METHOD FOR REMOVI NG ALUM NI DE COATI NG FROM METAL SUBSTRATE AND TURBI NE
ENG NE PART SO TREATED BACKGROUND OF THE | NVENTION This invention rel ates
to a method for renoving an alum nide coating froma netal - based
substrate. Mdre particularly, the invention is directed to a nethod for
selectively renmoving an al um nide coating by using a stripping conposition
to degrade the coating and then renpving it w thout damagi ng the
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thereof, and X is an el enent selected fromthe group consisting of Y, Ta,

Si, Hf, pertionzfwigch igs heee sdlesthicharemevsd by drecabbve miettiodsi on coatings are

formed by depositing constituent conponents of the coating, and reacting
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to oxidative conditions. For exanple, coatings on turbine airfoils are
t ypi cal | Wgﬁ@é@t@@et}boflextreme operating conditions. Such parts are usually covered
with coatings to protect them from environmental degradation, including the adverse
effects of corrosion and oxidation. Coatings used on components in gas turbine hot
sections, such as blades, nozzles, combustors, turbine shrouds and fransition pieces,

generally belong to one of two classes: diffusion coatings or overlay coatings.

Diffusion coatings are typically formed of aluminide-type alloys, such as nickel-
aluminide; a noble metal-aluminide such as platinum-aluminide; or nickel-platinum-
aluminide. Overlay coatings typically have the composition MCrAl(X), where M is
an element selected from the group consisting of Ni, Co, Fe, and combinations
thereof, and X is an element selected 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, and reacting those components with elements
from the underlying substrate, to form the coating by high temperature diffusion. In
contrast, overlay coatings are generally deposited intact, without reaction with the

underlying substrate.

During service, diffusion and overlay coatings are often exposed to oxidative

conditions. For example, coatings on turbine airfoils are typically subjected to
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oxidation in the hot gas path during normal operation. Under such
conditions, with tenperatures in the range of about 525-1150C, vari ous
oxi dative products are formed on the coatings. For exanple, alum num
oxi des and ot her netal oxides, including nickel oxide, cobalt oxide,
chrom um oxi de, and ot her base nmetal oxides, often form on sinple

al um ni de and pl ati num al um ni de coatings. Al um num oxi des, chrom um
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sol ut i on oxiskeprand vagous spineliaftenifaen an thecVEraXa-tepe egngsaust i c. Exanpl es of
such mneral acids are hydrochloric acid, sulfuric acid, and nitric acid.
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subst r at @oinpodiiens ki Keah hived FIRIMSRE the condiier Usally! iHeNoxigd hdatdials f or
renoving the coating material itself. In current practice, the alum nide
mat er i al saust be semevedshafprshel coatings (cae betpstadayidh Bie sixippivgreompesifigri ous
acids or | i f ' . hlari i.d,_-pitric-acid, and
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vari ous sften [Havedhees orgpRsed ifons dxtdrhalopetond of curbinsreosipongys hy grit
conpositions do not renove sufficient anounts of the al um nide material.
Ct her cof84P&i ons that renpve the aluninides also attack the base netal

of the substrate, pitting the base netal or danmaging the netal via
i nt er gr aftespatiyely, prbingcampprends have sometimesdegn tepptedia agrapdderemayal er i al s)

at t ack. t 1l poi [ L at es,
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Oper at i omiatral tabids eart ciydesdchlaticescid agulfurinmatid, iand rdaiedcidt t dbk @@ustihie base

nmetal and requij.r . .
S0 ut1¥ns usﬂmhy ?nclude sodium hydroxide, potassium hydroxide, or various molten

salts. Repeated treatments sometimes are used to remove the oxide. After removal of
the oxide is completed, the substrate is then typically immersed in another solution
suitable for removing the coating material itself. In current practice, the aluminide
materials are often stripped from the substrate by exposure to various acids or

combinations of acids, e.g., hydrochloric acid, nitric acid, and phosphoric acid.

There are some drawbacks associated with the use of the various stripping
compositions mentioned above. Some stripping compositions do not remove
sufficient amounts of the aluminide material. Other compositions that remove the
aluminides also attack the base metal of the substrate, pitting the base metal or
damaging the metal via intergranular or interdendritic (in the case of single crystal
materials) attack. Some stripping compositions are used at elevated temperatures,
e.g., above about 75°C to speed the reaction and removal of the coating. Operation at
these temperatures can promote increased attack of the base metal and may require

masking materials to protect selected portions of the metal part, e.g., airfoil internal
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masking materials to protect selected portions of the netal part, e.g.,

airfoil internal 2 surfaces. Elevated tenperature processes al so increase
energy costs and potentially require additional safety precautions.
Airfoil internal surfaces are often filled with wax or plastic to protect

surfaces that do not require stripping. These materials nust be renoved
before using the part addi ng addi tional manuf acturi ng steps and cost.
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pr ocesseslamapertntieesupstedi¢ oF ady prosdcdps cbathog 1g1t|btemlg| lamtolverg froﬂnthb hadtalt hey can
be used to %Af ectively renove coating Erom i nt ernal gﬁrt i ons gf nmet al
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| NVENTI %t%ﬂm?ﬁ@ss@g%&%%awh@é h in@té? ﬂt@“FBPéﬁh@ﬁe @t@ldﬁh@%ufcpﬁoﬁﬁ! ectively
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the grit particles could block the internal passages.

It is thus apparent that new processes for removing aluminide coatings from metal
substrates would be welcome in the art. It would be desirable if the processes remove
substantially all of the aluminide coating, while not damaging the base metal.
Moreover, it would be desirable if the processes could be carried out at lower
temperatures to minimize or eliminate base metal attack. It would also be desirable if
the processes eliminate preliminary steps like grit-blasting, st; that they can be used to
effectively remove coatings from internal sections of metal parts without blocking

internal passages.
BRIEF DESCRIPTION OF THE INVENTION

In one aspect, this invention relates to a method for selectively removing an aluminide
coating from at least one surface of a metal-based substrate, comprising the following

steps:

(a) contacting the surface of the substrate with at least one stripping composition

comprising from about 20% to about 40% nitric acid, by weight of the composition, at



(a) contacting the surface of the substrate with at | east one stripping
conposition conprising fromabout 20%to about 40%nitric acid, by weight
of the conposition, at 3 a tenperature |ess than about 20C for at |east
about 2 hours to degrade the coating wthout damagi ng the substrate; and
(b) renoving the degraded coating w thout damaging the substrate. As used
herein, "selective renoval” of the alum nide coating refers to the renova
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steps: ( C t.i e face Qf the substrate with an aqueous sol ution
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In another aspect, this invention relates to a method for selectively removing an
aluminide coating from at least one infernal surface of a metal-based substrate,

comprising the following steps:

(a) contacting the surface of the substrate with an aqueous solution comprising from
about 10% to about 50%, by weight of the solution, of caustic at a temperature of
from about 60°C to about 100°C for from about 1 to about 4 hours;

(b) contacting the surface of the substrate with at least one stripping composition
comprising from about 20% to about 40% nitric acid, by weight of the composition, at
a temperature less than about 20°C for at least about 2 hours to degrade the coating
without damaging the substrate;

