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




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 alumnide 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- consunming, requiring as nmuch as 4-6 hours of
contact tinme with the stripping conposi t€ons and with rinsing solutions.
Mor eover, sone of the stripping conpositions do not renove sufficient
amounts of the E!Oicém@nmﬂlEdemmidemmbnamraiefairml'anppedirﬂ'oﬁnﬂ'leeéut%tﬁatére
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substrate, therd¥trippiig topBatibns 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.

i 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



25 life. It is thus apparent that new processes for renoving
~alum ni de-based materials fromnetal substrates would be welcone in the
art. SUMVARY OF THE | NVENTI ON -3 The present invention relates to methods
for renoving an alumnide material from a substrate. According to an
enbodi rent of the present invention, a nmethod for selectively renoving an
al um ni de-cont ai ning coating fromthe surface of a netal -based substrate
i-ncludes the steps of (0) contacting the surface of a substrate with at
| east one stripping conposition to degrﬁde the coating wthout severely
pitting. the substrate, wherein the stripping conposition is selected from
the group consisting of (i) aliphatic or aromatic sulfonic acids; (ii) a
solution of an inorganic acid and an organic solvent; and (iii) sulfuric
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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.



According to an enbodi nent described in nore detail hereinbelow, stripping
conposition (1), including an aliphatic or aromatic sulfonic acid, further
i ncludes an inorganic or organic additive. Qher details regarding the
various enbodi nents of this invention are provided bel ow. BRI EF

DESCRI PTI ON OF THE DRAWNGS FIG 1 is a photom crograph of a cross-section
of a platinumalum nide coating appl Bﬁd on a superalloy substrate, after
one stage of treatnent. FIG 2 is a photom crograph of the cross-section
of FIG 1, after another stage of treatnent. FIG '3 is a photom crograph
of the cross-section of FIG 2, after another stage of treatnent. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON As used herein, "selective renoval" of the

al uni ni de BRIEF DESCRIRTIONOF AHE ORAWINGS a rel atively | arge percentage
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or alloys M@}M@iﬁag@@fwemtpf t hose conpounds. For the sake of
brevity, "alum nide-containing” wll sorretfi ﬁes be referre lt(__(‘) herein as
sinmply "al umini de" nBt@r3igap otomicrograph of t 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.



Several different classes of stripping conpositions can be 10 used in the
enbodi ments of the invention. The choice of a particular conposition wll
depend on various factors, such as the type of substrate; the type of

al um ni de coating being renoved fromthe substrate; the intended end use
for the substrate; and the presence or absence of additional treatnent
steps (e.g. rinsing steps). 15 A first class of stripping conpositions
(conposition (i)) conprises aliphatic or aromatic sulfonic acids. Exanples
of suitable aliphatic sulfonic acids are4mrethanesul fonic acid (MSA) and
et hanesul fonic acid, with methanesul fonic acid being preferred.

Il lustrative aromatic sul frpeiterracaldenipide-tentaimieg sSolthisdontadiisl maasituene 20
sul fonic acid, and napht hal ene sul fonic acid. A second class,of stripping
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10  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).

15 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

20 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.

25 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



substrate. Exanples of organic solvents for use in conbination with the

I norganic acid include aliphatic alcohols, aromatic al cohols, chlorinated
al cohol s, ketones, nitrile-based solvents, nitrated 10 hydrocarbon
solvents, nitrated aromatic solvents such as nitrobenzene; chlorinated -
hydr ocar bons, am nes, and m xtures of any of the foregoing. Several
specific exanples of the aliphatic alcohols are nethanol, ethanol, and

i sopropanol. M xtures of al cohols may be used 15 as well. Specific
exanpl es of the aromatic al cohols are phevdl s and substituted phenols. The
wei ght ratio of inorganic acid to solvent for conposition (ii) is usually
in the range offoundthatibe cemhinatigsoot thednommnic agid anstthepmrghaicably, in the

f about 35 : 65 bout, 75 - 25. .20 The specifi jo. will depend
on Jar  ous. 1 actprent eronves 3iahhaly 3 or i aliwiegianherBRidield:  «he type
of substrate PrREARINI advBRA RISt d0bReratd. ALUEER HiReRO RAWAY" DEi ng

renoved fromthe substrate;” and the reactivity (i.e., corrasion potential)
of the acid. Ogenggallyireférarto acoepsurament effthe meactivityf the apid tow@rd ni xture

of hydrochl grig_acid and 25 ethanal . .The weight rati o of drochloric acid
fo etnanol n SofRubsPAiRAEr e Auinifes (RuiR b T SredBITRE "' 657
about 65 : 35. gf\bkfphied Stripping conposition for this invention

(conposition (iii)) conprises sulfuric acid or an aqueous sol ution of
sul furic acid. For the aducooglesof organic sohventafaraisefin sombinatiomwéh is -6

e ST o St SR nchiie oot S stk dor e
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



60. Moreover, a wetting agent is usually 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 of
hydrochl oric acid and ethanol (e.g., about 50/50 by weight) is effective-in
renoving an alumnide material froma substrate. The use of such a m xture
may occasionally result in very slight pitting, or in a small 10 anpunt of
corrosion of the substrate. Any corrosion, however, is substantially
uniform As used herein, “uni form corrost 8" refers to the removal of a
thin | ayer of the substrate - usually less than about 2 mcrons in

t hi ckness. Uni fusuallydn thesrangeadfdabutditr : §0 ta abouth%: 8ot In prajatredcant
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m crons, and usually to a dept gngt he range” of about m crons to about
500 m crons. Foompasiticesas desdribeld kelgwpi tting of the substrate is 20

unacceptable, a different_strjpping caonposition, could, ,be enployed. For
exanpl e, rreghanesul fonic He8 8“8@%&@6@%9@5’&9%%?%3de’:%'r‘?lu e nmaterial
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case of HCl-alco A distinct advant'age of nethanesulfonic acid is that
it does not advwdsethiond aeidt andetiasobét.gatadoubSaiHp byweight) isaffectiBedegr ee,
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and the al um ni coating. ‘lIllustrati‘ve fting agents are
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



