; UVe3eZW | 6DT<?20 May 2003 METHOD OF REMOVI NG HOT CORROSI ON PRODUCTS FROM
A DI FFUSI ON ALUM NI DE COATI NG FI ELD OF THE | NVENTION Thi s i rmemédv Toar el at es
to methods for repairing gds turbine engi ne conponents protected by

di ffusion al um nide coatings. Mre particularly, this invention is directed
to a process by which hot corrosion products are renoved froma diffusion

al um ni de coati ng magi ng the coating, and therefore enables the
coating to be reju ad of being conpletely ” mmﬁmm M’Lrepl aced.
BACKGROUND OF THE | NVI oper ati ng envi r onnment m t ur bi ne

engine is both thernal ymﬁhd chem cally hostile. Significamsiiss@advances in
hi gh tenperature all oys have been achi eved through the formul ation of iron,

ni ckel and cob%%@mo?ﬁ%%gﬁgllﬁ&s Ho&h889E0§96WW¢B&J orFlrl%ga%r om such

all oys often c ong Service exposures’i ed in certain

sections of a gas turbineDf%ﬁggbes&gﬁhfﬁ%nkh%ohg&g%ne, conmbust or and

augnentor. A common solution 1s to protect the surtaces of such conponents
with an environnental coating, i.e., a coating that is resistant to

oxi dation and hot corrosion. Coatings that have found wi de use for this
pur pose include diffusion alum nide coatings and overlay coatings such as
MCrAlY (where Mis iron, nickel and/or cobalt), which nay be overcoated
with a diffused al um nide coating. During high 20 May 2003 2 tenperature
exposure in_air, these coatings forma protective al um num oxi de (al um na)
scal e thaﬁqﬁkﬁﬂgfﬂ%ﬂ%uﬂﬁﬁﬁﬂgﬁgbf the coating and the underlying substrate.
Di ffusion alum nide coatings are particularly useful for providing
environnmental protection to conponents equi pped with internal cooling

passages, such as hiThis phe&sivre réldtddi fe nidthoés fobaepuizmgalgusitatisias are able
to provide environnental protection without significantly reducing the

cr osssect | g fCampoRasds | prgtesiest alge sdifsiam alwminiden soafings. di Marsi on

al um ni de coatings are .the result,. of reaction with,a | ym num cont ai ni ng
Conposi t i d)narg‘fulfaglé” 3135‘ ‘r’nj%‘htfonfstfr ggg%t.eg'ltﬁea 5%%?? \(I)MX W&C%SEP%Oﬁ?§?Pnpt

zones, an KHEERREE remobd GRorh S diffulRG Al0madidetdodangayRholt@imegangai ns the
environnental ly-resistant internetallic phase MAI, where Mis iron, nickel

or cobal t,thdejpatisgngndriheteéorstrablest thenenadingalio. baaejssenateddnstgad tifve | ayer
is a diffusi.on zone cont aini varipus,internetallic and netastabl e phases
t hat fornﬁﬁﬂ?gﬁ%n¥ﬁ%3@3§PFﬁﬁg%BgéFPgﬁe%s a result of diffusional gradients
and changes in elenental solubility in the |ocal region of the substrate.

BACKGROUND OF THE INVENTION

The operating environment within a gas turbine engine is both
thermally and chemically hostile. Significant advances in high temperature
alloys have been achieved through the formulation of iron, nickel and cobalt-
base superalloys, though components formed from such alloys often cannot
withstand long service exposures if located in certain sections of a gas turbine
engine, such as the turbine, combustor and augmentor. A common solution is
to protect the surfaces of such components with an environmental coating,
i.e., a coating that is resistant to oxidation and hot corrosion. Coatings that
have found wide use for this purpose include diffusion aluminide coatings
and overlay coatings such as MCrAlY (where M is iron, nickel and/or cobalt),

which may be overcoated with a diffused aluminide coating. During high



Hot corrosion of gas turbine engine conponents generally occurs when sul fur
and sodi umreact during conbustion to form sodiumsulfate (N@Bﬂ%@zmﬁWich
condenses on and subsequently attacks the conponents' surfaces. Sources of
sul fur and sodium for hot corrosion reactions include inpurities in the
fuel being conbusted as well as the intake of sodium|aden dust and/or

i ngestion of sea salt. In the latter situation, hot corrosion typically
occurs on hot section turbine blades and vanes under conditions where salt
deposits on the conponent surface as a solid or liquid. The salt deposits
can break down the protective alunina $cale on the aluninide coating,
resulting in rapid attack of the coating. Hot corrosion produces a |oosely
adherent external scale with various internal oxides and 20 May 2003 3
sul fides penetrating bel ow the external scale. These products are generally
sul fur and sodi um conpounds with el enents present in the alloy and possibly

ot her el a@Rifesati®BXpdrere BV hit ARER doatinds fords a pRb@LEVE aRSINASL e Chl Ori ne,
etc. As such, hot corrosion products are distinguishable from oxi des that

normal | y (abiming) seale Hepoohibit oxidgtien tafr ieneoading and chwpunderlgngs a resul t