(¢) contacting the surface of the substrate with an aqueous solution comprising from
about 10% to about 50%, by weight of the solution, of caustic at a temperature of
from about 60°C to about 100°C for from about 20 minutes to about 2 hours;



from about 60C to about 100C for from about 20 m nutes to about 2 hours; 4
(d} contacting the surface of the substrate with at | east one stripping
conposition conprising fromabout 20%to about 40% nitric acid, by weight
of the composition, at a tenperature |ess than about 20C for at | east
about 2 hours to degrade the coating w thout damagi ng the substrate; and
(e) contacting the surface of the substrate with an aqueous sol ution
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sel ectively ace of the substrate using the above
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from abogngrﬂa%&oﬁo gmtggn%gatu‘imir%ngi%ﬁrsgbst%gwdegr ade the coating w thout
damagi ng.the substrate; .and.(b) renpvi t he degraded coatin i t hout
dammg! ng 8 AEoEeiBbrd: e iFYPrybe et i p WL E TR DG f MRS (o
met hod f Qibsi@R! A MGG cHafing GATRRES ddle$iHRdARez0R at REstAption 8ASt Oone
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r enovi ng vitheh etatimisiag deem agleettyehr mmavied fthe surfageiafghe mebsigtpesinget hods,
and then,[h IO;(JiGn 18, g7ew al um nide coating to the surface of the substrate.
Q her detailTs Fegarding the various enbodi nents of this invention are
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aluminide coating from at least one internal surface of a superalloy substrate,

comprising the following steps:

(a) contacting the surface of the substrate with at least one stripping composition
comprising from about 25% to about 35% nitric acid, by weight of the composition, at
a temperature of from about 0°C to about 15°C for from about 4 hours to about 10

houss to degrade the coating without damaging the substrate; and
(b) removing the degraded coating without damaging the substrate.

In yet another aspect, the invention relates to a method for replacing a worn or
damaged aluminide coating on at least one surface of a metal-based substrate,
comprising the steps of selectively removing the aluminide coating from the surface
using the above methods, and then applying a new aluminide coating to the surface of

the substrate.
Other details regarding the various embodiments of this invention are provided below.
DETAILED DESCRIPTION OF THE INVENTION

The above methods comprise the step of contacting the surface of the substrate with at

least one stripping composition comprising from about 20% to about 40% nitric acid,



| east one stripping conposition conprising fromabout 20%to about 40%
nitric acid, 5 by weight of the conposition, at a tenperature | ess than
about 20C for at |east about 2 hours to degrade the coating wthout
damagi ng the substrate. Wthin the above ranges, various stripping
conpositions and processing conditions can be used in the process of the

I nvention. The choice of a particular conposition or condition will depend

on various factors, such as the type of substrate, pe, of _alum nide
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described in various references, including U S. Patents 5,399,313 and

4, 116, 72%or argizen sipwmtion, astsbon tiedeachingyherginn dely, but it is often in the
formof a jet engine part, such as an airfoil conponent. As anot her
exanpl e, Theesubstiate ofithe presgnivievedtenpiastheranyeactaliic matdiidsel allopdimeallsor any

The: subs PRared iy o A crmenes Geibhsret: ‘RS ibartT RpPradgd o coat! no
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material is often a superalloy, typical fy ni ckel -, cobalt-, or iron-based,
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usual |y ichinide, atanh@fdnd mixtures thereof (e.g., stainless steel).

Often, the substrate is a heat-resistant alloy, e.g., a nickel-based material or cobalt-
based material. Such materials are described in various references, including U.S.
Patents 5,399,313 and 4,116,723. The type of substrate can vary widely, but it is
often in the form of a jet engine part, such as an airfoil component. As another
example, the substrate may be the piston head of a diesel engine, or any other
substrate requiring a heat-resistant or oxidation-resistant coating. The substrate may
also be in the form of a houseware item {e.g., cookware), or other industrial hardware

or equipment.

The metallic material is often a superalloy, typically nickel-, cobalt-, or iron-based,
although nickel- and cobalt-based alloys are favored for high-performance
applications. The base element, typically nickel or cobalt, is the single greatest
element in the superalloy by weight. Nickel-based superalloys usually include at least
about 40% Ni, and at least one component selected from the group consisting of
cobalt, chromium, aluminum, tungsten, molybdenum, titanium, and iron. Examples

of nickel-base superalloys are designed by the trade names Inconel®, Nimonic®, and
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about 40% Ni, and at |east one conponent selected fromthe group consisting
of cobalt, chrom um alum num tungsten, nolybdenum titanium and iron.
Exanpl es of nickel -base superal |l oys are designed by the trade nanes

I nconel (r), Ninmonic(r), and 6 Rene, and include directionally solidified
and single crystal superalloys. Cobalt- based superalloys usually include
at | east about 30% Co, and at |east one conponent fromthe group

consi st of. nickel., . chromu al.um num . t.ungste nol yhdenu i tani um
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t hi ckness of the coating will depend on a variety of factors. These include
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has a thicknessS in roma few mtrohs to abou ni crons,
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The strippi. conpposition_ _of the present invention conprises. frqm about 20%
to aboutVaigvsen e cr‘g?wfllrlaﬁstgt?é&p tﬁégﬂf&%aeﬁgfe&*_(gmtqﬁ&m PEART y from
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The thickness of the coating will depend on a variety of factors. These include the

length of service time for the component, its thermal history, and the particular
composition of the coating and substrate. Usually the coating has a thickness in the
range of from a few microns to about 150 microns, and most often in the range of

from about 25 microns to about 75 microns.

The stripping composition of the present invention comprises from about 20% to
about 40%, typically from about 25% to about 35%, more typically from about 28%
to about 32%, by weight of the composition, of nitric acid. This relatively high
concentration of nitric acid often causes less base metal attack than lower
concentrations of nitric acid. The balance of the stripping composition typically is a
suitable solvent, such as water, although minor amounts of other acids and additives
as described below may be included in the composition. Inorganic acids, such as
hydrochloric acid and sulfuric acids, and aliphatic and aromatic acids useful herein

are disclosed in U, S. Patent 5,976,265, Sangeeta et al.



sui tabl e solvent, such as water, although m nor anmounts of other acids and
additives as described below may be included in the conposition. |norganic
acids, such as hydrochloric acid and sulfuric acids, and aliphatic and
aromatic acids useful herein are disclosed in U S. Patent 5,976, 265,
Sangeeta et al. 7 The stripping conposition of the present invention may

I ncl ude various other additives that serve a variety of functions.

Non-1im tjng exanples of these additives are solvents, inhibitors,

di sper s arhe, SERAPIPECFURRASItiof, 8F AF nRyeseRE Jruchtig, Bk ogijin @rot G cul ant s,
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anti-foam agents. Those of ordinary skill in the ar? are famliar with such
addi ti veste selnentsi inhitdfors cdibpessantsy sigfadtants,t tlelatings agentsn vesttingiagents,

enbodi nent a r .c solvent may be used. to reduce .the activity and
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solvent will often differ from the interaction between the acid and a

sol vent laht withestleetiye fpvels Eartbeinatd on of nitric acid and the organic

sol vent may renove substantially all of the alum nide coating nmaterial

wi t hout dulwertaelentmidineertts, ey origenis sbbentimey basused dol révkiceitig actaityi andt y"

general | refers to,.a nmeasur.enmept, of .the reacti.vit f the acid.toward the
dubet r at st b V@tiRg) BRRHTGE oL daf migpefif gl Bt  SRFERE LSt rate.