-7 polyal kyl ene glycols, glycerol, fatty acids, soaps, enulsifiers, 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 conposition. 5 OQther additives are sonmetines used in the stripping
conposition. For exanple, inhibitors are sonetines enployed to |ower the
proton concentration, and thereby |ower the activity of the acid in the
conposition. The lowered activity in turn_decreases the potential for
pitting of the substrate surface. An exeﬁgrary inhibitor is 10 a sol ution
of sodiumsulfate in sulfuric acid, or a solution of sodium chloride in
hydrochl ori ¢ acpayalkienecglycolsf glyeerobifatly agislsaspapsiamylsifiersd 1 % by

i gh b %, b Lght  based h ' ' I ppi
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envi ronnment. Exa es include peroxides (e.g., hydrogen peroxide),
chl or ates, per ctotalivegigst ofrthercarepgsitiei.nanganat es, chromates, and osnates
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used with acids that are reducing agents, e.g. hydrochloric acid. In the
first class of lowerppe ptptooposeniration, andtharemnlawes the activiiefithe aci d(s)

ot ecti veness. ofHia R EsBROS SN e Pt B nuhO T BFEREEE e aaai i ve
may be an i nor ggeteRtiSIIBPBIERY of iHRCdubbitiat SEHAOSIaRN exehaplaa inhitsitor i,
reduci ng agents, conpl exing agents, and oxi di zi ng
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



agents. The additive may al so be an organi c conponent, including organic
sol vents and conpl exi ng agents (conpl exing agents nmay be either organic or
i norganic). The additive desirably affects the -8 properties of the
stripping conposition, particularly, the proton activity thereof. For
exanpl e, the secondary inorganic acid may increase the coating renova
rate by increasing the proton concentration (pH) in the solution. The
reduci ng and oxi di zing agents nodify the activity or 5 potential of the

sol ution. The conpl exi ng agent affects proton concentration-by conpl exing
w th conponents in solution, such as netal ions fornmed by oxidation of
conponents of REPYMEHGHthRStripsid sRINPIsitonspRaryeulaty nthedeiotanaetivifity be

advant ageous i C ' ' | : ] Is |l ass acid, such as
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pl ati num The éPldien; Vihweigsluging and pxidizing paertsqapdily theyadsvity ®rf ur t her
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free of plati ngoncétratincity oompExiigivith@ngpatEnts #esolatieh, siefadid mes present
along areas of a substrate, such as along a tip portion of a turbine blade
that has been M&3aiipea forsetibx asidatios oficemronentsoithgu@yminider e a pl ati num
| ayer is not fjf:ééﬁnqupOSi ted. The following additives may be used in

conbi nation wi thin3'ndividual categories and across categories. The

sol vent additive incl udeFhalusesflsucheadiitivisaaglbe 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-



| sopropanol ), substituted al kyl ethers (di-hydroxyethyl ether, 25 d i (p
ropy len e/ethylene glycol) nethyl ether, diethylene glycol nonobutyl
ether), substituted ketones (e.g. acetone, 1,5-di hydroxypentan-3-one, 1
-net hyl - 2-pyrrol idone), or glycols (e.g. polyethylene glycol, glycerol,

di et hyl ene gl ycol, ethylene glycol). In one enbodi nent, the sol vent
additive is present in an anpunt of about 1-55 wt% such as about 10 -9 40
w %, and nore particularly about 20-35w0of the total stripping
conposition. The oxidizi ng agent addi tive includes nitrate and ni trous
salts; chloride salts; hydride and fluoride salts; sulfate, sulfite and 5
sul fide salts; 49%@%&9@ BA RRYSHIArly @bout £8;3%ydfaobthedtal stripping o-

al um nate and dg“%huninate salts; oxyhalide salts; peroxides; chronate
salts; and manganate salts. In one enbodi nent, the oxidizing agent

additive is present in aThansxidizingaddiddditiva@Onlies nREEE a#% mkeus 2- 20
w% and nore particularly about 2-15 wt % (based 10 on 100% concentration

of the oxidizi ﬁalt%ig”éw_lﬂr_jd%a_ﬂtsmi@ydfid@?ndtfmpiger@lt_swwmej st':liiineuatrldc]ea?g %2?: gs
[ . [i1,es,,su
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positions on tamndinapand chiofgrallhitatd8alts; BxyRamdd Saltd; pasdxigas: substituted
al kyl carboxylic acids (e.g. tartaric acid, “citric acid, oxalic acid). The

i nor gani ¢ conpflREMAC£§8AL Andimandasate saltsdaonesmbedimentythel i des,
nor gant ¢ compraar adafh A Siue P an B0 SEbayiie B SBout 1 10
W% such as adh ad about 3420f wiheand thdretpairtiGillaip BboGt Z-8PRekL (baskd

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,



The secondary inorganic acid additive includes nitric, hydrochloric,
phosphoric, perchloric, triflic, and trifluoroacetic acids, including
conbi nati ons thereof. In one enbodi nent, the secondary inorganic acid
additive is present in an anount of about 0.1-10 wt % 25 (based on 100%
concentration) of the total stripping conposition. In conbination with the
secondary inorganic acid, a reducing agent may also be incorporated. In
one enbodi nent, the reducing agent additives include materials having high
redox potentials, including, for exanpleﬂo‘alkaline eart h hydroxi des,

Al (OH) 3, borates, phosphates, silicates, -10 alum nates, Na3AlI F6, Na2Si F6,
and Na2Si 0B, pradéamates, NayAdrp Dia,Si6t, arm ma;@cGM ptessnt in ars ataLirs oft % A

Ganer ol |y, the & tﬁpew%&qpq‘?f SBEa Bl BR85S0  ut on
cont ai ni ng at h iRC isticRfastdeRtidrh' hag higei ds. I n one enbodi nent,
B ApsRrese

the acid is presen in the stripping co Ition wthin a range of about
10-80 wt % such as about @mm’ailwtb{e@boﬂbaddmtades areradaeidrig aroaguedus on,

i ncluding a d|t| tSn artl ul gr_stri.gpi.n S|t|on y be applled to
10 the subs ratsg "g"i“ﬁ %a‘%e B,ofgg%ﬁﬁr{%aqstaquﬁ BN ushed or
sprayed onto t lagnisdHi f ARS t n a bath
of the stripping co ﬁ%@?tt?%/ﬁbrﬁs@tﬁrggen‘gslt prggﬁbgg tﬁ?ﬁﬁﬁgﬁe\hﬁ#ﬁd bath is

preferably mai rargeetiabouta Q-Sﬁpﬁﬂfatamc{a dschlooutBib4b vit70ofthe to7TAC) while the
substrate is i rsed t her ei.n ara(ijlilul ar 15 enbodi nent, the bath is

mai ntai ned at &t &&%F%‘E‘BPE'“B&W ¥B¥: (54C ). The process coul d be
carried out at room t enpahalpirficulaPbiriPpitl cdmpbsifiSh & BEpbied 16 ange woul d

usually be maintained 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 i 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.



ensure process consistency if the roomtenperature is variable. Higher
tenperatures (within the boundaries set forth above) 20 sonetines result in
nore rapid renoval of the alum nide coating. In general, though, an

advant age of the enbodi ments of the invention is that bath tenperatures:
are lower than those of the prior art. Use of the | ower tenperatures
according to the present nethod protects the nasking materials which are
often present, as discussed 25 previousl The | ower tenperatures al so
represent cost savings in terns of ene'rgy’usage, whi l e al so reduci ng sone
of the safety hazards a&goci ated with higher-tenperature baths, e.g., in
those situations where VHPREthecentaningihe skinping eempositionsigse pftens. - 11

