27 August 2003 METHOD FOR LOCALLY REMOVI NG OXI DATI ON AND CORROSI ON PRODUCT
FROM THE SURFACE OF TURBI NE ENG NE COVPONENTS BACKGROUND OF THE | NVENTI ON
FIELD OF THE I NVENTION This invention relates to renoval of27Asgust 20G3dat i on
and corrosion products from portions of hardware w thout affecting

adj acent, coated regions, and nore particularly to renoving | ocal

oxi dation and corrosion product from airfoils renoved fromturbine service
wi t hout affecting adjacent alumnide coatings. D SCUSSION OF THE PRI OR ART
Conponent s suchVETHOEDFOR EOCAdIIYS REDEOFTR GOKED ASTICMNM UIND envi r onnment al
conditions at elevated tenperatures. These conponents typi cally are. coated

with an al um r&éﬁgﬁ)s ﬁkh?f’@z?éﬁ t or _as_an environnentall rotective
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| ocalized attack of the conponent that may penetrate the coati ng and work
into the diffusion zone bet%g@@ I&ngﬁ d the substrate. Repair of
turbi ne hardware typically has involve rem)val of | oose contam nation
foll owed by renmoval of tightly adherent corrosion and oxidation as the
first steps in the repair process. This cleaning subjects the hardware to
mechani cal cl eaning, such as abrasive cleaning or grit blasting, or to

chem cal_cl eani ng.. _Chem cal _cl eanin i nvol ves exposure of the hardware to
chel at i N &FErROTBND QSR SNVIENRIKYN 1 27 August 2003

FIELD OF THE INVENTION

This invention relates to removal of local oxidation and corrosion products
from portions of hardware without affecting adjacent, coated regions,l and
more particularly to removing local oxidation and corrosion product from
airfoils removed from turbine service without affecting adjacent aluminide

coatings.

DISCUSSION OF THE PRIOR ART

Components such as turbine airfoils operate under strenuous environmental
conditions at elevated temperatures. These components typically are coated
with an aluminide as a bond coat or as an environmentally-protective coating.
The hars.h environment and elevated temperatures result in localized attack
of the component that may penetrate the coating and work into the diffusion
zone between the coating and the substrate. Repair of turbine hardware
typically has involved removal of loose contamination followed by removal of
tightly adherent corrosion and oxidation as the first steps in the repair
process. This cleaning subjects the hardware to mechanical cleaning, such as
abrasive cleaning or grit blasting, or to chemical cleaning. Chemical cleaning

involves exposure of the hardware to chelating agents or immersion in high
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tenperature caustic solutions. In order to conplete the repair, the
diffusion alum nide |ayer which was applied either as a bond coat or as an
environmental coat, is renpved by exposure to application & AHIUsHI3si on
in an acid solution. Damage is then repaired, typically by welding, and a
new alum nide coating is generated. The di sadvantage of such nethods is
that the wall of the turbine hardware is affected by the cl eaning and
coating stripping processes since the protective alumnide coating is

di f f used tbperdthife efddicMutiGHPRN8Mer'@ dorft Et@ﬂﬁ@%eﬁﬁﬂ%&%ﬁffh?ioﬁa”y the
| oad of operation is renoved. Repeated stripping of the conponent thus

typi cal | wldmiriide ldyer nwiibeh whs applied eiyledresist hatbondn doet esplaey ad.
Typically, only one stripping can be successfully acconplished due to
concer ns SRy ANTEREl spahdt rempyeck HE s¥posaiel te application e o dusersiostin or

cl eani ng Lnant s d oxi.des from.th sur f.aces_of .conponents as part
of the rg%%%c?g%lg%%\mlggﬁaggds Sﬁg&gm&scﬁr%g{caﬁgf }iﬂ’@i ﬁeng'ﬁ%@sn?‘ﬁvol ve
subj ect i REh#dEBsAHR; BYMRRGBY, hetdl L NGF s REHRHL ALY | en only
a portion of the cotgtrp%onent requi reg c?ae(g‘}na?ﬁggands repaw&}’éﬁ?{%&g met hod .
is set fuormfloftheBuhinPhiedtvaNois dfts] 683hé cBAhimpaed chatih® sk 'iﬁget al .
and assigned to the sane assignee of the present |nvention. he " 685

pat ent eRPIGTEessnGEtheoprotediva rlsmisidereating s diffisedi méo thmmerigawdponent to
be cl ean ' in an autoclaye with th ous al kal i ne hydroxi de
ol ut oncSnEenEaEEf et el KR fofisty she el St ReteBfoveio. Sao G
The sol UlRePRafed PRIPPiAE S R E&RPbnY i )
reaction pe?g%uct i splpr e%mved fromf)t ﬂghil%‘%g;gyeﬁgéﬁfﬁﬁgﬁlgﬁgsar}l]’grﬂtgﬁlte%?enal ni ng
process msepaitesyrled dhhtatroy dei ampbyedip| iTyipechllyy ordyoorad sefppihg da@nbé ni ng
alum nide by acjd etch, repair of the affected area _and subsequent
r eal umi nfHCRETuldpageoamplishedrlunicsanseragwith lapshef wellithickpessaddr essed by
this :

While various methods exist for cleaning contaminants and oxides from the

surfaces of components as part of the repair and restoration procedure, most
of these methods involve subjecting the entire component to the cleaning
operation, even when only a portion of the component requires cleaning and
repair. One such method is set forth in U.S. Patent No. 4,317,685 ('685 patent)
to Ahuja et al. and assigned to the same assignee of the present invention.

The '685 patent employs an aqueous solution of alkaline hydroxide. The
component to be cleaned is placed in an autoclave with the aqueous alkaline
hydroxide solution and heated to an elevated temperature in the range of
200-340 C. The solution is permitted to react with the surface scale, and the
reaction product is removed from the surface by flushing and the remaining
process as described above is accomplished by removal of the reniaining
aluminide by acid etch, repair of the affected area and subsequent
realuminiding, so that the problem of wall thinning is not addressed by this

process.

