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 typically are. coated

with an al um r&éﬁgﬁ)s m%@g?éﬁt or as.an environnent al {é’é rotective
coating. The = Taﬁ%OME&EE%H&F IQ;F[E ult in

| ocalized attack of the conponent that may penetrate the coating 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 @A%@ Dy b HSE SN VIENR 1 27 August 2003 tenperature caustic
solutions. In order to conplete the repair, the diffusion alumnide |ayer

whi ch V‘%E‘E@’HF%@IMN%?O&I bond coat or as an

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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environmental coat, is renoved by exposure to application of or imrersion
in an acid solution. Danage is then repaired, typically by welding, and a
new aluminide coating is generated. The di sadvantage of sE/H\YBIShAHS i s
that the wall of the turbine hardware is affected by the cl eaning and
coating stripping processes since the protective alumnide coating is
diffused into the original conponent wall and netal required to carry the
| oad of operation is renoved. Repeated stripping of the conponent thus

typi cal | YerhpBtdtaird BfichiedRRatis. [EBAddr &Y(Fdrﬁélett@@ﬁe & iP,Gt{nE ’Eﬁtfg}!@ﬂ-
Typically, only one stripping can be successftully accomplishe ue to
concer ns alummnitleskhyef walich t wiaskapsgked Wiithe \aar hobsndetdad soeXdsStanf or
cl eani ng contam nants and oxides fromthe surfaces of conponents as part
of the r EPBRIPRENAF CORbATISBAY Y BE cppeuretpapplisation of er iwntwsioniinvol ve

bj [ i h | Jon, wh |
2 porci oftf sty O8RRRRdG therd e, FRBiay O B5Hne e Stk net hod
is set fakiinide tbadindRlERNerdod. 4Thdldis&BRurta S8t AatERMethodsGs eﬁ%etﬁ,eet al .

and assigned to the sanme assignee of the present Invention. 685 _
pat ent ewplloysthartuehjne basdwateits affectdd bl kht clanmgland icdgtind beippgiagponent to
be cleaned is placed in an autoclave with the aqueous al kaline hydroxide
sol ut i onPEMESHEARE the pRetertieatisanipidperating & diffused insmgae ofigi@do- 340 C.
The sol ufi | it t.ed react , with the surface scale, and th

react i oné%rﬁgahg?ﬁ%éﬁ‘@%%%?ﬁ%wt?chg Uy gk&eefoﬁ'&‘?l ‘%fcl%el’if‘ﬁﬁn FEENEY emai ni ng
process ®epdesdr bRbiabBfets GapeRBhi BH8d thich tgnberm3ieNi Ng

al um nide by acid %ﬁ%ﬁg repai? of the affééf%lg gf‘gia&ﬂiéﬁghgubsegggﬁ#

real um niegiaigcydes thatt carhdeperaplayradof Tyglidallyhiordy nghe strippingdgiebsed by
this process. fAn alterpative ag}proach for repairing turbine airfoil
conponentuccessiiglly aeromplished derto egmogmewithy loss ofwrB4hickaessi ng wal I's is to

apply an alum num coating 2
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




27 August 2003 over the existing coating, thereby replenishing the
protective alum numand permtting further engi ne exposure. The inpedi nent
to this approach is the presence of oxidation and/or corrc¥iAugust 2e0fcts on
the surface of the hardware after renoval of service in the turbine engine.
Sonme met hods exist for cleaning corrosion fromlocalized regions of a
surface, but these are generally restricted to renoval of trace netal
contam nation from surfaces of sem conductors. These nethods woul d have no
appl i cat ioyer the existibgreatingo tpaaky trepleniaining ithd protettive nhimorumanchdxi des
must be remved, .as sem ¢onductors e generally an_oxi de species. One
exanpl e GETTEHING QTERT SNPING eXResUtsy tFhe WpedimaenittefusneppIoagss By t o