The bat hs cont gj;ni | phi Lt e ofilen tirred or
otherwi se agit Svagt ohPIriide S84 SHIRAL GRS LleaRid Bur 1o o Rl
contact bet weema)dmutstcrdrnacbtrtgatwgentth@@&i;ifﬂ@g @gaht a8d ked BEatiiepemgd. A
variety of known techniques could be used for this 5 purpose, such as the

use of inpel | ef¥NOYRG.r AdaHREtY aldfnawn tachniguasceqwld begidest fosthisgas bubbl i ng,

or circul atq ona LN DTRY, ' ' tn.t th wil.l var ased on
many of the5 fa%'?@?gbdlg%ccﬂussedesa éc:\?t,."%"égs’ @%ﬁ‘ﬁgﬁ%iaﬁwabg% r&aﬁpﬁﬁci nrer si on
time will usuaagitati“onngasbubbliraj),mﬂcirbﬁlatmnqbllirﬂgiﬁg? ipRRdisicPim@ inyhgs. I N
sone enbodinments, the imersion 10 tine will be a period | ess than about
150 ninutes. |bAthvillivany, based asgmany@f dhe fagtorssiseussesl abave. hia be a
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degraded. 15 Asirates\to abbodte00piniries cirgomriembobintents, thadaRnsisiiks are
evident | r110 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



the coating; its integrity has dimnished, and its adhesion to the _
substrate has substantially decreased. In some enbodinents, the surface is
then briefly rinsed, e.g., by imersion in water or an aqueous solution
for less than about 1 mnute. 20 The degraded coating is then renmoved

wi t hout dameging the substrate. In one enbodinment, this step is carried
out by abrading the substrate surface. In contrast to prior art processes,
this enbodi nent includes a "gentle" abra?'on step which mnimzes damage
to the substrate. As an exanple, a, light'gfit-blasting can be 25 carried
out by directing a pressurized air streamcontaining silicon carbide
particles acr os’g‘eiﬂ@x&ﬁsﬁ aitddes, glaps beads.ccrushed giasshaodiabocarb8fatepsi , and

| h I th t 40  psi.
ari oue. abi as: va SRR ERRE EoD3ip 8hg8 g A it rgosath ot a
oxi des such as ahautiSUR mir6Ms,d8Rd Prefdradfy, Jédd ﬁg@ﬁtﬁiﬂ,ﬁwﬁg,mﬂm -12 netal

oxides, nitrides, glass beads, crushed I'a_ss, 1 carbonate, and
crushed corn cob. The avelhg@riphlastingds sauiedstutfbdatind pedod kafficismyout 500

' f I han about_100 mcrons. . The grit-blasting is
(r:naﬂ ?23’ Otajltn gf g;tsa{g{'%?%%Bgﬂgﬁac_i#??%%tT %dﬂ@tf%ﬂ@'ttaﬁstﬂwﬂébﬁ coat i ng.
The duration oferghédinigrawil 88pbAd bhivarictBIAGoRENT e dasdSiel O vari ous

factors. In the case of an alum nide coating having a deposited thickness

of about 50 ni @léRNide coalingihaving arlepesited tidkness ad abogt 50 hicrengabl y be
carrt ed out ¥ oreahe tbo 3 B BpBiH sl BSCsEal BRabbbASS. Y
particles of | aesohtieto abowt120.96cRdy, When JHIRRR Eﬁ%ﬁgﬁéﬁlﬁercﬁ‘%(b%ﬁ?m ?
suitabl e guideline for each of the types of stripping conpositions se
forth abovtQ® 20 psito about 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,



O her known techniques for lightly abrading the surface may be used in
lieu of grit-blasting. For.exanple, the surface could be 15 manually
scrubbed with a fiber pad, e.g. a pad with polyneric, netallic, or ceramc
fibers. Alternatively, the surface could be polished with a flexible wheel
or belt in which alumna or silicon carbide particles have been enbedded.
Liquid abrasive materials may alternatively be used on the wheels or
belts. For exanple, they could be sprayedqzonto a 20 wheel, in a vapor
honi ng process. (The abrasive material should be one which does not

adversely affegGtn; / . h ] tiv echni woul d be
controlled in ??‘%ﬁﬁ%&?ﬁ%ﬂb g%e;‘fvm]é’l;ﬂn@g'ggg@%ﬁ{ogﬁ‘téal‘?sgr\hgr%glgggx@ﬁc? he
substrate surf aas sHake lvase the gegeided rmbmdtial.he force used in the gentle
grit-blasting technique di scussed above. 25 O her techni ques coul d be

enpl oyed in place of abrlB$OFE instancaspihe degragedasadngeauist bal . One

le is | ' , ! Ler.nat j.yel h ded
materi al cour o BoER P A ges P RoRHbR EY. AEHOT MG e SRR Nat ve.
sound wavess5 ( etigan thallprodsss with tlosl uftrdonit feehhRieatiRifN Fortdi@nsplef ace. The

sound waves, -13 which may originate with an ultrasonic horn, cause
vi brations whi &Pe substratggdosld be demarsed éyadwmtla whicheisi rapidly atimedwitnst ances,

t he degraded c | Ul . . L e hve ptatio e.g.,
agitation wt h%glrliﬁ'lf9 g@%@%’rf’gﬁ gr("é'SWhggn? ﬁaéfa%ﬁ%@%ﬁé %P%PH’?} 'ﬁeaq trasonic
techni que it selftradonicailyatipled (i.bhdosubsdlrayfitationy! AduatibAwigde N a bath
whi ch is rapi dlé stirred wwth a mechanical stirrer (i.e., for "general
agitation"), af@rias ey yniil thesdegiaded aiarighis shakenrlpese.(i .e.; for "l ocal

S%;Lgltni I()gg?soe. Agi tation V‘%lrgagﬁ of?l?égé Qﬁerﬂﬁ{ivé'pécihlnic}u%es, 916 reasqgi\ﬁiecj@lt erial is
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.