An alternative approach for repairing turbine airfoil components that avoids

the loss of material from load bearing walls is to apply an aluminum coating
2




process. An alternative approach for repairing turbine airfoil conponents
that avoids the loss of material fromload bearing walls is to apply an

al um num coating 2 27 August 2003 over the existing coati rdf,Atdust 2008

repl eni shing the protective alumnumand permtting further engine
exposure. The inpedinment to this approach is the presence of oxidation
and/ or corrosion products on the surface of the hardware after renoval of
service in the turbine engine. Some nethods exist for cleaning corrosion

f rom | ocaiviez ébe E&gh@gsroatmg, thareby eeplepishing ¢hse pavectienatahinumestd i cted to
removal of trace Hgt contam nation__fromsurfaces of sem conductors.

These netRFOTEHRE 1}%{\}?@%6 8{)@‘?3‘5& |13H3 “’E‘Be imentfe thisppioaehis the om whi ch
cont am nafLon, angs e exar{n‘iﬁxt c&@- r@c?u&?”?)ﬁ gug ﬁ%ﬁe aorg Gg%neral ly

an oxi de‘speci és. suc AR ng i s se Pat ent

No. 5, 69%5&%%@&&&%&1@%1%@@1@@/@1m@smrlﬂﬁ@wgﬁ@ an ambi ent species to the
contam nated surface, followed by photostinulation to allow reaction of

the trace netal contamination with the anbient species with subsequent
renoval &m%@eﬂmcw exstdauclesningsenreesion Sramh decalizp aegions wéedwdfdcs, a met hod

for acco hing the repair of a.turbine airfoil onent cl eanin
onl'y the EF?% BehF ’éﬂf’tft“ﬁ@dc*&nfﬁiﬂ%ﬁi‘ h@&?é&e?@w@&%{q 1R and

inat f ect 2%?““%%“%%??%?% ERTERRBLLIeGS, 1o o G RV EID Soplillony 0021 T
fggglnecrdeg?url@bmndoﬁmaneﬁeé ifEsmO fwldth atarﬁhﬂuﬂm@xoaénmgomaeé husedieon of
removed, as semiconductors are generally an oxide species. One example of
such cleaning is set forth in U.S. Patent No. 5,695,570 to Douglas, that involves
applying an ambient species to the contaminated surface, followed by
photostimulation to allow reaction of the trace metal contamination with the

ambient species with subsequent removal of the metal products from the

surface,

What is needed is a method for accomplishing the repair of a turbine airfoil
component by cleaning only the localized regions of the component affected
by corrosion and oxidation without detrimentally altering adjacent regions of
the coating unaffected by corrosion and oxidation, followed by repair of the
locally cleaned region and application of an aluminide coating to the region of

local repair.
BRIEF SUMMARY OF THE INVENTION

The present invention provides a material composition used as part of a
method for selectively removing products of combustion from the surfaces of
gas turbine hardware following extended exposure of the surfaces to the hot
oxidative and corrosive atmosphere of gas turbine exhaust without attacking

unaffected, adjacent base metal or coating.



BRI EF SUMVARY OF THE | NVENTI ON The present invention provides a materi al
conposition used as part of a nethod for selectively renoving products of
combustion fromthe surfaces of gas turbine hardware foll oan‘gj-'Qé'ﬁt%QQ%d
exposure of the surfaces to the hot oxidative and corrosive atnosphere of
gas turbine exhaust w thout attacking unaffected, adjacent base netal or
coating. 3 27 August 2003 The nethod involves first renoving | oose

contam nation fromthe surfaces of the hardware requiring repair. The
sur f acesThe enethed innalyes fisat tamendngrlapsrecontamipatian fos the stfadearafwar e

I ri r I r. Those.portians.requiring repair, typically have
exper | entSd URTE FAYTINETGRTE o LNF VO REST Pifg e ipaRested o defaruine of
oxidatio ; | Hﬁ% FJ}!%_xt r ' al is . applied
to the ptrhe el elglg.1 ggpg%fft?%{odrﬁé%? egﬁe ]Fe war eT%C%F fpgoggéh%lg%@}rll%ﬁéeﬁ?%%ai r. The
react i vetypitaly hmye kxpepiphted dsnageshorthy prot@givd b4 lsarfePas dhe

slurry is conprised of a reactive elenent, an inactive Tiller and a carrier
liquid. TesHE elopdislation: apd/ ox hobwpriosian eftack.r deexti verasictive metahds an

[ ti fijller., The hardware .is then heated in nonr eacti ve atnosphere
to s 11 ralslonean s SR Hor P s b Bt CaReet e BB FPBAT bet neon
the prodpgd fefbiveaiBhthap bARIpREd QL8 o8N 4 BoIARBL Bibe! ORfiLT Ve

el enent, thereby locally breaking own t corrosion/ oxi dation products.

The har dilarrg i sotripeised arflaattatiivaclesren tth Piaet et Glibeand ardaeriad kgeid, As used
herein, the terns "products of combustion” and "conbustion products” refer
t o damagéhe eseldapbleytapedmcomprised ofha seadtive dloment pnd arhimactee Giler.f r om

exPOSUr et LG, IRl BONDUSHE T, 9Bt EeactRt huirdsphale DU kSN Seedtfl gLy T rom
temperature. This step causes a reaction between the products of combustion
and/or oxidation and the applied reactive element, thereby locally breaking
down the corrosion/oxidation products. The hardware is then cooled to a
second preselected temperature. As used herein, the terms "products of
- combustion" and "combustion products" refer to damage resulting from
oxidation or hot corrosion that occurs from exposure to the hot combustion
gases, and is distinguished herein from "loose contamination" which refers to
deposits resulting from exposure to combustion gases that are not chemically
bound to the underlying surface. The by-products of the reaction between the
applied materials and the corrosion/oxidation products can be easily
removed. An aluminiding treatment may then be applied to the engine

hardware to restore corrosion protection to those areas requiring repair as a

result of oxidation and corrosion attack.