Dougl as, Lnypl . i i e i ont.am nat ed
surface, pﬁgﬁlg\%\eépﬁég &%th%t)?gﬁ/%l gﬁé&lrgﬁt&b OB%?‘?%C\G,%\,%‘SISC%‘%O%Q%P &f_h%g Eﬁeace nmet al
cont am naiar@wayé hfterd RenowrITRF e8ivicPROIRTuihB efigfiequent renoval of the
nmetal products fromthe surface. What is needed is a nethod for

acconplishing the repair of a turbine airfoil conmponent by cleaning only
‘the | ocaPrredmedyidsrexigifor hleanbgpumnernion fiias techlizhg regions ©f arsuafageoxi dat i on

wi t hout g’egr'hrrent ally altering adjacent regions of th? coating unaffected -
by cor r oLt iNEr AERBHRETAYN, TEHISISHeR BMPERaPh tEEe AL | SRR A Baned

opair. ERrEROE R P Peo Bl PGt T SRR M v ATRVE R BB Riarihics o
mat eri al ¢ ofpbiiel-compeseatxaFrdar width acoritRidifgtidorarek| ®aHey ahyst &OVi ng

products of conbustion fromthe surfaces of gas turbine hardware follow ng
ext endedrexpvedsas sgmichnductornaesgeneraly anooxidespdeies.v ©nenexamopleosi ve

oS O B et RSB ot O3, B B o 2 P S, 20 2o
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.



3 27 August 2003 The nethod involves first renoving | oose contam nation
fromthe surfaces of the hardware requiring repair. The surfaces are then
i nspected to determine the portions of the hardware requi rA/rfaushaas,
Those portions requiring repair typically have experienced damage toy the
protective coating surface as a result of oxidation and/or hot corrosion
attack. Next, a reactive netal is applied to the presel ected portions of
t he hardware surfaces requiring repair. The reactive netal nmay be applied
as a sl ulh¢ naethad igvelyes disperempeing these emntamjnatior bopr taesludéces afeact i ve
el ement, ;an inactive filler and carrjer liquid.. The noldable tape is
conpr i se@egl?argl%\“ggcrteﬂvg% Erit: ihﬁ SHRACRAEES @@nfmﬁp%#?d tqﬁétﬁﬁlﬂﬁare i's

t hen hea | ' : 1. S . t .

tomper at O R A ek e P BRE PR BEhE S5pik onbust  on
and/ or  otyipdediyohaee dxipeeieaped i inagaes ithe plote®ive céieiehuriaesals ¥ breaki ng
down the coyrosion/ oxidation products. The hardware is then cooled to a
second pieayl| e pxiglationpandf o dot sorigsian Rtadi.n, Nette at sractive pnetilidss of
conmbusti gn”. and Scanbusti o raduct s*. ref to damage resulting from

oxi dat i Oé}ppc}}eql%img&xleg@%tﬁatpﬁg °8%8Eﬂée ﬁ?@{‘ﬂc’gﬁﬁgggﬁ% FUWHBE R8P onbust i on
gases, ' oot i : 0y £ B 0 ] o ich refers
o depon o e g BB g P HIus P RE R oh nsludghe e ATHE 1
chenmi caldlyrrylio vomhprisetifvd auredetivey bleghesir fragctité €illby and aduetisr Biuidhe
reaction_between-the applied materials and the corrosion/ oxidation

pr oduct s Teampldaplestapg iscomprsed gha seantiverdleinent and arnmatctivefillehen be

lied h i . i i h
o basr ollth bR e B el BE1ER L g it S e AR B R Lt GEF SIS ack - An
advant agg eré’t%xké‘.gTM&té]'B ;éé{rlyesoer réae{ﬂﬂ@e&r&&%e;ﬁqogicgg &gccﬁnﬁﬁaféﬂ ve

el ement, and inactive fi I's that the nateri urry or tape form
may be 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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applied to surfaces requiring repair having unusual or irregular
configurations. The slurry or tape can be readily applied and nolded to
accomodate virtually any geonetrical consideration. 4 27 ﬁﬂdﬂ§ﬁ$2@5§

