-1 METHOD FOR REMOVI NG AN  ALUM NI DE COATI NG FROM A SUBSTRATE BACKGROUND

ON The invention relates generally to nmetallurgical
gfoIEESLEYEsgLe specifically, it is directed to treating processes for
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exanpl e, coat| B?gce%ggls.l ﬁ;ljorgnspecifically, it is directed to treating processes for
metal-based substrates. ‘

5 A variety of specially-formulated coatings is often used to
protect metal parts that are exposed to high temperatures, e.g., metal
parts made from superalloys. For example, aluminide coatings are
often used to provide oxidation- and corrosion-resistance to
superalloys, which can serve as a bond layer between the superalioy

10 substrate and a thermal barrier coating (TBC).

In one process for depositing an aluminide coating, a
very thin layer of platinum (e.g., about 1-6 microns) is first applied to
the substrate surface by electroplating, and an aluminide material is
then applied by a vapor deposition process. The aluminum reacts with

15 the platinum and with the substrate material (e.g., nickel) to form a
variety of intermetailic compounds, such as platinum aluminide and
nickel aluminide. Upon exposure to oxidation, an aluminum oxide
(alumina) film forms on the surface of the aluminide, which serves as a
barrier against further reactions with environmental constituents,

20 thereby maintaining the integrity of the substrate.

It is sometimes necessary to repair the aluminide coating.
For example, coatings applied on turbine engine parts are frequently
repaired when the turbine itself is overhauled. The repair process can
involve various steps, including stripping of the aluminide coating, and

25  deposition of a new aluminide coating in the affected area. In current




repai red when the turbine itself is overhaul ed. The repair process can

I nvol ve various steps, including stripping of the alum nide coating, and 25
deposition of a new alum nide coating in the affected area. In current -2
practice, the alum nide materials are often stripped fromthe substrate by
exposure to an acid, such as hydrochloric acid, nitric acid, or phosphoric
acid. The present inventors have recogni zed drawbacks 5 associated with
the use of the various stripping conpositions nentioned above. Frequently,
the overall procedure is time- consum ng;2requiring as nmuch as 4-6 hours of
contact time with the stripping conpositions and with rinsing solutions.
Moreover, some practicgethetaluppiidg nuaterialsi dre@iendstrippéd FrOMPUR Subdtidis ent
amounts of the 10 _alum nide material, and further tine and effort are
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the stripping compositions do not remove sufficient amounts of the

10 aluminide material, and further time and effort are required to complete
the removal. Moreover, some of the compositions have low selectivity,
as demonstrated by attacking the base metal of the substrate, pitting
the base metal substrate or damaging the metal via intergranular
boundary attack. ,

15 Furthermore, many of the currently-used stripping
compositions have to be used at elevated temperatures, e.g., above
about 77°C. Operation at these temperatures can attack masking
materials that are used to protect selected portions of the par, e.g.,
airfoil roots or internal surfaces, while also raising energy costs and

20  potentially requiring additional safety precautions.

- Moreover, some of the prior art processes require heavy
grit-blasting prior to treatment, to roughen the substrate surface, and
after exposure to the stripping compositions. These steps can be time-
consuming, and can also damage the substrate, thereby limiting part

25 life.

Itis thus apparent that new processes for removing
aluminide-based materials from metal substrates would be welcome in
the art.

SUMMARY OF THE INVENTION



after exposure to the stripping conpositions. These steps can be tine-
~consum ng, and can al so danage the substrate, thereby limting part 25
life. It is thus apparent that new processes for renoving " al um ni de-based
materials fromnmetal substrates would be welcone in the art. SUMVARY OF
THE | NVENTION -3 The present invention relates to nethods for renoving an
al umi nide material from a substrate. According to an enbodi ment of the
present invention, a nmethod for selectively renoving an
al'um ni'de-containing coating fromthe suPface of a netal -based substrate
i ncl udes the steps of (0) contacting the surface of a substrate with at
| east one stripping conposition to degrade the coating wi thout severely
pitting. the substrate, wherein the stripping conposition is selected from
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Another embodiment of the present invention includes a method for selectively
removing an aluminide-containing coating from the surface of a superalloy substrate,
comprising the following steps: contacting the surface of the substrate with at least one
stripping composition to dearade the coating without severely Dit_t_i_h_g the substrate,
wherein the stribbing composition is_selected from the group consisting of: aliphatic or
aromatic sulfonic acids; a solution of an inorganic acid and an organic solvent; and
sulfuric acid or an aqueous solution of sulfuric acid, wherein the weight ratio of suifuric
acid to water _‘is in the range of about 10:90. to about 65:35;
contacting the sur_‘fa"ce _with a_rinsing composition which comprises water: and then
abrading the surface to remove the degraded coating without damaging the substrate.

According to an embodiment described in more detail
hereinbelow, stripping composition (i), including an aliphatic or
aromatic sulfonic acid, further includes an inorganic or organic additive.

Other details regarding the various embodiments of this

invention are provided below.



acid to water is in the range of about 10:90. 'to about 65:35; contacting
the surface with a. rinsing conposition which conprises water: and then
abrading the surface to renove the degraded coating w thout damaging the
substrate. According to an enbodi nent described in nore detail

her ei nbel ow, stripping conposition (1), including an aliphatic or aromatic
sul fonic acid, further includes an inggganic or organic additive. O her
details regarding the various enbodi hents of this invention are provided
bel ow. BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a photom crograph of a
cross-section of a platinumalum nide coating applied on a superalloy

substrate, after one stage of treatnent. FIG 2 is a photom crograph of
the cross- BB(EF@ESGHHP’GONQFQ’FHEDBAWIP}@SNage of treatment. FIG '3 is

a phot om crograph of e, cros . ot her st age of
treatnent. DETAI LED BE%dQl'qﬁlpée%%é #ﬁ@’ﬂ%@nﬁ’@ﬁ% 5@({}@@ ?\é]er ein, "selective
removal * Iafnﬁﬁnaélelﬁdé%odtmgtapgﬂlddeéma%:.tp@ralluy submsitate, afterzone| at i vel y

| ar ge percentage.o al umni de-containing material while renoving only
a very srrestagp@fttneatme('lbr none) of the substrate material. -4 The term
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Non-limtin exanpl es include aluninide its
’ P! FIG. 3 is a photomicrograph of tL\e cross-section of FIG.

2, after another stage of treatment.

DETAILED DESCRIPTION OF THE INVENTION
As used herein, “selective removal” of the aluminide

| coating refers to the removal of a relatively large percentage of the
' aluminide-containing material while removing only a very small portion

{or none) of the substrate mate_riai.



5 platinum alum ni de, nickel alum nide, platinumnickel alum nide,
refractory-doped al um ni des, or alloys which contain one or nore of

conpounds.

t hose

For the sake of brevity, "alum nide-containing” will sonetines

be referred to herein as sinply "alum nide" material. Several different
cl asses of stripping conpositions can be 10 used in the enbodi nents
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' h%sevB?eﬁ Qi:ﬁér}ent classes of stripping compositions can be
used in the embodiments of the invention. The choice of a particular
composition will depend on various factors, such as the type of
substrate; the type of aluminide coating being removed from the
substrate; the intended end use for the substrate; and the presence or
absence of additional treatment steps (e.g. rinsing steps).

A first class of stripping compositions {composition (i))
comprises aliphatic or aromatic sulfonic acids. Examples of suitable
aliphatic sulfonic acids are methanesulfonic acid (MSA) and
ethanesulfonic acid, with methanesuifonic acid being preferred.
lllustrative aromatic sulfonic acids are benzene sulfonic acid, toluene
suifonic acid, and naphthalene suifonic acid.

A second class of stripping compositions (i.e.,
composition (ii)) includes a solution of an inorganic acid and an organic
solvent. Examples of the inorganic acid for this class of compositions
are hydrochloric acid, nitric acid, and perchloric acid.

In preferred embodiments, the solvent should be one
which reduces the activity and increases the wetting capability of the
inorganic acid relative to the substrate. {The chemical interaction
between an acid and a hydrocarbon solvent will often differ flfom the

interaction between the acid and a solvent like water). It has been
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found that the conbination of the inorganic acid and the organic solvent
renoves substantially all of the alum nide coating nmaterial wthout
adversely affecting the substrate. As used herein, "activity" generally
refers to a neasurenent of the reactivity of the acid toward 5 the
substrate and/or the alum nide coating being renoved fromthe substrate.
Exanpl es of organic solvents for use in conbination with the inorganic
acid include aliphatic alcohols, aromatic_al cohols, chlorinated al cohols,
ketones, nitrile-based sol vents, ni trat ey 10 hydr ocar bon sol vents, nitrated
aromati c solvents such as nitrobenzene; chlorinated hydrocarbons, am nes,
and mi xtures offodngy thaifthe mmmmaatgm nbtheseomaﬂlc sgécin‘d theewgapices of the

al i phati c al cohgl s

h | f
oo £y Dty rEmgVES SRRt gl 8 B inS Bl SRt Rnafil | o ©
al cohol s are piyelut s@VersehyBRbéUNY B SUeks. AE%eWé}Bﬁ'u iyl
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substrate pres%gbstrgfée amount and type of aI um ni de corrpound be| ng renoved
fromthe substrate; and the reactivity (i.e., corrosion potential) of the
acid. One particular corfpasiplesof organic sobleatsfar msprin sembinationt wite of

rati o of drochloric acid to

et hanol in suciamaatE A6 EeReleFRath FReNErgRriAcABoRoEs " 65 t o
about 65 : 35. chlorinated alcohols, ketones, nitrile-based solvents, nitrated

10 hydrocarbon solvents, nitrated aromatic solvents such as
nitrobenzene; chlorinated hydrocarbons, amines, and mixtures of any
of the fofegoing.

Several specific examples of the aliphatic alcohols are
methanol, ethanol, and isopropanol. Mixtures of alcohols may be used

15 as well. Specific examples of the aromatic alcohols are phenols and
substituted phenols.

The weight ratio of inorganic acid to solvent for
composition (ii) is usually in the range of about 20 : 80 to about 80 : 20,
and more preferably, in the range of about 35 : 65 to about 75 : 25.

20 The specific ratio will depend on various factors, such as the type of
acid and solvent(s) used; the type of substrate present; the amount
and type of aluminide compound being removed from the substrate;
and the reactivity (i.e., corrosion potential) of the acid. One particular
composition of this class comprises a mixture of hydrochloric acid and

25 ethanol. The weight ratio of hydrochloric acid to ethanol in such a
mixture is usually in the range of about 35 : 65 to about 65 : 35.