An advantage of using the slurry or moldable tape containing a reactive
element, and inactive filler is that the material in slurry or tape form may be
applied to surfaces requiring repair having unusual or irregular
configurations. The slurry or tape can be readily applied and molded to

accommodate virtually any geometrical consideration.
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deposits resulting fromexposure to conbusti on gases that are not
chemcally bound to the underlying surface. The by-products of the
reaction between the applied materials and the corrosion/ B éhugaist 2003
products can be easily renmoved. An alurniniding treatnment nmay then be
applied to the engine hardware to restore corrosion protection to those
areas requiring repair as a result of oxidation and corrosion attack. An
advant age of using the slurry or nol dable tape containing a reactive

el enent , Amethenadvantagei ¢off te presehhinvendiomaisettiadlthe Hosdluoxidationtarke f or m

may be applied to surfaces requiring repair having unusual or irregular
configur&BFf&ﬁ?nR Ut Gan ea?ﬂ%é(séf‘é%fﬁtgeswamqrgﬁ gpeiasticlgrtbabaveed to

acconmod ' eIt ri onsideration. 4, 27 Augyst 2003

Anot her ggg%%%%%égag% IX'F%gé{’pg’gsen%) ‘%f?{%]énq} Sﬁjalcgnf%etasttﬁgt I%E‘cYEI P8t i on and
corrosi oraiama:gédghnaaneg@%rémﬁgbfgﬁmeuhose portions of the article that
have experienced damaged, with no effect on adjacent areas that have not

been danaged, and these areas can be repaired. Still another advantage of
t he pres&hil anofber advaritage dhthet presenisinvgniope isthasthe tostiyp npeettienyofst i ppi ng

all of the coatjng from har re that .only has |l ocalized_ danage and
conpl et eFWi%ﬁ{ﬁ %FW@’% Bﬁéﬂgﬁ? iC@%ﬁ%éfqrﬂé\aegwas% thatpmlg hastaealizedr dwar e
life canghg, tﬁ{gﬂ rd. B : ective,cqating is
typically aéﬁ%grrp | gcﬂggﬁﬁgg% lgrﬁe%gcﬂe{pmgﬁgg%ég?lﬂgtfgh%aesg%éﬁﬁg%p S|eng t he
articl e hardwanclifd cahfierextérededd Beansé teoslri bf gk ﬂaﬂbtéé}ﬁvetdaiaﬁhgess of
the wall of the article undergoing repair. This wall" thickness reduction
shor t ensist fypically accomplishedrusing @ cahpreceshesuchrazeby @kpoaipgi thecycl es
that t hear%rc & % gn%%?d, there is an associated reduction in the thickness of the wall

of the article undergoing repair. This wall thickness reduction shortens the

life of the article and limits the number of repair cycles that the article can

undergo. Further, by eliminating the chemical stripping process, the cost of

the chemicals and the disposal of the chemicals, now a hazardous materjal

containing heavy metal, is eliminated.

Yet another advantage is the reduced impact on airflow control associated
with the removal and reapplication of coating in film cooling holes
intersecting surfaces requiring coating. Additionally, operations required to
mask dovetail and internal cavities are eliminated, thereby further reducing

costs.

Other features and advantages of the present invention will be apparent from
the following more detailed description of the preferred embodiment, taken
in conjunction with the accompanying drawings which illustrate, by way of

example, the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a photomicrograph from a gas turbine air airfoil removed from
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undergo. Further, by elimnating the chem cal stripping process, the cost
of the chem cals and the disposal of the chem cals, now a hazardous
material containing heavy metal, is elinminated. Yet anothed 2¢AHsheRfe is
the reduced inpact on airflow control associated wth the renoval and
reapplication of coating in filmcooling holes intersecting surfaces
requiring coating. Additionally, operations required to nask dovetail and

Foat ur o5 SO A A5 U e RSB BRI B RIAFER, 47 S e G9B AR rom ¢ he
fol | ow ngnapigsfiat fidiathlaatidBbhoBgalidie BLRLERY B AN REL . taken in
ng a | C]h us

conjunction wth the acconpany W Nngs rate, by way of
exanple, the principles of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 i#ig Jisat photontigregraphratd08 ngagnifivatiomn ¢108X) ofianfOifoilrremwed from 5
27 Augus%‘é)tZOOS service froma_gas_ turbine engine, show ng |ocalized areas

of the cH9m§rEiss shovengytha baselinenseating dnumdegiganansfgatetl burhot

corrosio | j.op attack; Fig. 2 is a photom crograph at 400
magni fi cg{’rur%ﬁ“’ﬁ%{?ﬁg' of an airfoil renpved _from service show ng the
baseline coating in a region unaffected by hot corrosion attack. Fig. 3 is

a phot OnFig'._(ngsad)bh@forﬁitr@%{a | bf 88 ER6H rEARIVeBCHUAC Sers RWHINinBEheCONdi L1 ON
of the coating and the substrate of a region that has experienced

si gni f i ceendilion efotheosdasingaend dhe dmbistrgtee nfjianeegire tzti nas atpaiergedcessi ng
h h ted t t I i th l'i cati f the sl f th
throug s?ig-n%c%\r/t? hot cotrbsion g{tgclgycfur?ngm engix?g po;;eggticl)x? nafger proecegsigrgr v o ©
through an elevated temperature cyde with application of the slurry of the

present invention; and

Fig. 4 is a photomicrograph of an airfoil remnoved from service showing the
condition of the coating and the substrate of a region that has experienced
significant hot corrosion attack during engine operation after the processing

depicted in Fig. 3 and recoating.
DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a method for restoring protective coating to
localized regions of a gas turbine engine component that have been damaged
by corrosion or oxidation without affecting the substrate or adjacent regions

of coatings that have not been damaged by corrosion or oxidation.