Anot her advantage of the present invention is that the |ocal oxidation and
corrosion product can be renpved fromthose 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 preséehothay @divantagesoft et prdsent osvdnfionpisr dtait dhe dbcalcoxigkabalandst ri ppi ng
all of the coatin rom hardware that oply has |ocalized danmage and

conpl et elwrpéwgﬁ%t Sa’bsﬁtr%@ﬂv@@ tthage partians efibr@aticlethat hawg dwar e

life can a e i ppi of, the protective coating is
typi cal | ﬁpggﬁgﬁnﬁ Qﬁg}? Eg((sii ﬁg&ahg h%f?ﬁé%aqq-%a%g%%ts ?regacthagiagﬁ ¥ gt he
article dangpedCchfld thé@rﬁeég@{b@mgﬂeat ed reduction in the thickness of
the wall of the article undergoing repair. This wall thickness reduction
shortens the |ife of the article and Iimts the nunber of repair cycles

t hat t heSHHtangithecadvaniagreefjthe presemisinvehijorlis thatahe ngstih epetativinoaf]
strippin rocess, the cost .0 the chem cal s and the di sposal of the

chem cal EOEWE%EEY ?‘E‘?&’r‘%ﬁ@ %&L@FPaﬁmg Ewg\aﬁiiW@r%gﬁFWrﬂﬁt%s,loF@Z@di m nat ed.
Yet anot \; [ . ' : LLf cont.r soci at ed
W th tne s e SRl Tell o AR Y i BRE e 0Bk B BB, 3FEC

i nt er sechardvaty lifeeas beatridddly Boratbathe AfPPinOBAHY pro@a LIRS equi red

to mask dovetail and internal cavities are elimnated, thereby further
reduci ngis ypéeally @aemplisbed ursing anchemicahpeapess, afuchhas by esposingnthent i on

L De GRRREOLLolaLhe, (ol Lo R UL JL3 &Y ERSELPL) % ol e
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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in conjunction with the acconpanying drawi ngs which illustrate, by way of
exanpl e, the principles of the invention. BRI EF DESCRI PTI OF THE DRAW NGS
Fig. 1 is a photonicrograph froma gas turbine air airfoil 4enHEH290%m 5
27 August 2003 service froma gas turbine engine, showng |ocalized areas
of the coating and the substrate that have undergone significant
corrosion/ oxidation attack; Fig. 2 is a photom crograph at 400

magni ficati 400X) of an airfoil remve rom servi showi ng the
bacel | ne EAts AN A ez iR B cbPBa B0 i OF SrraBRnch g 3 i s
a_phot omikg @bl Matdhveliidirkone ot QBHBEION BRI LA dithckhe - condition
of the coating and the substrate of Ya region that has experientced
significant hot corrosion attack during engine operation after processing

t hrough &ig.€! is\eaplotoneiapegraphrae 400 chagnifititicp pl00d@If @R Gffotilhensdvwedry of the
present invention, and Fig. 4 is a photom crograph of an airfoil renoved
from ser R SERBRE GIOMIBE Hisndrselble epating incattepprapaaffaetedubythett e of a

region t rienced significant hot corrosion attack during engi ne
operati oﬁ&tar ?@?‘ E{%ﬁggpr ocessing depicted in Fig. 3 and recoating. DETAILED
DESCRI PTI ON OF THE | NVENTI ON The present invention provides a nethod for

rest ori ngigroises phyraR2b R & ah @&Fbil 28fhoved! @8 &rvReddDwinkDihae engine
conponent that have been darmaged by corrosion or oxidation wthout
af f ect i ngonditiosutfstheat@ating add aberaubstgicons a mgioobatnyss thpdridraed not been

damaged by corrosion or oxidatiqn., Conponents such as airfoils in a gas
t ur bi ne rf@naﬁéots Gojrasiony eﬁiﬂﬁé HEing FRgaRe APesdndm sttsnProasinge

combusti ﬁ‘[}oﬂéﬂcaﬁ?éle.kfgte@?erﬁﬁgp&ﬂflteoéy&é) Wiitﬁ)ﬁp%iication 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



t he engi ne. Because of the extrene environnent to which they are subjected,
notably the high tenperatures and corrosive gases, these aiffoils are given
protective coatings such as alum nide or MCrAlY(X) coati ngs%7wgé’ﬁbzm3d s an
el enent selected fromthe group consisting of Fe, Co and N and 6 27 August
2003 conbinations thereof and X is an elenent selected fromthe group
consisting of Ti, Ta, Re, Ru, Mo, W B, C, Hf and Zr and conbi nati ons

o R R SR bl i ISP CRL e Vet o

any one gf 8 ]Jgggg?kﬁ%oﬁ YES8C, Hf atd 'tr%df &fr_ﬁ?@@ﬁi&gé ?Lg‘%rebﬂ’@g%ev&t oston or

