METHOD FOR SELECTI VELY REMOVI NG COATI NGS FROM METAL
SUBSTRATES BACKGROUND [ 0001] The present
invention is generally directed to nethods of
renoving a coating froma substrate. Mre
particularly, the invention relates to the renoval of
coatings poor in alumnum (Al) content froma neta
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[0003] Overlay coatings typically have the eomposition MCrAl(X), where M is
an element from the group consisting of Ni, Co, Fe, and combinations thereof, and X is
an element from the group consisting of Y, Ta, Si, Hf, Ti, Zr, B, C, and combinations
thereof. Diffusion coatings are formed by depositing constituent components of the
coating on the article and reacting those components with elements from the underlying
substrate of the article to form the coating by high temperature diffusion. In contrast,
overlay coatings are generally deposited intact, without reaction with the underlying
substrate. '

[0004] When gas turbines are serviced, the protective coatings usually must be
removed from various components to permit inspection and possible repair of the
underlying substrate. Removal of the coatings is typically carried out by immersing the -
components m a stripping solution. A variety of stripping techniques are currently
available for removing different types of coatings from metal substrates. The techniques
usually must exhibit a considerable amount of selectivity to remove only intended

materials, while generally preserving the components’ desired structures.
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[0006a] In a first aspect, there is provided a method of removing an aluminum-containing

overlay coating from a substrate of a gas turbine component, the overlay coating having an
aluminum content of less than 12% by weight and being highly resistant to selective stripping,

the method comprising:

removing the component from a gas turbine after operation of the gas turbine and after

growth of a protective alumina scale on an exposed outer surface of the overlay coating;

diffusing aluminum into the overlay coating to form an aluminum-infused overlay coating
having an increased aluminum level in at least an outer surface thereof. the increased
aluminum level being sufficient to render the aluminum-infused overlay coating removable

by selective stripping;: and then
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a nethod of renoving an al um num contai ni ng overl ay
coating froma substrate of a gas turbine conponent,

t he overlay coating having an al um num content of

| ess than 12% by wei ght and being highly resistant to
sel ective stripping, the nmethod conprising: renoving
t he conponent froma gas turbine after operation of

contactingthg guter surfrice of trdihahinem-gifosst lverdlaycdatifg 86 ¥faqueous
surface of the

U na scal.e on an exposed outer s
cmp"%}bgﬂ%ym&’b’ her?gﬁ’m’&flﬁﬂrwgﬁ OXETIRN FAFANE oD thi sulrsirete] thy aqueous

compositiad inolyding ot RIaBR R oFlaf 'Xbi_ﬁ%'ir[ge tyg ?&nﬂl\{ae r Tl-l é,gz?n%téxiqenc%rsors to

ing an_increased al um num I'nat Te

., ha
said a"‘gu%(é’femg&?’feaf@é fromethecroutheonisisting af 61 Gal, Wiz AL, kRY 6h, and x
being 1B@kNg sufficient to render the al um numi nfused
overlay coating renovabl e by sel ective stripping: and

BRIEF DESBRIPTION

[0007] Embodiments of the present invention solve the aforementioned
challenges through a method for selectively rc:movihg a coating from a substrate in which
aluminum is diffused into the coating.

[0008] The coating is brought into contact with an aqueous composition including
at least one of an acid having the formula H,AFs, and precursors to the acid. A is selected
from the group consisting of Si, Ge, Ti, Zr, Al, and Ga, and x is 1-6.

[0009] These and other advantages and features will be more readily understood
from the following detailed description of embodiments of the mmvention that is provided

in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

2a



contacting the outer surface of the alum numinfused
overlay coating with an aqueous conposition to renove
the al umi numinfused overlay coating fromthe
substrate, the aqueous conposition including at |east
one of an acid having the fornula RAF6, and
precursors to said acid, A being selected fromthe
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[0008] The coating is brought into contact with an
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Fe, aid cofdbrinaons MRF0End30 sk ah &i8méattrom the group consisting of Y, Ta, Si,
Hf, Ti, Zr, B, C, and combinations thereof, and where an Al content is less than about
12% by weight, are highly resistant to known selective stripping methods. By diffusing
additional Al into the Al-poor coating, however, the Al-poor coating can be made
removable by selective stripping. '

[0012] In one embodiment, Al is diffused into the Al-poor coating by treating the
Al-poor coating with a slurry which inciudes colloidal silica and particles of an
aluminum-based powder. The term "colloidal silica” is meant to embrace any dispersion
of fine particles of silica in a medium of water or another solvent. Dispersions of
colloidal silica are available from various chemical manufacturers, in either acidic or
basic form. Moreover, various shapes of silica particles can be used, e.g., spherical,
hollow, porous, rod, plate, flake, or fibrous, as well as amorphous silica powder.
Spherical silica particles are often utilized. The particles usually have an average particle

size in the range of about 10 nanometers to about 100 nanometers.

[0013] The amount of colloidal silica present in the composition depends on
various factors. The factors include, for example: the amount of aluminum-based powder
being used; and the presence and amount of an organic stabilizer, as described below.
Processing conditions are also a consideration, e.g., how the shury is formed and applied
to the coating. Usually, the colloidal silica is present at about 5% by weight to about 20%
by weight, based on silica solids as a percentage of the entire composition. In some
embodiments, the amount is in the range of about 10% by weight to about 15% by
weight.
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used. The size of the powder particles will depend on several factors, such as the type of
coating; the technique by which the sharry is to be applied to the coating; the identity of
the other components present in the shurry; and the relative amounts of those components.
Usually, the powder particles have an average particle size in the range of about 0.5
micron to about 200 microns. In some embodiments, the poWder particles have an
average particle size in the range of about 1 micron to about 50 microns. In other
- embodiments, the average particle size is in the range of about 1 micron to about 20
microns. The powder particles are often produced by a gas atomization process, although

-other techniques can be employed, e.g., rotating electrode techniques.

'{0016] As used herein, an "aluminum-based powder" is defined as one which
contains at least about 75% by weight aluminum, based on total elements present. For
example, the powder may contain at least one platinum group metal, such as platinum,
palladium, ruthenium, thodium, osmium, and iridium. Rare earth metals are also possible, |
€.g., lanthanides such as lanthanum, cerium, and erbium. Elements which are chemically
similar to the lanthanides could also be inciuded, such as scandium and yttrivm. In some
instances, it may also be desirable to include one or more of iron, chromium, and cobalt.
Moreover, those skilled in the art understand that aluminum-based powder may also
contain various other elements and other materials at impurity levels, e.g., less than about
1% by weight. Techniques for preparing powders formed from any combination of the
optional elements described above are also well-known in the art.