Components such as airfoils in a gas turbine engine are subject to the hot
gases of combustion from the combustion process in the combustor portion of
the engine. Because of the extreme environment to which they are subjected,
notably the high temperatures and corrosive gases, these airfoils are given
protective coatings such as aluminide or MCrAlY(X) coatings, where M is an
" element selected from the group consisting of Fe, Co and Ni and



present invention; and Fig. 4 is a photom crograph of an airfoil renoved
fromservice showng the condition of the coating and the substrate of a
region that has experienced significant hot corrosion att kmﬂﬁﬁi¥ﬁ?3engine
operation after the processing depicted in Fig. 3 and recoating. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention provides a nethod for
restoring protective coating to |ocalized regions of a gas turbine engine
conmponent_t hat have,been d ed corrqsion or oxidati on w fhout

T bt oA Tt griia e imeg) Srected it g euPr eI a%8 not been
damaged r esi i i ; ' i.s,.in.a gas
turbine Sharng SPLRE Blo B B L ap S PR g Indlebl oo

conmbust i eRepihHecRssick lifd, ke pesteuSt OlayRey torpieddy tHdle c@ﬁﬁhﬁ@ﬁe.@@ﬂ@%e of the
extrene environnent to which they are subjectéd, notably the high -

t enper at #7ade) camdbe crmpsomisegaindocal drese fer arfiobhe chrenynbenof prasvrst i ve

MCr Al Is.an el ement

coatings sych as al um nide .or Y(. coatings, ere

CoTbbt Sgstatt et Tesiarh ORI (SR SOl cr e EREHE S rBimndhet 2003
conbi nat | her e kSt e . onsi sting
of T e TSRO RERCCE, B plalet9), BRIt ShBlhg T S Ang

However , ma@ed] tohetskrby 6gdhtiba arlderpéHbec mh\é?feﬁe/r&riﬁvéﬂﬁ@i@@emﬁtb hese
coatings (e.g. Al1203 scale) can be conprom sed in | ocal areas for any one

of a nunbeestoratiosaefonproteetirchceatirgiceihgae bisiabiced dapzaged azeas wdthooit
di ffusion ef.f.ecttﬁ chanpi ng%l_tphe C qﬁé)fition of. the protective |ayer,
t her eby SO5ERE TG YPREIR PWHbfoa TEPauyNgRIQEye cOtHgt i on and
corrosion. The present invention permts
The present invention utilizes a composition including a reactive element and

an inactive filler, locally applied in the form of a tape or a slurry to remove
oxidation and corrosion from local areas. When the reactive element
composition is in the form of a slurry, it further includes an evaporable carrier
liquid. The reactive element may be aluminum (Al), silicon (Si), titanium (Ti),
zirconium (Zr) or any other metal having an affinity for oxygen. The inactive
filler may be any material that will not affect the activity of the reactive
element and will not affect the underlying substrate or adjoining protective
coating. Alumina is one effective and inexpensive filler, but any other inert
composition that will not affect performance may be utilized. The carrier
liquid may be any suitable evaporable liquid that can be used to form a slurry
with the reactive element and the inactive filler, and which will evaporate
either at room temperature or at slightly elevated temperatures. Some
suitable carrier liquids include glycerol, ethanol and acetone, but other carrier
liquids that readily vaporize without affecting the substrate and the reactive

material may also be used.

After loose contamination is removed from airfoils undergoing repair, the
areas of the airfoil in which significant corrosion or oxidation attack has

occurred can be readily identified. Fig. 1 is a photomicrograph of an airfoil
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a restoration of a protective coating to these |ocalized damaged areas

w thout requiring the conplete renoval of all of the remaini_ng protective
coating. The present invention utilizes a conposition incl i ugt 2008t i ve
el ement and an inactive filler, locally applied in the formof a tape or a
slurry to renove oxidation and corrosion fromlocal areas. Wen the
reactive elenent conpositionis inthe formof a slurry, it further

i ncl udes_an evaporable carrier  liguid. The reactive el enent may be

al uni nunfTeR )V‘;’h’§gl loesn contaminatiogniasybeqn jremoyiede 6¥POsNGZIeBIoNs Bt ot her
met al hay] fEini for oxygen. The.inactive fill.er . be any

mat eri al Kéﬁegtb ggv]\ﬁ1 %’f‘lfoi]eg% ttéf(}ogléqﬂ{%gngc%@??@n c?g%af:%'e {,{%fgmgetg%geﬁeﬁt and
w1 not yabliectblide HRAEr kodalded iR FhaPdiaQl HhElQraﬁgfrEét g%t,ﬁﬂ&ntcoatl ng.
Alumna is one effective and i nexpensive filler, but y otfrer Inert
conposi t camogibatand bkidatibnadttaeks ape niraffeeteckcoming 6 atjdcerneeb rddioncarri er

l'iquid may be Srnl\%ls_uitabl e evaporable |iquid that can be used to forma
slurry It nAt dtydartzqne nenshewanin tie Lhamdeylying | ther coaiing Wasch wi | |

evapor at | r.at_roam rature ofr..at. slightly el evated tenperatures.
Some. " ouftgivRRE ap A w AR EFBT G G UrDbishor Plesta inf Bk E e bu
ot her cagitisefate.! | @iirfsntlhatvailgBd iﬁpxﬁo\faaﬁr g)%écééfséshqygic }eféquﬁ& tthe
substrate and the reacti've material may al so be used. After |oose

cont am nemoraliof the antirdcdating a8 weibiak ot lrsdes goirtign oé plaé diffédien zaneas of the
airfoil in which-significant corrosion or oxidation attack has occurred

can be reaiyiery thaeratingeand rilstrateiby gubjpgingrile egtiepairknl amagiadséi| 7 27

Pugust 2908l O OR AT 80 AR SEAEI h BERe O

Ref er ri ngtéidirflo what®nce was virgin substrate material, these prior art chemical
processes reduce the wall thickness of the airfoil as diffusion zone material is
removed. Because of the thin nature of the airfoil walls, it is readily apparent
that an airfoil could be subjected to only one or two repair such cycles before

it must be taken out of service.

