enployed in the repair of the blade 10, the

exi sting nV|ronnentaI coatin an al ni de or, anot her, protective coatlng)
thes < oviced 1ot "8R9

i s renoved\CFOTGNG: NS BrasgpkinyentioRea ngtned s Arovidgd fef rapgiring, aGoatpPopenty e

goatl ng Wmﬂﬁdb?ﬁpm tHtg sfeps F ér&waﬁh@ ) @bﬂpﬁﬁéntqwﬁgl % mémtahﬁamaaffi? 10
el n erm e o.re Ini1n cCco erea er,
duri ng. al GAYIRS 259G il N R G P I A A

descri bed oahe\depasn%\mmﬁfaaékithbr@ﬁeandqdrw@nﬂhg rexgtions wikrethe>oxidel degosits while
envi ronment al coatlé\a nm?ehe cool E‘ hol es 1g agfgo i.nt ernal ,cavi tb’l
and al so pFPEYeRpase, @fr]'%rr‘% SHEGe of ENec GUPRONSNE by Jowing) agasythr
that are mﬂmerEavnlylahdil?utsturdughmse ecfohhbaomﬁlthmgodwrféat,ﬂ{sbgdqiﬂdmmgfemmﬂl gh ! ad
cavities a . result. of | ser tion a nt am. nat n of, the ade
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ST hoes BfSce dfe ESRpori S Bl suroRbine iienP e iR o1 ne Wi 1 o ¢ he
i nvention has Uaenn@tas@bfm|riventicmrmo @fevéniprcﬁlﬁ@'rllrmésﬁéd)gﬁhrmmﬁs betwéeh
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and 21 Wh()df)(lSﬁﬁ@iledes present from engine operation of the component being coated. The
method generally entails flowing a gas through the internal cavities of the airfoil and out
through the cooling holes to the exterior of the airfoil. While the flow of gas is maintained,
the surfaces of the airfoil are aluminized by vapor phase deposition. As a result of the
outward gas flow, volatile activators and aluminum compounds are prevented from
flowing into the cooling holes, thereby preventing aluminizing of the cooling hole walls
and internal surfaces, and preventing interactions with any oxide deposits within the
cooling holes and on the internal surfaces of the airfoil. According to the invention, the

process is useful for the repair of airfoils as well as newly manufactured airfoils by



10 cooling holes 18 could vary fromthat shown. In addition?19%¥9h%¥ﬁbd of
this invention could also be applied to other conponents, including gas
turbi ne engi ne shrouds and conbustor centerbodi es having gas nani f ol ds.
Therefore, the scope of the invention is to be limted only by the
foll owi ng clains. 21 March 2003 11 C%AINB: 1. Anethod for repairing a
conponent, the nethod conprising the steps of: providing a conponent having
an internal cavity and having a cooling hole in a surface thereof, the
internal cavity and the cooling hole having oxide deposits on surfaces

t hereof; preventing reactions with the oxide deposits while vapor phase

al um ni zing the surface of the conponent by flowi ng a gas through the
internal cavity and out through the cooling hole of the conponent, the gas
flowi ng through the internal cavity and the cooling hole further preventing

al um ni zi ng fof LEmiHE R ' 3 [ |l e

W t hout i nt é%%%‘%ﬁ‘f%iét ﬁ&ﬁii%ﬁglftuam ni nggaBgfoﬁgﬁﬁgﬁgge&%&efﬁ@h%gﬂmgggem

i medi atel y c@uﬁﬁgunglleglgaﬁ&w)tﬁ@plmmﬂ%ﬁfoﬂz suffatBd "Rt aduldcddiess iffove! ai m
1, wherein the gas is selected fromthe group consisting of argon,

hydr ogen, améstriotdrs reatd adserselyr snpact Zairflowrearitb floss digtribuéidni through thé, t he
met hod further conprising the step of renoving an environnmental coating
from the surdigfed of the conponent prior to the alumnizing step. 4. A
method as recited in claim3, wherein a portion of the environnental