[0017] The composition of the aluminum-based powder and the composition of

the slurry depend in large part on the amount of aluminum needed for application to the
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hydrolyzed to them. The term includes materials like lactose, along with sugars, such as

glucose, sucrose, and fructose. Many related compounds could also be used, e.g.,

polysaccharides like celiulose and starch, or components within the polysaccharides, such

as amylose. Water-soluble derivatives of any of these compounds are also known in the
art, and can be used herein. Based on factors such as cost, availability, and effectiveness,

glycerols and dihydroxy alcohols like the glycols are often utilized as the organic
stabilizer.

[0024] The amount of the organic stabilizer which should be used depends on
various factors. The factors include: the specific type of stabilizer present; the hydroxyl
content of the stabilizer; its water-miscibility; the effect of the stabilizer on the viscosity
of the shurry composition; the amount of aluminum present in the sturry composition; the

particle size of the aluminum; the surface-to-volume ratio of the aluminum particles; the
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ds_on v s fa tors e factors
siifl 8RS e Sig selebi 58 it sPbRipripfccarie oot i porisiering these
fackpaitent of the stabilizer; its water-miscibility; the
effect of the stabilizer on the viscosity of the
slurry conposition; the anount of al um num present in
the slurry conposition; the particle size of the
al um num the surface-to-volunme ratio of the al um num
particles; the ~



specific technique used to prepare the slurry; and
the identity of the other conponents which may be
present in the slurry conposition. [0025] In
some enbodi nents, the organic stabilizer is present
in an anount sufficient to chemcally stabilize the
al um num or aluninunisilicon conponent during cont act

W t aqueou nen The term
AR Rl PR BRSSPSR RROHS e EplREammoun
sufficheait td h%pﬁhwdlm doﬁﬁ%hﬁﬁs Sﬂﬂﬁztsﬁiﬂ'y il §u¥pcfr{sﬁ)ﬁ Afnounts greater than
undesirabl e chem_ cal reactions. These are reactions

that lgyel mayde uped te pdmsicthe iyascosity: of theyshemy/dspendieg on the technique

v BRI o B8 SSOTRE Ll B BFEEBLEPI compri o

30% eyrweight torabotl 70% B9 e=igdhy ofift dnkigsgurtfii ch coul d
prevent the slurry conposition from eing easily

appl i to the substrate, e.g., Usual

t ﬁ@o%?ﬁ‘?g dhYaTiEY o ¢fheh Q?Hmoaﬁmﬁ %?érrbcmssg ﬁlﬂﬁfhhdost of them are
Vel ght nfo gzddft h%%} y ngé%%‘gr aﬁtg e%g'm ?’ géce? IQXn—Iumtmg
examplieg bf thefe adzﬁmb \mgrarmﬂ;no dkeming aﬁmtm,tdigrersanhpd%ﬂmmb lmts tahﬁ-setﬂmg

n s about %, b t to out 15% wei ght. .

oot OB o RE AT BT Bt G, GPERLGHts, SurfacHathyand Tubricants.
In gBAMED YR a(!din%shﬁé WAB 982 el 'ﬂ%@ﬁﬁlﬁe %gldbgﬁ't' @Of%ri{)} @eight to

which is prinaril y water, 1.e iumin h
aboutH®% by Wcﬂlha lbasgd dmcthe weight 06 thediniprsenty. As used '

herein, "aqueous" refers to conp03|t|ons in which at

10 koo ptRuThe S TEa00 o oeioal Hii and e

alumiﬁbﬁt-sﬂl@n(‘«ﬂmﬂﬁfé SreaicEcriitial ktepd M preparihg et s?iﬁ'rfir@ﬂ%nﬁonal
of other Iiquids ngy be used in adnixture Wtht

blengingeequingamt (CRRpE g a;eéﬁipﬁ gheagng tvlﬁéﬂ-‘ﬁt}h@ﬁﬂ be thxsaei by addition

R TOL A T -

at teﬁiﬂmes upied g 60%0., By usizgrdie vfa@ér\haﬂt 6 dihé tedhaigher Mixing
le. Selection of a particul ar carrier

is o g unfibihevpsaltingshumy isgmiteam; Ebe addiiyesmentignehabeye, if used,

e ARy R e k. B Mt RO PR By his i

depanl imnipertadhibshaoreadf theaddidiverry to the substrate, t he
sol ubility of additives and ot her conponents in the

B A SERERC A—

the ARGhib¥miBACed %%Qﬂﬁn@fthé Q@llﬁidldl' siica28erteh bl g sequences are
handl i ng requirenents, cost requirements, an

usualby urxbznde foal exgaple, ythe angarmin §tabm dis ofsugliylifinsgtr prixed with the
h t I t { at
aturfibiai s BSRE (e PR S R MR R P 16y Quminumm-based

powldePznd thé aguet® ¢Ririef A llinftbdhoz@éd bEthe@ORbiANEHdaS e.., one-half or
usually the m ni mum anount sufficient to keep the

less ] they cami%%wgu@f mal@lso) e qudﬁds!tiﬁp%hmedﬁnd ﬁﬁdﬁdnﬂtswl)f), to
t th
e 5 0k ek S e TR RS A 5 e st

and Use dllilﬁnmnpiwﬂtehﬁ)seﬂxw ¢1ya sabdidiftiat amlouiof 4y SRREEALomponent,
the liquid carrier will conprise about 30% by wei ght
greatly ingrgases theotabilityeaf ghis e ofsBrshtire slurry.
[0028] A variety of other conmponents nmay be used in
the slurry. Mdst of themare well-known in areas of
chem cal processing and ceram cs processing.
Non-limting exanples of these additives are
t hi ckeni ng agents, dispersants, defloccul ants,
anti-settling agents, anti-flaning agents, binders,
pl asticizers, enollients, surfactants, and
| ubricants. In general, the additives are used at a
| evel in the range of about 0.01% by wei ght to about
10% by wei ght, based on the weight of the entire




[ 0029] For enbodinments in which the slurry is based
on colloidal silica and the alum numsilicon all oy,
there are no critical steps in preparing the slurry.