Fig. 2 shows a portioﬁ of an airfoil removed from service, but not subject to
corrosion/oxidation attack after removal from engine service. This portion of
the airfoil requires no repair as substrate 22 and coating 26 were unaffected by
the severe environment of turbine operation, remaining substantially intact.

A typical diffusion zone 28 develops as a result of coating and. subseéuent

high temperature operations.

Referring now to Fig. 3, which is a photomicrograph of an airfoil removed
from service showing the condition of the substrate region 32 and coating that
has experienced significant hot corrosion attack after engine operation, such
as the airfoil in Fig. 2, but which has been subjected to the processing of the
present invention to remove oxidation and hot corrosion products. It will be
understood that there are regions adjacent to the region shown in Fig. 3 in

condition similar to Fig. 2 that are not shown and that are unaffected by
8




turbi ne bl ade has a |l ocalized region 14 that has undergone significant
corrosi on and oxtdation attack, and unaffected coating 16 3 jacent%dy
region 14. A diffusion zone (not shown in Fig. 1) underlyi d“pHg gting
has devel oped as a result of growth due to diffusion processes into the
original substrate. Currently available prior art processes typically
require the renoval of the entire coating as well as at |east a portion of
the diffusion zone between the coating and substrate by subjecting the
entire aretresiont olhis aitfod, aftesgemanel obilaese cortagiinatien rodysls, Wast he
airfoil rempved from,servic extends, Lnto what ,once was virgjn substrate
et er | al FEAIRELER pROSHanTY Witk (R BTCCRE SRARUON. T AR AR PP E e ness of

the airfgj F i e | i r thin

nat ur e ogl h%ﬁ?%%r%%ﬁ%%ﬁ@%%@r%gﬁb lﬁsfdagggygﬁtt 58'? %}2{6 ﬁ?\fg{%hﬁtp%i | could
be subj eghedirian aitidy thenbalahcé Wt apdi ihciRlental dygp@stiGefreiseprepredidy be taken
out of service. Fig. 2 shows a portion of an airfoil renpved from service,
but not mikingctheteompenitior vith aBxngetfillay, akumink, and & carsiepliguid aBéh engi ne
service. Thi.s, portion of .the airfoi.l reguires no repair substrate 22
and coat PRBIIS o dhe Comaned et a redinRe s L0g shRRWaTAEReddr A ne

oper at | 0y {68 %b?gol% Bl Sihledlak fﬂé&ﬁi- Thé aiafBil Sfds Sl patQigqne 28
devel ops gs a resu of coatl ng ang- ubsequent hi gh tenperature

oper at i ofirnaRefaid ifkgtatbwot 8 fengperdfunshiof habaitalfotlam édtignaghh tis an
airfoil renoved -from service showing the condition of the substrate region
32 and ctempergtuteawas iwgsd dopdhisesluny. angniemparatumgovhichy pEymetesdbeack after
engi ne ogﬂatj on, such as.the airfoil in Fig. 2, but which has been

subj ect etPlioy"ingdeartionmay he Yie% ne  present invention to renove oxidation
and hot corrosion products. It wll be wunderstood that there are regions

adj acent 3iQAtOY, kegiion pAM2ALCE 9- 3 in (1)

where M = Ni, Co or mixtures thereof, as is typically found in superalloy
substrate base materials. While the Ni or Co of the base material may form
MAly, this is not necessary, since the key to the operation is the removal of the
oxygen from the substrate. Thus, the reaction of the Al with the oxide
attached to the substrate to form the 2AIO; is critical to the success of the
operaﬁon. Since this reaction occurs at elevated temperatures, the airfoil
containing the composition of the present invention should be heated in the
range of 1800-2000 F in hydrogen or inert atmosphere. Alternatively, the

airfoil may be heated in a vacuum.

After heating, the airfoil is cooled to ambient temperature. As shown in Fig.
3, the darkened region 34 indicates locations in which material subject to
corrosion/oxidation attack 34 has been removed, leaving some unaffected

regions of diffusion zore 36. Any remaining oxidation/corrosion by-product
may be removed by light mechanical processing, such as by brushing or very

light grit blasting.



condition simlar to Fig. 2 that are not shown and that are unaffected by
8 27 August 2003 corrosion. This airfoil, after renoval of I7 ose

contam nation products, was treated in accordance with thg %“83%5?[003

i nvention. An alum numcontaining slurry that included a conposition
conprised of about 56.5% by weight of alum num and the bal ance iron and

i ncidental inpurities was prepared by mxing the conposition wth an inert
filler, alumna, and a carrier liquid and applied to the corroded areas or
regi ons. Rebarigumow todsg.a, Humeidfoilohasi its projectiveycoatingracalbvegstradibyn of t he

{amper at SREeBHE bbb 2628 oAb BeTL LRt BRTHE (R80T or 1 hi o
slurry, any.tenpgrat i ro es ol l,ewi pg- r I be used:
3M Al O2) 593108, X 2‘%§A\|M%6%’r}?@) éerreskpgﬁ?\ﬁfe, 8" §?ﬁfp)£§t Hg?éeof, as
| 5 typi caldntirfiHRntdinfUP TdtY QMcal%ngf ahe Has ehamtefiisdssrepthi lagdt he Ni or

Co of the base material Tay foorm , this is not necessary, since the
key to theaiiperttei shurrp-cohiedr embeibl atofint blevatedy demperasure hef dUBstFat e.

