METHOD FOR SELECTIVELY REMOVING COATINGS FROM METAL
SUBSTRATES BACKGROUND [0001] The present invention is generally
directed to methods of removing a coating from a substrate. More
particularly, the invention relates to the removal of coatings poor in
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resistance and thermal barrierQUBgARaS®Inetal articles, such as turbine
engine components. Coatings currently used on components of gas
turbine hot sections, such as blades, nozzles, combustors, and transition

BARMGER cgqerally belong to one of two classes, diffusion coatings or
overlay coatings. State-of-the-art diffusion coatings are generally formed
of aluminide-type alloys, such as nickel- alumlnlde Ei)/latlnum alumlnlde or
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co@g&g@n coatlngs_ are formed by depositing constituent components of the
coating on the article and reacting those components with elements from
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considerable amount of selectivity to remove only intended materials,

While genar Bl LS SN RS FARP PO T ARG SHOSWIBSALX), where M is
an element from the group consisting of Ni, Co, Fe, and combinations thereof, and X is
an element from the group consisting of Y, Ta, Si, Hf, Ti, Zr, B, C, and combinations
thereof. Diffusion coatings are formed by depositing constituent components of the
coating on the article and reacting those components with elements from the underlying
substrate of the article to form the coating by high temperature diffusion. In contrast,

overlay coatings are generally deposited intact, without reaction with the underlying

substrate.

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

materials, while generally preserving the components’ desired structures.



1 [0005] Methods have been previously described for selectively removing
Al- based coatings by contacting the coating with an aqueous composition
which comprises an acid having the formula HXAF6. Usually, A is
selected from the group consisting of Si, Ge, Ti, Zr, Al, and Ga; and x is
1-6. These methods have generally been effective in selectively removing
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mafQye. Without an effective selective stripping process to remove these
Al-poor coatings, non-selective methods must be relied on, such as very

strog[lr& non-selective acids or aggg{?%ssive mechanical methods, both of
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needed is an effective method for selectively removing Al-poor coatings from the

subsirate.

BRIEF DESCRIPTION

[0007] Embodiments of the present invention solve the aforementioned

challenges through a method for selectively removing 2 coating from a substrate in which

aluminum is diffused into the coating.

[0008] The coating is brought into contact with an aqueous composition including
at least one of an acid haVing the formula H,AF¢, and precursors to the acid. A is selected

from the group consisting of Si, Ge, Ti, Zr, Al, and Ga, and x is 1-6.

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

in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS



BRIEF DESCRIPTION OF THE DRAWINGS 2 [0010] FIG. 1 is an
illustration of a selective stripping system constructed in accordance with
an embodiment of the invention. DETAILED DESCRIPTION [0011] As
described above, aluminum-poor coatings, for example those having the
composition MCrAI(X), where M is an element from the group consisting

of Niob) FeaandicmMAIRRR AN6rerTs B K dSahFIs M HliaN dh&ructed in

group conS|st|ng of Y, Ta, Si, Hf, Ti, Zr, B, C, and combinations thereof,
acordpaiserath Averabdimens afdbadnirenlivit 129% by weight, are highly

resistant to known selective stripping methods. By diffusing additional Al
DEMQItheAbBRSoRgPating: however, the Al-poor coating can be made
removable by selective stripping [0012] In one embodiment, Al is diffused

into I, COa treati the Al- oor coatlng ith a slurry whic
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include, for example: the amount of aluminum-based powder being used;
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nt Is in the range of out 10% by weight to about 15% b
collmdal silica are available from various chemical manufacturers, in elther acidic or

basic form. Moreover, various shapes of silica particles can be used, e.g., spherical,
hollow, porous, rod, plate, flake, or fibrous, as well as amorphous silica powder.
Spherical silica particles are often utilized. The particles usually have an average particle

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

[0013] The amount of colloidal silica present in the composition depends on
various factors. The factors include, for example: the amount of aluminum-based powder
being used; and the presence and amount of an organic stabilizer, as described below.
Processing conditions are also a consideration, e.g., how the slurry is formed and applied
to the coating. Usually, the colloidal silica is present at about 5% by weight to about 20%
by weight, based on silica solids as a percentage of the entire composition. In some

embodiments, the amount is in the range of about 10% by weight to about 15% by
weight.



weight. 3 [0014] The slurry composition further includes an
aluminum-based powder. This powder serves as the source of aluminum
diffused into the coating. The aluminum-based powder can be obtained
from a number of commercial sources, such as Valimet Corporation,
Stockton, Calif. The powder is usually in the form of spherical particles.