of the oxidi zi i ronnent. to which the L e.expos Tradi ti.onally,
al uni ni desug’Séf‘Fegﬁ}}ﬁﬁ}%n g@ﬂﬁm&‘g%‘fa&f@ﬁff? i’ﬁf)aklféléaf?ouﬁ?efgb\;?rcw_ @t repair
by wel di ng\@forh&@ahN$rofection MBPLaGBoHaMBIESLIBHAd | Rith Atb@lal WobGiiga new
al um nide coating is applied by any suitable al um nizing process. Any hot

cor r osi orpassaghscsuchpasdsghtpressutdirbivwttiladesabecaniseralvaniniddsiare Rbledoat i ng. A
di sadvant age, of conpletely repoving an al um ni de, coating froma gas turbine
engi ne coRESinERTEoRRETIEL BIGIREHER iRoRGSERPRUY JeRbrBe the Sr@Rbved wi th
the coati ﬁoé&‘é‘b?*ﬂh@k&é‘l‘iﬁgegé&ta ¥s. SR k&P liRanb %8 @&&g&gyﬂiﬁ@gecmonem-

As a result, new repalir technolFogi es have been propose di ffusion
al um ni decoatiags ngse atte nesult enbvadredatibni ngitkeadnanbimajumenatapdngo restore
the al um nide cqating and the environngntal projection prqvided by such

coat i ngs. CHBRR}EYL 2 GORP NG FRHALS: oG e e ISHRFUFHORES bl ade and
_ genag neng ‘érrf b taets
vane repaif SaAAbsSfPRHIG B delRed p£<?<§i?i%el§%r "t‘ﬂBT fc‘?)rn"tﬁﬁ% QfePr oduct s,

since any renal ning hot corrosion products would”, resu in attack of the
I ej uvenat @dicoahéentgllyposistaxposernsethic grigsa AR riwraMiieRon Beckdlse hot
corrosion products have required renoval by abrasive grit blasting,

r ej uvenat el é‘éﬁﬁ‘(‘ﬁ@@i%ﬁ}?awsgé%“}ait‘?ﬁl%lecp%a@bﬂh?cﬁﬁgjd%e &L thave not
peen AL AGHARIAY 08 HRLLARNE e fl MR, He BTN filal od that,
in order to successfully Tnplenment a rejuvenation programtor turbine

engi ne cofgateirightw dgatihd frewition & unidsutieof difusigmlt fratlieatte agdposed to
sea salt 20 May 2003 4 and other sources of sulfur and sodi um hot
cor r osi onchipnggs &t elementaliselubiligia dghedacpbiggioneftde substradeal uni ni de coati ngs.

Treatnments with ca C i QRS | .acl av fully used
to renove oxides 019[5{ Ea)} ucﬁadﬁkrﬁ[{a% ﬁ%gg é@fﬁlﬁ‘?o‘%‘ oem%@%gsﬁﬁéﬁgﬁgﬁ
t r eat nent scdi@y evh@t shEan asdcsriiginikeaat dehyy tagbhstiore s foahaodpimduct s f or

t he apparent reason that the nore conpl ex hot corrosion products are riot
sol ubl e i uléatas{Na: KM utwhish. capdersgp ngny andhesupseastentyt atiacks Beprocess by

Femovi ng. SSHPPREAC sLAEHT SkRlks Br e T UEIRTRE R ERHReR™o "o
reactions include impurities in the fuel being combusted as well as the intake
of sodium laden dust and/or ingestion of sea salt. In the latter situation, hot
corrosion typically occurs on hot section turbine blades and vanes under
conditions where salt deposits on the component surface as a solid or liquid.
The salt deposits can break down the protective alumina scale on the
aluminide coating, resulting in rapid attack of the coating. Hot corrosion

produces a loosely adherent external scale with various internal oxides and



The present invention provides a nethod of renoving hot corrosion products
fromthe surface of a conponent exposed to salt solutions an%o Mrag%ossources
of sodium and sulfur at extrenely high tenperatures, as is the case with
turbi ne, conbustor or augnmentor conmponents of gas turbine engines. The
method is particularly suited for the renoval of hat corrosion products
from conponents protected with a diffusion alum nide coating, either as an
environnmental coating or as a bond coat for a thermal barrier coating

(" TBC). The processing steps of this invention generally include
conditioning or activating the surfacke to be cleaned by processing through
caustic autoclave and/or grit blasting operations, inmmersing the conponent
in a heated liquid solution containing an acidic fraction consisting of
acetic acid, and then agitating the surfaces of the conponent while the
conponent remains imrersed in the solution. In this manner, it has been
det er m ngghsidaat (ToX X I OTVE faces of

t he conpﬁlgr?{ég rég@%ﬁﬁggﬁfdﬁ%%g@ggﬂ;sg?% or re %‘ﬁg %%eé%ﬁa?ﬁrsl on

al um ni deulfeatamdly sodaim caspbdinds egitlordementshpresenpdnettie alloynastdd ch t he hot
corrosi on Er,oduc S re rermvegﬁcan .then be repaired by alumnizing the
surface BPSSRyY Sﬁé‘fﬁn.ts fromy g enseiyonmente subrvrRlCiEY BagsiReat ed by
aut ocl avj ot Becd ABUSH ' r Qx| . face of