N G TN W R RONER . LTS
composi t PERTBHS B SXEREIoHTRRRRMERT Teule AR Bt e 10,
1800- 200@h & ridhIh e RBE R plir bRGdduas MONRIIE! e AldtiighMabekiored te thai rf oi |
may be heated in-a vacuum After heating, the airfoil is cooled to anbient
t enper at wegionAdrathowwhich Rihg. oxidation/corrosion was removed using an
aluminum-containing slurry, any other acceptable method for restoring the
protective coating to the airfoil may be used. Other coating restoration
processes are set forth in patent application 09/219,162 and 09/219,163 both
filed December 22, 1998 and assigned to the assignee of the present invention
and are incorporated herein by reference. Alternatively, the entire airfoil may
be subject to a conventional aluminiding treatment. The areas of the airfoil
from which the corrosion/oxidation products have been removed by the
repair process described above will preferentially be affected by the
aluminiding treatment. The standard aluminiding treatment may slightly
affect the adjacent areas of the coating, causing a slight change in coating
thickness, but this is not an undesirable result. Because the aluminum
concentration in these coated areas is already high, the driving force for

further diffusion of Al into these regions will be slow and the increased

thickness will be slight.

While the example set forth above has been described in terms of locally
restoring aluminides and MCrAIY coatings when these coatings are used as
protectivé environmental coatings, the processes and materials of the present
invention can be used to locally restore these coatings when used as

intermediate bond coats. However, when the materials and processes of the

10



3, the darkened region 34 indicates |ocations in which material subject to
corrosion/ oxidation attack 34 has been renoved, | eaving sgzg}una%%ﬁ)ted
regi ons of diffusion zone 36. Any renaining oxidation/ cor U§Hs -éroduct
may be renoved by |ight nechanical processing, such as by brushing or very
light grit blasting. 9 27 August 2003 Referring nowto Fig. 4, the airfoi
has its protective coating locally restored by subjecting the blade to a

| ocal i zed coating process. In this particular case, the coating 44 was
Irest Iolr edPERAERL ﬁﬂﬁgﬁ‘ﬁl%ﬂ @EQZU%% t‘_ép"ﬁls{f)%fﬁgﬂcﬁemtﬁﬁﬂﬁ&ﬁ% 5%%3‘”9 urry ;
irronl Suatipoat sfEan cRmERd: e heRRaLEs R Bk CRBE R T T

the rangge Qtfzm?a_%QQb%Oé)%ﬂ&eﬁ@H{eﬁ' 1éﬁfe§ftﬁsgbh&%ohpmt9&tgamna ferh§@dlidfon set

forth in equation e repaired article of Fig. was he result of this
repair posclatgongcoMbiioa pielusdgtresentwas regisho veldereoT BQespallegi dnrifigom whi ch
t he oxidation/ corrosion was renoved using an alum numcontaining slurry,
any ot hefngl@eeptdbt-e met hod for restoring the protective coating to the
airfoil my be used. Qther coating restoration processes are set forth in

patent appl Lot om 0240, 08 bR 318 AR ABLIbed ihEdoRRORTRRRN22, 1008

e as nee o invent1én and are incorporated

her ei n byhdreberansied aﬁﬁt@ér[zg(ijy@b}\gjpﬁé@_e entire airfoil my be subject to a
conventional alumniding treatnment. The areas of the airfoil from which

the corrosion/ oxidation products have been renoved by the repair process
descri bedlthiough the pregené insrenicnahasybasa destribed dn pynpestionayithispeeifiag

treal nené)’(ar;lr}gfessa}na gg{b% 1r|nlén. sr,]itg(i)sneg sl&iilggtige &{[e gr%ywﬁi irgcrggl'réfze 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.

11



affect the adjacent areas of the coating, causing a slight change in
coating thickness, but this is not an undesirable result. Because the

al um num concentration in these coated areas is already h?SWWQPWQMQQiVing
force for further diffusion of Al into these regions will be slow and the
increased thickness will be slight. Wiile the exanple set forth above has
been described in terns of locally restoring alum nides and MCrAl'Y
coatings when these coatings are used as protective environnental

coat i ngsCLAAMS®r ocesses and materials of the present invention can be used
to locally restore these coati ngs when used as internediate bond coats.
However, when the nmaterials and processes of the to 27 August 2003 present

invention. ar @ us@HoH ok Sl tR eBH ¢ BmioH S ?ggéi&&f’s ?Pg‘%‘@%%t&%ﬁ h‘#&?n S%?-f’%}gisonm

steps are required. The thermal” barrier ating i'Tst

renoved Pyeas fukinssengine handiarea pempoisedcohsupatalty, meltboial, ngher arookall of
oxi dat i o pALHAS AN R QAYCt present in regions where TBC spal |l ed during
engi ne servftce. ce the oxidation/ corrosion product has been renoved, the

bond coat can then be restored and the TBC re-applied. Although the

present jinvention has been descrjbed in_connection with specific exanples
and enbor(?fl?‘r%vﬁ{lgﬁo?ﬁ?o%%m?ﬁllnl 197 ophbardvagg purfagesgni ze that the present

invention is capable of other variations and nodifications within its
scope. These exanpl es and enbodi ments are intended as typical of, rather
than i n SSMFURSY BPRIYINgga gsactivie metpecahposidiopr egeprising entreactias metal

present efhd Bn ihHEt AP RARH S ac;gr%isgﬁe'cted portion of the hardware surfaces; then

heating the hardware in a nonreactive atmosphere to a first preselected
temperature to cause a reaction between the products of combustion and the
reactive metal, thereby breaking down the combustion products in the

preselected portion of the hardware surface; and
cooling the hardware to a second preselected temperature.

2. The method of claim 1 wherein the reactive metal includes a reactive

metal having an affinity for oxygen.

3. The method of claim 2 wherein the reactive metal having an affinity for
oxygen includes at least one metal selected from the group consisting of

aluminum, silicon, titanium and zirconium.
4. The method of claim 2 wherein the step of applying a reactive metal

composition includes applying a slurry of the reactive metal having an affinity

for oxygen, the inactivefiller and an evaporable liquid carrier.