oAt g, T el e BB 865 TeOLedl AR ARPOLALANISE NSk A Fr o2V tY

after the re € gas preventing aluam nizin 851

envi ronment ghy&idr RAhEHIt sidededs iﬁ!rﬁﬁhf&iﬁiﬂg?r ufied coolifigRIlE AinefisibAS | ¢ ed
airfo

in claiml, wherein the conponent is an i1. 6. A nethod of repairing
an airfoil fend rigteamali cavdtynajonditiortsy forcaobladg tldte indergoesuvapore phase eof |
and oxi de deposits on surfaces of the internal cavity and the cooling hole,
the nethod Gdwinigingg ek ist apirosyplicatesh ivaridh poeresdipg and equipmen

requirements. In addition, the invention makes use of commercially available
gases to protect internal surfaces of an airfoil from reactions and material
buildup, without interfering with the desired coating reactions. The only
limitation is that the gases must be non-reactive to aluminum, the airfoil
substrate and the coating gases present during vapor phase aluminizing, and
must be flowed at levels that will not interfere with the aluminizing of

surfaces surrounding the cooling holes.

Other objects and advantages of this invention will be better

appreciated from the following detailed description.
DESCRIPTION OF THE DRAWINGS
Figure 1 is of a turbine airfoil having surface cooling holes.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for preventing oxide interactions
and the deposition of excess coating material within surface openings and

internal cavities of an article during aluminizing of the article by vapor phase



renmovi ng an environnental coating fromthe surtace of the a?tMgreh2Q08d
preventing reactions with the oxi de deposits while vapor phase al um ni zing
the surface of the airfoil by flowing a gas through the internal cavity and
out through the cooling holes of the airfoil, the gas flow ng through the
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attack by oxidation, corrosion and erosion. The airfoil section 12 is anchored
to a turbine disk (not shown) through a root section 14. Cooling passages 16
visible in the root section 14 extend through the airfoil section 12, defining
internal cavities that terminate at a number of cooling holes 18. Bleed air is
forced through the cooling passages 16 and cavities, and is then discharged
from the cooling holes 18 in order to transfer heat from the blade 10 and film
cool the surrounding surfaces of the airfoil 12. While a particular cooling hole
and cavity configuration is represented in Figure 1, the invention is applicable

to other hole configurations and cooling schemes.

According to this invention, the airfoil section 12 is or is intended to be
protected from the hostile environment of the turbine section by an
environmentally-resistant aluminide coating. As is understood in the art,
aluminide coatings may incorporate a variety of additional elements to
modify the environmental and physical properties of the resulting coating.

Aluminide coatings of interest are those deposited by vapor (gas) phase
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deposition.

The invention is applicable to a new blade that is to undergo aluminizing for
the first time, as well as a blade that has seen engine service and whose
environmental aluminide coating must be removed before it can be repaired,
after which an aluminide coating is reapplied before returning the blade to
service. Whether or not the blade 10 has seen service, an aluminide coating
deposited in accordance with this invention is not deposited within the
cooling holes 18 or internal cavities of the blade 10, but instead is limited to
the exterior surfaces of the airfoil 12. If the blade 10 has seen service, residual
oxide deposits will inevitably be present on the walls of the cooling holes 18
and internal cavities as a result of extreme temperatures and contaminants
present in the engine operating environment. Vapor phase aluminizing of the
blade 10 without protection of the cooling holes 18 and internal cavities
would result in the deposition of additional aluminide and undesirable
interactions between the coating gases and the residual oxides, both of which
would significantly alter the dimensions of the cooling holes 18 and the
condition of the internal surfaces of the blade 10, and therefore adversely

impact airflow and flow distribution through the airfoil 12.