10 For each of these alternative techniques, those skilled in the art
woul d be famliar with operating adjustnents that are nade to control the
rel evant force applied to the substrate (as in the case of the abrasion
technique), to mnimze damage to the substrate surface. In sonme optional
enbodi nments, it is desirable to include 15 an extended rinsing step
between step (a) and step (b). This step 1involves contacting the degraded
al um ni de coating with an aqueous solugkgq conprising water and a wetting
agent |ike those described previously eferred wetting agents for this

step are pol yalkyl.en col s, | et hyl ene glycol. They are usually
pregent at a ng\?élth%ﬁ'%%aé ﬁ?t‘#%%dg?ﬁ%&ta@fﬁ{ﬁ/dmfw aligyeethern t he
total weight o r CYAN out by a
vari ety of teohmoanay B Eeat i B ARG SO LIPS

substrate in aﬁeagndatfeldexamplle ofFhg bse thmaﬂgamahm tewhnidudss fabetgp 1 ninute
to about 30 m nutes h reference to FIG It can be seen that the 25
ext ended ri nsi ﬂéga[rblbesp e Grﬁ@a@ﬁﬂrﬂfﬁmatﬁﬂﬁ'ﬁf‘rﬁt% gradiscessgd shown in
the FIG 1.5 nptdjigydipstance, the remaining thin layer of nore coherent

al um ni de materl al |s subsequently renoved in an abrasion step, such as by

grit blasting. The use oﬂﬂehgrlbbtaehdg,dcdmpﬁessgdsi:ﬂa usuaipblowrfiasroeases the
time required sion step. -14 For the illustrative

rr out the abr
set of grit-bl %tr B8P 6@!5(5%'3%' @HBU@detPf?ét'Ci% Qe akedsivRe reduced
el o e, s Sy A
of any abrasi omaseré, Fmedamplessﬂaltlrﬁjrmaiumwdé protéttivs c@atirigdionst i ng,
conpr essedI i reﬁg‘lng%% S c}ém agaln be appﬁled 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



the substrate to renove any residual alumnide particles or abrasive
particles. The substrate can then be re-coated with any desirable )
material. For exanple, platinumalum nide protective coatings for 10 engi ne
parts can again be applied to the high-quality surface of the superall oy,
whi ch has been substantially unaffected in the earlier - stages of coating
repair. In sonme enbodi nents of this invention, the substrate surface is

contacted with two stripping conpositions, in sequence. The 15 first
conposition is one which very quickly bé ’rsn‘s to renove the al um nide
materials. A specific exanple is the m xture of the inorganic acid and the
sol vent whi ch r¥8Yiedslyt a8 dype dndharspuntef aluainjdainatedatirequéingt i ve to t he

2. hyar oent or reraveh e EABaN Rk naln bR BeGingth Al R iemedatuinur i ¢ ot a
with water. ThehéWcﬁétﬁdtﬂWGDtoCé’émﬂﬁdV‘:Ab;rWigtﬁaﬁ\?mﬁ{ﬁr(g}E% tirfig Capabl e of

renoving the alumnide material nore slo no prtting or attack
on the subst r abeiwesit apout Hminttespoxsabde Acminutes.c Fhefseeond dath wibr r osi on,

as di scussed previ ly. One. exanple is the stripping 25 conposition based
on an al kang 56\{9'%?3@?)%&36?‘& Al emRRiRiHedn the ndexel abo 4056ster i bed

previously. Typg} o~ €QE rinoni |LL i ed.in the,form of a
Bath i n whi oh’ PREALeN'c PRRA o iriBkich RS WEs At B TR A o
t enper at ur es wabbuvt2ymit#teed on many of the factors described -15

previously, .e.g., type and anount of alum nide material requiring renoval.
Usual Iy, the first bath @®SIin ppeviges gmhasdiments, the sufageicam thémbet he range

of about OCt Osfi‘ig]@l:'fed‘]tgg ger‘Mé Qb%iéﬁ%ﬁﬁbpQirﬁiiaﬁechnique) 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



bet ween about 5 m nutes and 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 imersion tine between about 30 minutes and about 120
m nutes. As in previous enbodi ments, the surface can then be subjected to
a gentle abrasion step (or simlar technique) to renove 10 the degraded
coating, e.qg., by light grit-blasting. Mdireover, in sone enbodi nents, the
abrasi on step can be preceded by an extended rinsing step, as al so

descri bed above. In general, this embodi-nétt is useful for situations that
require relatively short process tinmes, and a high renoval rate for the

al uni ni de, wi t FRt otiey sudaee sequififgatheat-rebistal’ banfmtacatiag Witteae are al so
situations in whic . two-stage procedure for treatnment with the stripping
conposi tion vwnﬁq?sgg%g@Xéﬁyggﬁépﬁﬁﬁﬁ'substrate on whi ch the al um ni de
coating is disposed can be any netallic material or alloy which is
typically protected by a ExARMPrESbarrier coating. Oten, the substrate is
a heat-resistant alloy, 20 such as a superall oy, including nickel-base,
cobal t - base, and iron-basEe gxgnplesripat tilowdilgstrate sohwy embbgpnentsiof t he

o cobal ¢ 1 &1 RuBdfvier 3 FEUE bBlngborapied iodfk Sk pRedriaion T

[l lustrative niggkied sétﬁfge_ all oys are designated by the trade nanes
I nconel (r), N nonic(r), ReneO (e. % , 25 Rene(R) 80-, Rene(r) 125, Rene(r)
142, and Rene(r).N5 al | oy=ach efribe tolitwing (test sarhplesylpd wifs abbitonat e can vary

wdely, but it is.often in.t formof a jet engine,part, such as an
airfoil corrpongllﬁc.ie f&gmaﬂSf%gpgaﬁi‘iﬁHP@fa"PMeﬁgﬂﬁ@tg‘?‘%’b@aﬁﬁ_&g péhiekness st on
head of a di esef oeres ifeh (9/32) &, AM4 LHRFheter bf RG6cH BN Ichh) Pribr to
heat-resistant barrier coatihg with a
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 by 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.



substantially snmooth surface. EXAMPLES The exanples that followillustrate
sone enbodi nents of 5 this invention, and should not be construed to be any
sort of limtation on its scope. Each of the following test sanples 1-5
was a button made from a nickel -based superall oy, Rene@N-5, having a

t hi ckness of 0. 125 inch (0.32) cm and a diameter of 1 inch (2.4 cm.
Prior to 10 deposition of the alum nide coating, the buttons were
grit-blasted with alum na and cl eaned. The surface of each button was

el ectroplated with platinumto a depth'b'7about 7.5 mcrons, followed by
di ffusion- alum niding of the surface to a depth of about 50 m crons.
EXAVPLE1 15 Sarfpiagnplevtas treated according to a prior art process,

i nvol ving two steps whichgaincluded sirippjng conmpqsitions, I.n the first
step, one of the buttons %QH' %%he?%%aa‘g%?{ﬁ'ﬁggtf’m eMBRAung of 50 (by
vei ght) m xt ur etref prakbht ivastich. 20AeRIIIRE BRktbAs sAmnt, n%e?ﬁ'hréﬁ?tﬁ

mai ntai ned at a tenperature of about 170"F to 19011F (77-880C ). After 20

2-4 hours, the tumeddrama 5@nb0 doy neight) hixtoee bf medhanesmdibnicasidtaed for 20

m nutes. The button s then imersed in a bath of 20-40% (by veight)
hydr ochl ori acwapqrn%@{tﬁw% meiABgd At alegirerabye pf920°F ("%%)74' C).
The i mmersion t A A0 i S Cfﬂﬁtot?%r = ] . ter
renoval fromthe sec%mﬁlg%tsh&‘%t e San%fﬁ%gggﬁﬁﬁgz&gga%%ﬁhﬁ%e% er for
about 20 m nut ewateahor 2eminramTheduttohirwbs dingrt gedtiybgripbastedyathé r eat ed
according to one.eb odi nent of . L ) .