A third stripping composition for this invention
(composition (iii)) comprises sulfuric acid or an aqueous solution of

suifuric acid. For the agueous solution, the ratio of acid to water is



A third stripping conposition for this invention (conposition (iii))
conprises sulfuric acid or an aqueous solution of sulfuric acid. For the
aqueous solution, the ratio of acid to water is -6 usually in the range of
about 10 : 90 to about 65 : 35. In preferred enbodinents, the ratio is in
the range of about 15 : 85 to about 40 : 60. Mreover, a wetting agent is
usual ly used in this type of stripping conposition, as described below 5
The choice of a stripping agent depends on various factors, as described
previously. As an exanple, the m xture 0T6‘hydrochloric acid and et hanol
(e.g., about 50/50 by weight) is effective in renoving an al um ni de
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stripping conpqsition, could be epployed., For exanpl t hanesul fonic acid
is effective at? f%WB}‘fﬁ"rggaréF‘lHW‘Hf ma}%&aérfqogp i ?r@fﬁe fﬁ%é’ﬁ?é’?é}mﬁﬁ hough
the rate of remR¥flreira8bcasioRad resuilt in very slight pitting, or in a small

10 amount of corrosion of the substrate. Any corrosion, however, is

substantially uniform. As used herein, “uniform corrosion® refers to the
removal of a thin layer of the substrate - usually less than about 2
microns in thickness. Uniform corrosion and slight pitting are not
significant drawbacks for some end uses of the substrate. This is in
15 contrast to the occurrence of severe “pitting" (often seen in the prior
art), 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 about 25
microns to about 500 microns.
For end uses in which any pitting of the substrate is
20 unacceptable, a different stripping composition could be employed.
For eiample, methanesulfonic acid is effective at removing aluminide
material from the substrate, although the rate of removal is not as high
as in the case of HCl-alcohol. A distinct advantage of methanesulfonic
acid is that it does not adversely affect the substrate to any substantial
25  degree, beyond uniform corrosion.
In some embodiments, the stripping compbsition further
includes a wetting agent. The wetting agent reduces the surface
tension of the composition, permitting better contact with the substrate

and the aluminide-based coating. lllustrative wetting agents are



as in the case of HCl-al cohol. A distinct advantage of nethanesul fonic

acid is that it does not adversely affect the 'substrate to any substanti al
25 degree, beyond uniformcorrosion. In sone enbodi nents, the stripping
conposition further includes a wetting agent. The wetting agent reduces-
the surface tension of the conposition, permtting better contact with the
substrate and the alum nide-based coating. Illustrative wetting agents are
-7 pol yal kyl ene glycols, glycerol, fatty 9cids, soaps, emulsifiers, and
surfactants. The wetting agent is usually‘present at a level in the range
of about 0.1 % by weight to about 5% by wei ght, based on_the total weight
of the conposi t polalkgiecerglyceladglycaret fatty asisisesoaps amelgifiers.tand st ri ppi ng

ition. F | e, nhi bi : ] , | h
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pitting of the substrate surface. Al exenplary inhibitor is 10 a solution
of sodi um sul f atotaliweigl ¢fthecompaiitian. a sol uti on of sodium chloride in

hydrochl orig. acid. The lexel of jnhibitor u i 1 % by

wei ght to ag"out 15% by we%_ﬁg}ﬁr_,a Wes 48 St%g\ﬁﬁﬁﬁrsﬁfgayﬁh{%gt”@ﬁﬁﬁe stri ppi ng
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about 0.01 % byp¥hafitiok pitiRpt the’substrate surface. An exemplary inhibitor is
10  a solution of sodium sulfate in sulfuric acid, or a solution of sodium
chloride in hydrochloric acid. The level of inhibitor used is usually
about 1% by weight to about 15% by weight, based on the weight of
the entire stripping composition. Moreover, oxidizing agents are
sometimes used in the stripping composition to prevent the formation
15  of a reducing environment. Examples include peroxides (e.g.,
hydrogen peroxide}, chlorates, perchlorates, nitrates, permanganates,
chromates, and osmates (e.g., osmium tetroxide). The level of
oxidizing agent used is usually about 0.01% by weight to about 5% by
weight, based on the weight of the entire stripping composition. In one
20 embodiment, the oxidizing agent is used with acids that are reducing
agehis, e.g. hydrochloric acid.
in the first class of stripping compositions, the aliphatic or
aromatic acid(s) may be combined with an additive or additives, to
increase the effectiveness of the action of the stripping composition.
25 The additive may be an inorganic component, including secondary
inorganic acids, reducing agents, complexing agents, and oxidizing
agents. The additive may also be an organic component, including
organic solvents and complexing agents (compiexing agents may be

either organic or inorganic). The additive desirably affects the



wei ght, based on the weight of the entire stripping conposition. In one 20
enbodi nent, the oxidizing agent is used with acids that are reducing
agents, e.g. hydrochloric acid. In the first class of stripping _
conpositions, the aliphatic or aromatic acid(s) nay be conbined with an-
additive or additives, to increase the effectiveness of the action of.the
stripping conposition. 25 The additive may be an inorgani c conponent,

i ncl udi ng secondary inorganic acids, regfcing agents, conpl exi ng agents,
and oxidizing agents. The additive may ‘& So be an organi c cenponent,

i ncluding organic solvents and conpl exi ng agents (conpl exing agents may be
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contai ni ng MSA.j D Aqueous sol ution were particularly effective in renoving
al um ni des coth)a ‘'ng platinum The effectiveness of the first class acids

may be The use of such additives may be advantageous in
10  combination with a particular first class acid, such as MSA
(methanesuifonic acid). As described in more detail below with respect
to the exampies herein, stripping compositions containing MSA in
agueous solution were particularly effective in removing aluminides
containing platinum. The effectiveness of the first class acids may be

15 further improved by use of additives, particularly for removing non-
platinum containing afuminide coatings, that is, regions of an aluminide
coating free of platinum. Non-platinum containing aluminides are
sometimes present along areas of a substrate, such as along a tip
portion of a turbine blade that has been repaired using known welding

20  techniques, where a platinum layer is not first deposited. The following
additives may be used in combination within individual categories and
across categories.

The solvent additive includes alcohols (e.g. ethanaol,
isopropanol), substituted alkylethers (di-hydroxyethyl ether,

25  di(propylene/ethylene glycol) methyl ether, diethylene glycol monobutyl
ether), substituted ketones (e.g. acetone, 1,5-dihydroxypentan-3-one,
1-methyl-2-pyrrolidone), or glycols (e.g. polyethylene glycol, giycerol,
dimethylene giycol, ethylene glycol). In one embodiment, the solvent

additive is present in an amount of about 1-55 wt%, such as about 10-



15 further inproved by use of additives, particularly for removing non-
plati num contai ning al um nide coatings, that is, regions of an alum nide
coating free of platinum Non-platinum containing alumnides are sonetimnes
present along areas of a substrate, such as along a tip portion of a
turbine bl ade that has been repaired using known wel ding 20 techni ques,
where a platinumlayer is not first deposited. The followi ng additives may
be used in combination within individual categories and across categories.
The sol vent additive includes al cohols (é?gh ethgnog,_ Lsoproparol),
substituted al kyl et hers (di-hydroxyethyl ether, 25 i (p ropy len
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di met hyl ene gl ycol, et hyTeeexidizieg agent adeifrednbiodbsRitate AR H8bUSNT
additive is present in_an anount of about 1-55 wt% such as about 10 -9 40

W % , and nor eSa4F:tahéenide s3itss bydride angddluovidersaltiest!tateay swfitei ampd ng

conposi tiong ThEHAXHkZ) Ltive.includes pitrate and nitrous

salts; chi ot dgaggétsg?téT%Sﬁ)g‘g?%ﬁﬁg%nﬂ’&Pﬁﬁ%Sék%’t atalh 41tk JUOK 11 t e and 5

sul fide sal ts; alneinpiesdred ahidreansBinhatesaltd; axyhBRabaits Perdxiabuor o-

al um nate and chl oro-al um nate salts; ox&/hal de salts; peroxides; chromate
|

sal ts; and rangfiomalesaltssand manganeinsd ﬁdﬂ@,net&i'?boﬁmeﬂt,zﬁhleg agent
w0 and mor o oSoping Aadt AR <388k s aBolividy 4ot dod B¥ent rati on
of the oxidi zi susrageabduiof-20N8t% O4sd nidreippiicifarly about 2-15 wit% (based
10 on 100% concentration of the oxidizing agent) of the total stripping
composition.

The organic complexing agent additive includes two
categories, substituted aromatics (e.g. nitro, hydroxy, carboxyl, and
sulfate substitutions at various positions on the aromatic ring, and their

15 combinations) and substituted alkyl carboxylic acids (e.g. tartaric acid,
citric acid, oxalic acid). The inorganic complexing agent additive
includes halides, oxyhalides, sulfates, phosphates, and nitrates. in one
embodiment, the inorganic or inorganic complexing agent additive is
present in an amount of about 1-10 wt%, such as about 1-5 wt% of the

20 total stripping composition.

) The secondary inorganic acid additive includes nitric,
hydrochloric, phosphoric, perchloric, trifiic, and trifluoroacetic acids,
including combinations thereof. In one embodiment, the secondary
inorganic acid additive is present in an amount of about 0.1-10 wi%

25 (based on 100% concentration) of the total stripping composition. In
combination with the secondary inorganic acid, a reducing agent may
also be incorporated. in one embodiment, the reducing agent additives
include materials having high redox potentials, including, for example,

alkaline earth hydroxides, Al(OH),, borates, phosphates, silicates,



conposition. The organi c conpl exi ng agent additive includes two
categories, substituted aromatics (e.g. nitro, hydroxy, carboxyl, and

sul fate substitutions at various positions on the aromatic ring, and their
15 conbi nations) and substituted al kyl carboxylic acids (e.g. tartaric
acid, citric acid, oxalic acid). The inorganic conplexing agent additive
I ncl udes hal i des, oxyhalides, sulfates, phosphates, and nitrates. In one
enbodi ment, the inorganic or inorganic conplexing agent additive is
present in an amount of about 1-10 wt % ~dfch as about 1-5 wt % of the 20

total stripping conposition. The secondary inorganic acid additive includes
nitric, hydro@usiiaies,dhadihoNagSiFpeanthNar$i6),, present i amathauritfof uor oacet i ¢

acids, includi onl nat i.ons .t.her . Al n_ane enbodi nent, the secondary
i norgani c acid d;-gﬂl%t & FUCh R 0ds V\(’etgr‘g"aﬁ‘ %ﬁfﬁﬁﬁf’“ GFATRBUE 0. 1- 10 wt % 25
(based on 100%fﬁ9taﬁﬁagl5mfé, Qnth @k gmﬁ,q{ﬁogﬁggbmg_ng conposition. In

aci d,

conbi nation wt e secondary i norgani a reduci ng agent may al so

be incorporated. In one dmdneraigrthe aboveradiiittiveg argaddedddian agseousicl ude

mat eri al s havi ng, hi gh redox patentials, .includi.ng, for exanple, alkaline

earth hydro idég!”q‘ﬂﬂ(cﬁﬁ@f‘fn@o&a{?ﬁg,OrI?n%‘_é'Bﬁnjtﬂé%,%'“gicllqs@aﬁ‘cé ,-rmmem um nat es,

Na3Al F6, Na2Si kfnbciheNB2eh Bid BIRESMNL ih@hé@trﬁjm@boﬁ@osﬂoa-&@qi 2’0 such as
I h I'te; such I 'um

0.1-5 wt% A particular exanple i's ypophosp as so

hypophosphi t e. r@greobabgyt 1h80 Wb sustidist albowte30-45 evtdedbthet totaln aqueous 5
S o O oSt Pttt S lgs, 0t oS, 2015, 1 one
The particular stripping composition may be applied to
10  the substrate in a variety of ways. For example, it can be brushed or
sprayed onto the surface. Very often, immersion of the substrate in a
bath of the stripping composition is the most practicai technique. The
bath is preferably maintained at a temperature below about 170°F
(77°C ) while the substrate is immersed therein. In a particular
15  embodiment, the bath is maintained at a temperature below about
130°F (64°C ). The process could be carried out at room temperature,
although a higher temperature range would usually be maintained to
ensure process consistency if the room temperature is variable.
Higher temperatures (within the boundaries set forth above)
20 sometimes result in more rapid removal of the aluminide coating.