- Conventional blending equi pnment can be used, and the
shearing viscosity can be adjusted by addition of the
liquid carrier. Mxing of the ingredients can be
un@RBi piRe re%txalﬁlﬁg BoERARERE UsIRidal'sileda it drenedasdissbthopoughly

to about 60 C ., usi a hot water bath or aqthey
mtxetlentmrthq bb:ndM'h@ otgen thlomlrdﬂgt!lv@a canpis be pided as g PF’FrgIn some

s b B A T DT 0 W s o

ents

moré" Y¥ior RESIIAD e Yem Qabbidahsisicai THis draitieg geiiod paytenbance the
e nature of the additive. 030] For

"Weteng'bdf theraeming v '(h@lstﬂbﬂb”aeérb% ﬁgﬁﬁﬂ[l@ %‘f’&fﬁ appgar,tojbg necessary.
{ th.th
[1141 g i R g#v:% detglgf\l g gi# ect gl? i gﬁ?ﬂggy{:ﬁg&‘ fn shery stabitity,

S are
withHﬁtUtﬁidu!é estf)értmmonmrenamrfetnpmhm at gadmbmmez er

is usually first mxed wth the al um num based

powder , ior to any s n|f| cant a et wee

al Mmrﬁﬁm‘eﬁnﬁeﬂe@w aboT S ARDGIE %%fr%? : Wﬂtléh uiilize the
orgamcngt%bqg?&oﬁt) Q\Qero&ib %clﬁ: %\!lég' mﬁh 'tlfe%n?%dﬁnts may be possible.

ess 0 nount, may al'so
For leRarhple] imhmoﬂthetlknmarylmgemu; a‘ddnnteé Itazgeltlgp) rapidly, then adverse

reacgg%an%%et%gﬁleshear char acterl st LI-E?P&L‘E&E gﬂga)(ttgd%e g%ntedor
minfhiZ8d TS heve? ngr&%eéﬁﬁﬁdqe Rofted 98l AdscBMor tHe dtcurrence of

any aqueous conponent, greatly increases the
suddendihciendey i fenperatureyapd/op vissbsayr v . [ 0031] The
remai ni ng portion of the coll oi dal S|I|ca IS then

s L0y L P b o

in tROAR. TRSLRASSSN Hetshﬁiﬂiéstpﬁniéﬁ jairited, Rlipedyeprayddo poﬁed rolled or
period of tine, g} up to about 24 hours or npr
T

spupicpated votcetiid icoafingh ﬁéamplm Bpraywepingisiofien ﬂt%eém&qfrwq to apply
the \é\f% tﬁ)gm%%]{eh CS)??,PG :pg%ﬁ.? N %ngﬁft%tgtg@ %&r?gﬁaﬁ e readﬂy adjusted

" for Waeyife GRsanasuht o'ffm;aﬁl &dtiibt extdi Epﬁaymgmqmpmt is well-
eterm ne the effect of the wltin

knoserot (16 3t APY FDRSY BCPE REISINEI SRORELbS BH appige Hanual or
autﬁtﬁgpeg agr r%i rg&gecl:sﬁ?g&gﬁa%dg@?aﬁ -Yﬁ models, and {2032 Adjustments

[ I's “appl 1 cabl’e for

in Vakidus smy\gtm sétting (eigz efot presairg and slusyablune}ean readily be made to
However, ot her technl ques f.or m xij, the ingredients

B@eﬁkﬁa’oﬂpé"l £ SRUITYSSREAHiRE opgraly ‘P‘tg of the primary

ingredients are m xed together rapidly, then adverse
rea GSgi e;{l WRE Qait I'B% @gﬂgﬂl R4 BrieORPEN @R tin aREltipleclayers. Multiple
col I ca coul d be prevented or mnimzed.

laytisvamag rsontetimes rtecregpirsh b delives therdesised @mpenly of pyginym to the
for e occu ence of sudden_increa

congingy b eries G apgrs s Shed, 8 PER st RERE R e b BREAR théh Tayer is

' e@;&l——:a 6@ dRelbhfe AQRSVaNBT Bi¢ Vol¥Fei inpotnts o iRy dues. After the full

nown In the art. The slurry can be slip-cast,

tlnt:knﬁsh of thensletty huis hoenl apslmday@caddptmab @ptippal |heat treptment may be
oat onto the
ocS5f 2O g pRoss TR EmAtia Dhe SHANR: Hiventy and yater. The hea
§ﬂlﬁ€n"t Yohditidhd Wwill 8Epehl e Fﬁ oithé tiehity dﬂ‘lﬁe Vbl‘aﬁhsaomponénts in the
the slurry can be readily adjusted for spraying, by
varying the amount of liquid carrier used. Spraying
equi pnent is well-known in the art. Any spray gun for
pai nti ng shoul d be suitable, ¢ncluding manual or
aut omat ed spray gun nodels, dlir-spray and gravity-fed
nodel s, and the |ike. Adjustnents in various spray
gun settings (e.g., for pressure and slurry vol une)
can readily be made to satisfy the needs of a
specific slurry-spraying operation.




[0034] The slurry can be applied as one |ayer, or in

multiple layers. Multiple |layers nay sonetines be

required to deliver the desired anount of alum numto

the coating. If a series of layers is used, a heat

treatment can be perfornmed after each layer is

deposited, to accelerate renoval of the volatile
slur@@lmﬂﬁﬁﬁﬁrﬁa:ﬁfhéaﬁﬁg gl -is Abbi 5thRuted!th dHBLEPE $8inties, at a

the slurry has been applied, an additional, optional
tempgraturg metierrenge phpbow $8r¢i e abant 2000 G. Jsaniger heatingviémes can

i mat er i al ke on anic. solvents and water.

mﬂ'\é’%ﬁ%eeégfloﬁegg?a%t ~c ’ﬁﬂ?’ﬁsoﬁ’%d WeF Vd%pend in part on
the identity of the volatile conponents in the

sl Jo035] The deied rshirey 36 e@thegd te Gl eRpetaturd ROfHcidt to diffuse the
m nutes to about 120 m nutes, at a tenperature in the

alurpigReink EtASSB OO (e ORITED (-4, intoollgamiFrogufase, or some
porld RS2 TR TBERSANFo [RUHARE, BEEL B RIPSLE AP epend on

and Vi ce versa. edrie
varibesafaetbrd, inctudiggIike abmpesitiont b dieegiiatih@ afd tHeuadstrdte; the specific
' al um numinto the_ desired portion of the coating, i

compositipp apd ijekness pf theslprrycand ghe deswred depth ofnenraeedaluminum

. - - | o
congipiGERERaNY e MR it Dl T LelaP e b6 650° C. 1o
- aboddPOSCL, math otlier tentbodnadritngtibirindg & emsardiater aftabout $00°-C. to about

i.fic conpaosition and thickness of the slurry; and )
9507 e ‘LHeSs (<ERPEERAICR 7 BB SroRE o FamRSTHY JRIoNE g organic
o L . o _ . i