Exanpl es chémRaiattrictabétded anhickhandeNgfddddaboiBRlvehiRill SfdH digeefbm for this
class of stripping conpositions are aliphatic al cohols, aromatic_ al cohol s,

chl or i nathsiintgracsion| betwedacthe aeid andia golvent hke adtesd| Tmeambinationgefatric

hydr ocar I - [ e [ i | h ik T ene,
chi or i natcd FOEE Pt b aicita Rt anRlY o BRbURNNE of Wi uRullll WPREE D,
Spﬁci f : c nmtgm_b lndthoof a@b}‘sﬁh}a&ff@tiﬁg t}mm;)balraue; ﬁ{su.isedil ﬁemiti)m "ajtie(ijtgr\'egénmlﬂlly,

et hanol , i sopr opanol . tures o cohp| s may be used as_ wel|.
Speci fi c relgRdRR Bsasrens r?g![tﬁ%“’éPEH%Pgﬂ’&raél Hare hoamsteain apdion sy
phenol s. alm‘ﬁniﬁ%%o%ngﬁrﬁ Bdvel SonlBY sAsgAs onal Iy result in slight

pitting, or In a snma nmount of corrosion of the substrate, which is

Cvpi cal | ™ . C L A
efors t S EERL I ok Bkt il Sl e AP Pl Boyirclnl P VEERRCET ot e,
usual |y IseipinghammBiticns arenaliphatis alcohdllyi edmaiisal clnld, ehloriaated akiobolsand

ketones, nifrile-based solvents, nitrated hydrocarbon solvents, nitrated aromatic

solvents such as nitrobenzene, chlorinated hydrocarbons, amines, and mixtures of any
of the foregoing. Specific examples of aliphatic alcohols useful herein are methanol,
cthanol, and isopropanol. Mixtures of alcohols may be used as well. Specific

examples of aromatic alcohols are phenols and substituted phenols.

The use of such mixtures may occasionally result in slight pitting, or in a small
amount of corrosion of the substrate, which is typically substantially uniform. As used
herein, "uniform corrosion" refers to the removal of a very thin, continuous layer of
the substrate, usually less than about 2 microns in thickness. Uniform corrosion and
slight pitting are not a significant drawback for some end uses of the substrate. This is
in contrast to the occurrence of severe "pitting", which results in holes in the
substrate, often to a depth of at least about 25 microns, and usually to a depth in the

range of from about 25 microns to about 500 microns.

In some embodiments, the stripping composition further includes a wetting agent. The

wetting agent reduces the surface tension of the composition, permitting better contact
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slight pitting are not a significant drawback for sone end uses of the
substrate. This is in contrast to the occurrence of severe "pitting",
which results in holes in the substrate, often to a depth of at | east
about 25 microns, and usually to a depth in the range of from about 25
m crons to about 500 m crons. In sone enbodi nents, the stripping
conposition further includes a wetting agent. The wetting agent reduces
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of a reducing environnent. anpl es 1 nclude peroxides (e.g., hydrogen
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usual |y f.\gebghgg’gg&sm@ngﬁ%@gpsmnght to about 5% by weight, based on the

wei ght of the entire stripping conposjtion. The stri_ﬁ)pi ng conposjtion may
be appl i SKYIBINEMAECEISHAE SRSty J15¢d i dhey sEIPDHE sompesitian, i@ resHsaliithent s, the
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conposi tion. T nmrersion i s manner (In any type of ve
the greatexidellegdientesf paohlpeatts, mitratess petthangaoatps) schrorates nahdt bematesat i ng

bei d. .Th hst l.ower ed i nto the bath usi i tabl
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imrersion time is reached. Immersion tinme and bat
composifion.

The stripping composition may be applied to the substrate in a variety of ways. In
some embodiments, the substrate is immersed, either partially or fully, in a bath of the
composition. Immersion in this manner (in any type of vessel) often permits the
greatest degree of contact between the composition and the coating being removed.
The substrate may be lowered into the bath using a suitable rack (for example, one
having a polypropylene or other non-conductive surface) that can be raised to remove
the substrate afier the desired immersion time is reached. Immersion time and bath
temperature will depend on many of the factors described above, such as the type of
coating being removed and the acid (or acids) being used in the bath. However, the
bath is typically maintained at a temperature below about 20°C while the substrate is
immersed therein. In some embodiments, the bath is maintained at a temperature of
from about 0°C to about 15°C, often from about 4°C to about 12°C. Temperatures
much higher than 20°C typically result in more rapid removal of the aluminide coating
and may cause excessive pitting of the base metal. Use of the lower temperatures

herein protects the metal substrate and masking materials that may be present, and
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tenperature will depend on many of the factors described above, such as the
type of coating being renoved and the acid (or acids) being used in the
bat h. However, the bath is typically maintained at a tenperature bel ow
about 20C while the substrate is imersed therein. In sone enbodi nents,
the bath is maintained at a tenperature of from about OC to about 15C,
often from about 4C to about 12C. Tenperatures nuch higher than 20C
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present, and 9 al so reduces safety hazards associated with
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about 4 to about 10 hours, re typically from about 6.to _.about, .8 hours.
Longer st¥? SpME® £ lélgv?fetpﬁlnﬁ“ F%egﬁmglm%%é%%toba?meém%P@ec %te
removal  @fond BB 314 Rb&R PP AbIRY HRall§RomAMRL G RALRIut 109RSuiBhsle at t ack.
Thus, the s_trlggl ng tinme, the concentration of nitric acid in the
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di m ni shegyo9pdd thi ae%%g 2208 bOwlbe afér%t%anm HEnS YRSLiRAE Bl

decreased. In sone e Iments, the sur y be rinsed by cont act with
or and minimizing base metal attack for a particular coating and metal substrate.

Exposure to the stripping composition causes the aluminide coating on the surface of
the substrate to become degraded. For example, the coating may have deep cracks, its
integrity may be diminished, and its adhesion to the substrate may be substantially
decreased. In some embodiments, the surface may be rinsed by contact with or
immersion in water or an agueous solution for a short time, e.g., less than about 1
minute, to remove the stripping composition and/or degraded coating from the
surface.

Removal of the degraded coating without damaging the substrate may be
accomplished by various other methods known in the art. For example, the degraded
coating may be removed by abrading the substrate surface, such as by using a gentle
abrasion step that minimizes damage to the substrate. As an example, light grit-
blasting can be carried out by directing & pressurized air stream comprising aluminum
oxide particles across the surface at a pressure of less than about 40 psi (about 2.8

kgf/em?), typically less than about 20 psi (about 1.4 kgffcm?). Various abrasive
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I rmersion in water or an aqueous solution for a short tine, e.g., less than

about 1 mnute, to renove the stripping conposition and/or degraded

coating fromthe surface. Renoval of the degraded coating w thout danagi ng

the substrate may be acconplished by various other nethods known in the

art. For exanple, the degraded coating may be renoved by abrading the

substrate surface, such as by using a gentle abrasion step that m nim zes

damage t X ; o Il Qht | f = fignRe carried
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of gri e abb@gspmcle@zeﬁmgmaa,absmqo@qﬁ&aﬁ@ may be manual |y scrubbed with a
fiber pad, e'g., a pad with polyneric, netallic or ceramc fibers.