t he corrpgﬁ%rrl?tﬂe’ lich an ghg%ti 5{\-/{%5 %dépﬁogélt&r?ergrﬁé%égﬁ{gglza}afgﬁ)%bme&g&géwmt er jet

st ri ppi n¢hatanoremadlyefcaml BCafd fdeposyted anthgasetiirbimet dregine opmpentntsidsha t he
al um nide coatjng. Further, this invention provides a nethod for renoving
hot corré%ﬁuéfrpg;ﬁhﬁd’ef iging esrironment; £q whichothey azge exRpasedi ne engi ne conponent

protected by a dif ﬂi%“ﬁbﬁ;ﬁn%?&%%gﬁgagﬁﬁﬂépatha%"Wei‘?ﬁesﬁ?gﬂﬂslﬁ@ jtive |layer

on the surface of the conp ion zone 1 nt ace of the

conponentembhed net Jldstv Cipdrednt Gephie 19 eRAdNg of Brakihposd BY réplacsur f ace of
the conponent by a technique selected fromthe group consisting of caustic
t r eat nendemaggdgedating adter rvghich rmaewi alyminide epgdinge s applied bt anxonsi sti ng

of white vi ar, at. a.tenmperature of, about 150F (65.56C) to about

175F( 79. ﬁﬂ&n@%aﬁli ARG 'ﬁgcessﬁ'rfgé‘g %?at f%réo%Sﬂr%r%ngéV\P %eﬁerfﬁ Hglg%ni C energy
whi | e t heos@i@odtentemsvedm@itEethel Roithes. baih disdvanthipeatbl addngplblelei ent to
cause renoval of the hot corrosion products on the surface of the conponent
wi t hout demayinganaluneimids eaptingdramfargasiterbine gagisr compatient isthate al um ni de

Co LS SN L EIPRLGT AR B R o RRtaA ! v
shortens the useful life of the component. As a result, new repair technologies
have been proposed by which diffusion aluminide coatings are not removed,
but instead are rejuvenated to restore the aluminide coating and the
environmental protection provided by such coatings. However, coating
rejuvenation technologies for turbine blade and vane repair cannot be
performed in the presence of hot corrosion products, since any remaining hot
corrosion products would result in attack of the rejuvenated coating upon
exposure to engine temperatures. Because hot corrosion products have
required removal by abrasive grit blasting, rejuvenation technologies have
been limited to components that have not been attacked by hot corrosion.

From the above, it can be appreciated that, in order to
successfully implement a rejuvenation program for turbine engine

components having diffusion aluminide coatings that are exposed to sea salt



wi t hout renoving the diffusion zone of the diffusion alum nide coating,

al umini zing the surface of the conponent to repair regions @bMdye200surface
fromwhich the hot corrosion products were renoved. 20 May 2003 5a
According to this invention, weak acetic acid solutions such as white

vi negar have been unexpectedly found to renove hot corrosion products if
used at certain tenperatures and supplenented with sufficient agitation
following a surface conditioning or activation step. Advantageously, such
weak acetic acid solutions have been $ound not to attack al umi nide
coatings, permtting rejuvenation of an alum nide coating instead of

conpl ete renoval of the coating and then application of a new coating.

Anot her advantage of this invention is that acetic acid does not foul

wast ewat er trgatnent facilities, and, can be di sposed of w thout concern for

exceedi ndhI9tBek BPwrces 08| safug rargk sadiumyn heb ferrAsieR: Prducts, must thanat er .

Accordin hr , . IS, [ i i .friendly.
G hr oby i udd iU b Grb e Bob iR, “TRRAERBIRIN S T 0 L

f rom t hesdlatibawif Gateélaiédse taee Beeh PhicesssflblyT AlsbdERoDiivhd ¢ bix{dds Qf THE

I NVENTI ON The present invention provides an unconplicated and _

envi r onnelwmainun ead aigkal Hein feompanentd, dwt sech degatmentsnhaveodetcbeerc ont ai ned
20 May 2003 6 'tthin al umi ni de copatin rktEhe surfaces of gas..turbine

engi ne. c%‘fﬁ%?ﬁém% TEmovitg s Cé?fmﬁ’roé‘rprtogﬁfﬁ%r ot eeasplfa&eg%{??i%&‘&? thesdi um and
sul fur, ik Udnidlet BRt Tordbivh FRAuRAaMNBAEY solliBleai BadtRMl@TorRfl such
conponents include the high and | ow pressure turbine nozzles and bl ades,
shr ouds, Acoetislinglyr thei priararbladksai granes by mehiclwhotcastosjors pradusithearengi nes.  Of
particular interest to the inveniion .are gas turbi engi ne component s

pr ot ect ege \ﬁ?ﬁﬁ’?eatg@i fFf"t?g’.egﬁ‘”é’i‘({Hﬁ na%glgggg%ﬁﬁt_og}ngaa @&%“%‘ 8 over coat ed
with a diffgiged al um nide coating, which may or nmay not be acconpani ed by a
ceram c topcoat as a TBC. While the advantages of this invention will be
described with reference to gas turbine engi ne conponents, the invention is
gener al | ' I gnent having an alum ni zed surface that

woul d beéwgﬁqlﬁﬁd%&%t ed without renoval of the existing

al um ni de coati ng.