e s HEosHE e A e B Lok Tl bl bR dfatment
can baiserticdent by any convenigns tachnipe a¢.gr; beaingdbantoveéNGiCa viaouum or
undabout 950 C. These tenperatures are also high enough
A edhetet el y renove any organi c conpounds which are
present, e.g., stabilizers |ike glycerol. The
di frbosd] Thehiid rehtiad fiRMhe GiFTushR Heaf frédddeMUkilNep@AY on many of
convenj ent technique, e.g., heatlng in an ovenin a

the \f%qrarﬁegﬂriba@@bﬁvw_ ! rajlys the time wilbosagp m.aﬁomam miémtes to
abotit® § Yot %IF%{)%J% tgt'tl ngggégdm eggtqraetagg%ei eciregilr:%)@?eﬂs a very

on” many a SCrl abov
gentrabedaniple, hd temban@ee tosldbaheistd 80abtunese L. Kel@ bt fo? a period
hours. | n sone ipstances, @?@%r aduat ed heat treat nent
of timge, pad; thepner 1 §eps iyt dp 8505 fpiAdtematiyely, the temperature
Erafi@lyl .sed 5”@&9?@# - o, D .
cou%dﬁg@ gﬁl okr%a peri%d 0 (t%lhﬁlg ta enhlﬁggqsegas%de%n(é then raised
conSinapsly; @.gabfu€C. per BHOUE, toAtdaeh rateimpetapyretdfeabout 850° C. in 200
. temperature could initiglly be raised to a threshold
minpep Those, k190 1o thgseeneral axf 4o gndhoseayag qvork in the area of pack-
aturfRiSihEURHSHeY bl 18 seleds thre nRSK aFbidpi eﬁﬁ&:ﬁl i
i terrpe_éf)ature %f .abg?n(:e 850 C. iaRbZ Ogtren% lFes. Tt%seereglmen for a
giveskédating andhslutry. Gonprogesseast dosediopd, abolve sehighly affeckive im diffusing
ot i55S o s PR O DB SRR Bl i Ao coating as
des@ibe@nineRabdsNtheaAl cEhteht bf thBecdafifE SR @entHesC thi&dthe coating
above is highly effective in diffusing aldm numinto
remgvgile: exxias sperifie ortippige  Dloicksssithey advantageauslyntdpes hmot  interact

L - poor... coat i.n s.fdescribed i.ncregses. the - content
neg v o sl RGNS i SRy Badtio i a costs ar
reduceditindbthe seivick HRE6T LhmpSidritPd DRrREaL e ﬁtﬁﬁfainﬁ process to be
advant ageous| y does not interact negatively wth the

utilizeg withdhenevwks alsginumniatused cpafing igdethiledkbaloy. benefit ed
in that costs are reduced and the service |ife of
conmponents is increased. The stripping process to be
utilized with the newy alugynuminfused coating is
det ai | ed bel ow.




[0037] An aqueous conposition is enployed to

sel ectively strip the newy al um num i nfused coati ng
fromthe substrate. The aqgueous conposition for sone
enbodi nents i ncludes an acid having the fornul a _
H'AF6. In this formula, Ais selected fromthe group
consisting of Si, Ge, Ti, Zr, A, and Ga. The

su[msﬁl] lmn x?tiwualcmn@usitiop fiy @mplloyedfﬁ ﬁaadlvﬁlyr &trip the newly
c ram1.to 3. Materials of this type are

alungilin | Sapst costoBE e e PRI ﬁhep AGIERE SRR for some
embbdRShERALs ard ﬁblﬁl d¥ig %WH@% ﬁgpg.n&ﬂﬁh ‘%3m'ﬁ@§§5§% selected

or H2ZrF6 are uti nment s
froni the lganipl casistinghef $ia6ie; ’lﬁe rilr; Aheadd Gt ‘The sdbscriptIxeik arquedtlty from

I of | | d'
O T N T
or cLlQQ)% &F%ﬁ}%ﬁ? uh@ud @EOHAEI@ s@ﬁllf:dexﬁWnﬁérﬁ? fk‘:ftﬁdléZSﬁ?s or

use her ei n, precur sor ers to any compoun
HzZl:Es greoutplizs. dmnqib@m embaklingénts;aH,$i€¢ dondiilized! The flastrmentioned

) d| on AF6-2  or,_whigch can be =
magp i€ Pl hY sSvREL BEmes Ghoh oS B mfitr hifgapid", “fuorosiliic
acidr eadh¥efeeRdiicdcasdn. €. 9. the action of heat,

agitation, catalysts, and the like. Thus, for

exaé%le the acid can be formed in situ in a reaction
8] ?recursom@@,gifw@xfbﬁe apid mayr alse de, usede As used herein, a

"preg‘%g%rdéam Cc salt Wﬁ% %ﬁlgg 3f%ml nuondg vrr}gﬁl} 3% ?’% commbined to

fombtheradxd ONGR-didniort APg”, @t arfitiesan RotridRrmad irfo efe M ofN@s dianion
K, and_ NH+4 as wel | as organic salts, such as a

und%f&&%féwa cpnditipehicinthe petionspElicss agitation, eatalysts, aad ths like. Thus,
th f
for Gl SRLRIE thn e Bfindd f it e lficfl v, D7 VRS 6

Na2Si F6. [ 0040] Those skilled in the art are
f arfD03%4 rAsvertetilltdimtios cthefpreanme wrsberinetal s€t)we ihdr@anic salt, or

formatlono 6 wthin an, aqu uscnp03|t|on Far
an qrganie, palt g}cggﬁe Sranien §5, ¥ bound o/ limiting exampley, include
saltsocﬁf Ro, 3d, NGOR- £RNTAT DA WelE 2 SM Quéfﬁ as a quaternary ammonium

| uoti ne- contalnlng compound.” An exanp
salt. @ﬂsswﬁlou@iﬁ thei saltmip mnmpmonsl solstiGi i2lds tie zioaad én tlm«zmp bEH,SiFs,

a couren: Wit o B Bt RN o) [ 0041

When used as a si ngle aC|d the H'AF6 acid is

ef f[6640] VEnok® BkilledTiM| tRE drfBreC ARITIIRRIH RS b ot &Eﬂ)\bﬁnds which
wi t hout adver sel é affecting the substrate. Usual

'y,
causerthe fermatiopfof S¥BiB BRGNP S mmoonmea@ude H,SiFs can

S| nount
be %&%&) Iiesﬁgv ﬁl% fwé?ig?oca | oﬁﬁlo n—cﬁ'}%&g %SI” PO 'a%l _%uorme'
confaining Sbt’ﬁpcbmﬁit An &xunpily RF aOdilicon-containing compound is SiO;, while an

example of a fluorine-containing compound is hydrofluoric acid (i.e., aqueous hydrogen
fluoride).