di ffusion e changi’'ng t'heé “conposi t1on ec l"ayér,
thereby sulj #etdepeict lice, uhel prbipttiee lavateforaled sy edsackatigdiei gl 03 and
corrosion. The present invention permts a réstoration of a protective
coati ng swle)masebe ovmpromisedaimegeal areaafonishone of equimberof teascospl et e
renoval of ,all §f§ t he rbiemai.ni ng, protective goat.ing. The present |nvention

utili zesSWt 8%p FteToi? Pﬁt:llﬁ‘ﬁ? Srosion 197, diffvgineneffacty GHactFve
filler, é&ﬁﬁé&iﬂoﬁp%! feb ;ﬂ}ot&?iv‘:a-o?e{?e?f tflef g r?ﬁtbjnegth:téu'iﬁé/ Tt rg;r?el%te

oxi dation a corrosion from 1l ocal “areas. active e

conposi t iraiferiidl torattdek Byosxidation aslduiddryosioh. Thetfiesedtrial uagsn perguapor abl e
carrier liquid. The reactive element may be alum num (Al), Silicon (Si),
titani una ggtpration efcopretactive yoasingatoythest tocatised idamagedoprgas wfithonitt y f or

oxygen. The.i.nact-i ve I11ler any material that will not affect the
ooy DT yreoRing s Shmpltse reneHaLRt Ahal dhel PR ng et R eOaRagr | yi ng

substrate or. adjoining protective coating. Alumina is one effective and

| nexpenste phddeh® invetforayizds Qeéo&l?%iﬁon Q.ﬁclggglﬁﬁaé h BadiRRAlel¥inkh: B9y af fect

performance*may be utilized. The carrier may be any suitable

evapor abare indotiviedfilldralocalin dppliegleth the fornnofiasthpe oy a wiulrty tdheemeaet i ve

el ement (?xr}gaéigr? EIiIrllc? Céci)r\l{gsiz)rill lfr%;ﬁ l%ggl Vavfr]eizacsh W‘./\/l*lrllenevtﬁg Olte%tc’?ive 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
7




either at roomtenperature or at slightly elevated tenperatures. Sone
suitable carrier liquids include glycerol, ethanol and acetgne, but other
carrier liquids that readily vaporize w thout affecting t I A4gst 2633% and
the reactive material may al so be used. After | oose contam nation is
renoved fromairfoils undergoing repair, the ‘areas of the airfoil in which
significant corrosion or oxidation attack has occurred can be readily

identified. Fig. is a photom crograph of an airfoil 7 27 August 2003 from
whi ch |o§§€ﬂ éﬁéﬁl&h#ioﬁae i%ﬁt%@ayéangﬁ%ﬁﬁ%d,ew&és EXgOsiagi tEEoRh Hat have

b bj i . oxidat i tt LR I, to..Firg. 1,
SRR b R R e AR ey
corrosi ofith VrAGRAIHAN aaldRGked aRGisaf 4 Qﬁ&@%agoahaa%&q@ _@%r@ﬁ to
region 14. A diffusion zone (not Shown in Fig._1) underlying the coating

has devedropsdnandaoxidatibh atfacyy and hurdiffecteal dodtingsi®adpiceness esgiont o t he
original  substrate. Currently avail abl e prior art processes typically

require the Ar dibsien ggone, énefh shewncntliigg Lhdnderlying the reaiing &aporti on of
the diffysi h ti .and. bstrate.b bj ecti th
entire et 3 o RELIES etolfs Bt O LiRBGoR RS 4Rl R BRI e

airfoil ganmwed f (RNSRIYIKAilaBHK ?ﬂﬂﬁ bt r&éagesonfgicﬁﬁ;s yéc{lﬂféﬂ thebstrate
material, these prior art chem ca processes reduce the wall thickness of
t he ai r frenhowd oflithd esficncoating asatvell iaalat lenst a @opiien of Bee diffwsiof zbhe t hin

nature of the ajrfoil walls, it is readily apparent that_an airfoil could

be subj ek&tegendhgmoptipgeanst subgrate b suljetting the estirenisfal to anmasid be taken
out of service. Fkg. 2.Sh ortion of an. ai.ffoil r ved fram servi ce,
but ot SATERE ¢ stheeopo oB et taning; ikl Sy eTOTh e PER ang! ne
ser Vi ce.extéhds RR6 Wiedt dHee Wﬁkﬁvi@%ﬂ QUBstradte8al thdseRidr A6 cRébRll at e 22
and coating 26 were unaffected by