Howegyer,it.can be in other forms.as.well, such as thpse. described above _
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have an average particle size in the range of about 1 micron to about 50

micr ther j ,the average particle size is in the range
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Techniques for preparing powders formed from any combination of the

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

optional elements described above are also well-known in the art.

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

the shurry depend in large part on the amount of aluminum needed for application to the



optional elements described above are also well-known in the art. [0017]
The composition of the aluminum-based powder and the composition of
the slurry depend in large part on the amount of aluminum needed for
application to the 4 coating. The amount of aluminum in the slurry is often
in the range of about 0.5% by weight to about 45% by weight. In other
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aluminum-based powders. They are often formed from a gas atomization

process. [0019] The silicon in the aluminum-silicon alloy serves, in part, to
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weight of the silicon and aluminum. In some other em odiments,
£%iHOBHZANOFEBENSEEY: a level in the range of about 10% by weight to about
15% by weight. [0020] As in the case of the powders described above, the

alunTioors FieOs1HAYS MhRYafSQRARIAINBAS AL IS QNG SIBME S rease the
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weight of the silicon and aluminum. In some other embodiments, the silicon is present at

a level in the range of about 10% by weight to about 15% by weight.

[0020] As in the case of the powders described above, the aluminum-silicon
alloys may also contain one or more other elements which impart a variety of desired
characteristics. Examples include the platinum group metals; rare earth metals (as well as

Sc and Y); iron, chromium, cobalt, and the like. Minor amounts of impuritiés are also

sometimes present.

[0021} In another embodiment, the slurry includes an organic stabilizer in
addition to the colloidal silica and the aluminum (or aluminum-silicon) component. The
stabilizer is an organic compound which contains at least two hydroxyl groups. In other
embodiments, the stabilizer contains at least three hydroxyl groups. Stabilizers which are
water-miscible are also sometimes utilized, although this is often not a critical

requirement. Moreover, a combination of two or more organic compounds could be used

as the stabilizer,



stabilizer is an organic compound which contains at least two hydroxyl

groups. In other embodiments, the stabilizer contains at least three

hydroxyl groups. Stabilizers which are water-miscible are also sometimes

utilized, although this is often not a critical requirement. Moreover, a

combination of two or more organic compounds could be used as the

stabﬁ 5 [0022 A variety of organic campoungs can be used
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known in the
to include polyhydroxy aldehydes polyhydroxy ketones, or compounds that can be

hydrolyzed to them. The term includes materials like lactose, along with sugars, such as
glucose, sucrose, and fructose. Many related compounds could also be used, e.g.,
polysaccharides like cellulose and starch, or components within the polysaccharides, such
as amylose. Water-soluble derivatives of any of these compounds are also known in the
art, and can be used herein. Based on factors such as cost, availability, and effectiveness,

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

stabilizer.

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

particle size of the aluminum; the surface-to-volume ratio of the aluminum particles; the



art, and can be used herein. Based on factors such as cost, availability,
and effectiveness, glycerols and dihydroxy alcohols like the glycols are
often utilized as the organic stabilizer. [0024] The amount of the organic
stabilizer which should be used depends on various factors. The factors
include: the specific type of stabilizer present; the hydroxyl content of the
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ratio of the aluminum particles; the 6 specific technique used to prepare

the sfonnsjanddhaddantibashiae OtRer SRMRENAMNICH FaybR MEssMmount
in the slurry composition. [0025] In some embodiments, the organic )
sufjaismb & ipraisally intailinn S eluprRiBn PlodreinianitapiFeeRaent during

coRMENIUA WAt B P N BILC QRSO RRRERS AN OrRO IRR WM WAIRY Qabilize” is

other aqueous components. The term "chemically stabilize" is used

“S?fg 1 tpdiditaterhetteshpryTErmEms subseindiy freseodrndasipishemical

refRMCELERAGHONS A NSRS & Rk FRBGIIP R MR NOH A IoRieARE dP e temperature
viscosity and/or the temperature of the composition to unacceptable