grit-blasting was carried out by directing a pressurized 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.



t he present invention. One of the buttons was imersed in a bath forned
froma 50: 50 (by weight) m xture of nethanesulfonic acid and 5 water. The
bath was nmintained at a tenperature of 120F (49C ). After 45 mnutes, the
button was renmoved fromthe bath and rinsed in water for 20 m nutes. The
button was then gently grit-blasted. The grit-blasting was carried out by
directing a pressurized air stream containing silicon carbide particles
across the button surface at a 10 pressugg of about 20 psi. The silicon
carbide particles had an average particCl'@ size of |ess than-50 mcrons.
The button was then exanh&a&wggéﬁwPLE 3 Sanple 3 was treated according to
anot her enbodi nent of t ® invention. One of the buttons was

immersed. in a bath 15 f : i L.xture of
hydrochloric acid (37.7 \/\%’Hﬁ/@i%%tgﬁ#ggﬁggg'%ﬁ?]ﬁ#ﬁ%%m%{h was

mai nt ai ned at @mmdimeat of hiohveh@oh, (HRBg twolitlerert Btippinges, the button
was removed fromthe bath and rinsed in water for 20 m nutes. The button

was then gent | $OMHOSHORSsa & Buttorias deserinsdaareviaysivawvasdirst istmetsedsiecor di ng
to the 20 echyfi j T on. t hen exani ned.
EXAMPLE 4 Zgrrp:aeﬂﬁﬁ\tf\d’/as rgg{"e%ﬁggﬂgg?g’if H&Bf"oéﬂa%r{t %%&gﬁbegﬁ?ﬂ@n?s Dt the

present invent ExampRng. dthet hethiwdid ARsinteRted A0 ferRferaturd mt#m{_gsc’é % (by
wei ght) sulfuri% acid in water. The bath was maintained at a 25 tehperature

of 120F (49C )ANaf f@/miggtes g button Masemavedisem thebatedntirinsetiie bat h and
emorai g o cHE oL DA B el 2
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.



EXAMPLE 5 Sanple 5 was treated according to still another enbodi nent of
this invention, utilizing two different stripping conpositions. A button,
as described previously, was first inmersed in 5 a bath fornmed froma

m xture of hydrochloric acid and ethanol, as in Exanple 3. The bath was..
mai ntai ned at a tenperature of 77 OF (25C). After 10 m nutes, the button
was renoved fromthe bath and rinsed in water for 20 mnutes. The button
was then inmmersed in a bath of nethanesul fonic acid and water, as
described in Exanple 2. The bath 10 was nd# ntained at a tenperature of 73F
(23C ). After 45 mnutes, the button was renoved fromthe bath and rinsed
in water for 20 mnutes. The button wdkabledn gently grit-blasted, as
described in the previous exanples, and exam ned. The process paraneters
and results are set fd¢rth in Table 15 1. "8¢ideaddafity" is defined as the
rati o of the ampunt off c®spping material | osPiting drhe ammmett ofTemyphstrate
materi al |ost Ramake# (| Heompasitipni n@electivid) . AlBAYher rdmig i s a(gpsi rabl e
i ndication that the aljumhiN@® coating material iIs belng renoved while
mnimzing the renoval Od$PGHKCI-of the substrate material. -19 Table 1

Evi dence of Stripping|Pi tWatel§ or Ti nd4* TenpQObservedSanplse-3¢0°Conprassat i on

Sel ectivity" IGA*2(m' ) Methanaeg I—BPO%/ HCl - 1° Waterb 14 Cbserved 150-300d

77-88 Sulfonic Acid None 45 49
3 HCI-Ethanol 50 . Very Slight 45 49
4 Suifuric Acid 15 Slight 30 49
HCI-
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



Met hane 2 Sulfonic Acid 5 None 45 49 3 HCl-Ethanol 50 Very Slight 45 49 4
Sul furic Acid 15 Slight 30 49 HC 5 Ehtano/ MSA 42 None 45 49 (a) G ans
coating material renoved/ grans substrate material renoved (b) 2-step
stripping process; MSA = nethanesulfonic acid (c) Conparative exanple (d)
Total imersion tinme 5 IGA = intergranular attack Imersion tinme in bath of
stripping conposition Bath tenperature The above results denonstrate the
advant ages of various enbodi nents of the present invention. The process of
10 Exanple 1 (i.e., sanple 1), which rep2@sents the prior art, resulted in
a significant amount of pitting and intergranul ar attack of the substrate

surface. Mor eocemposhmntofrvmteequd rp@di/dthhé@!W(:‘%?E@&N waigihyfor | n
contrast, the Béocesses for anples 2-4 (sanples 2-4) required nuch |ess

tinme, and ut| I @Ht%QJEHn‘P@ﬁerTm%ﬁﬁ?@r@Piﬁhé&emW%d Hielasaer Qhuni@ ®xanpl e 5
|
ot ment 5 of SO thalclfart WAVAEGT WhBPald: B BRAHHER maRIEH HhWe 0 P and

selectivity, wstibstrateadverse effects on the substrate surface. FIG 1 is a

phot om croggdaph of a cross-section of a 20 platinumalum nide coating
appl i ed on<a ni ckel - basellGués aphelomisipgrapatos thecrass-sacianifiGwi t h a

met hanesul foni 5 4l AndtidsBA'd¥face 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.



conposition according to this invention. Degradation of the |ayer of

pl ati numal um nide material is clearly apparent. FIG 2 is a

phot om crograph of the cross-section of FIG 25 1, after the degraded
coating has been imersed in arinsing -20 5 conposition of water and -
pol yet hyl ene glycol (1 % PEG by weight) for about 20 m nutes. 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 photom crograph
of the cross-section of FIG 2, after t&t-rinsed surface has been gently
grit-blasted, as described in the exanples. Git-blasting of |ess than
about 120 seconiéie pasbwhsdien grit blasigdeattpsinty sdmove thedegramiedi ng al uni ni de

vore nepar oo PomRE T cb3u0 R i ramoLed: o PRSI ©nc! v no
al i phatic and i | ki e ' Fipn iCc
add!ot ive. The gggmteﬁogﬁﬁs?'?%w&%\/sgégycgﬁg?ﬂ% g{?% wt%gﬁéﬁﬁebag&ne@ﬂ and

Rene(DN5  supemthlopidsagraphet al s havi ng a non- pl ati num cont ai ni ng al umi ni de
15 (non-platinum al um ni de) coating and a plati numal um nide coating. The

sanples were typically t t four hours with the stripping solution
at 150"F (df | ower) foll EW%&E% (ﬁ?'a@é‘&:ﬁ % h and a grit dusting. The
extent of coating renoval was verified by a heat tint process and by

m croscopy. The sanpl es WgaRoGBEKEAN 9P T YWtk & ﬂ)ﬂhﬁﬁtﬁr‘ﬂgalgfniﬁiﬁé base

met al using mcroscopy. EXAMPLE 6 ﬁaci d-acid m xture
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.