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




t he severe environment of turbine operation, remaining substantially
intact. A typical diffusion zone 28 develops as a result f7 coat | and-
subsequent high tenperature operations. Referring nowto %i&ugg?t%3ch is
a photom crograph of an airfoil renoved from service show ng the condition
of the substrate region 32 and coating that has experienced significant
hot corrosion attack after engi ne operation, such as the airfoil in Fig. 2,
but which has been subjected to the processing of the present invention to
renpve ogeuasioon &hig m&oﬂc@fhewﬁmvaf@éd@@@. contagpinptige Prgdueis We6d t hat

there are regj ons adjacent .to.the regjon shown in Fg..3 in ondi tion
Simi|ar FERfey SeERteG ¥iRD e Retie b YRR a8 sliaiiet danfging o7
August 2 (of=Y Thi b dihd, . ! log i nation
pr oduct o gt P4 PRERNPATY ool collived SaNBa: B My PR,
al um numakgniraintiangl tisd balayce bdn andlindieldneal dompasiiés amscpreparabdyof about
56.5% by wei ght of alum numand the balance iron and incidental inpurities
was prepamisimghihe qenxporitionavith apdaprt fillerwataming, pad @ carrier diguidpodi na, and
a carrier ljquid and applLkied to the corrpded areas regi.ons. .The slurry
fighy e o gk TR owed s
was al | ol tthe geryodeq arens or IaeiaRs SRS FWRY 8Ya% FOwed P& M¥ui d. The
airfoil ‘n*ﬁ%ﬁ ?81% L ol f j Lol Qv Laldfea0f about
1925 F. ﬁ?t%ﬁloug e% S qﬁognmffgt}lgt%?fel%mgga{}gegﬁgor ?lhi s slurr ,a any 2
t enper at fifreavdiattl Hearmt as hhempalabonsi 0§ aleadt 1925 fhy Bdthusgi M Al O2) 2 +
4A1 MAI 2 +2A1 238 -(1) where M= N, Co or mxtures thereof, as is typically
found i ntesuperagteoyas aigpd tipatthispelyeryremer iemperaye whighepremetesdgeof t he
base matgrjal. may form MA 2, this is not necessary, since the key to the
Pollodvipgaep

operatio s Ry Be ysegt

3M(AIO:); + 4A1  MAL +2A1,03 (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,.



oxygen fromthe substrate. Thus, the reaction of the Al with the oxide
attached:to the substrate to formthe 2AI203 is critical tq,the s %gss of
the operation. Since this reaction occurs at el evated ten%gtp‘é{‘fgﬂ?’t@, t he
airfoil containing the conposition of the present invention should be
heated in the range of 1800-2000 F in hydrogen or inert atnosphere.
Alternatively, the airfoil may be heated in a vacuum After heating, the
airfoil is cooled to anmbient tenperature. As shown in Fig. 3, the darkened
regi on 3Refardingaies tb Figtd, dnsairfoilsdts pawtt@ﬁvaflcogtib‘gémalgbfe%ﬁﬁd@éﬁ on/

G 1 usi oAUBSHENEA hiFper @rorp R bUTUINE BHICtr FLONO AT GRSE: Moy be.
renoved by |ight i cal cessi.ng, as 4by ushi . Y | i ght
arit bl aStrE 07 WaguReBhS FaR o B ey 42K, B bPHIRE, VRS, 1o
i ts prot @Rih#fRQ/NARINO SRy [6&AI000er ile azedjthat i‘?ﬁ.liféseré:ﬁaa;danﬂo a

| ocal i zed coating process. In this particul ar case, e coati E% 44 was

r est or ed hewténg sthies shaty-cd@tedy airfqipl ati ay elevatesl denperatumtefi APy Bl urry