ofidpe|copyrositignple, thrsseainelsidielates ipxaamiseratarscptailodapeases in

teRERIAARE OV NGBS RY ISk PIRYEMIHSHAM GREVRAB KN TA 2R R om being
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composition. In other embadiments, the range is about 0.5% by weight to )
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water, i.e., the medium in which the colloidal silica is often disposed. As

used in, "agueous" refers to compositions in which at least about .
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least about 65% of the volatile components are water. In some embodiments, at least
about 80% of the volatile components are water, Thus, a limited amount of other liquids
may be used in admixture with the water. Non-limiting examples of the other liquids or
"carriers” include alcohols, e.g., lower alcohols with 1-4 carbon atoms in the main chain,
such as ethanol. Halogenated hydrocarbon solvents are another example. Selection of a
particular carrier composition will depend on various factors, such as: the evaporation
rate required during treatment of the substrate with the slurry; the effect of the carrier on
the adhesion of the slurry to the substrate; the solubility of additives and other
components in the carrier; the "dispersability” of powders in the carrier; the carrier's
ability to wet the coating and modify the rheology of the slurry; as well as handling
requirements, cost requirements, and environmental/safety concerns. Those of ordinary

skill in the art can select the most appropriate carrier composition by considering these

factors.



4 _ "carriers" include alcohols, e.g., lower alcohols with 1-4 carbon atoms
in the main chain, such as ethanol. Halogenated hydrocarbon solvents
are another example. Selection of a particular carrier composition will
depend on various factors, such as: the evaporation rate required during
treatment of the substrate with the slurry; the effect of the carrier on the

adhesion.of the slurry to the substrate; the solubility of additives and other
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suspension. Amounts greater than that level may be used to adjust the
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about 10% by weight, based on the weight of the entire slurry. [0029] For
embd8ita&hkeTembrdimsats vy ichabecsburyoiioidst ditinacalicidhbsilica and the

alaRiR S UMY eI At IRiCHIGALS ISP D Rrepagina the slurry.

Conventional bleﬂ%ing equipment cIan t?é%h%é%),%gﬁ%gfhne%%hg%én Vi 8§¥i?§)u°nal
blenging equinsrent isprabieiviend, enthigbichiagivisdulitinganf ihadigredientaddition
ofGAR heundsrtakan gl i9aryie L , Qr atte ratures up to about

60 C.j%(le.g., using alhotgwater Eé%ﬁ gﬂ%{t g%?e%%ﬁf%aueé%i%%ml@r%ér RRgrature, or
at STPDFHIHRES fsttAbgWIGR/Gs ausiforsng hbeidditivelathentidhed abaugydf Mixing
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are usually added after the primary ingredients have been mixed, although this will

depend in part on the nature of the additive,

[0030] For embodiments which utilize an organic stabilizer in conjunction with
the aluminum-based powder and the colloidal silica, certain blending sequences are
usually utilized. For example, the organic stabilizer is usually first mixed with the
aluminum-based powder, prior to any significant contact between the aluminum-based
powder and the aqueous carrier. A limited portion of the colloidal silica, e.g., one-half or
less of the formulated amount, may also be included at this time (and added slowly), to
enhance the shear characteristics of the mixture. The initial contact between the stabilizer
and the aluminum, in the absence of a substantial amount of any aqueous component,

greatly increases the stability of this type of slurry.



are usually added after the primary ingredients have been mixed, although
this will depend in part on the nature of the additive. [0030] For
embodiments which utilize an organic stabilizer in conjunction with the
aluminum-based powder and the colloidal silica, certain blending
sequences are usually utilized. For example, the organic stabilizer is

usually fi ixed with the aluminum-based powder, prior to,an
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colloidal silica could*be prevented or minimized. However, the process

should be monitored very closely for the occurrence of sudden increases

in terbpRFAluFbeasiarer AacsAPisd o] tneaating bua kerisbpné dedmigues known
inGRating B%.a MAHS YAl teHpUeS gﬂgwg)aiﬂtfélﬁ Blbpldeslloa CaMPE, rolled, or

slip-cast, brush-painted, dipped, sprayed, poured, rolled, or spun-coated

spoRtsaRret aatmgereratinan o SprRly- AN RGNS i 9iteB Alsecasipal waY to apply
th8R¥ry to articles such as airfoils. The viscosity of the shurry can be readily adjusted