12



11 27 August 2003 CLAI M5 A nethod for selectively renoving products of
conbustion fromsurfaces of gas turbine engine hardware conprised of
superal l oy material, the method conprising the steps of: PEéfB@UREA080se
contam nation from hardware surfaces; selectively applying a reactive netal
conposition conprising a reactive netal and an inactive filler to a

presel ected portion of the hardware surfaces; then heating the hardware in

a nonread.i ve gl dpsohere fl,rst preselected tenperature to cause a
reaction between éhe %Poougltagmo %%F&Et%f%ﬁ&‘v?ﬁ@gpﬁdéﬁwngm%ﬁy for
t her eby KPFERNNiIcivdes tdte leastbosiki anetAl ASbIedEdi frobb e, ecled portion
of the h%ﬁ‘g%’és surface: ggnd. cool i ng .t he har dvvar_g tohaeo§2(3:§ dgé?%lgglpgcf)gd
tenperat Ur €. 2 - FhE 1BEnHERBTR| dpehZirapméval, ihehinacsivet filer e bihiming|4gdes a
reacti vethestvapohatvleNggaid adfridd i <&@ +ha-..rhe method of claim?2 -
wherei n the reactjve ]?%t al having an %’%e?i.xﬁ?’?‘? tl;}gf%rlpupoﬁ%%ﬁtlpﬁc‘?fuﬂlé@e@:

| east oné& |2G RE.ioBE- f r om t he group consisting of alumnum silicon,
titaniumand zirconium 4. The nmethod of claim2 wherein the step of
_applying a reactive netal conposition includes applying a slurry of the
react i veSmet alhhavetipdaof abiin wherbdr tioxy&eRosiths HAGHNGadd 1 EFe Y, 2N

evapor ab. i i carri ... 12 27 August 2003
P hftta! ﬂg""q“g an aﬁ{mty gor O}Wge% is comprised of = - 50-60% aluminum

and the balance iron and impurities,

7. The method of claim 1 in which the step of heating the hardware in a
nonreactive atmosphere includes heating the hardware to a first preselected

temperature in a range of .- - 1800-2000¢F (982-10930C).

8. The method of claim 7 wherein the temperature is 1925-19500F
(1052-1065 °C).

9. The method of claim 1 wherein the step of heating the hardware in a
nonreactive atmosphere includes heating the hardware in an atmosphere

selected from the group consisting of an inert gas, hydrogen and a vacuum.

10. The method of claim 1 wherein the step of applying a reactive metal

composition includes applying a tape that includes the reactive metal and the

inactive filler.

11. The method of claim 10 wherein the reactive metal includes at least one
metal selected from the group consisting of aluminum, silicon, titanium and

zirconium and the inactive filler is alumina.

13




t [ [ [ tal having an affinity for
d of claim4 wherein the reactive ne Ffit
gi( 23-2(; irrﬁf:lhlcj)des at least one nmetal selected fromthe groupla(%gqr‘lusglu;;tér%mp;a
al ﬁm num silicon, titaniumand zirconium the inactive fi

and the evaporable liquid carrier is selected fromthe gr\%prgiozslﬁtel ng of
| ycer ol et hanol and acetone. 6. The method of claim ff'enit for oxygen
gorrposi tion that includes the reactive netal having an affi y

i i J d the balance iron and inpurities. 7.
i s conpriggd ofy30-60% al urnd num an ] e N :
The met ho% of Cpgl rﬁl?t(’iogi vﬁrﬁ thelsdupther hedluidiggt he sigp dva gpbjr}éﬁ;%l an

i { first
omperatUr o 8 Fane e o B o e G5 ot Brehafib thodtop of
a - -
clalm 7 e BT BHer a dnsecomd TOREEIESRARer{JQBRLADE5 C) . 5. The mot hod

i i i hardware in a nonreactive
1 wherein the step of heating the
gI rrgESSIhQre i ncl udes heating the hardware in an atnosphere selected from

d
the gr oupl%onsTfsfp imethoid af dla]i%emu g?ﬁfrréygg%gg%% ?T%% :(f:iggc 1?P§P {;gwﬁg} ho
1L AN SR e o e o v
| east ong. ot ol sol oo oqT e Aot e Al e s Grumprsir Gom.

| sel ecte r . ( . .
![ Tt Zhi 8%%5%%%%@%#?& hyapepdunssiofadtd veadtdd Eforh Sl Hf@é&@ect&&lﬁyrté%gﬁgft

2003 12. tHbear@ihpd sQfagbai m 1 further including a step of applying

14. A method for restoring environmental protection to portions of an airfoil
by selectively removing oxidation and corrosion from gas turbine airfoil

surfaces, the airfoils comprised of superalloy material, the method comprising
the steps of:

removing any preapplied ceramic thermal barrier coatings from the airfoil
surfaces;

removing loose contamination from airfoil surfaces;

selectively applying a reactive metal composition comprising a reactive metal
and an inactive filler to a preselected portion of the airfoil surfaces affected by

oxidation and corrosion; then

heating the airfoil in a nonreactive atmosphere to a first preselected
temperature to cause a reaction between the oxidation and corrosi_on and the
reactive metal, thereby causing a reaction with oxides to remove oxygen in the
preselected portion of the airfoil surface and restoring a protective coating to
the preselected portion of the airfoil,

14




alumniding treatnment to the surface of the engine hardware after the step

of cooling the hardware to a second presel ected tenperature. 13. The

met hod of claim 1 wherein the reacti on between the product £7dfugugib?fifidst i on

and the reactive netal forns a protective coating and by-products on-the

presel ected portions of the hardware-surface and further conprising the

step of rem)vi ng by- products of the reaction fromthe presel ected portions
thod for restoring environnental

of the n?é%{?gf I

pr ot ect i on to por o clgpm P elrelrb@%?éqae@@tvﬁ\mbigalmmqmmgoﬁﬁndnid&rh and
corr osi omweactovm gasal hébiﬂgeaﬁlam fms % ¢es, the airfoils conprised of
superal l oy material, the nmethod conprisithg the steps of. renoving any
preapplied ceramc thermal barrier coati ngs fromthe airfoil surfaces;

renovi ng 1600S eHeORlAH r irfoil, surfaces; selectively applying a
reactive metal conposi (?laéglncqcéﬁrrpﬁnﬁ?\ g HRGdeRGavadRetrl iamelented fewni the