[0041] When used as a single acid, the H;AF; acid is effective for removing the
coatings described above, without adversely affecting the substrate. Usually, the level of
acid employed will depend on various factors such as the composition and amount of

coating being removed, the location of the coating maierial on a substrate, the type of

11



substrate, the thermal history of the substrate and
coating (e.g., the level of interdiffusion), the
techni que by which the substrate is being exposed to
the treatnent conposition, the tine and tenperature
used for treatnent, and the stability of the acid in
sol uti on. [0042] In general, the H AF6 acid is

S ' Lk O t Y i Nuth
subefiefs e, Ephi® NGO AT, RIS Hod, cBatdyl .6 Mt Gevel of
intendéffusiagnthe toehniquet iy wiiidhathle \subdtinte ischehg iegpésed tibhghe treatment

range of about 0.2 Mto abqut 3.5 M In_ the case qf .
comppsif 1he e agd SRR oA JOT K eaBmeRty a%@ersyf@gy@g the acid in
solufiput 0.2 Mto about 2.2 M The anmpbunts of H'AF6 acid

and of ot her conponents described bel ow can be

readi |y adjusted by observing the effect of
paf®0442) [ gercpatpthei H jAdis sicidris poaéentny theemmeatks dompositior at a level

in tEARES AT hout .05 M Robant S, Mookl sspreacat molanty. Ukually, the
leveRGélizh 1108 thod BE abBltd BB Wi t8CiWdut H.\M: Id Re Yk gg HREF,, the

addi tional acid sonetimes enhances the renoval
conesotretioryisfofiemin desangreizbobt @2 M ¢msbaft 2120, The stounte of HyAFs

.Jthat .are prone t epl et | of the acidic.solution. .
ecidy . o5 s oSO R Sekpied BAlgR robrkh Rty Seifged by Rbggrving the
effett@Fpattitalir 3b@Pbsiflers docoRAL reddval fromthObltRtrate.

enbodi nents, the additional acid has a pH which is
l ess than the pH (in pure water) of the primary acid, = .
i . $9043] Hhe aanems popmopition M3y contain at leastonsadditional acid, i.e., in

a5 PR 0 BB GBS e rances

the ashelal rofycoating Samn dssst feesaille tareRadf Bhei shbsteatg . thataare prone to
m'_nergl ac%% or_an organic acid. Non-limting, .
deplgtion gt the acidic sqlItioRo Ehsases embediments; the additiqngl acid has a pH of
. . : oL L Cafl . .
Tess ] HE 208 1l pufl WROE NG GEbGHmBIE! ' MBI RaPEGE has o pi
whigheisclebsothian the pH, (ip paspivatedust the iptimaph asidhi.al theaHj Al material.
al.kyl sulfonig¢. acjds, (e.qg,, .methanesul fonic id),
Thusyig e G5 PEL:SF odhs aitory neig o e 24 pf Jhan about
13.in the art can select the nost appropriate additional
aci d, based on observed effectiveness and ot her
factors, such as availability, conpatibility with the
pr ilAG44] Variaus typsstof agids meaw be vedmastthe addihonal ecisk €@yt mineral
.Mdreover. .a pr rsor .of the acid be used (e.g. .. . .
acid B 58 SHbani€ i Mo B, 2SS dpelile, BRospROte, afid? mitric acid
sulfidi¢ Bidy hg@todhiorit SAAEhRIFGOELNE RS, Bfdrbbiotnit iR thydfodic acid,
the additional acid is selected fromthe

C om the group_ .|
aceticoprid. rerdhdots agidaerphareusadidi phasnhinie agid gl,kylswfomq geids (e.g.,
¢ LOLic aci . . .
et S AR, o i of B e HEAIE Tobng Ml i he st can
seletththepmosteappraptiate kdditiddil 6)d, Habel onl dbbéroadhkffecivdnesyand other
be phgsphor,i cb,aci d. e ) . . .
factors, such as availability, compatibility with the primary acid, cost, and environmental
considerations. Moreover, a precursor of the acid may be used (e.g., a salt), as described
above in reference to the primary acid. In some embodiments of this invention, the
additional acid is selected from the group consisting of phosphoric acid, nitric acid,

sulfuric acid, hydrochloric acid, hydrofluoric acid, and mixtures thereof. In other
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[ 0045] The anmpbunt of additional acid enployed wll

depend on the identity of the primary acid, and on

many of the factors set forth above. Usually, the

additional acid is present in the conposition at a

| evel of about 0.1 Mto about 20 M In sone

enbodi nents (e.g., in the case of phosphoric acid),

n [ 0 t t

b ke SO add B SROUD Maione acid iy be
phospboric atida | evel of about 2 Mto about 4 M Longer

treatnment tines and/or higher treatnent tenperatures

Vo] QEATRER &l s iRhactd Seabloyed i fadpngin 6 identy of he
prmﬂ?fj 8id) 4R 61{‘1% of ﬂ%pﬁﬁt%i%r ée@tf&ﬂll giVe. URhally)he addmonal acid is

i t-i onal aC| The aqueous conposition
Presmtyn iﬂWCQOUH@SWlan |aba| devel hfaaboatj giltvie sbauit 20 M shr spenecembodiments

: varl ons n1t|ng exa f these
(e Yo' of BRFRAGE pePl hairahes BIAPE SR .o o about 5 M.

Furtﬁétﬁioaé Idtﬂermadﬁneﬂmﬁdlm %edﬂlﬂﬁnonﬁleidz& Gf ullé&tl %f about 2 M to
stabili zers, anti - settling ﬁents and anti -foam

abow devf bongen geatmsnt Gmgs mi/ or kigh¢n treatmentt deraparatares may compensate

h ci fii f such, addi.tive and.
for 1088 183t 0 SEREGab ofie YEF o rpeBlERis b B Ry §igg out to
deteirhinic bhd mbstfa@probhﬁtdlw(f&l thé additiénaA atidl ati vel y weak
acid |i ke acetic acid, nentioned above. Such a
naiﬁ&#ﬁ. tends to Iomer t he act|V|ty of the primry
i Thg @9ueoms Gemppefion maydnslydeyerious ether pddigigesswhich serve
LSt a 0 ttin
2 Vil o0F Bpotford, NORUEREL BEBIRORENEY AiffivEl drk Mhbibitors
dispmaﬂtsu syofastanta)clixtatingeapents, m&aig amwéﬂMamI ktabilicers, anti-