Al ternati Jvhe or belt

i n which (étﬁ%%knna otreéﬂglﬁﬁllg%gﬁpgéh@?%beﬁ%g ti CfngSMcEE%‘ e e{)@%ﬁﬁg%m%t Li quid
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grit-blasti ng
have been embedded. Liquid abrasive materials may be used on the wheels or belts.

For example, they may be sprayed onto a wheel in a vapor honing process. These
alternative techniques can be controlled to maintain a contact force against the
substrate surface that is no greater than the force used in the gentle grit-blasting

technique discussed above.

Other technigues may be employed to remove the degraded material. One example is
laser ablation of the surface. Alternatively, the degraded material may be scraped off
the surface. In another embodiment, sound waves (e.g., ultrasonic waves), which may
originate from an ultrasonic horn, can be directed against the surface to cause

vibrations that can shake loose the degraded material.

In some mstances, the degraded coating may be removed by a more aggressive
agitation, e.g., agitation with a force greater than that produced using the ultrasonic
technique itself. For example, the substrate can be immersed in a bath that is rapidly
stirred with a mechanical stirrer (i.e., for "general agitation"), and that is also
ultrasonically-stirred (i.e., for "local agitation"). Agitation can be carried out until the

degraded material is shaken loose. For each of these alternative techniques, those
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t echni que di scussed above. O her techniques may be enployed to renove the
degraded material. One exanple is |aser ablation of the surface.

Al ternatively, the degraded material may be scraped off the surface. In
anot her enbodi ment, sound waves (e.g., ultrasonic waves), which may
originate froman ultrasonic horn, can be directed agai nst the surface to
cause vibrations that can shake | oose the degraded nmaterial. In sone
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conposition. In ofther enhodi nents, the degraded coating nmay be renoved by

i ncl udi n§ubsietes Ve therstripypg eRPeffiathe degraded coating with a caustic

material . The caustic may al so clean ‘ )
In other embodiments, the degraded coating may be removed by including the step of

contacting the degraded coating with a caustic material. The caustic may also clean
the surface, remove any surface oxides formed as a result of the stripping step, and
activate the surface for any additional processing steps, such as a second stripping
step. Examples of caustics include potassium hydroxide (K.OH), sodium hydroxide
{(NaOH), ammonium hydroxide (NH4OH), lithium hydroxide (LiOH), triethylamine
((CoHs)sN; TEA), tetramethylammonium hydroxide ((CH;)sNOH; TMAH), and
mixtures thereof. The contact time can range from about 20 minutes to about 4 hours,
although longer or shorter times may be selected depending on the properties of the

particular caustic, coating and base metal.

The caustic may be in the form of a molten salt, but usually is present as an aqueous
solution comprising from about 10% to about 50%, typically from about 15% to about
30%, more typically from about 17% to about 25%, of caustic, by weight of the
composition. The caustic solution usually has a temperature of from about 60°C to
about 100°C, typically from about 65°C to about 90°C, more typically from about
70°C to about 85°C.
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t he surface, renove any surface oxides fornmed as a result of the stripping
step, and activate the surface for any additional processing steps, such
as a second stripping step. Exanples of caustics include potassium

hydr oxi de (KCH), sodi um hydroxi de (NaOH), anmoni um hydroxi de (NH4AOH),

l'i thi um hydroxide (LiOH), triethylamne ((C2H5)3N, TEA),

t et ranet hyl ammoni um hydr oxi de ((CH3)4NOH, TMAH), and m xtures thereof. The

cont act t 4 t hough
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one havi sycleasplskgihedppbenyamagrbeatsbbr non- conducti ve surface) that can be
raised to renove the substrate after the desired inmersion tine is reached.
The caust icaustiolsolution sush tay piesaibey abgvd atagchlsshbd asémtmmhamt cletah hott he
substrate. In ong énbodl ment, this i s ultrasonic agitatio Al ternatlvel Y,
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cl ean, enmove oxides fromthe metal -based substrate prior to contact
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the substrate to remove any residual aluminide particles, oxides, or abrasive particles.
If desired, the substrate can then be re-coated with any suitable material. For example,
platinum-aluminide protective coatings for engine parts can again be applied to the

surface of a superalloy substrate.

In some embodiments of the invention, the substrate surface may be contacted with
two (or more) stripping compositions, in sequence. The first composition may quickly
remove some of the aluminide coating. The second (or subsequent) stripping
composition may then remove the remaining aluminide coating more slowly, with
little or no pitting or attack on the substrate except for the possible occurrence of

uniform corrosion, as discussed previously.

Typically, each stripping composition is present in the form of a bath in which the
substrate is immersed. Contact times and bath temperatures may vary, as described
previously, In one embodiment, the substrate is immersed in a first bath maintained at
a temperature in the range of from about 4°C to about 12°C, with an immersion time
between about 3 and about 4 hours. After rinsing and contact with a caustic solution

as described above, the substrate is then immersed in a second bath, typically also
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the substrate to renove any residual alum nide particles, oxides, or
abrasive particles. |f desired, the substrate can then be re-coated with
any suitable material. For exanple, platinumalum nide protective coatings
for engine parts can again be applied to the surface of a superall oy
substrate. In sone enbodi nents of the invention, the substrate surface may
be contacted with two (or nore) stripping conpositions, in sequence. The

first coppesi re f g. The
second (Or su gg%ﬁ%ﬁ%‘?ﬂ&%ﬁép%l trlllelng n%fgeg?ﬁ‘% ungec%#téﬁglﬂe gea’?thea@*r emai ni ng
al umi ni denmmamgnmwalncwout 3wna Abouti 4 hdies.0A dd@iopial §tHPGIng rstePb inRK on t he
substrat ggpt for the possi bl e occurrence of uniform corrasiaon,

©pP

di scusse by g often, ynmggessary. e&étﬂ%?ﬂbeﬁpﬁhﬁ’y@c@ﬁﬁﬁbﬁtﬁ%ﬁaﬂ Eheﬁrh;%ent in
the for ms%e&e&)ﬁ)t%doﬂs%#sqargﬂgveﬁ}é% g&e %\%mrsed Contact tinmes and

bat h tenperatures nmay va as descri ously. In one enbodi nent,

t he subs t _bath nmai ate eratureln
the rang‘éﬁ%ﬁtrom‘{;{”éﬁﬁ?ﬁﬁ‘&%?ﬁ% g EomB g o SleRbreb e BT Bt e
about 3 ahghiatdleutoafinfOfsis . atAfeh@r ofid Mabrmal atitttadéoaf aCinetdl-bhsed SWGHAteC
solution as descrlbed above, the substrate is then imrersed in a second
bat h, tySPEATSE thedsl lewmgstssai ned at a tenperature in the range of from
about 4C to about 12C, with an inmmersion tinme between about 3 and about 4
hours. Afditi Gﬁ@thctytgﬂippﬁun@cepéﬁw ﬂd},%tratbe:viﬂseu aqb@ﬂusaﬂobltiﬁmt@mmﬁh@:essary

d ' d
o removahetldFo b ioRtio S5 et of R sofiout PRAFENE A SnfBah@le,** °F°

conpri sesf&onmﬂmclthosaebﬂctoovelm fr&ARBbING Rubodd 4Hduth;de coating from at
| east one internal surface of a netal -based substrate, conprising the

fol I ow ngp)st epsntatitly BEREFRId dThE BEbstidfel RER aPlealtiie ih@ESnPbsditihAn
aqueous sol ution conprisin from about 10% to about %~ by weight of the

sol ut i oncowpriging toptabput 30%dapbeutdifenitid adid,dry wtight Ofmqmp@m atl00C f or
B Tk i e e bt

with at [east one str hposit1 on corrprl
40% ni trmﬂlaﬁﬁdhmmg/\ﬁbgﬂistﬁfe the conposi tion, a tenperature | ess than
about 20C for at |east about 2 hours to degrade the coating