filler t&represelssisigee ominonn pkilicha, aitahivich 11 SeSsiah f ected by

oxi dation and corrosion; then heating the airfoil in a nonreactive

atnosphere to a first presel ected tenperature to cause a reactl on between

the oxi da¥i onThadneehs@sePebland 1eyh&Ractinwe JE} 3 er eh using a
Tlll{‘\é S %%efrlél?)g ibfin fe

reaction with glldes to _renove oxygen in t
airfoil ROPTREEVERIMeRyre g éaﬁpﬁibpmﬁeﬁcwéeddemp&gaﬁﬁe 1h|&ﬂ1d35!seﬁ85§ﬁ§€iﬁe

portion #ikfding ahl firl gal t. 2003 15. The .nethod of claim1
wher ei n (tgge igggté)ve n'gtalaﬁdtazo 0SI %’ it ??@Pﬁﬁ%@lrﬁ in a range of 1800-2000¢F
[¢]

18. The method of claim 14 further comprising, after the step of heating the
airfoil, the steps of:

cooling the airfoil to ambient temperature;

removing by-products formed from the reaction between the reactive metal and

the oxidation and corrosion from the preselected portions of the airfoil surface;
]
and

applying an aluminiding treatment to the surface of the airfoil.

19. The method of claim 14 wherein the sfep of heating the airfoil in a
nonreactive atmosphere includes heating the airfoil in an atmosphere selected

from the group consisting of an inert gas, hydrogen and a vacuum.

20. A method for restoring environmental protection to portions of an airfoil

by selectively removing oxidation and corrosion from gas turbine airfoil
surfaces, comprising:

15




reactive netal having an affinity for oxygen. 16. The nethod of claim 15
wherein the reactive netal is selected fromthe group consisting of

al umi num silicon, titaniumand zirconium 17. The net hod &7 Augish?Q08
wherein the step of heating the airfoil in a nonreactive atnosphere to a
first preselected tenperature includes heating the airfoil in an inert gas
at nosphere to a tenperature in a range of 1800-20000F (982-1093C). 18. The
nmet hod of claim 14 further conprising, after the step of heating the
airfoil, temeowhepanef pré&gii L rfal o anbient tenperature; renoyving
by- pr oduct s _f or %ed rgmtheiéﬁagacg?i&g?lé b%%v\hlélg?l ?%é"erregc?#]ﬁ‘ggnépgll &mml{fﬁ’é
oxi dat i oS HE/CESor r osi on from t he presel ected portions of the airfoil
surface; and applying an alumniding treatnent to the surface of the
airfoil. 19. The nethod of claim 14 wherein the step of heating the airfoil

in a noAfFEuBINg docrenwsphetiaatioal fus@saiprAl dathe airfoil in an atnosphere
selected fromthe group consisting of an inert gas, hydrogen and a vacuum
20. A nmethod for restoring environnental protection to portions of an

airfoil applaekestiedétive HesRY P OXat 0N .carrosion.fromgas turbine
airfoil E%rlf aces, cONpri sing; '1%[_9’27 Aug’ug?&%gﬁar%ﬁﬁlﬁlﬂﬂl%a re dppFired
ceranic fift TR WF@’ ag¢oani wgstiveoi¢thend etleanol a8r42C8Bpor8HRY cBEd00S€
contam nﬁtﬁlﬂi‘ th' m'@ééflé&bh ﬁ&'ﬁfo%cgis %he atrfoil surfaces affected by oxidation and

corrosion; then

heating the airfoil in an inert gas atmosphere to a temperature of 1925¢F
(1052°C) to cause a reaction between the oxidation and corrosion and the
reactive metal, thereby breaking down the oxidation and corrosion in the
preselected portion of the airfoil surface into by-products, so that the airfoil
surface can be exposed to a subsequent treatment;

cooling the airfoil to ambient temperature;

removing the by-products from the airfoil surface; and

applying an aluminiding treatment to the surface of the airfoil.

15a




applying a reactive nmetal slurry that is conprised of alumnumas a
reactive elenment, alumna as an inactive filler and et hangz S an
evaporabl e carrier liquid to a preselected portion of the AUOHSY2008r f aces

affected by oxidation and corrosion; then heating the airfoil in an inert
gas atnosphere to a tenperature of 1925F (1052C) to cause a reaction

pet ween ¢ (= AtARIIOR BORACLYORERIORIAC REXITI RARHAVANE! TORROSIGRY

br eaki ng down "the OX|dat|on and corrosion in the prese ecte portion of

the airf oPRCIATCATEROM THE SURIACE ©)F SURBIMNE ENGINE COMPONENdSe can be
exposed to a subsequent treatnent; cooling the airfoil to anbient
tenperature; renoving the by- products fromthe airfoil surface; and

appl yi ng ABSTRAKRI di ng treatnent to the surface of the airfoil. 15a
METHOD FOR LOCALLY REMOVI NG OXI DATI ON AND CORROSI ON PRODUCT FROM THE

SURFACE OF TURBI NE NE_COVPONENT

products of ho ?%‘frf%r%{ﬂa‘“&% %racﬁucgﬁ E@g @. Egép |‘?{\?1e(I ;(1 ?lgﬁ\s/frggl
sur faces gle@m&a ob i Bfas@ffg&é%e’ofsdjgﬁ's agraRalhplre, Ghdh asadlﬂltﬁllgbs(wl)at es
(42), follow ng xposure of the surfaces to hot OXI dative gases of the

turbi ne exhdgsbstrites (42} it wingbxpesuge lof ghe serfpersatounet chdarh&algase%acti on
and has no detrinental effect on adjacent coatings and substr tes, tlhat
have not 9édshe duxbingexhpyst hghﬁdpeﬂﬂ@aiﬁ‘fo lyes adhigh) gmperature ¢ chemica

reaction and has no detrimental effect on adjacent coatings and substrates that

have not been attacked by the hot exhaust gases.

FIG.3
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