ueous ¢ tion. For_exa the article can_be
settlii: AEeHE oﬁ%‘f‘g“ tTFim%gP ﬁlflﬁdﬂ the, gt gge familiar with
specYﬁé ’fy‘ﬁh@ of MRE %,d&’iftlvéé) fafidl vﬂﬂf’éﬁ‘ecﬁvé ﬂ%is%o?ﬁ{eﬁ%sg u{lg %géﬂnﬂle of an

be énpl oyed. Alternatively, 't ne guns co
inhibigagfor thecconipesitichiis h ecletvdly V\mak scid| Memeﬁe acitd, nhnmrg:ti above,

el Spaterl s i r o S iy s PRary i riGé FamBostyion. This i
desifd®ie 95 isbm@ nSiAkited, @% p@uﬂ&q’e&%ei p&ﬁﬁhﬁrfdrcﬁﬁ]ﬁgaafj the substrate

conti nuously recircul at ed) [0048] I'n so
surfegebodi ments, the article is imersed in a bath of t he
aqueous conmposi tion. Inrersion in this nanner (in any

I rm,t es
coRPEt VERRE shoifial B Beh BT ohe HracEnete 60 agueous
compc)ﬂtlbmg? omlxﬁhpie$ theeirtigle caBY anhﬂd‘&ﬁ&%?fﬂire& hwEh €8 @omposition,
bath tenperature will depend on man the factors

using YapPIHYReHoPELY %@Méﬁl@%@rwg@ i baemplpysd Ngernauvely,
el S S AR, 64 hd ARELIRY 108 ol Dbl et o

gumt Enrpﬂlllaplerlmes %t@ﬂl s) ﬁngmt%ér Afemakive emﬁbﬁmimd rtﬁﬁ Go#tirigoremoval
aut 10 ilet substrate is i mersed therein.
compﬂﬂ PR s?‘ﬁéﬁs@a}wﬁérﬂvgr %ﬁa&ércgfnaww Rer P Ned
in the range of about 45 C. to about 90 C ~The
| MTBOAE]IAR dohi¥LerABYdiRAY, BRNEHIRS R gﬂdﬁy@f {hé aqueous
intherange of about 10 minutes to .about n% hours,
comgasition. lsunersiontio dhivemdreer (in eny djyeust \aesmmﬁd:mpamistthe greatest

doges, ol Sirki SR B, FUoUncOBPORIUNB LA PR SHALHE Waich is being
remb@$d. Adr@érsiof A€ tan@f bdth eceﬁ?é;tahﬁs WY @Pend e&hmaﬂ eof the factors

nmenti oned above), the substrate is typically ri
in water, which also may contai n ot her conventlona
addi tives, such as a mettinq3agent.




[ 0049] One enbodi nent includes an el ectrochem ca
stripping systemto accelerate renoval of the coating
fromthe substrate. FIG 1 schematically illustrates
such a system 10, which includes an el ectrolyte bath
receptacle 12. The bath contains electrolyte 14,

e.g., an aqueous conposition of H AF6, along with qQ )

descrbechabouench Aethe tyRs OlRagiipE PESE d@@%qubéféA 36ideE P‘g}&s being
_,The, e ty0l Vit e '

used 7 ipE B (el o Yok A RARKAGLE of €1cnid A 0 o8 of dbout
roont Rémpaitirec @MsueM06° CThehild dpe substiate dp dnintersedf theteen. In other

receptacle 12 may vary according to the appljcatiqgn,
embedinjentsgthgdempraatue ispaigiamerbini the HMuge g st dst Eniq @’%9‘)" C.

aceo : ] L Yi f about 10
The JERTIRL Ak bAF Y oBAUEALRE BuE o6 Bl hOnT dand Bt abou
minkte€ kdigesit F2 Homds tandrie sehecémbatiimemspireineatont demur 16 about 20

and 18, are depicted in FIG 1. The nunber  of
hours| EepgsJEEnAFIPR tWHES Flﬂd’eﬁ@ﬁa?%teoﬁ)fdaﬁ% S?&ﬂ‘f teqmsragures. After

| shiRe b Sy RlcRS tioned

rem%%dé%tﬂgg’gﬁn eﬁgriio e, 6&;%1%%%3%% éﬁ forsf)reoclz Wit h Ig?}n o
aboaf)) tiep isilastrateg &0 pticallst Iratsed sinc wratergwhich tatsod imayc contain  other

eIectrég&L fiel%s to surfaces of a coated article 20.
convigaiond] @ddifigess SUChs 3 HCHIRE 38ty ener al |y non- consumabl e

and remain intact throughout the electrochem cal

St Th(YY) ThePleffiR8fnent includdd028] elaRodichiicd] e st@iPpinghisgitem to

isto be stripped by the electrochem cal stnjpﬁépg :
accelgratearmovsl of thedioghing Gl thetsubstrate S ok perempticatlysiilustrates such

ti 20. i s. at .l t i al i .
o L FReb SphrbE 18, sBREIR, CRISHES A A0Sl contins
clecBblt& 18, 20, af dusRRSREnfRitREsS HILF S abwig witk wnttrandre of the
18,” and positioned so that an electric field can be

b
othes additiviess feseribrsh prewinusiye Tay elecolytesbatlprachpfadly 12y formed of any
.56l d t f [
BRSSPl b R 8, T oo ot
cap@iBust theStikctpradien iraysudrpesgerdidy tes tlef aplivation,t asclong as the

20 and el ectrodes 16 and 18. If a portiop 22.of th
recepiadie | 2 isRped ol Ascammedais it flogirodes g lssirofe 14. The

P : : Sl . DT
RN 8 S P s o, T
electdoddes, nBd |18, atehidspiptedt inoF1Q2 1c The bmngiey sifceledtyodes will vary,
masked so.as to shield the electric fi.eld. .A further
depgading AR YAIRS faSlo, a1 DS SR GG e oF g?“r*l“&iﬁs 5ipgweated. Each
eledtiaR, PPhld PO igfbrmfe@rwﬁi( i BbfropRiicERGbiY Bkt E@&mﬁzgéned to direct

ocations of electrodes 16 and 18.” The portions
eledttict] falds th sutfaces lof atooatedeamiicia 20y The elepipedss dAcad d Siase generally

subnerged in the electrolvyie . 9] .
nongigdals apd o GHAS pothie{fe degtrachghital HiphnB Bt6ess.
el ectrochem cal stripping system The power supply 24
i's W8] The ditiche R0.CWhichNs tol69 striphédbf thevelectrodtgmiivad estripping
capability. It is often operated in the conitant

systeon 4 isadisprsedin Psveecerfaplpl 12- Theagtigle 28 is 3 least patially covered