| ocal |y over the area that requjres repail ati t he. sl urry-coated
airfoil atthaugheaydesparatgeator sange 98%&0(1@580%%%1}3% be SHed¥SPat ure in
the range_of 1800- be t v 4 ) j<on set
forth i n%%‘i‘.i‘&%‘? %H? %Qg%gs%gﬁlgldqu{a@@l % gl?é %nge%%glém%i %g‘fﬁst of this
repai r pyaceeiile of Wisl fepaie peoaidung VWWhileegleofRairigOwab erestorgid ad fheom whi ch
the oxidation/ corrosion was renoved using an al um numcontaining slurry,
any ot heregioneptahl ewvhizhhotdhef conxidaisomfdompsidre wasotregioved ceingn@it o t he

airfoil may be used. Qther coating restorati roc es agre set forth in
pat ent apBEREHINERNEINIED SHELY, ATY 9@7%1@?3@@%’[}'&’%"&?‘&&55 rFJ%(?’éWﬁe €22, 1998

and assi ?oet%ctti‘(?e tc%%hﬁés{og BRE Hifolt h&a?/r 658 §ed. N\SiHek Adating 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



and are incorporated herein by reference. Alternatively, the entire airfoi
may be subject to a conventional alumniding treatnent. TBE areas. of the
airfoil fromwhich the corrosion/ oxidation products have é%wuﬁ ed by
the repair process described above will preferentially be affected by the
alumniding treatnment. The standard alum niding treatnment may slightly

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

al um nunPresShE dAVEREPR AIE Ui R TE8Rre FUs eHBteﬁ'IE‘e‘gﬁaF"eiW‘th@W,sf W& dri vi ng

force for, . further diffusion of i r egi.onsaphi- Ow and the
i ncr easeadd{t’rﬁ“é”}lgﬁé?g avﬂelrFq%{éJe@I ilg{fftth%b@?* ggf‘rgeé‘ Cg%g% I(engt) ﬁqurs hg)%ybove has
been desggi-bgdyid gﬁoc%s 1R bdves theBbAAIREt Altiel RIISREnSASMMAIAIFY

coati ngs en these coatings are used as protective envirtonnental

coat i ngsexidagiopy ocessies pruiuvatesaitsirofegibnes prlesxenTBCi spedledi dnribgn be used
to locally restore these coatings when used as internedi ate bond coats.
However , CRGIER SERECerat eri al s and processes of the to 27 August 2003 present
invention are used to restore such internmedi ate bond coats, two additional

steps ar & 6L Lot LRRLIRI HRALA:GRL A% (rIBG MY i ith_be

renoved Dy "a process bon i ntacét, w ng renoval of

oxi dat i of{erC¥ fedfdred aﬁﬂQﬂeqBCDf@ﬁp?Iiecﬂ.n regi ons where TBC spal | ed during
engi ne service. Once the oxidation/ corrosion product has been renpved, the

bond coat can then be restored and the TBC re-applied. Although the
present Atthomghdhe paeseiné invendiosy hasderenrdeserihed in epanpgctionsyithispeeificexanpl es

and enbodi nents, those skilled jn the.art. W.l|l recqgnize that, t pr esent
venti QPGP SO bERER VAPYLABRG et P1IE AT Rt e
present invention is capable of other variations and modifications within its
scope. These examples and embodiments are intended as typical of, rather
than in any way limiting on, the scope of the present invention as presented in

the appended claims.
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scope. These exanpl es and enbodi nents are intended as typical of, rather
than in any way limting on, the scope of the present invi/%ei on as
presented in the appended clains. 11 27 August 2003 CLAI AUFEEI0931 or
sel ectively renoving products of conbustion fromsurfaces of gas turbine
engi ne hardware conprised of superalloy material, the nethod conprising
the steps of: renoving | oose contam nation from hardware surfaces;
selectively applying a reactive netal conposition conprising a reactive
netal aBG8&AIMS nactive filler to a preselected portion of the hardware
surfaces; then heating the hardware in a nonreactive atnosphere to a first
preselected tenperature to cause a reaction between the products of

conbust i ®n apdnidiBod! RACI MRV #:moly YaRERA o ustign
products in the presel ected v@gﬁt i%lr? {o}g\g_r?Ee ﬁgt%défa?gm%?gglé%leﬁog%g%goa&efng
t he har d¥fages teriingcerginephardvarst eempeinsdr aft superdloyThmterthotheofethad m 1

wherei n tha eaed | tale includes a reactive netal having an affinity
for oxygen.pS. Eﬂe‘%{%’gﬁlfbf claim2 wherein the reactive nmetal having an

affinitt y for oxygen includes at |east one netal selected fromthe group
consi sting of. zill um num_siligcon tihani um and zirconium 4. The nethod of
claim?2 TRIR PHYE P ation (FpAyhardwaeg FudaRgtal  conposition i ncl udes
applying a slurry of the reactive netal having an affinity for oxygen, the

inactive-filler and_an evaporable liquid carrier. 12
selectively applying a reactive metal composition comprising a reactive metal

and an inactive filler to a preselected 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