In general, though, an advantage of the embodiments of
the invention is that bath temperatures are lower than those of the prior
art. Use of the lower temperatures according to the present method
protects the masking materials which are often present, as discussed

25 previously. The lower temperatures also represent cost savings in
terms of energy usage, while also reducing some of the safety hazards
associated with higher-temperature baths, e.g., in those situations

where volatile components are present in the baths.



range of about 10-80 wt% such as about 30-45 wt%of the total stripping
conposi tion, including additives. The particular stripping conposition may
be applied to 10 the substrate in a variety of ways. For exanple, it can
be brushed or sprayed onto the surface. Very often, immersion of the
substrate in a bath of the stripping conposition is the nost practical
technique. The bath is preferably maintained at a tenperature bel ow about
170 OF (77C) while the substrate is i sed therein. In a particular 15
embodi ment, the bath is maintained at a tenperature bel ow about 130F (54C
). The process could be ﬁgrri ed out at roomtenperature, although a higher
tenperature range woul d d8gdaths sentaining dhe stinning epipositions ase often

consi stency if of e RVETY . Hi t eratuyres
(ai thin the boitiass PESErRRRElEd virilo 85 i dss ideMIEd obE BReRte " api o
renoval of themaximum ctntactdidtwgen lthe seiRiing agehoasf thébo inge of the
enbodi nents of the jnyention is that bath tenperatures are |ower than

those of the pfamBevedf varely efknayen tashsiquasgridberusedifos $higi ng to the

resent netgod e ' [ i ch.oare often present, as
gi scussed p?"é@irogé'sﬁ/& gr%gqﬁl@é\épf‘pn eﬁrr%EeGr?é’t @krégég@f:sacg't%ﬁﬁﬁj’e@é‘ﬁpe@%st savi ngs
in ternms of eagitgionygagbubbind,eraigaldtiemusimping Tenmbrdidietinf iftiie hazar ds
associated with higher-tenperature baths, e.g., I n those situations where

vol atile conpoR@ftéll yaE/, fassdmn ﬁ“ﬁnvﬁtflﬁﬁ@gr&dii‘?@smﬁ’@m@@@“ ai ni ng
the process <o eragl S5 8 e onhbidl (Sbal Bl AwlthoBE” '
strippi ng agenniranes td@bewtad00@ifesd in some embodiments, the immersion '
10 time will be a period less than about 150 minutes. In particular
embodiments, the immersion time will be a period less than about 75
minutes.
Exposure to the stripping composition céuses the
aluminide coating on the surface of the substrate to become degraded.
15 As shown in the photomicrograph of FIG. 1, deep cracks are evident in
the coating; its integrity has diminished, and its adhesion to the
substrate has substantially decreased. In some embodiments, the
surface is then briefly rinsed, e.g., by immersion in water or an
aqueous solution for less than about 1 minute.
20 The degraded coating is then removed without damaging
the substrate. In one embodiment, this step is carried out by abrading
the substrate surface. in contrast to prior art processes, this
embodiment includes a “gentle” abrasion step which minimizes
damage to the substrate. As an example, a light grit-blasting can be
25  carried out by directing a pressurized air stream containing silicon
carbide particles across the surface at a pressure of less than about 80
psi; and preferably, less than about 60 psi, such as less than about 40
psi. Various abrasive particles may be used for the grit-blasting, e.g.,

metal oxides such as alumina, carbides such as silicon carbide, mixed



renmoved. A variety of known techniques could be used for this 5 purpose,
such as the use of inpellers, ultrasonic agitation, magnetic agitation,
gas bubbling, or circulation-punping. Imersion time in the bath will
vary, based on many of the factors discussed above. On a conmercial scale,
the immersion time will usually range fromabout 15 mnutes to about 400

mnutes. In some enbodi ments, the inmrersion 10 time will be a period |ess
t han about 150 m nutes. In particular e diments, the inmrersion tine wll
be a period | ess than about 75 m nutes.” Exposure to the stripping

conposi tion causes the aluninide coating on the surface of the substrate
t om;ecome degr aanetal oxidess nfHdes glass heaghotruahed glassphodiinFe@bohatajeep

' ' ' © int dty.h di,m ni shed, and its
Shesion to- ¢ neafiRetiRor 8b, Hia ayeinbB AHie Sz Shoud hesgrptian
enbodi ment's, t hebout BODARRIbAS, LAHRIplaféRbly/ |éé§@ﬁ%abionﬂ:100?%ich%?rs' on in

water or an aqueous solution for |ess t'han about mnute. 'The degr aded
coating is then renoved Whegut-blastingiis garriedeoutibs o timepetiod sofficempodi ment

brior art ppocacyeliiiihe BeghRidr biting. Eng dlEsch GhantbiiaSikia mdnn st op
whi ch i ni ni zesemBbedirgmt Will HBEeRd BRlVaMRis fAStoRE FXRMESe Ghar | OOt

grit-blasting can be 25 carried out by directing a pressuri ze_d air stream
cont ai ni ng si | idlgRinide cpating pavingd depesitaskihickiness uf Ahoat 50 micpnelsur e of

oo than abourRyt 1B micidty ot Slesiag; i ustall be Zaria oueiogabaut 65 the
grit-blasting, secgnds taTab&Ut TR0 §6orfds; WHsh @iliziAg an afPrR5SFe FUbdLRS
silicon ca‘r' 5! dez’o prgi )t(oe gbout 30 psi, and when using grit particles of less than about
100 microns. These parameters represent a suitabie guideline for
each of the types of stripping compositions set forth above.
Other known techniques for lightly abrading the surface
may be used in lieu of grit-blasting. For example, the surface could be

15 manually scrubbed with a fiber pad, e.g. a pad with poiymeric, metallic,
or ceramic fibers. Altematively, the surface could be polished with a
flexible whee! or beit in which alumina or silicon carbide particles have
been embedded. Liquid abrasive materials may altematively be used
on the wheels or beits. For example, they could be sprayed onto a

20  wheel, in a vapor honing process. (The abrasive material should be
one which does not adversely affect the substrate.). These aiternative
techniques would be controlled in a manner that maintained a contact
force against the substrate surface that was no greater than the force
used in the gentle grit-blasting technique discussed above.

25 Other techniques could be employed in place of
abrasion, to remove the degraded material. One example is laser
ablation of the surface. Alternatively, the degraded material could be
scraped off the surface. As still another alternative, sound waves (e.g.,

ultrasonic) could be directed against the surface. The sound waves,



-12 netal oxides, nitrides, glass beads, crushed glass, sodium carbonate,
and crushed corn cob. The average particle size should be | ess than about
500 microns, and preferably, |ess than about 100 microns. The grit-blasting
is carried out for a tinme period sufficient 5 to renove the degraded
coating. The duration of grit-blasting in this enbodinent will depend on
various factors. In the case of an alum nide coating having a deposited
thi ckness of about 50 microns to about _}@0. microns, grit-blasting wll
usually be carried out for about 60 seconds to about 120 seconds, when

utilizing an aiymi t S f . nsi, .and when
st ng- gt par tTEATEYbRgRa AR s AESofiRnai REVERUBRS wiRER
represent a suidamtdhakeubdsd theedégradedlanhtedfal.t he types of stripping

conpositions set forth above. G her known techniques for lightly abrading
the surface may be used INFomeinstanggs, thebda@taidﬁg.coa@ﬂgma be, the surface

could be 15 | I ber . a.pad with polyneric,
metallic, or ﬁ?gﬁhéaﬁg@ggﬂyggbﬂgﬁ?@e‘%g;' a@ﬁgtlgﬁﬁgcaefog‘ﬁﬁlg&e%tgr pol i shed
with a fleXiblteawttesiproduds with theviitedsonic BchpiqRe ielfi FUT S@kRide
particles have been enbedded. Liquid abrasive naterials nmay alternatively
be used on théhsAekstizatgcopld be immsarses dmplbath whish isgapillpefined ajbd onto a

20 wheel, in anv i OCESS, « £Asi Vi erial. should be one
ahi oh does not aseralpsl AP CET Y "dehef SR aoN S BRL VLR e

t echni ques woulittrasentmillystirlealdi.bn) for 'ﬂ@éﬁl%rgithh@:ﬁ")mq#lhﬁbﬁ%tﬂd%m act force
agai nst the substrate surface that was no greater than the force wused in

the gentle grifapieskeutnti tradegiasled rmatesiabis shakee.loogse.Ot her - t echni ques
could be efpl oyed in plagg ahqh of these altemative techniques, those skilled in
the art would be familiar with operating adjustments that are made to
control the relevant force applied to the substrate (as in the case of the
abrasion technique), to minimize damage to the substrate surface.
in some optional embodiments, it is desirable to include

15 an extended rinsing step between step (a) and step (b). This step
involves contacting the degraded aluminide coating with an aqueous
solution comprising water and a wetting agent like those described
previously. Preferred wetting agents for this step are polyalkylene
glycols like polyethylene glycol. They are usually present at a leve! of

20 about 0.1% to about 5% by weight, based on the total weight of the
rinsing solution. Rinsing can be carried out by a variety of techniques,
but is usually undertaken by immersing the substrate in an agitated
bath of the rinsing solution, for about 1 minute to about 30 minutes.