~ for spraying, by varying the amount of liquid carrier used. Spraying equipment is well-
known in the art. Any spray gun for painting should be suitable, including manual or
automated spray gun models, air-spray and gravity-fed models, and the like. Adjustments
in various spray gun settings (e.g., for pressure and slurry volume) can readily be made to

satisfy the needs of a specific slurry-spraying operation.

[0034] The slurry can be applied as one layer, or in multiple layers. Multiple
layers may sometimes be required to deliver the desired amount of aluminum to the
coating. If a series of layers is used, a heat treatment can be performed after each layer is
deposited, to accelerate removal of the volatile components of the shurry. After the full
thickness of the slurry has been applied, an additional, optional heat treatment may be
carried out, to further remove volatile materials like organic solvents and water. The heat

treatment conditions will depend in part on the identity of the volatile components in the



the slurry to articles such as airfoils. The viscosity of the slurry can be
readily adjusted for spraying, by varying the amount of liquid carrier used.
Spraying equipment is well- known in the art. Any spray gun for painting
should be suitable, including manual or automated spray gun models,
air-spray and gravity-fed models, and the like. Adjustments in various
[ spray, gun settings (e.qg., for pressure and slurry volume) can readily be
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volatile components in the 9 slurry. An gxemplary heating regimen is )
v RS Ol EoBRAIRS OLAE RS AU e specifi
coafpositBh @ndothickntR06f Ghd singsr; hadtihg imes¢alpapmpentsaiesDaluminum
__lower heating te ratyres,. and vice versa, [0035] The dried slurry is then
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h temperature re uired for this inizing step will depend on various )
7 ac:?(:)'rs, |ﬁ%?ﬁt PRB?E%QSYS&%%%& 0n %#?heél%%éﬁntﬁ AT QY ETRREC Ry organic
coppeeifids ednvhositipresend, thicksiebiintth&lstugtycant] Te defirderdegihtafatment
nhan luminum. concentration, Usually the diffusian temperagure is
o Y 0 SO PRI o Eom DR et 5 & vacuum or
undembbogtimesas utilizing a temperature of about 800 C. to about 950 C.
These temperatures are also high enough to completely remove any

A EAtE T SN o o
th@_@gtﬁ@aﬁﬁ‘g:qugh dhaaig.ifSangsailyinther tionelovillrgorggdsom about 30 minutes to
about 8 hours. In some instances, a graduated heat treatment is desirable. As a very
general example, the temperature could be raised to about 650° C., held there for a period
of time, and then increased in steps to about to 850° C. Alternatively, the temperature
could initially be raised to a threshold temperature like 650° C., and then raised
continuously, e.g., 1° C. per minute, to reach a temperature of about 850° C. in 200
minutes. Those skilled in the general art (e.g., those who work in the area of pack-
aluminizing) will be able to select the most appropriate time-temperature regimen for a
given coating and shurry. The process as described above is highly effective in diffusing
aluminum into a pre-existing coating. Diffusing aluminum into the Al-poor coating as
described increases the Al-content of the coating sufficiently to make the coating
removable by a specific stripping process that advantageously does not interact
negatively with the substrate. Hereby, the art is significantly benefited in that costs are
reduced and the service life of components is increased. The stripping process to be

utilized with the newly aluminum infused coating is detailed below.
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[0036] The time required for the diffusion heat treatment will depend on
many of the factors described above. Generally, the time will range from
about 30 minutes to about 8 hours. In some instances, a graduated heat
treatment is desirable. As a very general example, the temperature could
be raised to about 650 C., held there for a period of time, and then

incr in steps to about to 850 C. Alternatively, the temperature cquld
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netly aluminum infused coating is detailed below. 10 [0037] An aqueous
composition is employed to selectively strip the newly aluminum infused
coatitiyItdni erasarsttatdhea HiAdfaeenid compaeditiohdonsdmés used herein, a