Therefore, to obtain the advantages of vapor phase aluminizing while
simultaneously preventing the adverse effects that result if the coating gases
are allowed to enter the cooling holes 18, one or more non-reactive gases are
continuously flowed through the cooling passages 16 within the airfoil 12 and
out through the cooling holes 18 during the aluminizing process. The
particular gases used should be carefully selected to ensure that the desired

coating reaction on the exterior surfaces of the airfoil 12 are not impeded. For
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this reason, gases such as argon and hydrogen are preferred for this
invention, though it is foreseeable that other non-reactive gases could be used.
Control of the gas pressure is also important to the success of this invention,
in that excess flow rates can dilute the coating gases and inhibit coating of the
airfoil 12 immediately surrounding the cooling holes 18.  Therefore,
appropriate pressures must be determined experimentally based the number

and type of airfoils to be treated, and the particular coating chamber used.

When the method of this invention is employed in the repair of the blade 10,
the existing environmental coating (an aluminide or another protective
coating) is removed from the surface of the airfoil 12, with any portion of the
coating within the cooling holes 18 and internal cavities of the blade 10 being
permitted to remain in accordance with known practices. Thereafter, during
aluminizing, flow of the gas through the airfoil 12 in the manner described
above prevents additional aluminizing of the existing environmental coating
within the cooling holes 18 and internal cavities, and also prevents reactions
between the coating gases and oxide deposits that are present on the surfaces
of the cooling holes 18 and internal cavities as a result of in-service oxidation
and contamination of the blade 10. If the method is part of a manufacturing
process for a new blade, flowing gases through the airfoil 12 in the manner
described above prevents aluminizing of the cooling hole and internal cavity
walls, such that these surfaces are free of aluminide coating following

aluminizing,

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, the physical configuration of the blade 10, cooling passages 16 and
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cooling holes 18 could vary from that shown. In addition, the method of this
invention could also be applied to other components, including gas turbine
engine shrouds and combustor centerbodies having gas manifolds.

Therefore, the scope of the invention is to be limited only by the following

claims.
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CLAIMS:

1. A method for repairing a component, the method comprising the steps of:

providing a component having an internal cavity and having a cooling hole in a
surface thereof, the internal cavity and the cooling hole having oxide deposits on surfaces
thereof;

preventing reactions with the oxide deposits while vapor phase aluminizing the
surface of the component by flowing a gas through the internal cavity and out through the
cooling hole of the component, the gas flowing through the internal cavity and the cooling
hole further preventing aluminizing of the surfaces of the internal cavity and the cooling
hole without interfering with the aluminizing of the surface of the component immediately
surrounding the cooling hole.

2. A method as recited in claim 1, wherein the gas is selected from the group
consisting of argon, hydrogen, and combinations thereof.

3. A method as recited in claim 1, the method further comprising the step of
removing an environmental coating from the surface of the component prior to the

aluminizing step.

4. A method as recited in claim 3, wherein a portion of the environmental coating
remains on the surfaces of the cooling hole and the internal cavity after the removing
step, the gas preventing aluminizing of the environmental coating during the aluminizing

step.
5. A method as recited in claim 1, wherein the component is an airfoil.
6. A method of repairing an airfoil having an internal cavity, cooling holes in a

surface thereof, and oxide deposits on surfaces of the internal cavity and the cooling hole,
the method comprising the steps of:
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further preventing aluminizing of the surfaces of the internal cavity and the cooling holes
without interfering with the aluminizing of the surface of the airfoil immediately
surrounding the cooling holes.

7. A method as recited in claim 6, wherein the gas is selected from the group
consisting of argon, hydrogen, and combinations thereof.

8. A method as recited in claim 6, wherein a portion of the environmental coating
remains on the surfaces of the internal cavity and the cooling holes after the removing
step, the gas preventing aluminizing of the environmental coating during the aluminizing
step.

9. A method as recited in claim 6, wherein the gas is flowed at a level that does not
interfere with the aluminizing of surfaces of the airfoil immediately surrounding the cooling
holes.