(c) contacting the surface of the substrate with an aqueous solution comprising
from about 10% to about 50%, by weight of the solution, of caustic at a temperature
of from about 60°C to about 100°C for from about 20 minutes to about 2 hours;

(d) contacting the surface of the substrate with at least one stripping composition
comprising from about 20% to about 40% nitric acid, by weight of the composition, at
a temperature less than about 20°C for at least about 2 hours to degrade the coating
without damaging the substrate; and

(e) contacting the surface of the substrate with an agueous solution comprising
from about 10% to about 50%, by weight of the solution, of caustic at a temperature
of from about 60°C to about 100°C for from about 1 to about 4 hours to remove the
degraded coating without damaging the substrate,

In one embodiment, the caustic solution is ulirasonically agitated while in contact
with the substrate. The caustic solution typically comprises from about 15% to about
30%, more typically from about 17% to about 25%, by weight of the composition, of
caustic, such as potassium hydroxide. The temperature of the caustic solution is

usually from about 65°C to about 90°C, typically from about 70°C to about 85°C. In
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wi t hout damagi ng the substrate; (c) contacting the surface of the substrate
w th an aqueous sol ution conprising fromabout 10%to about 50% by wei ght
of the solution, of caustic at a tenperature of from about 60C to about
100C for from about 20 minutes to about 2 hours; (d) contacting the surface
of the substrate with at | east one stripping conposition conprising from
about 20%to about 40%nitric acid, by weight of the conposition, at a

t enper at : : £0r t Eltﬁ?]ﬁfj ade the
coating lé\‘/l\nstehoé%@%&%%g&?ﬁéggﬁgﬁ gl{agd;s an%‘ﬂ%g? {éc%)ﬁtag[gﬁ% ?lg eﬁgltr[}rface of
t he substabeutd.wiotdboan2.adwensus eadl aftstepa (g)omydr(e)s and) frofr boua @ iimitedtot 0 about
50% by I ght, of the solution, caustjc at a tenperature of from about
60C to a\éﬁf#qfﬁ’é‘@ WFE‘]&%?mzfgfiﬁttzq’jltotago‘g@édpl@t%o‘&r pt@'rem)ve the degraded
coating w thout damagi ng the substrate. In one enbodi nent, the caustic

sol ution®p @%ﬁ?rr taglt the aupthod elthginveation isusad i selegijvely remeve thsst r at e.

The caustjfni ' i ' . - 30% nore
ypi oal | gy aRe hatih 8 6 BB, ARfroo! ERPds BRlik el iibine ™0
caust i c, biadeh The shatkapmtiomofitidr tosiinkebladé eypieiipds athigtestadss tdptorcatisdd
solution i usually fro bout 61%C {.0 agau 90C,, .t%pi cal I@gﬁfro about 70C
to about SBEESS| 314°B?f8tee. i then ductilfgo-brtile tansifipg: temperabie t:§h"t he

subst r at ginghidd &daiBg! agmsnglﬂ(é@%e aRhnidk: Sodtfhig2RRK sasc"eﬁ{mrﬁ, iy each of

steps (a) and (e), and from about 20 mnutes to  about 1 hour, typically
f r om abodempsion of sinute ca8ksinthe esatingrihattcap spredd tol the avkstiateranditbaioraent , t he

nmet hod of L nventi.on, i .s..used to selectiyely renove the. alumnide

Coat i ng. FISThRHERE Y EPle SUiEin afe ks LF inehBoR i iyns Bt o

turbi ne ivtafplctehhtentdhiRikidnrthe diteah! §hakturftaebtd AsterehitRtd Fony thes @ hi gh
stress region whose _surfaces often operate below the ductile-to-brittle

transi t | ehfailbinsenad ppd extgmmal pusrfaces witerei the Prasestiva goating is dasiteds Thiecan uni ni de
coatin = .hl.e: . | of.. ' coatin
t hat cgn'Eg|§l(r31é1§1gédtcgJp eef;s{#g%h%gﬁr é) ’%eﬁ%lg?éeggﬂlteostmaﬁﬂ ‘%%§?5§§@ﬁ8e9aﬁrﬁaﬁ’b| ade )

fail ure. thendesited kevpkef the khddkepdrtive af therbladeh eltds wvoidd the needifarngaskin:
conpletely remved.fro he .i pnt ernal . shank, surfaces, hut not _renpved from
the ai rflé f‘rgﬁtm%ﬂs %@e&?&rw Presttl}F@g‘E%@“ eaing iy d ectinge hoating is
desired. sHpbfeCadmposition is used at relatively low temperatures, unlike mixtures of

hydrochloric acid and nitric acid which are typically heated to increase the stripping
rate, acid fumes are not produced that can attack unmasked areas of the airfoil internal

and external surfaces,

In another aspect, the invention relates to a turbine engine part having a metal-based
substrate and an aluminide coating on at least one surface thereof, at least a portion of
‘which coating has been selectively removed from at least one surface of the substrate

by a method comprising the following steps:

(a) contacting the surface of the substrate with at least one stripping composition
comprising from about 20% to about 40% nitric acid, by weight of the composition, at
a temperature less than about 20°C for at least about 2 hours to degrade the coating

without damaging the substrate; and
(b)  removing the degraded coating without damaging the substrate.

In some embodiments, at least a portion of the aluminide coating has been selectively

removed from at least one surface of the substrate by using the above method and
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be achi eved by imrersing the turbine blade in the stripping conposition
only up to the desired |level of the shank portion of the blade. This
avoi ds the need for masking the airfoil portions of the blade where the
alum nide coating is desired. Since the stripping conmposition is used at
relatively |l ow tenperatures, unlike mxtures of hydrochloric acid and
nitric acid which are typically heated to increase the stripping rate,

acid f u”%@laegtgfge)%%iogg %ﬂ-ﬁ%ﬁ&atogﬁﬁ)oﬁﬁgnsat %aﬁlg cs! Qﬁ@%&%sﬁ%& aéon(aititohgeasai rfoil

i nt er nal rnal ces.) 'In another aspe i Avent1on rel ates
to a turhiepgibedgbowe. part having a netal -based substrate and an al um ni de
coating on at |east one surface thereof, at |east a portion of which

coating hastheebpeebPbt piabit iheHue s difemdab aheisdd PP feptabid@s fof o he
substrate by a nmethod conprising the follow ng steps: (a) contacting the

surface ¢Pmeped lisipider eoatinghomtat| least tonsneurdace ppangeiebhissdi wibshate,
conpri si %n{pﬁgﬂg@@tﬁlo%%g%t%sabom 40% nitric acid, by weight of the
at” a tenpe