The present invention provides a method of removing hot
corrosion products from the surface of a component exposed to salt solutions
and other sources of sodium and sulfur at extremely high temperatures, as is
the case with turbine, combustor or augmentor components of gas turbine
engines. The method is particularly suited for the removal of hot corrosion
products from components protected with a diffusion aluminide coating,
either as an environmental coating or as a bond coat for a thermal barrier
coating (TBC).

The processing steps of this invention generally include
conditioning or activating the surface to be cleaned by processing through

caustic autoclave and/or grit blasting operations, immersing the component

in a heated liquid solution containing an acidic fraction consisting of
acetic acid, and then agitating the surfaces of the component while
the component remains immersed in the solution. In this manner, it

has been determined that hot corrosion products



The nethod of this invention entails treating an al um ni zed surface
attacked by hot corrosion with a weak acetic acid sol ution20M{ayeR@hpl e of
which is white vinegar typically containing about 4 to 8 wei ght percent
acetic acid. Wile copending and commonl y-assigned U. S. Patent Application
Serial No. 09/009, 236 to Bowden di scl oses that vinegar has been found to
renove dirt and silica and cal ci um based conpounds from gas turbine engi ne
conponents, the ability of vinegar and ot her weak acetic acid solutions to
remove conpl ex hot corrosion products chem cally bonded to an al um ni de
coating was unknown and unexpectedd According to this invention, a weak
acetic acid solution in conbination with a suitable surface pretreatnent
has been surprisingly determ ned to conpletely renove hot corrosion
products w thout damagi ng or renoving those portions of the coating that
have not been attacked by hot corrosion. While vinegar is generally
preferred,as.t r eat.ren i Ofretrivivedi mitwddtodadhagingy or 20 May 2003
7 avaiqr‘ag‘}‘?i? %ﬁé §€st§,g {&?[ﬁﬁéﬂé%ﬂr)grseeabl e that stronger argd weaker acetic
aci d selidvienxhdeditiietonalamisideneodings obs|d BaLlls REIOHHE pMfcess of this

invention preferably entails processing a.c ui tabl e
sur f aceoppaenang frava rrhich fhehet ¢Ryresien E&%Bb%ﬁ'{ép?ﬁqu%v%d;{é |§Qg§e3 sol ution at

about 150F to ahout. 175F..(a 6REuLO ahaHbneR0) , Iftdesitgh, tiemper at ur es

bet wedi§PaBEL{PY 1 BEIEWW%H&FQ‘?Ig %eutgf:49c ardeabout 9.3C% 1afienb% i eved to be
sui t ahlognpodiaht easlithef mrearateddhyuaitonlaginge igths® 78 SH6s3TBHET preferred acetic
acid concentrationg for W RO 8 oABRUISIAY 410 asbmildvid®o Conpl et e

i mer siCHPVET Oflﬁgscr%ontg%%%é%ghres f hat %al I surfaces,lgB‘ié ?la%%ng any

i Nt er n@kataidnk aeesbes tilovad Whwaterfist AEPIHYE (HOFTARY Bas? Be re contacted
by the solutiop. T gt”; degsefaiiRgniaoepament are then agitated, such as
by ul t?%é%ﬁ‘% to g‘r?ecrogyl,) oidi sl odge the hot corrosion products fromthe
conponent surfaces. Suitable paranmeters for an ultrasonic cleaning
operation can be readily ascertainable by those skilled in the art, with
shorter durations being possible when the conponent is subjected to higher
ul trasoni ¢ engi@ied, enelkS in/eABhAIg¥riads | MOmaRa Uik AkdrBiip! BGed
commerci al ly-aval I abl'e ul'trasoni ¢ cleaner has been found to be sufficient
to renmpoveorsosian drpdyctsf fremethsosurdane ofsi @as frobinet engihe gpedongnbonded to an

al um ni dﬁro‘%@&&ﬁir&r 2P it Bl h{iﬁé‘t&"ﬁﬂhgi&la@%gﬁupﬁé’& égl R Hpe four hours

to ensure conplete renpval of hot corrosion products. W ng ultrasonic
cl eani ndayehenc thponaface of thesemnppndntwandr a otiffastsrhepnsuint &bk e rinse to

remve theaceli g Atk aaki bNnEROM L pLkerAal andogxt ernal sur faces of
t he conponent. € conponent 1's then reaay T rejuvenation of its

al um ni deorgliaoning thy anyacueft el @mpeamntilyi adegmiqes sseldoted figny ej uvenat i on,
di f f usi otrtllealrgm' nio%eisitign r&%%ploai ttred QR hgsg rn%%i ons, from whi ch hot

corrosi on 0dbct’s el E Peoved. . Priver Stonré uvé%afl%n, t hese regions are

20 May Zofi8essispahact@npamehtbin khbatbsensistiop éfhehdddvineger laayer of the

iginal,_alumnid [ . o i ffusi ins. Th
nvest | gsn TBEGrERHS ToRTE IR Aty Aol ERE I Cat renit. of i gn