With reference to FIG. 2, it can be seen that the

25  extended rinsing step removes the chunks of aluminide particles
shown in the FIG. 1. In this instance, the remaining thin layer of more
coherent aluminide material is subsequently removed in an abrasion
step, such as by grit blasting. The use of the extended rinsing step

usually decreases the time required for carrying out the abrasion step.



abrasion, to renove the degraded nmaterial. One exanple is |aser ablation
of the surface. Alternatively, the degraded material could be scraped off
the surface. As still another alternative, sound waves (e.g., ultrasonic)
could be directed against the surface. The sound waves, -13 which may
originate with an ultrasonic horn, cause vibrations which can shake | oose
the degraded material. In sone instances, the degraded coating could be
renoved by aggressive agitation, e.g., gg%gation with a force greater 5
than that produced with the ultrasonic technique itself. For exanple, the

substrate coul ¢ be i sed in bath which is rapidly stirred with a
nmechani cal sti ?:Pé?h? ﬂ?.ag&?ﬁ‘f%ﬁef' geg{g'rtg"lmﬁtﬂ Pamatels degaibgd; abpves the so

ul trasoni cal | ytigtd fria@dd } Q9 1 ri%fcf'b | L on. ' l,en woul d be
carried out untiil tﬁg deégiog‘ﬁgg tﬁaatperl a ﬂ%%slhi%%%dggé%b%ﬁ é%r each of
these al t er nat iseeonds; Hoi exaraplet Hitseus of thedaltematives tevhinigues! fdr b ani | i ar

wi th operating,adj ustnents that are nmade to control the relevant force
applied to the(tgtl'lrj"é}'f‘aé‘fJ i the P‘t‘f“fﬂ?é’oﬁ anyrabrasion glep.aodiscessad que), to

mnimze dagraggré\;polgg}@ substrate surface. In some optional embodinents, it
is desirable to include 15 an extended rinsing step between step (a) and
step (b). This step invélfteegritbiasting) canplessddaiiridasually iowiacerat i ng
desori bed " pr oIGHI At i (PUY kT e AU LREME O Garteips osabpasiYe
2% et "o EAAER TR SR 0R8 B e AR, B O
of the rinsingatesalt iFon exBmpie, mHatiumisuminide protectivdyostingy fogt y  of
techni Y50 engine parts can again be applied to the high-quality surface of the
superalloy, which has been substantially unaffected in the earlier
stages of coating repair.
In some embodiments of this invention, the substrate
surface is contacted with two stripping compositions, in sequence. The
15 first composition is one which very quickly begins to remove the
aluminide materials. A specific example is the mixture of the inorganic
acid and the solvent which reduces the activity of the inorganic acid
relative to the substrate, as described previously. lllustrative
compositions of this type are hydrochloric acid with an aicohol such as
20  ethanol; and sulfuric acid with water.

The second stripping composition is one which is capable
of removing the aluminide materiai more slowly, and with no pitting or
attack on the substrate, except for the possible occurrence of uniform
corrosion, as discussed previously. One example is the stripping

25 composition based on an alkane sulfonic acid, such as
methanesulfonic acid, as described previously.

Typically, each stripping composition is used in the form
of a bath in which the substrate can be immersed. Contact times and

bath temperatures will vary, based on many of the factors described



but is usually undertaken by i mersing the substrate in an agitated bath
of the rinsing solution, for about 1 mnute to about 30 m nutes. Wth
reference to FIG 2, it can be seen that the 25 extended rinsing step
removes the chunks of alum nide particles shown in the FIG 1. In this -

i nstance, the remaining thin |layer of nore coherent alum nide material is
subsequently renoved in an abrasion step, such as by grit blasting. The
use of the extended rinsing step usuaII% decreases the tine required for
carrying out the abrasion step. -14 For~ Re illustrative set of
grit-blasting paranmeters descri bed above, the tinme may be reduced to a
peri od of aboutPrévigHsl¥nad.t¥palsedtameuntselcaltaknide onatexiaheiquirinthe use of the

| t ti t ' : : l.t, i | i m nati f
braston St ep. ‘AMoRHE B LR sy BaER]) b Fasiralhd o BebPergliredipr e ol
air is usually thé eayest Aissut 0°PtoSaRsitIARIE Lt SO Gabn thas dual al uni nide

particles or abrasive particles. The substrate can then be re-coated with
any desirabl e between aboutfpmiectesmne apbuttAhminuesiniThedecpnd badt Wik

coatings for 10 engjne parts.can again be applied to the high-quality
surface of he?y@%%‘é/&éq ',tam%@{ %%"B%@HJ@GMW%FRG% Ofyatimgﬂﬁcel&@d in the
earlier stage 667 1 ra‘?{)ﬂ’} . I.en of . this invention,
the substrate gts)g{nf ace igﬁgon 'acri]gﬁ%n ?Wgﬂuépﬁ&“@%w&%% ns, in
sequence. The abbufi2Gmimgaposition is one which very quickly begins to

renove the alumnide nmaterials. A specific exanple is the m xture of the
inorganic acid and the 48IiQ&RevigHs embashimests, thrsudace cay then bée i nor gani c

aci d subjected to a gentle abrasion step (or similar technique) to remove
10  the degraded coating, e.g., by light grit-blasting. Moreover, in some
embodiments, the abrasion step can be preceded by an extended |
rinsing step, as also described above. In general, this embodiment is
usefu‘l for situations that require relatively short process times, and a
high removal rate for the aluminide, without any adverse effect on the
15  substrate. These are aiso situations in which a two-stage procedure
for treatment with the stripping composition would be acceptable.
The substrate on which the aluminide coating is disposed
can be any metallic material or alloy which is typically protected by a
thermal barrier coating. Often, the substrate is a heat-resistant alloy,
20  such as a superalloy, including nickel-base, cobalt-base, and iron-base
high ter.nperature superalloys. Typically the superalloy is a nickel-base
material or cobalt-base material, where nickel or cobalt is the single
greatest element by weight in the alloy. lliustrative nickel-base alloys
are designated by the trade names Inconel®, Nimonic®, Rene® (e.g.,
25 Rene® 80-, Rene® 125, Rene® 142, and Rene® N5 alloys), and
Udimet®. 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



relative to the substrate, as described previously. Illustrative
conpositions of this type are hydrochloric acid wth an al cohol such as 20
et hanol ; and sulfuric acid with water. The second stripping conposition is
one which is capable of renoving the alumnide nmaterial nore slowy, and-
with no pitting or attack on the substrate, except for the possible
occurrence of uniform corrosion, as discussed previously. One exanple is
the stripping 25 conposition based on an al kane sul fonic acid, such as

met hanesul foni ¢ acid, as described previ-ddsiy. Typically, each stripping
conposition is used in the form of a bath in which the substrate can be

i mer sed. Cont &ty eteesudace reguiting erfpatasesistant bardenarayingbeitted on many of

the factors described. 515 previously, e.g., type and anount of al um nide
material requi rﬁ%?é‘?arﬂ@%\ﬁgﬁ)@%@é&g%f’é; the first bath will be naintained at
a tenperature in the range of about OC to about 40C , with an inmersion
time between about 5 m rEKAMRUER about 20 m nutes. The second bath will 5

typically be maintained at a tenperature in the range of about 40 Cto
about 60C , with an i merBi®axamplesibahiodowdliesttate Gomeembodindntsadfout 120

i nutes. Asgi ' di th f th . _.subjected t
2 Gent1 e abpasiDR YERrEARS SOkt RotbeeRlaie B FERpYSone TriEtabor aded
coating, e.d., dpyitd s€dpge.grit-blasting. Mreover, in sonme enbodinents, the

abrasi on step can be preceded bK an extended rinsing step, as also
descri bed above. . | n generkach efthe felimwingrtestsapleaded wasf @butohuat i ons t hat

require relativelye #B9Y & nRiRrBaSed SUBStaid) %rsne® N-5, having a thickness
of 0.125 inch (0.32) cm, and a diameter of 1 inch (2.4 cm). Prior to
10 deposition of the aluminide coating, the buttons were grit-blasted with
alumina and cieaned. The surface of each button was electroplated
with platinum to a depth of about 7.5 microns, followed b;_r diffusion-

aluminiding of the surface to a depth of about 50 microns.

EXAMPLE 1

15 Sample 1 was treated according to a prior art process,
involving two steps which included stripping compositions. In the first
step, one of the buttons was immersed in a bath formed from a 50 ; 50
(by weight) mixture of nitric acid and phosphoric acid. The bath was
maintained at a temperature of about 170°F to 190°F (77-88°C ). After

20  2-4 hours, the sample was removed from the bath and rinsed in water
for 20 minutes. The button was then immersed in a bath of 20-40%
(by weight) hydrochloric acid in water, maintained at about 150-165°F
(66-74°C ). The immersion time for the second bath was about 30-60
minutes. After removal from the second bath, the sample was rinsed

25 again in water for about 20 minutes, and then examined.



hi gh renoval rate for the alum nide, w thout any adverse effect on the 15
substrate. These are also situations in which a two-stage procedure for
treatment with the stripping conposition would be acceptable. The substrate
on which the alum nide coating is disposed can be any netallic material -or
alloy which is typically protected by a thermal barrier coating. Oten,
the substrate is a heat-resistant alloy, 20 such as a superall oy, including
ni ckel - base, cobalt-base, and iron-base rlgh t enper ature superall oys.
Typically the superalloy is a nickel- base!/ material or cobalt-base
material, where nickel or cobalt is the single greatest elenent by weight
in the alloy. |IBxaseplaid ve nickel - base alloys are designated by the trade

| | ., Ni noni Ren 25 R R 125,
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an airfoil conponent. As another exanple substrate nmay be the piston
head of a di eseior@ﬂgﬁrm‘n ad0 : 56 (ayyeightpmixturd at mateapestiliopicacid and

heat - tant b th bstanti al | th f
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(0.32) cm and a of 1 ch (2.4 . Prior to 1Q deposition of the
al umi ni de coat |W&%I?§§‘%‘U?§ Sﬁg'q}kg o t@ﬂ"?"fe?ﬂ"@s@ eresguriged air stream

containing silicon carbide particles across the button surface at a
10 pressure of about 20 psi. The silicon carbide particles had an average

particle size of less than 50 microns. The button was then examined.

EXAMPLE 3

Sample 3 was treated according to another embodiment
of the present invention. One of the buttons was immersed.in a bath

15 formed from a 50 : 50 (by weight) mixture of hydrochloric acid (37.7 wt.

% in water) and ethanol. The bath was maintained at a temperature of
120°F (49°C ). After 45 minutes, the button was removed from the
bath and rinsed in water for 20 minutes. The button was then gently
grit-blasted. The grit-blasting was carried out according to the

20  specifieations for sample 2. The button was then examined.