conposi tion; re less than about 20C for at |east about 2
hours to ,degrade the coatin wi t.hout .da i the s trate;, and (b)
renovi ng (ﬁh‘%l%f%é' ?IHJEIBOX@Etﬂi’%ﬂuWWﬂ%EﬁmB& @g? ﬁ‘g § %CCS#BE? §u§;§|§é}te ?’P{? ore
embodi MeRbhtacidg |tRaShrfaeed OF thObuBétrdtd1Qyidl Wi 18AsH O ibPRIch8SmARRbn
sel ectively renoved fromat |east one surface of the sugstra e by using

t he above&ompringg feome aiont 28%donbay 405 higuicacid.rhyppeight ofdhpounpesition, acaust i cs
and processi it 1L0ons i e e -t he
pr esent ?’nve% |agl%g?éssg(§iﬂ re%bt%zudzﬁ?g&rfagﬁ %aosgg&\é{r%zrle%%? %{(gll é\e@éga e\/\t/c?)l% r?g %t}r}g damaged
al umi ni _denidmﬁt ift?@lalgﬁg?‘ﬂle' %Sﬁ'ate;n(em;ﬁ 1) a@r@ol kg ?hﬂ%gﬂad@ﬁﬁeﬁlg@b?ﬂlbﬁi _eéI
conprising the followi ng steps: (i) selectively renoving the al um nide
coat i ng fdgﬁjﬁﬂnﬁéh%

the substrate with at | east one stripping conposition conprising from
about 20%i} eprdyiag e ngwoalyninideccoatingto thy swdacgie thefsubgieateonposi tion, at a
tenperature | ess than about 20C for at |east about 2 hours to degrade the
coating Techmigues Suneplyige tthe reubstundoide enating bire rkewwwi ing thehertdefoaded

coating "é‘x%:%ﬁféf vaxqguns:a ielqgalt sr]]p?ays Fe%ﬁ}ﬁﬁﬁéseéanagg employed for the deposition of
overlay coatings. Examples include vacuum plasma spray (VPS), air plasma spray
(APS), and high velocity oxy-fuel (HVOF). Other deposition techniques can be used
as well, such as sputtering and physical vapor deposition (PVD), e.g., electron beam

physical vapor deposition (EB-PVD).

Various techniques are also known for applying diffusion coatings, e.g., noble metal-
aluminide coatings such as platinum-aluminide or palladium-aluminide. As an
example in the case of platinum-aluminide, platinum can initially be electroplated
onto the substrate, using P-salt, Q-salt, or other suitable platinum electroplating
solutions. In a second step, the platinum layer is diffusion-treated with aluminum

vapor to form the platinum-aluminide coating,

The following examples illustrate some embodiments of this invention, but should not
be construed to be any sort of Limitation on its scope. In the examples, each test
sample was a high-pressure turbine blade that had been used for some time in a
commercial gas turbine engine. The turbine blades were made from a single crystal
nickel-based superalloy, designated by the trade name René® N5. The turbine blades

were coated externally with a platinum-aluminide bond coating and an EB-PVD
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(i1) applying a new alum nide coating to the surface of the substrate.
Techni ques for applying the new alum ni de coating are known in the art. For
exanpl e, various thermal spray techniques can be enployed for the
deposition of overlay coatings. Exanples include vacuum pl asma spray
(VPS), air plasma spray (APS), and high velocity oxy-fuel (HVOF). O her
deposition techniques can be used as well, such as sputtering and physical

VaPOT, dCRAgls Mkl okonit ttrmaL AL P oDAATnoRH:S BleriBPEF afSABH | on

(EB-PVD).” Various techniques are also known ftor applying diffusion

coat i ngs blaleg wereelated with akimpdé sloinimide caiapi ngs such as pl ati num al umi ni de
or palladi umral um nide. As an exanple in the case of platinum al um nide,
pl ati numBExampileitially be electroplated onto the substrate, using P-salt,
Qsalt, or other suitable platinumelectroplating solutions. In a second

step, thes piraple BLATE bl Bfeated aBEdriingit® B phd R Bdo M rgmatiplE P! FrdPee to form
the platinumalum nide coating. The follow ng exanples illustrate sone
enbodi medheyma} bamies doptjreg wap mggtestiveicamdverlbby Bid Westisgruidhl alwnipemany sort

i g pr et Pl blalle G0 Ren ifiet 08 AFE0R: SR Bl BTRISHGD °

conmer ci absigas ptdtedeithe cevlitighieolesThel intdrbalRisvipad @omMhieechemileil kstrippirg Si ngl e

crystal nélc_kel - based, superal | oy, designated by the trade nane Rene(r) Nb.
The t ur biSABHIgNaJde blde was thep dmmsgsedrinA bash dprmedafrom g H0iddn(RY Weightde bond

. VD o L ; N . (
coat, Thatnagdotaititid fnd bhdsplodd At rREBeS AN AnRI T ICREILE, O
si npl e alofiabmitdg0cO8TH (aboutzvadfiCh Aftér stampl ¢o Bbihats, thadlideeatseenavabr di ng to

a process_i,nvol yin |tiple s First, the thermal_barrier coating was
aggr essi &Qﬂws%wgaﬁﬁfepﬁqt?r- b{[ﬁ‘g?’fl*}?_ﬁjs ¢ HSIE) Wi FP&FHV@&?@F%F TfteBehde was
then inj %ﬁ%f&&s\vly.téipbilﬁ GRIBIBALI0A] teﬁﬁie%tﬁr%%f%%@tﬂtllﬂbqsia'b&i’tl {93C) f@sSi n to
protect the cooling holes and internal passa&gs fromthe chem cal stripping
sol ut i onhoWhia 41 zig . tFherexiternadrsuddcd of the bladl Wasrthedlightlyngrit Batah ( by

wei ght) ' e of nitric acjd an osphoric I d b $
mai nt ai n&‘ﬁhg%iﬂz’i egrhﬁlgplé?‘ﬁ?émdgfpagtb%?ﬁoﬁ e?ﬁf?ﬁt?%‘g%%azggpﬁ ‘.)‘Wilfs'f"er about
2 to 4 haur &gf/éh®. bitadgbovapro@I®Y&Hoved the aluminide coating from the external

surfaces of the blade, but not from the internal surfaces.

Example 2

A sample blade was treated using a process of the invention to remove the aluminide
coating from a portion of its internal surfaces without damaging the external
platinum-aluminide bond coat. The process involved pre-treating and activating the
surface to be stripped, followed by immersion of the part in a cold nitric acid solution
to degrade the coating, and then immersion in hot potassium hydroxide solution to
remove the degraded coating. First, the root plate from the trailing edge cooling
circuit of the blade was removed by grinding to provide better access to the internal
cooling passages of the blade, The blade surfaces were then pre-treated and activated
by immersion in an aqueous bath comprising about 15% to 25% KOH (by weight)
maintained at 160-180°F (about 71-82°C) for 2 hours with ultrasonic agitation. After
rinsing in de-ionized water, the blade root and shank were immersed in a solution
comprising 30% (by weight) nitric acid and about 0.3% (by weight) Activol® 1658
wetting agent, maintained at 45-55°F (about 7-13°C), for 3.5 hours to degrade the

coating without damaging the substrate. After rinsing in de-ionized water, the blade
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and rinsed in cold tap water. The Plastisol(r) resin was renoved fromthe
internal surfaces by exposing the blade to a tenperature of about 1100F
(about 593C) for 1 hour in an air furnace. The external surface of the