.connect i o tQ g I i8led betw
iR FE bioff e B8 ol el escitber Rei G THE AP0 1igRed between
theN€le@tdaes Toednll 18 andbotifiengdee rthatugpklec?ié. fidldecan be established

stripping of the coating fromarticle 20 conprises

betwieen decaleqtorps d 6and, aand thy srlectediorated Suipess of fifearticle 20. The
elegtlrcgger ?{nl}é tliveted & 'eq*ﬁc% 2196 hodts hikiBichlo RBfherge parts of
ander € action of the electric current, the coating
is stripped fromthe article 20. [ 0052] Vari ous
paraneters define the stripping characteristics for
thi s enbodi nent. These paranmiters influence the rate
of material renoval and thus, the efficiency of the
stripping process. Non-limting, exenplary paraneters
are: electrode geonetry, power supply voltage or
current (dependent on paraneters being controlled),
el ectrol yte concentrations, solvent conposition, use




[0053] The stripping paraneters may vary over
oper ati onal ranges. For exanple, a DC power supply 24
voltage nmay vary froma trace voltage (the term
~"trace" nmeans a small but measurabl e val ue) to about
30V. The electrical current is sometinmes pul sed, to
al l ow charged ionic byproducts to | eave the el ectrode .
the altalen2Gand bleytesdes IdoandyES. If ppostan Zooktheapiitle 281 ¢-8r ajdpvetail
not critical for this enbodinent. .The .di stance
SectigRp e AMFPIRH EPTBPAACE: oSOl AP ING s ROl atay bp ket bove
| | j i ik POHRRA cafh- be phiysikallPmabked so
e D b R e e
as tot shighé tet elearioffieldhed dirther eliepatve i toaniniizgdhe elgrimiedield over

. up to abqut 100.C. In ne di pent s,
tis HGR 2 Fcemearpl ot BB ARG (P AbOth S6ioEiodss 6 #d 18. The
ponig%% %0 gﬁt&%ﬁé B 'eléc%cﬁce%xﬁﬁﬁlﬁtsﬁ{gged ameeld e fgubfilerged in the

to about 30 C [ 0055] The stri pping
electrolpe 1@di . e., the inmrersion time within the

el ectrolyte) may vary considerably. Factors which

in e _the sel ect,.on. of: i [ :
LA RV LY ctorhisfi A SLRic, Bb, ) R clecioghomical
e WobtemaThe ?wa Gty R4 GE usellyditresi tytren0C), with a switching-
hi'ckness. - The el ectrochem cal stripping ti
mode mepaulsy. 1 StpAngRIataE . e, caprant ROLIER! BEYE: hryker supply 24
Usual | v, e ] W\ r f h.ouU
el of b e, 898,0 SOTOURL Uy BN o 15 The
elecFodst16%nt q 8ake ubniibcidus the negativaerminhsrofiths pewerespply 24. The

e St B0 St B8 e v e
couB T By P05 i e son of

electy doB@n® themwiatihg iy strippeal froxh Kweyaticlo?0. whi ch may al so
i ncl ude sonme non-netallic conmponents. Non-limting

exanpl of metallic materials, are those ich . . :

co r[‘Bn&Qj é‘[aé'{o“f" e RAFARE S| ‘gﬁ'@‘ﬁ't %Ee'e | ECPREE ¢ %%%Cgegs%?so ufSr this
emboBiRdm! ThéeCharhiritrs ofiRhte the ¢kl of Matéfial¥éoval and thus, the

chromum titanium and m xtures which include any of

effitibiecyf of ghgoitnppibg. grogess.Nan-diouiting,eexeplary parameters are: electrode
geometry, power supply voltage or current (dependent on parameters being controlled),
electrolyte concentrations, solvent composition, use of agitation, processing  time,
distance between the article 20 and electrodes 16 and 18, and temperature of the
electrolyte 14. Those who are familiar with electrochemical machining techniques would

be familiar with many of the stripping parameters which relate to this embodiment.

[0053] The stripping parameters may vary over operational ranges. For example,
a DC power supply 24 voltage may vary from- a trace voltage (the term "trace" means a
small but measurable value) to about 30V. The electrical current is sometimes pulsed, to
allow charged ionic byproducts to leave the electrode boundary layers. However, pulsed
power application is not critical for this embodiment. The distance between the article 20
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[0057] Very often, the netallic material is a
superal l oy. Such materials are known for

hi gh-tenperature performance, in ternms of tensile
strength, creep resistance, oxidation resistance, and
corrosion resistance. The superalloy is typically

ni ckel -, cobalt-, or iron-based, although nickel- and

and tekictrob@sErardl 19ypicall viraoinerahgd frinboRed | YRdRSS cm) to

applications. The base el enment, typically nickel or
350‘%&8@@1?5 {294 em)-single greatest elenent in the
superal l oy by weight. Illustrative nickel -base
su ' e I % Ni.. . | o
anlPUsP B SerhiMeantitorabe RBabAT P Lar®he bl JF) ot 100
C. Infom® babbdinehtspthe dempahturé SuidintaiikdHetow abdilt WOUENA in other
titanium and iron. Il]lustrative cobalt-base

embediments) ihs yemperaiurianss 15| Eom abal SU L. ome3BiC.wei ght

and at | east one component fromthe group consisting

of rdy ' n '

afanbane SRR, il (i SlimelS G Hin 1S MRetle) mey
varyconsidgrabbt Factosf which afdenat ¢havsglecrian yof\andppyoprids: tme inciude

eneral illustration, the supstrate may be in the ]
the P Gon of i ahaE BoneampRcty 3 WEUGRIB BFIosgotas, density, and
thickeb) VAL ClebtpdbhbrdRQR Isthipiis i Shay! hePBRNY vﬁ@ﬂ%&e QbsSsity and
_ superal loy substrates are in the formof a corfbustor

thicker peatings.ddsvally the ticermell] ragppe fronsaboot 1 aiindteité sbout 36 hours, and