EXAMPLE 4

Sample 4 was treated according to another embodiment
of the present invention. One of the buttons was immersed in a bath of
25% (by weight) sulfuric acid in water. The bath was maintained at a

25 temperature of 120°F {(49°C ). After 30 minutes, the button was

removed from the bath and rinsed in water for 20 minutes. The button
was then gently grit-blasted according to the specifications for sample
2, and examined.



al um na and cl eaned. The surface of each button was electroplated wth
platinumto a depth of about 7.5 mcrons, followed by diffusion-

al um niding of the surface to a depth of about 50 m crons. EXAMPLEl1 15
Sample 1 was treated according to a prior art process, involving two steps
whi ch included stripping conmpositions. In the first step, one of the
buttons was immersed in a bath forned froma 50 : 50 (by weight) m xture
of nitric acid and phosphoric acid. The Qgth was rmaintained at a

t enperature of about 170"F to 19011F (77-880C ). After 20 2-4 hours, the
sanpl e was renoved fron1&£ﬁq§ th.and rinsed in water for 20 m nutes. The
button was then i mrersed B of 20-40% (by weight) hydrochloric acid

in water, naintained at a;%QH P : 4. C The imersion time
for the second bath was a Ouéle%@g%qperﬁtégtagé@%ﬁq teorsl%"e?r%cs}gﬁrfromthe second
bath, the sanplemwimenhekithis2ivagton, utilizims wvo itfereenipsiAgni nut es, and
then exam ned. -17 Exanple é Sanple 2 was treated according to one

enbodi nent of CPAWISHEBENA buliemtasdesaedpreyipsshiwasiistimmersestiged in a
bath fornegl fi ' ' ] . Of . | fonic acid and
5 water. The ba?{\a t%(gpnrreacfﬁ?g}b%e é{[@é‘tg}p ghrr&lrﬁgcﬁ?r%c'g%h?%ﬁgﬁgfgﬁsj" After 45

m nutes, the biixampievads Trenbatadvis maiﬁ@m&ﬁéfa%mpéﬂaﬂ%@%fiW?P’%@C?{for 20
m nut es. The bﬂhton was then gently grit-blasted. The grit-blastihg was
carried out byAHRFaRtNiAYtes, Hrebutlen yas removad fsem the dathiandnipsedlin con

bai - The o 11 coareraoh A IbUEs HEBuith YARTBh e B R a Bt ar O 0
methanesulfonic acid and water, as described in Example 2. The bath
10 was maintained at a temperature of 73°F (23°C ). After 45 minutes,
the button was removed from the bath and rinsed in water for 20
minutes. The button was then gently grit-biasted, as described in the
previous examples, and examined.
The process parameters and results are set forth in Table
15 1. “Selectivity” is defined as the ratio of the amount of coating material
lost to the amount of substrate materiai lost during the stripping
step(s). A higher ratio is a desirable indication that the aluminide
coating material is being removed while minimizing the removal of any
of the substrate material.



particle size of less than 50 m crons. The button was then exam ned.
EXAMPLE 3 Sanple 3 was treated according to another enbodi nent of the
present invention. One of the buttons was imersed. in a bath 15 forned
froma 50: 50 (by weight) m xture of hydrochloric acid (37.7 wt. %in
water) and ethanol. The bath was maintained at a tenperature of 120F (49C
). After 45 mnutes, the button was renoved fromthe bath and rinsed in
water for 20 m nutes. The button was then gently grit-blasted. The
grit-blasting was carried out according t¥the 20 specifications for sanple
2. The button was then exam ned. EXAMPLE 4 Sanple 4 was treated according
to another enbodi nent of the present iTaldatlion. One of the buttons was
imMmersed in a bath of 25% (by weight) sulfuric acid in water. The bath was
mai ntai ned at a 25 tenperature of 120F (49Ceyidenddsr 30 mi nutes, the button
was renoved from the|ba$tipping rinsed in wat Rittiigosr 20 Winmatt es. Teﬂwvrbutton
was then gent | \Sagle # jp| Gompagitionc orSélestivityd t he 16AECI f i camigns fofecganple 2,
and exam ned. -18 EXAMPLEINO®Banple 5 was treated according to stiTT another
enbodi ment of this inyed8f@HiCutilizing two different stri ppl ng
conpositions. A blitto 1, Watetbscr | bed1pr evi ouSbservedas fli5p-800°i metrseed in 5 a
bath formed froma m h@ﬁe‘h drochl oric acid and ethanol, as in Exanple
3. The bath was n'§i nt p%% tenpetature offor¥ OF (296). Af tjgr 10

: h 5
m nutes, the buttdn wh Sulunc from'5 he bat“f?“?ﬂtﬂ b i nsegol n o
HCl-
5 Ehtanol/MSA® 42 None 45 49

.(a) Grams coating material removed/grams substrate material removed
(b} 2-step stripping process; MSA = methanesuifonic acid
(c} Comparative example
{d) Total immersion time
5 *  IGA =intergranuiar attack
**  Immersion time in bath of stripping composition
***  Bath temperature

The above resuits demonstrate the advantages of
various embodiments of the present invention. The process of
10 Example 1 (i.e., sample 1), which represents the prior art, resulted in a
significant amount of pitting and intergranular attack of the substrate
surface. Moreover, the time required for the process was lengthy. in
contrast, the processes for Examples 2-4 (samples 2-4) required much
less time, and utilized much lower temperatures. The process of
15 Example 5 (sample 5), utilizing the two-step stripping procedure
according to some embodiments of this invention, also provided
desirable coating removal and selectivity, with no adverse effects on
the substrate surface.
FIG. 1 is a photomicrograph of a cross-section of a
20  platinum-aluminide coating applied on a nickel-based superalloy
substrate, after treatment with a methanesulfonic acid stripping
composition according to this invention. Degradation of the layer of
platinum-aluminide material is clearly apparent.
FiG. 2 is a photomicrograph of the cross-section of FIG.

25 1, after the degraded coating has been immersed in a rinsing



water for 20 m nutes. The button was then imersed in a bath of

nmet hanesul fonic acid and water, as described in Exanple 2. The bath 10 was
mai ntai ned at a tenperature of 73F (23C ). After 45 mnutes, the button

was renmoved fromthe bath and rinsed in water for 20 mnutes. The buttan

was then gently grit-blasted, as described in the previous exanples, and

exanined The process paranmeters and results are set forth in Table 15 1.
"Selectivity" is defined as the ratio of the anmount of coating nmaterial

| ost to the amount of substrate materiat20ost during the stripping step(s).

A higher ratio is a desirable indication that the alum nide coating

material is becogipmrtlcmecd watiel anmplmijetlzylegtfafgiytol eT%\BE%Qj‘ \&ébght)ofb_rl_t he
substrate mater -19 Table_ 1 Evidence of Stripping Pitting or Tine**
Tenp. *** Sanpﬁéow D radtes; Jhisselepciapidly yempesd ?f(eﬂaﬁger@huqm@@fmpm/ HCI -

3 HO - Bt hanol CaRuAg fratgial Bty o (i} ABFor sl Eafdif o8 A8S° 1o s
Eht ano/ MSA 42 biglnstratb. 49
5 FIG. 3 is a photomicrograph of the cross-section of FIG.
2, after the rinsed surface has been gently grit-blasted, as described in
the examples. Grit-blasting of less than about 120 seconds resulted in
complete removal of the remaining aluminide coating, without damage

to the substrate.

10 The following Examples 6-15 were prepared to evaluate
the first class of stripping compounds including aliphatic and aromatic
acids with at least one organic or inorganic additive. The example
substrates were constructed of Rene®80, Rene®142 and Rene®N5
superalloy base metals having a non-platinum containing aluminide

15 (non-platinum aluminide) coating and a platinum-aluminide coating.
The sampies were typically treated for four hours with the stripping
solution at 150°F {or lower)} followed by an ultrasonic bath and a grit
dusting. The extent of coating removal was verified by a heat tint
process and by microscopy. The samples were checked for IGA and

20  pitting of the base metal using microscopy.

EXAMPLE 6 (acid-acid mixture)

A mixture of methanesulfonic acid (MSA), hydrochloric
acid 38° baume (HCI) and water (38:15:47 wt %) was used to strip a
platinum aluminide coating and non-piatinum aluminide coating from a
25  high pressure turbine (HPT) blade. The part was immersed in the
solution for 4 hrs at 50°C with ultrasonic agitation, which was foliowed

by a water/polyethylene glycol rinse for 15 min with ultrasonic agitation.



(a) Grans coating material renoved/ grans substrate material renoved (b)
2-step stripping process; MSA = nethanesul fonic acid (c) Conparative
exanple (d) Total imrersion tinme 5 |GA = intergranul ar attack | mrersion
time in bath of stripping conposition Bath tenperature The above results
denonstrate the advantages of various enbodi nents of the present

I nvention. The process of 10 Exanple 1 (i.e., sanple 1), which represents
the prior art, resulted in a significant anount of pitting and

intergranul ar attack of the substrate 3&tface. Mbreover, the tinme required
for the process was lengthy. In contrast, the processes for Exanples 2-4
(sanpl es 2-4) dbguypartwamiken gritklestachat 6Qpsi taitérhove therdegradeder

tenperatures. The.process of 15 Exanpl e sanple 5), wutiliz] t he
Lworstep stri pBPRETGy ShEgartnd desspitals oRled A drtmndd b e s

i nvention, al SpeRf Mt ftBEcsSI8SH hﬁ&'o%cseﬁt ?ﬂ@hﬂ@@\f’\%'s R eBGheRL bifd Y, Wi th
no adverse effects o the substrate surfate. FIG 1 1s a photom crograph

of a cross-secmabal mofcragrapbspl ati num al uni ni de coating applied on a
ni ckel - based superall oy substrate, after treatnment with a nmet hanesul fonic

acid stripping conpositij rdi.n o.this invention. Degradation of the
| ayer of ati num al uni Emeg?i@&dhc@@i{cﬁ] apparent. FIG 2 is a

phot om crograph of the cross-section of FIG 25 1, after the degraded
coating has been i mer sedvihRods fitkiSUAHP EBlades with a platinum aluminide

coating having a previous aluminide tip repair (forming a non-platinum
aluminide coating region}, were treated with a mixture of MSA, HCI,
sodium hypophosphite, and water (40:10:2:48 wt%). The part was

10 immersed in the solution and ultrasonically agitated for 4 hrs at 50°C,
followed by a water/polyethylene giycol rinse for 15 min with ultrasonic
agitation. The part was then grit blasted at 60psi to remove the
degraded coating. Heat tint and microscopy both showed the part to
be completely stripped of both the platinum aluminide and the non-

15  platinum aluminide coatings, with no attack on the base metals.
EXAMPLE 8 (acid/acid/compiexing agent)

Various field run HPT blades with both platinum
aluminide and non-platinum aluminide coatings on nickel based
superalloy were stripped in a solution of MSA, water, HCI, and

20  dinitrobenzenesulfonic acid (NBSA) (41:51:5:3 wt%). The stripping
solution was maintained at 50°C with ultrasonic agitation, which was
followed by a water/polyethylene glycol rinse for 15 min with ultrasonic
agitation. The part was then grit blasted at 60psi to remove the
degraded coating. Heat tint and microscopy both showed the part to

25 be completely stripped of both the platinum aluminide and the non-

platinum aluminide coatings, with no attack on the base metals.