27 August 2003 5. The nethod of claim4 wherein the reactive netal having
an affinity for oxygen includes at |east one netal selected fromthe group
consisting of aluminum silicon, titanium and zirconium ©Ré\UgHsic3003e
filler is alum na and the evaporable liquid carrier is selected fromthe
group consisting of glycerol, ethanol and acetone. 6. The nethod of claim
2 wherein the conposition that includes the reactive netal having an

affinity gor S, 4C sed of 50-60% al umi num and the bal ance iron
and inpuriti e?*?‘%%rﬂﬁédn%aﬁﬁo? %f‘%ﬁer% CntSRANTVR TRkl shasingfam edfinitg fohe
har dwar e Ffigan hoindastat deattnospheidtal nsdisdes heat i g %@E arg,éwgtlr §§t§0 2
first prgg&hﬁﬁ]tlﬁ_g ?ﬁt[.errgtz‘rg&t ure in a range of - . 1800-2 (5 - Cf). 8.
The met hod of cl&i 7o PR hRng eigsonan, dhiesiree2e 1086 s @h¥nznd Q&R O) .
9. The mthbaFapbrabiai maplid\befrelh; p ting the hardware in a_ -
nonreacti ye at fr?t)s herlgéli ncl uo{gsrnﬁteg(?ie?\%ﬁt Ergkhgfﬁgv%ﬂpgpl RoRsisYPRpEi¥Farol,
sel ect ed SHPMRY grei®econsi sting of an inert gas, hydrogen and a vacuum

10. The method of claim 1l wherein the step of applying a reactive netal
conposition includes applying a tape that includes the reactive netal and

the ina€tiveThelthethodldf cliha %&f&éimih&b&h%b%&id@@ﬂ’iﬁ 1'?10515"(?64 ﬁ'?eCttiea{/c 'vréEt al
i ncl udes, at . J gas,one ﬁﬁmﬁ{l sel ected fromthe group consisting of

al umi num_ sil1con.e f o oxygetr dnicompmeed 198 | nact 50 d%l dlRrmirfum

al um na. add tB¢ balagusd ird@0end Zmplhgidet hod of claim 1 further including a
step of applying.an alumniding treatnent to the surface of the engine

hardware after the step of :
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




cooling the hardware to a second presel ected tenperature. 13. The nethod of
claim1l wherein the reaction between the products of conbustion and the
reactive netal forms a protective coating and by-products 2drtudyst 2003
presel ected portions of the hardware surface and further conprising the
step of renoving by-products of the reaction fromthe presel ected portions
of the hardware surface. 14. A nethod for restoring environnental
protectiopsto ﬁxﬁ{eti on f a},nC?i_rfoiI by sel ectively renmoving oxidation and
cor r osi on’ Ff om gas ¥ aiG¥8r | 1 durthecednclukiingi ef aitks pbg@g%ogn

g any

super al | oglumirddirgl trealf@efetiBog < QHPLLS] t he .steps of. renovin
o e Bothe S 'Oqgthef ?Whﬁa%qowqr@i fftes theé atep of

preappl i ed%)gera ic_thermal barrier coatings

removi ng YEOEE altﬁnh%‘ﬁ%m iona seormdiprésilbctedrbagsanghl ectivel y applying a
reactive netal conposition conprising a reactive netal and an inactive
filler to a preselected portion of the airfoil surfaces affected by

oxi dat i ont%nd Thes mosthodt of hdainhenti/R i ih i nonr eacti v
greifnerl FEQldo e egnrﬁjfc ﬁuﬁj@t aben