pr essur eaditathighthebbamdace pf tieecomgonertithwithf fildsisonicakhetgni vlieile bivé r onment al
coatings that had been attacked hqt corrosion, i.ch appeared as a

b1 e o° P TRBTRL IoiT R tHoins 0ot o8 Tor o fuictn sulhtit D PERRS st 11 ot
pr et r eateehdiml aB4RE IHV i ddgrodtorP poais ba0thaasd 280 6 ansl campoasatr e of

bet ween 100 and 3000 psi (about 0.7 to _about 21 MPa) with a caustic

sol ut i onViBALhi dRRIBEd P MaRRIHDS the ditinsienagene ofvithy diffuséarsiully

di ssol veduangidiecdatiddes fromthe bl ades, hot corrosion products renained
firmy adhered to the alum nide coatings, particularly on the concave

sur f acesresovimg the sgewonerg framp ghadahand rinsing ergrepidvs! $8ute i pdown in a
cont ai N&finSfaréth! thead el tME%%Hﬁ{on@ht;aarIcﬁfﬁé%r ature of about 65C (about
150F). The container and bl ades were then subjected to ultrasonic agitation
for a tovidhogt rempevinguihs, diffpsion ggeniechl thee didfusdes afieminide moelingi th tap

Wat er. \gluminizing the surface of the component to repair regions of the

surface from which the hot corrosion products were removed.



After the above treatnent, and w thout any additional processing (e.g.,
grit blasting or tunbling), it was observed that the blue-grgyN%?bgbgd hot
corrosion product had been conpletely renmoved fromtw of the three bl ades.
The hot corrosion product was conpletely renoved fromthe third bl ade by
light grit blasting that did not damage the al um nide coating on the bl ade
surface. Metallurgical exam nation of the blades showed that the heated

vi negar solution had reacted with and conpletely renoved the corrosion
product, which had been present in thedadditive |ayer of the coating.

| nportantly, the vj r | &Lt | is t . rqded regi ons
of the coating i mé%lgg{ﬁggigatﬁﬁa@eﬁﬂhﬁﬁg@éaggégﬁé;g&p?%oﬁ]u%ﬁﬁ%uﬁb?s 20 May
2003 9 cwhitestididghF QAVE! BedtENEndxPeEéal: fénd feSehiovel MOt dotRforver e- in
condition for r&l uvenation of their alum nide coatings. Follow ng the

b

success pfodulats ibased atecartain, teaguratigsaind supplementedpwithosuffidienh a second
group of hjigh pr ure turbine bl ades ose diffusion al um nj de

envi ronn%ﬁ‘kagﬁoncog‘?ﬁ%@ghaa bERERCE FPRABONING 5 A e g2V c8¥Posi on.

| nst ead a Walakie ; . m i p ated by
grit bl aggvgfgaggbgﬁt'a%&tlﬁe sur?"taeg%gg%?%t%ﬁgh% gg Tees{a da gfsrtﬁere al so

i mer sedaftagik- alomninide eoatingsaipeanittihg unjlivenadon afi dre altimirdgde ceating

t enper at ure of ?bOUt 65C (about 150F), . subj ech\ed to ultrasonic agitation
for a tolsfeagds of gemplate semanal ohdhe coating and: thepaappligation ohameW i on of the

bl ades a I RS} : cAQr ] en

conpl et e{:é/ﬁ;ng;m)\ggg&% %ﬁ%ﬁtﬁg%? ??Iﬁ%@ﬁ%@fgg glfpg%{éﬁgp%cg%\géasf ggﬁﬁogls it was
concl udedrakfetatyi Geg@ierdfdcititiasranbadn be alisposed of adthout @dAcerantobe used to
cl ean and renpve hot corrosion products and oxides from al um ni zed surfaces
wi t hout egeadingy allnwakle, lgviels dok gnetahdon | ¢onggatratipnsdn wastawaterd t hat

treat men i the ak .acet i Ci i ] t L.l out with a
caustic %&%&:ﬁ%@lg ! B}V%Eeeaé? 8%’ 05?‘1%% h%ﬁé@%‘:‘l#g&g's&%“g%?%ggnggn itioning or
activation pretreaDiRit objects ia advirtagéL 60 \hAls RivetXiobe®ilDibet hidterype t hat
formas a result of the oxidizing operating environment within a gas

t ur bi ne eppresiatedfions thefollawing detailgd deperiptioths are bel i eved to include the
use of sodi um hydroxide as the caustic solution using conventional

aut ocl aving pressures and tenperatures. In addition, it was concluded that
t he acet DEBRAILED DESORIRTION ORTHE INYBNT@ON an be used in conjunction with
caustic autoclave stripping to first renove a ceramic TBC on a diffusion

al um nide coating (in which case, the coating serves as a bond coat for the
TBC), and then re rr.0sj r s fr.am 0 May 2003
10 al um ni de coat .”%‘g %%é]qatlﬁgéﬁ&rgcggﬁgé%ar?ﬂal é@%nﬁé?u g(gwaaflgr. ] et

stri ppi ngnvirenfiiGtally sufe anethoddonidrhoting. hdtaoerdsioip prodhadts contdireidal No.