5 conposition of water and polyethyl ene glycol (1 % PEG by weight) for
about 20 mnutes. This step rapidly renoved the |arger chunks of coating
material, leaving only a thin |ayer of alumnide material on the

substrate. FIG 3 is a photomi crograph of the cross-section of FIG 2,
after the rinsed surface has been gently grit-blasted, as described in the
exanples. Git-blasting of less than about 120 seconds resulted in

conpl ete renoval of the remaining alumnide coating, wthout damage to the
substrate. 10 The fol | owi ng Exanpl es 6-1%2mre prepared to evaluate the
first class of stripping conpounds including aliphatic and aromatic acids
with at |east one organi EXAMPLd §afaicid/adidisdlvent) The exanpl e substrates
were constructed of Rene@0, Rene@42 and Rene(DN5 superall oy base netals

havi -plati num co ining alumnide 15 (nop-pl ati pum al um ni de)
cg\;t in%gaazgnappl alt i num aWLﬁ%{OMSdg)UPBQFi _ﬁﬁ‘."ng‘ﬂ%géa nge ﬂ&"?”t%@rcal ly
treated for fowonhslEfiSuridifimiri€e sbai rﬁ)&,%reéﬂﬁ;?ﬁécgﬂs@ﬁ M3R 'ﬁ(é:?é?aower)

i )
foll owed by an ultrasonic bath and a grit usting. THe exten coating
renoval was veidigthylenggiycoh§AEQ) iiwaterdB8riEs47 anth)byThei DEGEwamy. The sanpl es

wer e checked fqr. nd 20 nitti t he base nget usi ng.m croscopy.
EXAVPLE 6 (%ci g'ﬁ’ﬁdé’i%"ﬁ sx%%ﬁeg)%r%"rﬁr?@?e&e“’oﬁﬁ' W@ferﬁa%sﬁ‘zﬁoﬂm‘éqé%WétQWBA) ,
hydrochloric  29ivalifie wetfgank tbb tBHYS Sifectivé: e $fiotfindBollfigaused to
strip a platinum alum nide coating and non-platinumaltmnirde coating from
a 25 hi gh pres¥asdgnaitained af BPT) withaditrasthie guitationpwhioln®as ésllowed he

by a water/polyethyiene giycol rinse for 15 min with uitrasonic agitation.

The coupons were then grit biasted at 60psi to remove the degraded

10 coating. Heat tint and microscopy both showed the coupons to be
completely stripped of both the platinum aluminide and the non-

platinum aluminide coatings, with no attack on the base metals.
EXAMPLE 10 (acid/acid/oxidizer)

Various field run HPT parts having both platinum

15 aluminide and non-platinum aluminide coatings were stripped using a
solution of MSA, water, nitric acid 70° baume, and hydrogen peroxide
(50 wt% concentration in water) (25:30:25:20 wt%). The parts were
immersed in the stripping solution, maintained at 50°C with ultrasonic
agitation, followed by a water/polyethylene glycol rinse for 15 min with

20  ultrasonic agitation. The parts were then grit blasted at 60psi to
remove the degraded coating. Heat tint and microscopy both showed
the part to be completely stripped of both the platinum aluminide and
the aluminide coatings, with no attack on thé base metals.

EXAMPLE 11 (acid /oxidizer)

25 Various field run HPT parts having both platinum

aluminide and non-platinum aluminide coatings were stripped using a



solution for 4 hrs at 50"C with ultrasonic agitation, which was foll owed

by a water/ pol yet hyl ene glycol rinse for 15 mn with ultrasonic agitation.
-21 The part was then grit blasted at 60psi to renove the degraded
coating. The coating was conpletely renoved, as determ ned by the heat
tint process and m croscopy. Slight 1GA was noticed in the bare netal

m crographs. 5 EXAMPLE 7 (acid/acid/reducer) Various field run HPT bl ades
with a platinumalumnide coating having a previous alumnide tip repair
(forming a non-platinum aluminide coatt®dd-region), were treated with a

m xture of MSA;, HCI, sodium hypophosphite, and water (40:10:2:48 w% . The
part was 10 i mseldied ofiviSAe wabén) hiydrogemdberokidas(@0i wak vnaentrafi@dindf or 4 hrs

ol trasoni & ng MRy 06 HhaD valeh e B%'e%r@r%h%%ﬁ’%gééﬁf fe %:?pé?ngm;“r oove b
he d ded i ' i

compl ot ol y- st FoRigROmaiRaIned A o EhwiTh R pBEA e RIS et BY 2751 at Cnum

al um ni de coat wager/poliéthylme @ré@i(ﬂhs@ﬁ‘pf he rhiﬁsmma&@lséni&a@{\é?ﬁﬁ 8

(aci d/ aci dgon{f_l exi ng agent) Various field run HPT bl ades W th both
pl ati num umt ReRarBwereothion gritibhasted ial 60nside recwverthe degradedkel based

super al | oy wer | p I UL A, wafer, H and 20

dinit robenzenegaﬁ%i @ggtc{f@t %@A&fﬁ%@&oﬁ@%% ﬁ"eﬂaé'%q P?ppi ng solution
was mai nt ai nedcamnpiélyvitiipped bf BRastatn@al dlaiiklde avdl ridh-pRginukP! | owed by a
wat er/ pol yet hyl ene gl ycol_ rinse for 15 mn with ultrasonic agitation. The
part was then giiminkiezaaatings: wibmei attack emthecbasemetals.

EXAMPLE 12 (acid/additional acids)

10 Various field run HPT parts were stripped using a
solution of hydrochloric, nitric, lactic and acetic acid (30:10:30:30
vol%). The parts were immersed in the stripping solution, which was
run at 50°C with mechanical agitation, followed by a water rinse for 15
min with ultrasonic agitation. The parts were then grit blasted at 60psi

15 to remove the degraded coating. Heat tint and microscopy both
showed the part to be completely stripped of both the platinum
aluminide and the non-platinum aluminide coatings, with no attack on
the base metals. |

EXAMPLE 13 (acid/acid/oxidizer)

20 Various field run HPT parts were stripped using a
solution of MSA, water, HCI, potassium permanganate (36:44:10:10
wt%). The parts were immersed in the stripping solution, which was
run at 50°C with ultrasonic agitation, foflowed by a water/polyethylene
glycol rinse for 15 min with ultrasonic agitation. The parts were then

25  grit blasted at 60psi to remove the degraded coating. Heat tint and
microscopy both showed the part to be completely stripped of both the



degraded coating. Heat tint and m croscopy both showed the part to 25 be
conpletely stripped of both the platinum alum nide and the non- platinum
al um nide coatings, with no attack on the base netals. -22 EXAMPLE 9

(aci d/ aci d/ sol vent) Various coupons, having either platinum alum nide or ..
non- pl ati num al um ni de coatings, were stripped using MSA, HCJ, and

di et hyl ene glycol (DEG /water (38:15:47 w% . The DEG water 5 m xture was
varied fromall DEGto all water. 2/3 DEG and 1/3 water by vol ume was
found to be the nost effective. The stritpgi-ng solution was nmintained at
50C with ultrasonic agitation, which was followed by a water/polyethylene

gl ycol rinse f @latifunmaturminide ghd Emnahfpl@tmmtdlmﬁinidé'b@amﬁeﬁ?ons were then
grit blasted at,60psi to renpve the degraded 10 coati ng. at tint and

m croscopy bot '§ﬁ%\ﬁ@8¥t’ﬂ'@c@éﬁd%o'ﬂ@ ‘%é’et@bﬁ@'ﬂl@[leqf)ﬁh@%ﬁ'ﬁpéﬂsof both the
pl ati num al um ni de and the non- platinumalum nide coatings, with no attack

on the base netals. EXAI\/% ' ' | di zer) Various field run. HPT
parts having both platinum @ﬁiﬁfﬁi ﬂé“ﬁgjogil%rgn- pl ati num al um ni de coati ngs
were stripped using a solution of MSA, water, nitric acid 70 baunme, and
hydrogen peroxide (50 wivarioosdietd rat HOT partsvaiees strppadiainga20 wt % . The
parts were _i m"relrél?ed I.n %Re striig iz?l‘)\;ol uti on, mai ntaLned at 50C with
ul trasoni c 2 agFPEIPBRf M) watas, 5" IhghloridedrPa0:iM avido)gl Theobams nse for 15
mnwth 20 u ' | i ; : rit Pl ast ed at
60psi to remvl@bﬁﬁgﬂﬁlgg?%%ﬁjﬁtgoﬁ;w %‘;“—wawéiﬁé‘giue%éébogyw %th showed
the part to beultrasphiet agitatiohy faipa@dtly Aeidtel/pelyBtratdriv ghabliindy & 1gnd

min with ultrasonic agitation. The parts were then grit blasted at 60psi

to remove the degraded coating. Heat tint and microscopy both

10  showed the part to be completely stripped of both the platinum
aluminide and the non-platinum aluminide coatings. Microscopy

indicated some 1GA on the dovetail.
EXAMPLE 15 (acid/acid/oxidizer)

Various field run HPT parts were stripped using a

15 solution of MSA, water, HCI, sodium aluminum fluoride (37:45:15:3
wt%). The parts were immersed in the stripping solution, which was
run at 50°C with uitrasonic agitation, followed by a water/poiyethylene
glycol rinse for 15 min with ultrasonic agitation. The parts were then
grit blasted at 60psi to remove the degraded coating. Heat tint and

20  microscopy both showed the part to be completely stripped of both the
platinum aluminide and the non-platinum aluminide coatings, with no

attack on the base metals.

The acid systems according to embodiments of the
present invention exhibit desirable selectivity in removing both the
25  diffusion platinum aluminide and non-platinum aluminide coatings,

while leaving the base metal relatively unaffected. The solutions of



the alum nide coatings, with no attack on the base netals. EXAMPLE 11 (acid
[ oxidizer) 25 Various field run HPT parts having both platinum alum nide
and non-pl atinum al um ni de coatings were stripped using a -23 solution of
MSA, water, hydrogen peroxide (50 wt% concentration in water) (36:44:20.
vol 9% . The parts were immersed in the stripping solution, maintained at
S0C with ultrasonic agitation, followed by a water/polyethylene glycol
rinse for 15 min with ultrasonic agitation. 5 The parts were then grit

bl asted at 60psi to renove the degraded-2&cating. Heat ti nt and m croscopy
both showed the part to be conpletely stripped of the platinum alum nide
and non- pl at i nEXAMPULE 8+ MEAZHIEY | BEYAMPRILE H3ndM8WIHCKKMMO hanbase netal s.