bl ade was then lightly grit blasted w th 220-nmesh al um num oxi de particles
at a pressure of about 20-30 psi (about 1.4- 2.1 kgf/cnR). The above
process renoved the alum nide coating fromthe external surfaces of the

bl ade, b i I f Ig-@ S?ﬂf?' e was
treated uwsﬁsﬁhgﬁép&r)gactet@f% %@ifﬂﬁgﬁlt%@ﬁﬁngﬁ?@%ve tés’a um‘ﬁF%gﬁgcoati ng
from a pagitatim tofrembse thetdepred sustirpcan] retdctivate tidagmice.g Thb dladetrestnal

plati num al um ni de bond coat. The roc%gs,invol_éed pre-t{reating and
activati fg%t FisFg 484N igupRLsed; ld srfricoeid) slptiopnter - MoBrs ©ne part
in a col L& | 1,6 1 : I i n : L mrer si on
in hot pgf §g§ uﬂ%%@i{ﬁ;ﬁg%ﬁ;{t isr%mlttl?dglrt\qﬁglag?gn%ggu?sﬁg{édeggg@gﬂs%%gfﬂﬁlg. First,
t he root iglizadewhtenrthe btadermas tehgneti trethed®Obhath dor 2 didurofvithhdtribdoatte was
removed bémqri gdi nlﬂ tothgr ovi de, bef.ter access to the internal cooling
passages BEa{HdO praae the Aeerpfed (02t aces were then pre-treated and

activate b¥> i mrersion in an aqueous bath conprising about 15%to 25% KOH
(by wei gHtF 20R%S RIosPiePaetelyoengyed thepwninde goatingrfzom she, giterga

ul trasoni i i i RS ks QR . r oot
and shani il SHERof HirBt arld ISP forBalir 1B UERHERERIpIBRARAAE, [ 20
aci d and tlxblase ndet@oandinn thei ajirhinidécedatiog En)thd G88malveid extgrnalgamfacesraf nt ai ned

at 45-55E (a t 7-13C), fo 5 hours to degrade the coating wthout
darmg! ng HeHANSY BetioRal teblads Tnicndiiny o FRutBldn i auosiat S0l Brédie 17 vas
r et ur ned fOmhdken@d iREMI ERitiaNofEd iblddens preientier ﬁ&h%%ingrqmbaceal By asoni ¢
agitation to renove the degraded coating and re-activate the surface. The
bl ade r o@rt parigleshamnkalog peoiderhthe usaredraskighitemperatuee bteippingrster et darsol ut i on
for 3.5 t I: i coat. iLth p.ng.the

cubst  at At ikrbase fREA LRI MR EeC e Mot iUt SERMARISE
the KOH hailss b0 expbsimatoshot KOHY rink@seid @itriagicidairingd) dnd KR OOH édaebelegr aded
coating. The gbove process conpletely renoved the alum nide coating from
the i nt eFeRsptegidumber gf Hmes t ersurescontlete frme v of Hischluninide ¢8HPE 88 of t he

bl ade wi iy 604diHINE p&tbES b BB blade.

Example 3

A sample blade was treated using another process of the invention to remove the
aluminide coating from a portion of its intemal surfaces without damaging the
external platinum-aluminide bond coat. The process involved immersion of the part
in a cold nitric acid solution to degrade the coating and then immersion in hot
potassium hydroxide solution to remove the degraded coating. First, the root plate
from the trailing edge cooling circuit of the blade was removed by grinding to provide
better access to the internal cooling passages of the blade. The blade root and shank
were immersed in a solution comprising 30% nitric acid (by weight) and about 0.3%
(by weight) Activol® 1658 wetting agent, maintained at 35-40°F (about 2-4°C), for 5
hours to degrade the coating without damaging the substrate. After rinsing in tap
water, the blade was immersed in an aqueous solution comprising about 15% to 25%
KOH (by weight) maintained at 160-180°F (about 71-82°C) for 2 hours with

ultrasonic agitation to remove the degraded coating.
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the base netal and on the alum nide coating on the internal and external
surfaces of the airfoil portion of the blade. In contrast to Exanple 1,

t he process avoi ded the need for masking the internal cavities of the

bl ade to prevent them from being bl ocked by grit particles, and al so

avoi ded the use of a high-tenperature stripping step that can attack the
base netal and generate acid funes. The process sequence of alternating
cycles o t d j hot KOH
can Do rEEERTUbRoLE A ccfhich) A8yl M ahe Bl o 1F g P08,

al umi ni dan@@atemg shirfaces dfhiherroot amhdhaikapdtipay bf ditsblatie,t With biegligibleExanpl e 3
A sanpleﬁg%ade was treated using another process of the invention to renove

the al ufiiRstqn tsdase gnatal andaon Hhe plymigfe icpating en theaintapalf apdegxtemalnout
damagi ng j ni | nvol ved
P i A S R O L R

coati ng é#redprobess didmetnss dne Klﬁ)}hptetrepmm stepmséd tir Bxamigle 20land themitriz r enove

t he degradg @&gtln First ﬁ)root flate fromthe trailing edge cooling
circuit BGFYSAEUBR A n%ﬁ@ﬁW@ﬁﬁV% to provide better access to

t he |nternal cool i ng passﬁges of the blade The bl ade_root and shank were

i mer sed |aﬁ‘035 SEnRading ithig | myenitom, mav¢|heeacﬂ@°{1b9d we Hgmteyetan#isabout

0. 3% t t Enk%5 t ent 40F
(about 2 4 ﬁjfa ghoéﬁ o(t}%e'(sa% eg)r g%tg llhﬂgatg(gla?% rtllc?:]"'ngvl]é ‘ﬁgduf?&ga@ﬁeélﬁﬁg t he
substrat ekcc@rkii@ly,r\rmum nddificatipns, elbptations) ent | sbtematiees inayrercsmdtoi onean
agueous s r|S| abouf 15%tqQ ,25% KOH f) maintai ned at
160- 180F @QB@ Frtabigout debastignpE the sairit 11 ﬁcag%ﬁﬁ(tgga%%{] PRI r enove

t he degraded coatlng 18 The above process al so conpletely renoved the
alum nide coating fromthe internal and external surfaces of the root and
shank portions of the blade, with negligible effect on the base netal and
on the alum nide coating on the internal and external surfaces of the
airfoil portion of the blade. These results were obtained even though the
process did not use the KOH pretreatnent step used in Exanple 2, and the
nitric acid solution was nmaintained at a | ower tenperature. Various
enbodi nents of this invention have been descri bed. However, this
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di scl osure should not be deenmed to be a limtation on the scope of the

i nvention. Accordingly, various nodifications, adaptations, and
alternatives may occur to one skilled in the art wi thout departing from
the spirit and scope of the clained invention. 19 Wat is clainmed: 1. A
met hod for selectively renoving an alum nide coating fromat |east one
surface of a netal -based substrate, conprising the follow ng steps: (a)

cont acti urface of the substrate with at | east one stripping
conpositﬁg%%q§8%5?$§ing from20%to 40%nitric acid, by weight of the

conposition, at a tenperature |less than 20C for at |least 2 hours to
degrade the coating w thout danmaging the substrate; and (b) renoving the

degraded coating w t hout damaai ng the substrate. 2. A nethod for
sel ectivédty rehdathegd for seleghyely dJemewag; angalpmbnde coatings fromnat leasitegenal

f z L % : | | ow t :
cont acti n e praRaRty SIREE BRI, RIBAAIRCEE  Col bt on compr 1 si ng

from 10%y o0 509 i of. .t he .sol uti.gn f caustic.at a tenperature of
from soc @b Tt B sHbr{rshd SHBRpe VBl p R R B P IBEL "o ' e
subst r at eomiptibingt fib@a30%0 ke 494 infteic NgLid,0BP OseiEhtOBf thOMGREdpdLifign hOM 20% to