(At torneys’



Docket No. 13DV-12550), which is incorporated herein by reference. Wile the
I nvention has been described in terns of a preferred ent)odlngaiiv| Obs
apparent that other forns could be adopted by one skilled in theVart:
exanpl e, suitable acetic acid solutions could contain other constltuents,
both inert and active. Accordingly, the scope of the invention is to be
limted only by the follow ng clains. 20 May 2003 11 CLAIMS: 1. A nethod
for renoving hot corrosion products fromthe surface of a gas turbine
engi ne conponent protected by a diffusion alumnide coating that conprises
an additive |ayer on the surface of thg conponent and a diffusion zone in
the surface of the conponent, the nethod conprising the steps of: imersing
t he conponent in a liquid solution containing an acidic fraction consisting
of acetic acid; and then agitating the surface of the conponent while

i mersed in the solution so that the hot corrosion products on the surface

of the com?maﬁmum&%@%i%ﬁewwrw%g' ggﬂgxf aIu QQoIn %nger\]éf usi on

zone of the diffusion a coat i ng; nizing the surface
of the cosglgjecad :itdughgamperaig’resn&) sdurtémeob vodiane ahdlosnlfuy) ddladiaghot
corrosion_products were renoved. 2. A nethod as recited in claim1, wherein
the sol ut fusis s rnd sea sraterei Npable examples phachoenmperenteinglide the| v of

ccet 2l dha By 18000, 808 UL B2 LA Bl GOUBE 00 1 1 ot

of rinsing®he € co bnen prior to the
al um ni zi agd augmerdor Hardwniaf@df gss tuebireathgirtesc (M pﬁrﬁcul&hﬁ{t@te@t foheconponent

is imersed in the solution for at |east two hours.

invention are gas turbine engine components protected with a diffusion
aluminide coating or a MCrAlY coating overcoated with a diffused aluminide
coating, which may or may not be accompanied by a ceramic topcoat as a
TBC. While the advantages of this invention will be described with reference
to gas turbine engine components, the invention is generally applicable to any
component having an aluminized surface that would benefit from being
rejuvenated without removal of the existing aluminide coating.

The method of this invention entails treating an aluminized
surface attacked by hot corrosion with a weak acetic acid solution, an example
of which is white vinegar typically containing about 4 to 8 weight percent
acetic acid. While copending and commonly-assigned U. S. Patent
Application Serial No. 09/009,236 to Bowden discloses that vinegar has been
found to remove dirt and silica and calcium-based compounds from gas
turbine engine components, the ability of vinegar and other weak acetic acid
solutions to remove complex hot corrosion products chemically bonded to an
aluminide coating was unknown and unexpected. According to this
invention, a weak acetic acid solution in combination with a suitable surface
pretreatment has been surprisingly determined to completely remove hot
corrosion products without damaging or removing those portions of the
coating that have not been attacked by hot corrosion. While vinegar is

generally preferred as the treatment solution of this invention due to



5. Anethod as recited in claim1l, wherein the solution is naintained at
about 150F (65.56C) to about 175F (79.44C) during the agitatjpp 253@3 6. A
nmet hod as recited in claiml1l, wherein the agitation step is perP rmed by
subj ecting the conponent to ultrasonic energy. 7. A nethod as recited in
claim1l1, further conprising the step of, prior to the i mersion step,

subj ecting the conponent to a caustic solution at a pressure of about 100
psi (689.4 kPa) to about 3000 psi (20 682 kPa) and at a tenperature of
about 150C to about 250C. to renove oxides fromthe surface of the
conponent . 20 May 2003 12 8. A nethbd as recited in claim7) wherein a
ceram c coating overlies the diffusion alum nide coating on the surface of
t he conponent, the nethod further conprising the step of, follow ng the
step of subjecting the conponent to the caustic solution but prior to the
| er si on step, subjecting the conponent to water jet stripping to renove

the ceraggilatiity agdfdosnit he feRERABRNthat $trof\glPaRadwagkdresdeti®thdid ¢l ai m 1,
further conprising the step of, prior to the inmersion step, grit blasting
t he sur f selationsdesived pyorhen metheds sowlst brodsess recited in claim 1, wherein

all hot corrosion oducts on, the ,surface of. t conponent ar.e renoved
during the agitati g.hesli’ré)ﬁ‘?ssl‘if. hﬂs n‘BYﬁ‘btborhé’rf’f@Eﬁg qlﬁ)'?%lpé??ﬁsﬁlfigv@ler ein the

conponenioprhomehtl’ H{rﬂﬁgﬁl adeguithle AsuPPAdA0dyrfeBloa rREMY | ﬂﬂn{é%ingortﬁQSi on
products fromthe surface of a gas turbine engine conponent protected by a
di f f usi omomipoment de apcaetingcidhsdlutionmatiabest 460 dth abmet 175§ r (about he surface

of the ca nent, an diffusion zone in the surface of the conponent, the
met hod c& itgief}fbautt%ggg)[,é gugh -temperatures between about 120°F and ZOr&PF