EXAMPLE 12 ' Lt I id 10 Various field run HPT parts were

stri pped usi( ﬁ;lééﬂ@gh-ﬁ f‘gﬁpﬂﬁfﬁ?éiao%%???@y SHobtiGA to Hlﬁb%s%ﬁ@t%if:et ic acid
30: 10: 30: 30 0 i ' he. st (AR ution,

\(/\/ni ch was run\égl'%j %SETﬁ?%eﬂ&e@Hgﬁ?ﬁﬂr%‘?@gﬁ' g%rtkf grl 'ﬁo&‘vvesggt\)"";}peziF %/at er rinse

for 15 mn wi shightlamascinefd Gatgist alloweble. TWhilp@ach ofehe cohpaslibnt opl ast ed at

choved the ar EXAMBLESHAA! Buets Ses 6 apPBIon HRUBNE AIHTIIRI Ui i de

motal o BxavpLd TR PARE DR it B ERAMRIES ek 1 3BH0ET < wer e

stri pped usi ngwere paftidularty effedsd, water, HCl, potassium pernmanganate

(36:44:10: 10 According to embodiments of the present invention,

platinum aluminide and non-platinum aluminide coatings were

10 removed at low temperatures and under short durations, thereby
avoiding attack on the masking materials. In addition, by operating' at
a reduced temperature and by having low volatility, embodiments of
the present invention exhibited low loss of solution due to evaporation.
Accordingly, less frequent addition of water and acids is required

15  during use.

While the foregoing description relates generally to
removing a layer such as an aluminide coating, one particular
composition, MSA, may be used in connection with removai of other
materials. Particularly, it has been found that MSA is effective at

20 removing deposited oxides from turbine engine components, which
oxides are deposited during actual use of gas turbine engines. Such
oxides are generally removed during a cleaning step prior to removal
of the aluminide layer. The oxides are referred to in the art as CMAS
(calcium, magnesium, aluminum, and silicon) oxides. In one

25  technique, a cleaning composition containing a 50 % concentration of
MSA in water is exposed to the component for about one hour at about
60 °C.

Various embodiments of this invention have been

described herein. However, this disclosure should not be deemed to



W% . The parts were imrersed in the stripping solution, which was run at
50C with ultrasonic agitation, followed by a water/polyethylene glycol
rinse for 15 min with ultrasonic agitation. The parts were then 25 grit

bl asted at 60psi to renove the degraded coating. Heat tint and m croscopy
both showed the part to be conpletely stripped of both the -24 platinum

al um ni de and the non-pl ati num al um ni de coatings. M croscopy indicated

| GA on a dovetail portion of the HPT parts. EXAMPLE 14 (aci d/ oxi di zer)
Various field run HPT parts were strippe@6using a 5 solution of MSA, water,
iron (111) chloride (40:50:10 w% . The parts were inmersed in the

stri ppi ng sol ulbemhmvtbhminowahersuopatofﬁﬁ)@cbaimbd irlentidRO MccobdihgRt | on,

foll owed by a water/pol yethyl ene glycol rinse for 15 mn wt Ul t rasoni ¢

agitation. The VEHW% fé?act!@@ﬁ, gﬁa@tabpa%,t@uﬂ alterpatives may qaswibteonee

completel y ot r enedTaine affwifRin BeERRRENRSm i BePHe M BreseRnhl ot num

al um ni de coat clafims. M croscopy indicated some | GA on the dovetail. EXAMPLE
15 (aci d/ acid/oxidizer) Various field run HPT parts were stripped using a
15 solution of MSA, water, HC, sodiumalum numfluoride (37:45:15:3 w%.
The parts were immersed in the stripping solution, which was run at 50C
with ultrasonic agitation, followed by a water/polyethylene glycol rinse
for 15 mn with ultrasonic agitation. The parts were then grit blasted at
60psi to renove the degraded coating. Heat tint and 20 m croscopy both
showed the part to be conpletely stripped of both the



pl ati num al um ni de and the non-pl ati num al um ni de coatings, with no attack
on the base netals. The acid systens according to enbodi nents of the

" present invention exhibit desirable selectivity in renoving both the 25

di ffusion plati num al um ni de and non-pl ati num al um ni de coatings, while

| eavi ng the base netal relatively unaffected. The solutions of -25 EXAVPLE
6- MSA/HCI, EXAMPLE 13 - MSA/ HCl / KMhO4, and EXAMPLE 14- MSA/ FeCd 3, cause

only slight IGAto the base netal, and are viable solutions for single
crystal parts, or in cases when a sli 9ht anount of IGA is allowable. Wile
each of the conpositions of 5 EXAMPLES’6 - 15 was effective in stripping

non-pl ati num al um nide and plati numal um ni de coati ngs, those of EXAMPLES
7 and 15 @ieumes cleiery: particularly effective. According to enbodi nents of
the present invention, platinumalum nide and non-platinum al um ni de
coatings were 10 renoved at | ow tenperatures and under short durations,

t her eby awoAdhaao@fdr@élecmmde&@@mumcﬁ-ccmtﬁnm?!&om frarRthe by operating
at a reduc&d teg)era ure and &g havi ng .l ow vol atility, ‘enbodi nents of the
present i AYEAS iR BRYA-BResssubstiAieosnRifsIng g follwingdLdeRs evapor at i on.
Accordingly, less frequent addition of water and acids is required 15
during usz.%) VWil e the f?{e%o} ng description relates generally to renoving
a | ayer siRFOREACHR hefriare 8T BESUPsiEate YHB abloapt A HfiPPIRG AYBRPTHABMC MSA, nmay

be used i QegRAB®E tattingivitholidBerdly Siftingtesubstrtes Whatein tHéattidping arly, it

has been found fhat Ais effective at , |
composition is selected from the group consisting of:

(i) aliphatic or aromatic sulfonic acids;
(i} a solution of an inorganic acid and an organic solvent; and
(iii} sulfuric acid or an aqueous solution of sulfuric acid;

wherein the weight ratio of sulfuric acid to water is in the range of about 10:90 to
about 65:35; and then

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

2. The method of claim 1, wherein the stripping composition is an aliphatic or
aromatic sulfonic acid and the sulfonic acid is selected from the group consisting of
methanesulfonic acid, ethanesulfonic acid, benzene sulfonic acid, toluene sulfonic
acid, and naphthalene sulfonic acid.

3. The method of claim 1, wherein the stripping composition is an aliphatic or
aromatic sulfonic acid and the sulfonic acid is methanesulfonic acid.



20 renovi ng deposited oxi des from turbine engi ne conponents, which oxides
are deposited during actual use of gas turbine engines. Such oxides are
general |y renoved during a cleaning step prior to removal of the alum nide
layer. The oxides are referred to in the art as CMAS (cal ci um nmagnesi um
al um num and silicon) oxides. In one 25 technique, a cleaning conposition
containing a 50 % concentration of MSA in water is exposed to the .
conponent for about one hour at about 60 C. Various enbodi nents of this
i nvention have been described herein. However, this disclosure should not
be deemed to -26 be a limtation on tH#& scope of the clained invention.
Accordingly, various nodifications, adaptations, and alternatives nmay
occur to one skilled in the art w thout departing fron}the sche of the
resent clajns. 27 t is claimed: 1. A nethod for selectively renoving
gn al uni ni4dib% BT‘Fltha"'i%W] "@&aﬂ?’ﬁﬁ'mrﬁtrﬂwg CQipROsitionds a golytion Pt s ed
s Ebst r gt e incrganic hﬁ“ ratgd ]fahfbr%eﬂiid &metrm ahd ﬁ{ésiho:@éhic%{&{ ﬁ%[”bg”%m%r(@g% f ?ﬁ g of
t he substrate w.t east one stripping conmposition to de C
coat i ng weekten o3y Hearglinperiinigs ehb/FesTeicacs, Nifie FasrAnd RETgPRD i ng
conpositi@eidis selected fromthe group consisting of: (i) aliphatic or
aromatic sulfonic acids; (ii) a solution of an inorganic acid and an
organic solvent; and (iii) sulfuric acid or an aqueous sol ution of

sul furic acThe metiRidadfieidime, Wab@H thetipgpirf compbdsitibh§s asbidtidPopg@f €r is in the
range of about .10:.30 éo . . e o
inorganic acid and an organic solvent and the weight ratio of inorganic acid to

solvent is in the range of about 20:80 to about 80:20.

6. The method of claim 1, wherein the stripping composition is a solution of an

inorganic acid and an organic solvent and the solvent is selected from the group
consisting of aliphatic alcohols, aromatic alcohols, chiorinated alcohols, ketones,
nitrite-based solvents, nitrated hydrocarbon so!vents,' nitrated aromatic solvents,
chlorinated hydrocarbon solvents, amines, and mixtures of any of the foregoing.

7. The method of claim 6, wherein the aliphatic alcohol is selected from the group
consisting of methanol, ethanol, isopropanol, and mixtures of any of the foregoing.

8. The method of claim 6, wherein the aromatic alcohol is selected from the group
consisting of phenols and substituted phenols.

9. The method of claim 7, wherein the stripping composition is a solution of an
inorganic acid and an organic solvent and comprises a mixture of hydrochloric acid
and ethanol.

10. The method of claim 9, wherein the weight ratio of hydrochloric acid to ethanol is
in the range of about 35:65 to about 65:35.