. Al rfoilse includi .bucket s, or, bl.ades,. and nozzl es or
in Qi efsess from] pgild NS R Bl R AROEY dn SPme by Miiahocs, the
immeRERN t6the & ih ehSrapEb MGG 1@ ikilites loHeRH I Réurs. The

invention is useful for renoving coatings fromthe

flat areas of substrates, as well as fromcurved or

i r FQO5G1 Hlsually: ithe sabsitecis araetalle imaterialn dsrmsed iberein, "metallic”
| . . ! .
rofef}db sQh AN 2Rl pBLAS o8l of FlelalbE AR AOPOBEP Which may

e the inven has”been descr |

also frudecdoixmont-hbtaliitl onspoheits | eh-fitiher exaimpleaefdhBitit Snaterials
|t shoul d be readil ¥ understood that the invention is __
are theyte Wiiep cmIDF atleast ape emsBtSarRRsTom iiRes gropp cpRsisting of iron,
. . | [ (0] .
cobel SHABY S Mot MecRFiulE U B, uBe RRRCHALE, Bde any of the
foregmjug (g esthinbass steejerent s not her et of ore descri bed, but
whi ch are commensurate with the spirit and scope of

t he. i tiop. dit] [1y,. whil [ . :
o S OB eiinela D prbialia e vpalionh Stk matsgials are known
for High-iePnRPatiRqRIBhRAtte! IAera® PeEhslcQtrehS8, LrB¥PRkisRRcd BKidation

_include only some of the described enbodi ments. ]
resistaneer afidregirspsiontresistanesn (The isuperalioy ist typiselly aiskelascobalt-, or iron-

bascy AbEp hiokdE b R8P4 AhIR 4B efdiior eihppptprmance

applications. The base element, typically nickel or cobalt, is the single greatest element in

the superalloy by weight. Illustrative nickel-base superalloys include at least about 40 %
Ni by weight, and at least one component from the group consisting of cobalt, chromium,
aluminum, tungsten, molybdenum, titanium, and iron. Hlustrative cobalt-base superalloys
include at least about 30% Co by weight, and at least one component from the group

consisting of nickel, chromium, tungsten, molybdenum, tantalum, manganese, carbon,

and iron.
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1. A nmethod of renoving an al um num contai ni ng

overlay coating froma substrate of a gas turbine

conmponent, the overlay coating having an al um num

content of |ess than 12% by wei ght and being highly

resistant to selective stripping, the nethod

conprising: renoving the conponent froma gas turbine

af {0958DWRE atiuah ceifigub@iotast hWibithte alf Adry avideliyoWsha general
.. of a protective alum na scale on an exposed outer :
illustgatiang dhe Bbstrate mayche inythe dorm 9§ 2 hovsawase Hgmdieni gpgkware), or a
printsl ' Grebd LI OB iy (Sl AMLAL SLUTION Tl dHS S in the

overlay coat1ng having an increased atum numrevel Tn
formabf b edgibustor Ginkl] combhdeedémey, esbfouds,ne hiffolleasRbils, including

al um num | evel being sufficient to render the

bucksts or lages; anduegles oevansy, aredynier) salsvisteshat apystripped according

o 5SS 4B TR L 85 U om e

flat avasnofisubysates i osdll afroinocuread ve irtdyrlan lsuifhddy whicH tmgdnclude
over |l a%/] ﬁoati ng fromthe substrate, .the aqueous
14

indeptaHpRrss POHOH TegRnsueR Brjesie-o-ialsy cophigediplesh acid havi ng

the formula 11"AF6, and precursors to said acid, A
WhilRehe ShvasliGEhRbebh A8cHBED B @Rl fPRRh&ltoR wvig ox%q a liffited

Ti, Zr, A, and @, and x being 1 to 6. 2. e
numbest ¢f@himd_im¢mtk, nigshovlddieaieadily uwlvestaidrthattbe impentidn is not limited
to subh (i Abd bibadinyRR! ?{alti%x,' the invention can be modified to incorporate any
number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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3. The nethod according to claim1, wherein the
conmponent is not installed on a gas turbine after the
di ffusing step and before the contacting step. 4.
The net hod according to claim2, wherein the
superal l oy is nickel -based or cobalt-based sup
eralloy. 5. The method according to claim3, further
CLA?ﬁgpr|S|ng after the contacting step and renoval of
al um num i nfused overlay coating, depositing a
second Al - poor overlay coatlng on the substrate of

onent t
1 A gt Bt g S BB oy DBIARRR AGAaL T a gos
turblﬁfreﬁﬁ;sbnéhr e @k erliyasontyg todigd a]galumnhumc;:tontenbof less than 12% by

al umi num i nf used over |
weight andli bsingdghdy *éqS}sgyt @osgf i O%‘lpplgg, Ue metgoé l‘ﬁpr?snng
removing the component from a gas turbine after operation of the gas turbine and after

growth of a protective alumina scale on an exposed outer surface of the overlay coating;

diffusing aluminum into the overlay coating to form an aluminum-infused overlay coating
having an increased aluminum level in at least an outer surfice thereof, the increased

aluminum level being sufficient to render the aluminum-infused overlay coating removable

by selective stripping; and then

contacting the outer surface of the aluminum-infused overlay coating with an aqueous
composition to remove the aluminum-infused overlay coatmg from the substrate, the aqueous
composition including at least one of an acid having the formula HyAFs, and precursors to

said acid, A being selected from the group consisting of Si, Ge, Ti, Zr, Al, and Ga, and X
being 1to 6.

2. The method according to claim 1, wherein the metallic material is a superalloy.

3. The method according to claim 1, wherein the component is not installed on a gas turbine

after the diffusing step and before the contacting step.

4. The method according to claim 2, wherein the superalloy is nickel-based or cobalt-based

superalioy.
5. The method according to claim 3, further comprising:

after the contacting step and removal of the aluminum-infused overlay coating, depositing a

second Al-poor overlay coating on the substrate of the.component; and then

installing the component on a gas turbine so that the component is protected by the second

Al-poor overlay coating and not the aluminum-infused overlay coating or a diffusion-

aluminided overlay coating.
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METHOD FOR SELECTI VELY REMOVI NG COATI NGS FROM METAL
SUBSTRATES ABSTRACT - Disclosed is a nethod for
‘'sel ectively renmoving a coating froma substrate.

Alum numis diffused into the coating. The coating is
contacted with an aqueous conposition includin '

at
| QETHONEFOR SELRGTEVHRY RREMONANGE A ANGSFR OV NETAL
precursors to the acid, I@fﬁi R el ected fromthe
group consisting of Si ,S T, Zr, A, and Ga, and x
being 1-6. The coating being renoved is often an
Mcr Al (X) material. The substrate is a nmetal, usually

ABSTRAQEr al | oy. (Figure 1)

Disclosed is a method for selectively removing a coating from a substrate.
Aluminum is diffused into the coating. The coating is contacted with an aqueous
composition including at least one of an acid having the formula H;AFe, and precursors
to the acid, A being selected from the group consisting of Si, Ge, Ti, Zr, Al, and Ga, and
x being 1-6. The coating being removed is often an McrAl(X) material. The substrate is a
metal, usually a superalioy.

(Figure 1)
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