(about 499C and about 93°C) are believed to be suitable. While different
solution strengths are possible, preferred acetic acid concentrations for the
solution are about 4% to about 5%. Complete immersion of the component
ensures that all surfaces, including any internal surfaces such as those formed
by cooling passages, are contacted by the solution. The surfaces of the
component are then agitated, such as by ultrasonic energy, to dislodge the hot
corrosion products from the component surfaces. Suitable parameters for an
ultrasonic cleaning operation can be readily ascertainable by those skilled in
the art, with shorter durations being possible when the component is
subjected to higher ultrasonic energy levels. Generally, a two-hour duration
using a commercially-available ultrasonic cleaner has been found to be
sufficient to remove a majority of the hot corrosion products chemically
bonded to an aluminide coating. A preferred treatment is about two to about
four hours to ensure complete removal of hot corrosion products. Following
ultrasonic cleaning, the component is rinsed with water or another suitable
rinse to remove the acetic acid solution from the internal and external surfaces
of the component. The component is then ready for rejuvenation of its
aluminide coating by any suitable aluminizing process. During rejuvenation,
diffusion aluminide is redeposited on those regions from which hot corrosion

products were removed. Prior to rejuvenation, these regions are



conditioning the surface of the conponent by a technique selected fromthe
group consisting of caustic treatnents and grit bl asting; inngy@épg@iﬂe
conponent in a bath consisting of white vinegar at a tenperature of about
150F (65.56C) to about 175F (79.44C); agitating the surface of the
conponent with ultrasonic energy while the conponent is imersed in the
bath for a duration sufficient to cause renoval of the hot corrosion
products on the surface of the conponent wi thout danaging or renoving the
di ffusion zone of the diffusion alum nide coating; renoving the conponent
fromthe bath and rinsing any residual8white vinegar fromthe surface of

t he conponent; and then w thout renoving the diffusion zone of the

di ffusion al um nide coating, alum nizing the surface of the conponent to
repair regions of the surface fromwhich the hot corrosion products were
renoved. 20 May 2003 13 13. A nethod as recited in claim12, wherein the

bat h Comcﬁhgﬁ%éei"xﬂ]ﬁdt bf thO aBsdRk PIthPGUERNe BGRE bF (RE bﬁgi:ﬂa‘ff -atl\ﬁg{IE&émd as

recited in 12, wherel n the conponent 's i merse n ath for at
f east tweohtingsthotigh tie diffusich zasnerremiaimd i n cl ai m 12, wherein the

conditioning step npri ses, subjecting the conmponent{ to a gcaystjc solution
at a pressure of a&g\?t ‘TBW%P"’(‘GE@@R‘&P@) dﬂﬁfﬁh%d@vﬁ&eg(i €682 kPa)

and at at% %B%F'h%}kpére%?ﬂétm}tiﬁé:bia‘aeé‘%%{ec%ﬁ%tﬁ%ﬁfﬁﬂw%h%hﬂ&é fromthe
of 1 ent .

surface e conp
environmental coatings that had been attacked by hot corrosion, which

appeared as a blue-gray coloration on the surfaces of the blades. Each blade
was first pretreated by autoclaving at between 1500C and 250°C and a
pressure of between 100 and 3000 psi (about 0.7 to about 21 MPa) with a
caustic solution containing sodium hydroxide. =~ While autoclaving
successfully dissolved engine oxides from the blades, hot corrosion products
remained firmly adhered to the aluminide coatings, particularly on the
concave surfaces of the blades. The turbine blades were then immersed tip-
down in a container of undiluted white vinegar at a temperature of about
65°C (about 150%F). The container and blades were then subjected to
ultrasonic agitation for a total of two hours, after which the blades were
rinsed with tap water.

After the above treatment, and without any additional
processing (e.g., grit blasting or tumbling), it was observed that the blue-gray
colored hot corrosion product had been completely removed from two of the
three blades. The hot corrosion product was completely removed from the
third blade by light grit blasting that did not damage the aluminide coating on
the blade surface. Metallurgical examination of the blades showed that the
heated vinegar solution had reacted with and completely removed the
corrosion product, which had been present in the additive layer of the
coating. Importantly, the vinegar solution did not attack those uncorroded

regions of the coating immediately adjacent those regions from which hot



16. A nmethod as recited in claim15, wherein a ceramc coating overlies the
di ffusi on al um nide coating on the surface of the conponent,ydfgy5BsHod
further conprising the step of, follow ng the step of subjectlng t he
conponent to the caustic solutlon but prior to the inmersion step)

subj ecting the conponent to water jet stripping to renove the ceramc
coating fromthe conponent. 17. A nethod as recited in claim12, all hot
corrosion products on the surface of the conponent are renoved during the