11. The method of claim 1, wherein the weight ratio of sulfuric acid to water is in the
range of about 15:85 to about 40:60. '



about 65:35; and then (b) renoving the degraded coating w thout damagi ng
the substrate. 2. The nmethod of claim1l, wherein the stripping conposition
is an aliphatic or aromatic sulfonic acid and the sulfonic acid is
selected fromthe group consisting of nethanesul fonic acid, ethanesulfonic
acid, benzene sulfonic acid, toluene sulfonic acid, and naphthal ene
sulfonic acid. 3. The nmethod of claim 1, wherein the stripping conposition
is an aliphatic or aromatic sulfonic acid and the sulfonic acid is

met hanesul fonic acid. 28 4. The nethod of claim1, wherein the stripping
conposition is a solution of an inorg&nic acid and an organic sol vent and
the inorganic acid of conponent a(il) is selected fromthe group
consi st i ng20fThd weissd bidi Ihdreimides dtG ' ; pc..acid. 5. The
met hod of cl ai mmf,t V\he%a%lﬁ ?ﬁuehggﬂ]{%&:'tﬁpgﬁ@ %ﬁ%@gﬁiogﬁ&ﬁgrg%g@ 'ﬁ%’lc%n of an

i nor gani c Weting 8gRMtan organic sol vent and the weight ratio of inorganic
acid to solvent is in the range of about 20:80 to about 80:20. 6. The

met hod of claim1, wherein the stripping conposition is a solution of an

i nor gani ¢ i8¢ ae Bethaghofsaia fice wherneinihe a agent is| selacted frorg $leegrogp from t he
group  conshibriiforHolyalkyRRa geoR! G9BAbE fatfy RIER! deard] GADGISr, Gy O | nat ed

al cohol s, ketones, nitrile-based solveénts, nit ratped ydrocarbon sol vents,
nitrated &HEAEENMS: sol vents, chlorinated hydrocarbon sol vents, anines, and
m xtures of any of the foregoing. 7. The method of claim®6, wherein the

al i phatic alcohol is selected fromthe group consisting of nethanol,

et hanol , i'oph@pEthad of gleim By wherein the aAgenhis presestat algveldn tikghe net hod

of claim @y o0t &7 i G |y wigie! : p
consi sti nﬁ’g)g]\‘mghenpl S g)n ‘gﬂgﬁtlttistag{)ed pf%r%@sﬁ' %%gﬁgfﬂﬁrééﬁ%gﬁﬁﬁgral m 7,
wher ei n t & SAPRYHIRg conposition is a solution of an

15. The method of claim 1, wherein the stripping composition further comprises at
least one additive selected from the group consisting of inhibitors and oxidizing
agenis.

16. The method of claim 1, wherein the substrate is immersed in a bath of the
stripping composition in step (a).

17. The method of claim 16, wherein the bath is maintained at a temperature below
. about 77°C (170°F) while the substrate is immersed therein.

18. The method of claim 17, wherein the bath is maintained at a temperature below
about 54°C (130°F) while the substrate is immersed therein.

19. The method of claim 16, wherein the immersion time is in the range of about 15
minutes to about 400 minutes.

_20. The method of claim 16, wherein the immersion time is less than about 150
minutes.

21. The method of claim 1, wherein the degraded coating is removed in step (b) by
abrading the surface.



i norgani c acid and an organi c solvent and conprises a m xture of
hydrochloric acid and ethanol. 10. The nethod of claim9, wherein the

wei ght ratio of hydrochloric acid to ethanol is in the range of about
35:65 to about 65:35. 11. The nethod of claim1, wherein the weight ratio
of sulfuric acid to water is in the range of about 15:85 to about 40: 60.
29 12. The nethod of claim1l, wherein the stripping conposition further
conprises a wetting agent. 13. The At hod of claim 12, wherein the wetting
agent is selected fromthe group consisting of polyal kyl ene glycol s,

gl ycerol 2of phé meamm,cua%ﬁ@ﬁswh&mﬁltﬁééuﬁéc%.s%BPadea%gfaaghf@ﬁvt:q|a& The et hod

of claim 13, wherein the wetting agent 1s present the range
of about 0.1 % by weight to about 5% by wei ght, based on the total weight

of the QQ”'PI‘ihshktrQﬂ of%@m-ﬁbewﬁﬁ'aﬁc’tﬁe gfit-Bhéting id ar‘ﬁ’@&roﬁfs &%tl@é %' Ppi ng

composi tion further comprises at  |east one add:tive ect ed” fromthe
group coRETSSHIERY ¥ siream eenteinind abtrshiel RAMGIeRyACregftie sufa@ atthe et hod of

claiml1, y@g@&@@@&qhgﬂggwtqb?s; s imersed in a bath of the stripping
conposition in step (a he nmethod of claim 16, wherein the bath is

mai nt ai.ned at a tenper ature bel ow about 77C (170('F) while the substrate

i's | mer 9adTRRERINA of LRim PBSwWRELRQHe Q@erﬁbélg??gll%l éi@ltlﬁr %%b"ﬁ%ﬂ/ebat his

mai ntai ned at a tenperature bel ow about e the substrate is
i nrer sed PRREEg ihesy thangheut@dhe#res®. cl ai m 16, wherein the imersion time is
in the range of about 15 mnutes to about 400 m nutes.

- 25. The method of claim 1, wherein the degraded coating is removed in step (b) by
agitating the subsirate in an aqueous bath.

26. The method of claim 1, wherein the substrate is contacted with a rinsing
composition between step (a) and step (b).

27. The method of claim 26, wherein the rinsing composition comprises water and a
wetting agent.

28. The method of claim 27, wherein the wetting agent is a polyalkylene glycol, and
is present at a level of about 0.1% to about 5% by weight, based on the total weight
of the rinsing composition.

29. The method of claim 26, wherein contact with the rinsing composition is carried
out by immersing the substrate in a bath of the rinsing composition for about 1
minute to about 30 minutes.

30. The method of claim 1, wherein step (a) comprises contacting the substrate
surface with a first stripping composition, and then contacting the substrate surface
. with a second stripping composition.



20. The nethod of claim 16, wherein the imersion tinme is | ess than about
150 mnutes. 21. The nethod of claim1l, wherein the degraded coating is
renoved in step (b) by abrading the surface. 29a 22. The nmethod of claim
21, wherein the surface is abraded by a light grit-blasting. 23. The net hod
of claim22, wherein the grit-blasting is carried out by directing a
pressuri zed air stream containing abrasive particles across the surface at
a pressure of |ess than about 40 psP9% 24. The nethod of claim 23, wherein
the average particle size for the abrasive particles is |ess than about
500 mi crons. 25. The net hod of claim1, wherein the degraded coating is

r enoved | ste é_‘b) by |tat| ng the substrate i n an aqueous bath. 26. The
met hod of cThﬁ‘%e od g4 slaim Ot‘f‘lﬁe@tﬁ'ﬁb? fiept stripping saTREsitien eprmprisesra nsi ng

conposi t hﬂﬂu%él&@éﬂ ﬁérﬁﬁhé §ooup RENSEHHY c(fl?% hy&gchlgp@%a@tanggn%p@ti@' m 26,

wherein t r|n5|n nposi tion conprise tting agent. 28.
The met h8 OB?' andyfl E"f‘-’”%ﬁ’é’r@?%wﬁtﬁé wetting agent is a polyal kyI ene gl ycol,
and is present at a level of about 0.1 %to about 5% by wei ght, based on
t he total of the rinsing conposition. 29. The nethod of claim 26,
wher ei n 33%‘%@1‘3%"?@“9"@@ PRrihergindasperandisyipping esmpdsiign comprisss i mrer si ng

t he subsigadrantAnaikakRkuldnit BSqri nsi ng conposition for about 1 mnute to
about 30 minutes. 30. The nethod of claim1, wherein step (a) conprises

contacting the substrate surface with a first stripping conposition, and

then congactidvaethds of iR i Abereinrthe GRmiMHE BoRtaRfifgONGterhl doRfiHags §OMMPOSI ti on.

least one compound selected from the group consisting of aluminide, platinum
aluminide, nicke! aluminide, platinum-nickel aluminide, refractory-doped aluminides,

and alloys which contain at least one of the foregoing.

34. The method of claim 1, wherein the metal-based substrate is a nickel-based
superalloy or a cobalt-based superalloy.

35. A method for selectively removing an aluminide-containing coating from the
surface of a superalloy substrate, comprising the following steps:

(a) contacting the surface of the substrate with at least one stripping composition to
degrade the coating without severely pitting the substrate, wherein the stripping
composition is selected from the group consisting of:

(i) aliphatic or aromatic sulfonic acids;

(i) a solution of an inorganic acid and an organic solvent; and -

(iii) sulfuric acid or an aqueous solution of sulfuric acid,

wherein the weight ratio of suifuric acid to water is in the range of about 10:90 to
about 65:35;



29b 31. The nethod of claim 30, wherein the first stripping conposition
conprises a mxture selected fromthe group consisting of (1) hydrochloric
acid and an aliphatic alcohol, and (Il) sulfuric acid and water. 32. The
met hod of claim 30, wherein the second stripping conposition conprises

wat er and an al kane sulfonic acid. 33. The nethod of claim1l, wherein the

al um ni de-containing material conprises at |east one conpound sel ected
fromthe group consisting of alumni&¥ platinum aluninide, nickel

al um ni de, platinumnickel alum nide, refractory-doped al um nides, and

al l oys which contain at |east one of the foregoing. 34. The method of claim
1, wherein the nmetal -based substrate is a nickel -based superalloy or a
cobal t - bz@éi?”ﬁ?ﬁ%& e yfacewith & ripsingsenpgsitige wishi cpapyiseewetarrandan

al um ni dgneggont ai ning coating fromthe surface of a superalloy substrate,
conprising the follow ng steps: (a) contacting the surface of the substrate
wth at | east one stripping conposition to degrade the coating w thout
sever el y (@idbrddiey thesuFHasio B iRve EIR) it Ltion is
selected(?ronf?ﬁ% gr oup consist?ng dﬁyg%i) éﬁﬁ%ﬁgﬁ?@gﬁyﬁgygﬂg%ic sul fonic
acids; (P¥§S"!&o0l ution of an inorganic acid and an organic sol vent: and
(ii1) sulfuric acid or an aqueous solution of sulfuric acid, wherein the

wei ght r%éi of sulfuric acid to water is in the range of about 10:90 to
about 6538sTheggthogdyf claim detwhiyjeintae siippiag sompesition eomeriseg neethpusi ti on

whi ch cosmfdnfeacidat £ rixtaabf hyd@Bhibhd adlaAdiaR%IddRgl sur face to renove the
degraded coating w thout damagi ng the



substrate. 36. The nethod of claim 35, wherein the stripping conposition
conpri ses nethane sulfonic acid or a m xture of hydrochloric acid and an
al cohol. METHOD FOR REMOVI NG AN  ALUM NI DE COATI NG FROM A SUBSTRATE
ABSTRACT A nethod for renoving an al um nide coating froma substrate

i ncl udes the steps of contacting the surface of the substrate wth at

| east one stripping conposition to degrade the coating. The stripping
conposition includes an aliphatic or-aromatic sulfonic acid, and at |east
one additive. The coating is then rennvquO_Figure 3

METHOD FOR REMOVING AN
ALUMINIDE COATING FROM A
SUBSTRATE

ABSTRACT _

5 A method for removing an aluminide coating from a
substrate includes the steps of contacting the surface of the substrate
with at least one stripping composition to degrade the coating. The
stripping composition includes an aliphatic or-aromatic sulfonic acid,
and at least one additive. The coating is then removed.
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