40% nitric acid, by weight of the conposition, at a tenperature |ess than

y g g
20C for dsmpeakye Jespdhay 200C ooy rah deast He hewat iondesripdan din codfingayitigut he
substr at ?{ém%%?nlg%é‘éu%?ttr&tg-gan?he surface of the substrate with an aqueous
sol uti on conPrPsing from

0%to 50% by weight of the solution, of caustic
at ate atuyre of from60C.to.. 100C for, from 20 mnutes to 2 hours; (d)
cont act i thgénsla¥lp %(t:hee ({)neﬁmt%ﬁ%c%ﬁwgt‘yl 089%{‘?%1% %Ieé‘gig‘{%ra%‘?‘ie stripping
conpositi,on conprj sj from?20%to 40% nitric.acid, by weight of the
combosi tfon,  db et R el mudvifinmn Sominior attnelio 5 ot @ o
degr ade theriaPatrfaee ok hiteiitbascdauBatag cbﬂﬁﬁﬁ%&ﬂiéﬁll@évh%@e;{s?) contacting the

surface of the substrate with an aqueous sol Uti on conpri sing from
(a) contacting the surface of the substrate with an aqueous solution comprising from

10% to 50%, by weight of the solution, of caustic at a temperature of from 60°C to
100°C for from 1 to 4 hours;

(b) contacting the surface of the substrate with at least one stripping composition
comprising from 20% to 40% nitric. acid, by weight of the composition, at a
temperature less than 20°C for at least 2 hours to degrade the coating without
damaging the substrate;

(¢} contacting the surface of the substrate with an aqueous solution comprising from
10% to 50%, by weight of the solution, of caustic at a temperature of from 60°C to
100°C for from 20 minutes to 2 hours;

(d) contacting the surface of the substrate with at least one stripping composition
comprising from 20% to 40% nitric acid, by weight of the composition, at a
temperature less than 20°C for at least 2 hours to degrade the coating without
damaging the substrate; and

(e) contacting the surface of the substrate with an aqueous solution comprising from
10% to 50%, by weight of the solution, of caustic at a temperature of from 60°C to
100°C for from I to 4 hours to remove the degraded coating without damaging the

substrate.
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10%to 50% by weight of the solution, of caustic at a tenperature of from
60C to 100C for froml to 4 hours to renove the degraded coating w thout
damagi ng the substrate. 20 3. A nmethod for replacing a worn or damaged

al um nide coating on at |east one surface of a netal -based substrate,
conprising the follow ng steps: (i) selectively renoving the al um nide
coating fromthe surface of the substrate by (a) contacting the surface of

the substrate wt t.least .one strippin onposi.tion,. conprising from 20%
o 405 nik 1 ¢ Aadhotipr FETHHHRE §arhar BOmAEt ARORIASPHE SRR UFSA e | oss
than Zocsﬁﬁﬁceadféﬁ&%ﬁb%e@%ﬁa&?c&ﬂﬁﬁﬁ%ﬂ@f@ﬂcﬁﬁﬁébﬂ%?s:W'thOUt damagi ng the
substrate; and (b) renoving the degraded coating w t hout damaging the

substrat ¢y andelebi)oPREhNAY e AEHIALL ChAHCHGRIRL Bl ogif}ﬁ% shifsage of the

substrate.” 4. A rretet%od acco g to any on€ o e prece al s,
wher ei n tydak tontpgingghe suntpesiftthe sulstaterwitle at feagrong Sefigping3cdfposiiionnei ght |

of nitric aci.d. 5. A 054 hod g/cor.dj ng.§o,any one f.the preceding clains,
wher ei n CRBPLSNE BPMy poé@ ?irﬂwchg‘g abt¥e _ tat‘)grtg‘c"oqo nogReacat ¢ 15c,
prefer ab'téinf;ér@lﬁl‘é%sﬁ Othdi? G0°€ . fof HELRQD fo6RY B 'ae%r_&a@e WY cOtOWithBE:

precedi ng clains, wherein the stripping conposiiion contacts the substrate
for a pedanagiog the srbsttatepands(b) vemovihg theslegmded epathiigywitfoubdargagiogfhe t o 8

hours. 7. @ mgt,ho&l according to claim?2, wherein the substrate is i mrersed
in a batR" s[trae[,ﬁg caustic solution having a tenperature of from 70C to 85C

in each gf, steps, (a), (c and (e). 8. A nerhod.accqrding to claim2 or 7,
wherei n e c;fﬁekﬁrtg%?(%%‘iw@sﬁfﬁ%t%e (e GRS SOE SUUSTOLE by weight, of
pot assi um hydroxi de. 9. A method accarding to any one_of the preceding
clai ns, Wher eithmetiod agoording tgeany 9ae oh ghe rreecdingcelaims) yhersipihe 4IDPEYS t he

i nternal .oﬁﬁﬁ)fﬁﬁgﬁ C%B%%%Eg%stagg% bgg%e?é}[zgleoﬁﬁn@ €cidl0- A turbine engine

part having a neta strafe” an € coating on at |east

one surf ace t }]f{'n%ﬂ{dd a%%oﬂdﬁ%st% aﬁy%?l@ toif(ﬂ{.é ﬁ'fece\%}{gcaaiﬁl%?%&%inhﬁg s&%%ﬂlg

sel ectivély
composition has a temperature of from 0°C to 15°C, preferably from 4°C to 12°C.

6. A method according to any one of the preceding claims, wherein the stripping
composition contacts the substrate for a period of from 4 hours to 10 hours, preferably

from 6 hours to 8§ hours.

7. A method according to claim 2, wherein the substrate is immersed in a bath of
the caustic solution having a temperature of from 70°C to 85°C in each of steps (a), (c)
and (e).

8. A method according to claim 2 or 7, wherein the caustic solution comprises

from 15% to 30%, by weight, of potassium hydroxide.

9. A method according to any one of the preceding claims, wherein the
aluminide coating is selectively removed from the internal surfaces of a high-pressure
tarbine blade.

10. A turbine engine part having a metal-based substrate and an alumnide coating
on at least one surface thereof, at least a portion of which coating has been selectively
removed from at least one surface of the substrate by a method comprising the

following steps:

21



removed fromat | east one surface of the substrate by a nmethod conprising
the followng steps: 21 (a) contacting the surface of the substrate with
at | east one stripping conposition conprising from20%to 40%nnitric acid,
by wei ght of the conposition, at a tenperature |less than 20C for at | east
2 hours to degrade the coating without danmaging the substrate; and (b)
renovi ng the degraded coating w thout damagi ng the substrate. 22

(a) contacting the surface of the substrate with at least one stripping composition

comprising from 20% to 40% nitric acid, by weight of the composition, at a
temperature less than 20°C for at least 2 hours to degrade the coating without
damaging the substrate; and

(b) removing the degraded coating without damaging the substrate.
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