A m xture of nethanesul fonic acid (MSA), hydrochloric acid 380 baume (HC)
and water (38:15:47 wt % was used to strip a platinumalum nide coating
and non-platinum al um nide coating froma 25 high pressure turbine (HPT)

bl ade. The part was imersed in the solution for 4 hrs at 50"C with
ultrasonic agitation, which was followed by a water/polyethylene glycol
rinse for 15 mn wth ultrasonic agitation. -21 The part was then grit

bl asted at 60psi to renove the degraded coating. The coating was
conpletely renoved, as determ ned by the 22meat tint process and m croscopy.
Slight 1GA was noticed in the bare netal mcrographs. 5 EXAVPLE 7

(aci d/ aci d/ reducer) Vari caSAMRUEI9r {acidiagididakdas) Wit h a pl ati num al uni ni de
coating having a previous alumnide tip repair (formng a non-platinum

al um ni de coating region were treated with.a mxture of MSA, HCl, sodium
hypophosphite, and wat er (%{&“f&%%PEQSmﬁ%'PQﬂ@%B '“%ahﬁn'ﬁ!ﬁ?e‘?rsed in the

sol ution and ulrohasiatimed!ldiNmAsds 8befndor ol by a
wat er / pol yet hyl engﬁgl ycol rrinnse for 1% n‘q’%evr%tﬁ%ﬁ%ﬁ tégﬁgoMmS% "ia(g\rﬂﬁgiji on. The
part was then @iethylenagiyes! OEG)pwatard38Sod2 withd. ThedDEG#@atmat i ng. Heat

tint and mgro bot h. showed t r{ t be tel tripped of both
the plati nu§ﬁ1 a?@%‘? W@savﬁ&'etdﬁgorﬂ@E’qu&p'ioa?irwmﬁramh%d@”‘X6 WYY with no-
attack on the bgselurhé s fobfAWEbE the (AGSIUMRLHLC i Vari ous
field run HPT b?ades_ wi th both platinum a-umlglé'dgﬁgﬁgwm g?@pmum
al umi ni de coat Wagsnaitainedtat 50 evdth sitrasoaicl amitatienewhich wae foliowedi sol ution
of MSA, water, , HCl tan)d ?0 dinitr bepzene ul fonic acid (NBSA) (41:51:5:3
W% . The stri BBI vaa er/polyethylene glycol 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 was maintained at 50C with ultrasonic agitation, which was

foll owed by a water/polyethylene glycol rinse for 15 min with ultrasonic
agitation. The part was then grit blasted at 60psi to renove 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- plati num al um ni de
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 unmi ni de coatings, were stiBpped using MSA, HCJ, and

di et hyl ene glycol (DEG /water (38:15:47 wt% . The DEG water 5 m xture was

vari ed from al IsolbiiGntaf MEA, water, hydrajebbseranide (56 Wt ebncoNtrfnE Was
e stripping solution was maintained at

found to be the t effective, T.
50C with ultr awﬁ%i (ééi%;\ﬁ Hﬁ'f%bmﬂ&% PRHS WaSRIBmRarsedyn thewstriepingol yet hyl ene

l'ycol ri f £ P i itati . Th h
o)t bl steq acolhRnhiitalibdad SET ORI ARAIING BnaticH JolRRET BY e G
m croscopy bot watérwsigethipfeneogipedisidse fop 15GaRRLigt Bltasshid afiadicpf both the

pl ati num al?émi ni de and the non- platinum alum nide coatings, wth no attack
on the base® nef BePansuers thenqritdlasted @t 60psi toiremoverheidegsadéd| d run HPT

parts having b 0l at, ).Ni n on- ti num al um ni de coati ngs
were stripped gé%hrgdaﬁbgg%ﬁcﬂ}niﬁo% &8‘?‘&3‘9%04&1%9%@#’% baume, and
hydrogen per oxtompletof) sitigpedbERRL fiatih@h AIIMIFHE ahd (on-gRLREIA0 W %) . The
parts were imersed in the stripping solution, maintained at 50C with

ul trasoni c agRrgrinige, caatingswwith s attagi e theobasa metalae gl ycol rinse for 15
mn with 20 ultrasonic agitation. The parts were then grit blasted at

60psi to 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



renove the degraded coating. Heat tint and m croscopy both showed the part
to be conpletely stripped of both the platinumalumnide and the alum nide
coatings, with no attack on the base nmetals. EXAMPLE 11 (acid /oxidizer) 25
Various field run HPT parts having both platinum al um nide and y
non- pl ati num al um ni de coatings were stripped using a -23 solution of MSA,
wat er, hydrogen peroxide (50 wt% concentration in water) (36:44:20 vol%.
The parts were imersed in the stripping solution, nmaintained at 50C with
ultrasonic agitation, followed by a wat@&#/-pol yet hyl ene glycol rinse for 15
mn with ultrasonic agitation. 5 The parts were then grit blasted at 60psi

to remove the giajimaced/uminide agd tiveabniplatinumn Glurmids 66mindwt h showed the
part to be conpletely stripped of the platinum alum nide and non-platinum
al uni ni de coat iMIGLOSCRRY indigatedi!Gékonr davstahpertiontafitie HERARRIE. 12
(acid/additional acids) 10 Various field run HPT parts were stripped using

a solution of hydrochl orgd I . ' d acetic acid (30:10:30:30
vol 9% . The parts were |m$e)§%¥?%ifﬁaeé@ftbﬁog%| g solution, which was run at

50C with mechanical agitation, followed by a water rinse for 15 mn wth
ul trasoni c agitation. Thé/grimusdictdra HRTpats webd srippedaisi®§asi 15 to

renove the degraded c L ng. Heat tint and m croscopy both showed the part
to be conplgt eF?E’EPPiOSMOWaE%t on IG”J'S Shmdﬁdﬁf):@:h&i\”ﬁfyde Biaipante
non- pl ati num a0, By | AT 1 t e | s.
EXAMPLE 13 (aci Al 5%%? z@%%tﬂéb‘bgréﬁ’gﬂg&q’ i@‘gﬁ?ﬁp’&ﬁ rﬂﬁ#?@r COWIE, o
stri pped usi ngultrasonic agitation, followed by a water/polyethylene glycol rinse for 15