agitation step. 18. A method as recited in claim12, wherein the conponent
is a turbine bl ade.
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was performed on a second group of high pressure turbine blades whose
diffusion aluminide environmental coatings had been similarly attacked by
hot corrosion. Instead of an autoclave pretreatment, each blade was first
pretreated by grit blasting to clean the surfaces of the blades. These blades
were also immersed tip-down in a container of undiluted white vinegar at a
temperature of about 659C (about 1509F), subjected to ultrasonic agitation for
a total of two hours, and then rinsed with tap water. Inspection of the blades
after rinsing showed that the hot corrosion product had been completely
removed from all of the blades.
From the above results, it was concluded that vinegar and other
weak acetic acid solutions can be used to clean and remove hot corrosion
products and oxides from aluminized surfaces without damaging the
aluminide coating. It was further concluded that treatment with the weak
acetic acid solution is best carried out with a caustic autoclave process or grit
blasting as a surface conditioning or activation pretreatment to enhance the
removal of oxides of the type that form as a result of the oxidizing operating
environment within a gas turbine engine. Suitable autoclaving conditions are
believed to include the use of sodium hydroxide as the caustic solution using
conventional autoclaving pressures and temperatures. In addition, it was
concluded that the acetic acid treatment of this invention can be used in
conjunction with caustic autoclave stripping to first remove a ceramic TBC on
a diffusion aluminide coating (in which case, the coating serves as a bond coat

for the TBC), and then remove hot corrosion products from the exposed
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aluminide coating. This latter procedure can also include water jet stripping
the TBC in accordance with U.S. Patent Application Serial No. (Attorneys'
Docket No. 13DV-12550), which is incorporated herein by reference.

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, suitable acetic acid solutions could contain other
constituents, both inert and active. Accordingly, the scope of the invention is

to be limited only by the following claims.
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CLAIMS:

1. A method for removing hot corrosion products from the surface of a gas turbine engine
component protected by a diffusion aluminide coating that comprises an additive layer on the
surface of the component and a diffusion zone in the surface of the component, the method
comprising the steps of;

immersing the component in a liquid solution containing an acidic fraction consisting of acetic
acid; and then agitating the surface of the component while immersed in the solution so that the
hot corrosion products on the surface of the component are removed without damaging or
removing the diffusion zone of the diffusion aluminide coating; and then
aluminizing the surface of the component to repair regions of the surface from which the hot

corrosion products were removed.

2. A method as recited in claim 1, wherein the solution comprises an acidic fraction that consists

essentially of acetic acid.

3. A method as recited in claim 2, further comprising the step of rinsing the solution from the

surface of the component prior to the aluminizing step.

4. A method as recited in claim 1, wherein the component is immersed in the solution for at least

two hours.

5. A method as recited in claim 1, wherein the solution is maintained at about 150°F (65.56°C)
to about 175°F (79.44°C) during the agitation step.

6. A method as recited in claim 1, wherein the agitation step is performed by subjecting the

component to ultrasonic energy.

7. A method as recited in claim 1, further comprising the step of, prior to the immersion step,
subjecting the component to a caustic solution at a pressure of about 100 psi (689.4 kPa) to
about 3000 psi (20 682 kPa) and at a temperature of about 150°C to about 250°C. to remove

oxides from the surface of the component.
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SUUVVWVM%ethod as recited in claim 7, wherein a ceramic coating overlies the diffusion aluminide
coating on the surface of the component, the method further comprising the step of, following
the step of subjecting the component to the caustic solution but prior to the immersion step,
subjecting the component to water jet stripping to remove the ceramic coating from the

component.

9. A method as recited in claim 1, further comprising the step of, prior to the immersion step, grit
blasting the surface of the component.

10. A method as recited in claim 1, wherein all hot corrosion products on the surface of the

component are removed during the agitation step.
11. A method as recited in claim 1, wherein the component is a turbine blade.

12. A method for removing hot corrosion products from the surface of a gas turbine engine
component protected by a diffusion aluminide coating that comprises an additive layer on the
surface of the component and a diffusion zone in the surface of the component, the method
comprising the steps of:

conditioning the surface of the component by a technique selected from the group consisting of
caustic treatments and grit blasting;

immersing the component in a bath consisting of white vinegar at a temperature of about 150°F
(65.56°C) to about 175°F (79.44°C);

agitating the surface of the component with ultrasonic energy while the component is immersed
in the bath for a duration sufficient to cause removal of the hot corrosion products on the surface
of the component without damaging or removing the diffusion zone of the diffusion aluminide
coating;

removing the component from the bath and rinsing any residual white vinegar from the surface
of the component; and then

without removing the diffusion zone of the diffusion aluminide coating, aluminizing the surface of
the component to repair regions of the surface from which the hot corrosion products were

removed.
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13. A method as recited in claim 12, wherein the bath contains about 4 to 5 weight percent

acetic acid.

14. A method as recited in claim 12, wherein the component is immersed in the bath for at least

two hours.

15. A method as recited in claim 12, wherein the conditioning step comprises subjecting the
component to a caustic solution at a pressure of about 100 psi (689.4 kPa) to about 3000 psi
(20 682 kPa) and at a temperature of about 150°C to about 250°C to remove oxides from the

surface of the component.

16. A method as recited in claim 15, wherein a ceramic coating overlies the diffusion aluminide
coating on the surface of the component, the method further comprising the step of, following
the step of subjecting the component to the caustic solution but prior to the immersion step,
subjecting the component to water jet stripping to remove the ceramic coating from the

component.

17. A method as recited in claim 12, all hot corrosion products on the surface of the component

are removed during the agitation step.

18. A method as recited in claim 12, wherein the component is a turbine blade.