at nospher, -first, presel ected tenperature to cause g
the oxi dﬁ%ﬁ“%},@ GO} B BrAciivg mstal fosas pvwrotedtitte c@dilﬁﬁglé&hcpﬁy%;r@auﬁhs
reacti onowi the présiescté® popBMS of 08, Presel ect ed portion of the
airfoil surface and,restP{)ri n z;) )é}fig?%cﬁdi%vagec%gﬁ%ga?g fu{ﬂ@rmoggmjmﬂle

i on SR R ISMYEE bytarafuca pfsthe s im.14
portion aqfs tidn fidie et B%e@gctg&%({pn#g&i ?1fg o

wher ei n tﬂﬂ@hh?aﬁzh}élgup%}:gl conposi tion includes a reactive netal
affinity for oxygen. 16. The nethod of claim 15 wherein the reactive netal

is selected fromthe group consisting of alum num silicon, titanium and

zirconiu ; :
™. 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




17. The method of claim 14 wherein the step of heating the airfoil in a
nonreactive atnosphere to a first presel ected tenperature includes heating
the airfoil in an inert gas atnosphere to a tenperature i R7aAUgARROOSS
1800- 20000F (982-1093C). 18. The nethod of claim 14 further conprising,
after the step of heating the airfoil, the steps of, cooling the airfoil
to anbi ent tenperature; renoving by-products fornmed fromthe reaction

bet ween t r ' tal. and the oxidation and corrosion fromthe
presel ectlre% pglr%% itdé%@mg’f]s 01? ﬂ@llﬁid]r‘? H’iliﬁerglﬂi*r theceeactiyadneaisycpimpp sition inainicdi 19

treat nenu‘eaaiwmmesurhaei@lgo&n%@%pgﬁ, eh)- The nethod of claim 14 wherein
the step of heating the airfoil in a O%Wéacti ve at nosphere incl udes

heating the airfoil in an atnosphere selected fromthe group consisting of

an inert jgas, drR98 . Va 20, met hod for restoring
envi r onment al ’Iigﬁréo.t ect?%?\d}?%glp%r | g#\ﬂsergfn éﬁeJFF‘FBYEF mefpl 46 |selacted [fyometieyi ng
oxi dat i oBT@H#RI CeBFIstiRIgl dluomingas, silicbhD Git@hiifRidnd Sivedases, conmprising: 15
27 August 2003 renoving any preapplied ceram c thernmal "barrier coatings
fromthe airfoil surfaces; renoving | oose contam nation fromairfoil

sur f acesi7appThenmetho@ast ck8mTBlA yisd il YHeN@led $rGQURET sed of . al um num as
a reactive element, alumna as an“ifnactr?vttlaltef ?{qper()fa %31 |a‘£01§ﬁn a
evapor abf'&? Veratmesplicgette afippleprdsebtated pontpepannt HoRidid hehfingyhkaces
af f ect edaibfpilond dat irpt ion: then heating the airfoil in an Inert
qas at m)(%gge{ggé %)a te%graat ugr%%gafrg%gz%ﬁempera re’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:
2

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:
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(1052C) to cause a reaction between the oxidation and corrosion and the
reactive netal, thereby breaking down the oxidation and corrosion in the
presel ected portion of the airfoil surface into by-product 27 Augush2@03 he
airfoil surface can be exposed to a subsequent treatmnent; cooling the
airfoil to anbient tenperature; renoving the by-products fromthe airfoil
surface; and applying an alumniding treatnent to the surface of the
airfoil. 15a METHOD FOR LOCALLY REMOVI NG OXI DATI ON AND CORROSI ON  PRODUCT

FROM THE Strb~AGE &hv T =N BSTRACT..A nefhod for =
du?fgs of Ei}t%ﬂgg}er%o%%%nang %ﬁ%@?% SRFUDEP oMy g0 Biifeths

renovi ng pr
of surfac%‘g?%?esé gas turbine engine, such as coatings (44) and substrates

(42), follow ng exposure of the surfaces to hot oxidative gases of the
turbi ne exhaust. The nethod involves a hi-gh tenperature chemcal reaction
and has AeMyetRg devrcatorshfirantion fadinosient] §9ahédgs and substrates that

have not been attacked by the hot exhaust gases. FIG 3
applying a reactive metal slurry that is comprised of aluminum as a reactive
element, alumina as an inactive filler and ethanol as an evaporable carrier
liquid to a preselected portion of the airfoil 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