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



solution of MSA, water, HCl, potassium pernanganate (36:44:10:10 w%. The
parts were imersed 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 25 grit blasted at 60psi
to remove the degraded coating. Heat tint and mcroscopy both showed the
part to be conpletely stripped of both the -24 platinum alum nide and the
non-pl atinum al um ni de coatings. Mcroscopy indicated |GA on a dovetail
portion of the HPT parts. EXAMPLE 14 (aciP&/-oxidizer) Various field run HPT
parts were stripped using a 5 solution of MSA, water, iron (I11) chloride
(40:50: 10 wt % EXANPhE 6-sMSAZHE! BXAMRICE 118 tMEASHCI/EMN,, apkut i on, whi ch

was run at 50C . [ itation, faoll owed by a water/pol yethyl ene
gl ycol rinse fﬂé‘gp'-gi if{'\?ﬁgﬁ‘/ﬁ?éga%%ﬁe@@&isﬂ'ﬁm'@ﬁtqﬁ'@ Paga @el@l e ;hen

rit blasted a i tLhg. ' an
gﬁcroscopy bot tﬁnggﬂg%ﬂg S’E) ﬁgﬁpgrf%"ht&{)'a%gé@gﬁagf’éﬂ §1 ?/P@tcrélg%%é”ﬁ ébot h the

pl ati num al umshghiearacant dfd Giois-glloatabielVaiio wachds tiee abimpasitiolk @f oscopy

i ndi cat ed some 8 he dovetai]. EXAMPLE 15 (aci d/aci d/ oxidizer) Various
field run HPT é&% &E%eﬁegt’ reslfectivegnastippise nerrplatipamyaaminideer , HCI |

di | um I i de ;45 15 0 ' in the
Stri ppi ng. ol ub AR dhuthins coathositiBse o EXPMAGERT. A FPEbRER ' "
foll owed by a warepapwuwatyheifentive. gl ycol rinse for 15 min with ultrasonic

agitation. The parts were thep rit blasted at 60psi to renove the
dggraded coating. Heat tﬁﬁ?oréﬂﬂﬂgbemb@ﬂﬁﬁﬁﬁwfﬂbﬁm@mqm@npart to be

conpletely strppRRAmPAIuRfAABedM 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



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 platinum al um nide 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 sligh£6anount of I1GAis allowable. Wile
each of the conmpositions of 5 EXAMPLES 6 - 15 was effective in stripping
non- pl at i num alberd limitatiomod the acope df theiBlairhee iMesitioRg Acdobd@ifglyof EXAMPLES
7 and 15 above were particularly effective. According to enbodlnents of
the present i mY@HW%H‘Od'fﬂﬂaéloi'”'ﬁuﬁﬁ%ﬂ’tﬁﬁpﬁﬁo@ch&'@fﬁéﬂv?ﬁ mayreaeuataanei de

Cher eby avol di 5120 FaRlE a4 ouh deRRAT i ihe RESP A7 i BBkt o) “oper at i ng

at a reduced thlyimperature and by having low volatility, enbodinents of the
present invention exhibited |ow | oss of solution due to evaporation.
Accordingly, less frequent addition of water and acids is required 15
during use. Wiile the foregoing description relates generally to renoving
a layer such as an alum nide coating, one particular conposition, NMSA, my
be used in connection with renoval of other nmaterials. Particularly, it
has been found that MSA is effective at 20 renovi ng deposited oxides from

t ur bi ne engi ne conponents, which



oxi des are deposited during actual use of gas turbine engines. Such oxides
are generally renoved during a cleaning step prior to renoval of the
~alum nide layer. The oxides are referred to in the art as CVMAS (cal cium
magnesi um alum num and silicon) oxides. In one 25 technique, a cleaning
conposition containing a 50 % concentration of MSA in water is exposed to
t he conponent for about one hour at about 60 C. Various enbodi nents of
this invention have been described herein. However, this .disclosure should
not be deened to -26 be a limtation on the scope of the clained invention.
Accordingly, various nodifications, &daptations, and alternatives may
occur to one skilled in the art mﬁthout departing fromthe scope of the
present GlU@dtieclaidredhat is clainmed: 1. A nethod for selectively renoving
an al um ni de-containing coating fromthe surface of a netal-based
substrate, conprising the follow ng steps: (a) contacting the surface of

t he subst r1aAenembdnfoatseleeWety @ﬁﬂ;vﬁtgramumm:@mhhg%aﬁ@ frélgieade the
coating wt out seve z j % t he substrate wherein the stripping
conposi ti 6H t‘%e e '@EFEEI ?ér%o?H feq PRy ISR dol l%%?tepf(l ) aliphatic or
aromatic sulfonlc acids; (ii) a solution of an inorganic acid and an
organi ¢ solvent; g] (LH %Rg% furic acid an aqueous sol ution of
sul furic Ct?nt"’\ﬁﬁ’ég ersWiRee RENG IFLbFERLe H"tBF’t ?@F‘Wﬂq HriRRING COMPYRHAN i s in the
range of aeﬁm e 1l S8htihg withBotEevBRs3Sitting itk SURfratd) WwheRSPIHeGiddvey degr aded

ou

coating wt t. dam the substrate
g composition is s %‘ec?ed from the group con3|st|ng 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.



2. The nethod of claim1l1, 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 nethod
of claim1, wherein the stripping conposition is an aliphatic or aromatic
sulfonic acid and the sulfonic acid is nethanesul fonic acid. 28 4. The

met hod of claim1, wherein the stripping conposition is a solution of an
inorganic acid and an organic solvent and the inorganic acid of conponent
a(il) is selected fromthe group congfsting of hydrochloric acid, nitric
acid, and perchloric acid. 5. The nethod of claim1, wherein the stripping
conposition is a solution of an inorganic acid and an organic sol vent and
t he wei ght tio of inor acl solvent is in the range of about
20:80 to &b E "%hofoofcga'%% %WPRFIQaWW&OSItWH& aisalutigrrokan | ppi ng

CEWDOS: ti inbrganieasialant laﬂfbrgﬁnnﬁéblvérfﬂ@hﬂﬂﬂ! ifor@hié. a%lhdof%ﬁnfbbﬁéﬁl'éiu)?igl vent and
the sol vent

elected fromthe consi sting atic al cohol s,
aromatic éf"'@fﬁ?ﬁ | BPYMSANSERY gﬁhﬂf@h'%@t%é"mc ﬁ?‘%’rrﬁﬂd&l%‘él%i@rd? sol vent s,
ni trated lagdrocar bon sol vent S, nitrated aromatic solvents, chlorinated
hydr ocar bon sol vents, am nes, and m xtures of any of the foregoi ng. 7. The
met hod of claim6, wherein the aliphatic alcohol is selected fromthe group

consi sti ng. The ﬁﬁtﬁmblalrﬁﬁhwﬂ@iem he AT Wmpoditidn'® ¥ EHILEéh &farny Of the
f oregoi ng._ 8. gsag m 6, wherein the aromatic al cohol is

sel ect ed fr}o{ﬁﬁ”t'%%m gn o&ﬂ%‘i %%"i’er'i‘ﬁaﬁq‘ ﬂﬁﬁ?f%‘i'ts’aféﬁlﬂf@%%'i:taﬁldéﬂ phenol's. 9.

The et hodoleéntds i the fangeheaBbik 20780 BtdboRP8MAp conposi tion is a sol ution of
an inorganic acid and an organi ¢ solvent and conprises a m xture of

hydrochloric acid and ethanol. 10. The method of claim9, wherein the
wei ght r ati themethodrasehimri #haeirtthk @tripiph@s®mposition 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. '



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 claim11l, wherein the
stripping conposition further conprises a wetting agent. 13. The method of
claim 12, wherein the wetting agent is selected fromthe group consisting
of pol yal kyl ene gl ycols, glycerol, fatty acids, soaps, enulsifiers, and
surfactants. 14. The nethod of claim 13, wherein the wetting agent is
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 2%he conposition. 15. The net hod of
claim1, wherein the stripping conposition further conprises at |east one

addi Ui ve sl g AftthdPanddif 0 WhRIF RN INDcAhodsABI Soffiflsoxh i 21 NG

agents. 16. The nethod of claim1l, wherein t Sll,l trate rs' inmersed in a
bat h of tMetingd898Ri ng conmposition in step (a). 17. The nethod of claim 16,
wherein the bath is nmaintained at a tenperature bel ow about 77C (170(' F)
while the substrate is imersed therein. 18. The nethod of claim17,

wher ei n t HS- bag methodefidaimi e whereinuthesvptingagant istselested fearo the Gope ( 130F)

whi | e t he cBHESAHPSDolyRIKyEB GRREIs! YFE&GHLD fatt)y HcidbNSodFR! cbaym 16,
wherein the im"regfés?)ony%tldlyrre ig?%i n ?ge rénaé% of Eéﬁ%%te’ %glsﬁgﬁu%@% to about
400 ni nut SYrfagtgntsThe net hod of claim 16, wherein the inmmersion time is |ess
t han about 150 mnutes. 21. The nethod of claim 1, wherein the degraded

coating is renoved in step gb) by abrading the surface.
14. The method of claim 13, wherein the wetting agent is present at a level in the

range of about 0.1% by weight to about 5% by weight, based on the total weight of
the composition.

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.



29a 22. The nethod of claim 21, wherein the surface is abraded by a |ight
grit-blasting. 23. The nethod of claim 22, wherein the grit-blasting is
carried out by directing a pressurized air stream containing abrasive
particles across the surface at a pressure of |ess than about 40 psi. 24.
The nethod of claim 23, wherein the average particle size for the abrasive
particles is |l ess than about 500 mcrons. 25. The nethod of claiml1,
wherein the degraded coating is renmo%8d in step (b) by agitating the
substrate in an aqueous bath. 26. The nmethod of claim1l, wherein the

subst r at @2 $hé pRtRRLS t ﬁgy’qg (a) and
step (b). 27. The net %3%“’3? ?héar:eﬁfthggu ere%ﬁ*a:dﬁg%y%ﬁgl gﬂcbj)%r%@ |ti on

conprises water and a wetting agent. 28. The nethod of claim 27, wherein

the wet t PBOTROARIddr oA 2y kkarARe glitoaLingal dard oP{%&F%%U% a2 |evel of

about 0.1 %tq about 5% by weight, based on“the tofa of the
rinsi ng CERTHETRA Ynstream coniainipg hbisiverpasiidenacress tha shdace at@nt act with the

rinsing eAER0Rd dfild3 thén 866UtI4BGsi OUt Dy immersing the substrate in a bath of
the rinsing conposition for about 1 minute to about 30 minutes. 30. The

met hod .of claim 1, wherein step (a) conprises contacting the substrate

sur f ace gt incmbiicalor $ofth DB] DErEATAD B08 patEl e HRYARNNO the

substrate surface wth a second strippihg conposition The net hod
of cl ai mP3BICIeRleas hanrabout $a% misiansppi ng conposition conprises a mixture
sel ected fromthe group con5| stl ng of (1) hydrochloric acid and an

al i phati c al cohol , and ul furic acid and water. 32. The net hod of

cl ai m 302 V\ﬂ@r'@?Woﬂﬁ’écg%én‘ﬂh%rﬁﬂtb‘aﬂﬁg"aééﬁﬁ@%tlngll%rﬁwwm siep (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.



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 alum nide, platinum alumnide, 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 nmethod of claim
1, wherein the netal -based substrate is a nickel-based superalloy or a
cobal t - based superal l oy. 35. A nethod@®for selectively renoving an

al um ni de-containing 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
severel y3 IaT he Wﬁﬂ'toﬁé)f§g‘lf§t38a‘f’@?reWHB¢ &rsh stripeing comppsitieon coropriresiat i on i s

sel ect ed niixtad JohtEl MUtR tHOGBL bbAlsthi of (h hyAobRBAL 5Gd Bhd BhAfTAIkE Sul T oni ©
acids; (i “')B 6} solution of an 1 norganic acid and an organic solvent; and
(iii) suPrabplcang(lp syiurigacihancbwatesol uti on of sulfuric acid, wherein the
wei ght ratio of sulfuric acid to water is in the range of about 10:90 to
about 65;35; 29c (b) contacting the surface with a rinsing conposition

whi ch corpr Ihemethed of claighd0, whrtain(teg seeandditirpinaeennesttign sotmprisestove t he

degr adedwgtahA anWikdnalifslaeasgng the substrate. 36. The nmethod of claim
35, wherein the stripping conposition conprises nethane sulfonic acid or a

m xture of hydrochloric acid and an al cohol. METHOD FOR REMOVI NG AN
ALUM NI D83 CiieTrh&lrok BEBhith 1, wherein the aluminide-containing material comprises at

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;



SUBSTRATE ABSTRACT A nethod for renoving an alum nide coating froma
substrate includes the steps of contacting the surface of the substrate
with 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 renoved. Figure 3

20¢

* (b) contacting the surface with a rinsing composition which comprises water: and
then

(c) abrading the surface to remove the degraded coating without damaging the
substrate.

36. The method of claim 35, wherein the stripping composition comprises methane
sulfonic acid or a mixture of hydrochloric acid and an alcohol.