" i incl idihavi this formul
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forpshe apidorits dirmirinyFom of 1o hrotenyfioati, iftorthe acid or its dianion
' f this: il cialy..: or c r [y .
ol PR € R R AU B WO Ui AR SRR ks Thos,
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material is referred to by several names, such as "hydrofluosilicic acid”,

"fluorpeioica aeide iRsh-RREINO PRer e ARy FAO3BLRISEU SR iR $B8ic salt, or
HXAF6 acid may also be used. As used herein, a "precursor" refersto

an PR EBLIT BRIFOU o ebiRibiuInIcATChosN. oileiHipiea eamples include
salts of Ag, Na, Ni, K, and NH; as well as organic salts, such as a quaternary ammonium
salt. Dissociation of the salts in an aqueous solution yields the acid. In the case of H,SiF,

a convenient salt which can be employed is Na;SiFg.

[0040] Those skilled in the art are familiar with the use of compounds which
cause the formation of H,AFs within an aqueous composition. For example, H3SiFs can
be formed in situ by the reaction of a silicon-containing compound with a fluorine-
containing compound. An example of a silicon-containing compound is Si0,, while an

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

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

coating being removed, the location of the coating material on a substrate, the type of
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form the acid or its dianion AF6 2, or which can be transformed into the
acid or its dianion under reactive conditions, e.g. the action of heat,
agitation, catalysts, and the like. Thus, for example, the acid can be
formed in situ in a reaction vessel. [0039] As one illustration, the precursor
may be a metal salt, an inorganic salt, or an organic salt in which the

ianjon is ionjcall und. Non:limiting examples include salts of Ag, Na,
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level is in the range of about 0.2 M to about 3.5 M. In the case o

depletiouy A€ dherasishcisdrtnninlhsome gabe dibernts. i addithonal 2ddvhasie pH of
les3ROMNEB AL 36l 30T AINRLEOBIRNGRISHESHIORARRIOW £37 BSs 4 pH

readily adjusted by observing the
which is'less than the pH (in pure water) of the primary acid, i.e., the H,AFs material.

Thus, in the case of H,SiFs, the additional acid may be one having a pH of less than about
1.3.

[0044] Various types of acids may be used as the additional acid, e.g., a mineral
acid or an organic acid. Non-limiting examples include phosphoric acid, nitric acid,
sulfuric acid, hydrochloric acid, hydrofluoric acid, hydrobromic acid, hydriodic acid,-
acetic acid, perchloric acid, phosphorous acid, phosphinic acid, alkyl sulfonic acids (e.g.,
methanesulfonic acid), and mixtures of any of the foregoing. Those skilled in the art can
select the most appropriate additional acid, based on observed effectiveness and other
factors, such as availability, compatibility with the primary acid, cost, and environmental
considerations. Moreover, a precursor of the acid may be used (e.g., a salt), as described
above in reference to the primary acid. In some embodiments of this invention, the
additional acid is selected from the group consisting of phosphoric acid, nitric acid,

sulfuric acid, hydrochloric acid, hydrofluoric acid, and mixtures thercof. In other
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effect of particular compositions on coating removal from the substrate.

[0043] The aqueous composition may contain at least one additional acid,

i.e., in addition to the "primary" acid, HAF6. The use of the additional acid
~ sometimes enhances the removal of coating from less accessible areas

of the substrate that are prone to depletion of the acidic solution. In some
emebrg&odirr%en S, thr%‘ggditi%nal acid has a pH of less than about 3.5 in pure

Water T dthefe int&hBIRAY Rfittbrial Bekifs Bipradditionals eiss may be
phtnarhdiie pd(in pure water) of the primary acid, i.e., the HXAF6 material.

Thus, in the case of H2SiF6, the additional acid may be one having a pH

of le bout 1.3. [Q044] Various types of acids may be used as the
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group consisting of phosphoric acid, nitric acid, sulfuric acid, hydrochloric

acid, fioydEa iric, aciths g mixtres theregf In other 12 emb %&ments .
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_pEurthermore, other Qmﬁeéfnggﬁt%gﬁc #gg{ﬁ;% g&%&ﬁi ?F;\ﬂ’ﬁt’idl%ﬁ é‘fé\?éf”i?ﬁ’le of an
inkib#ar fortle composition is a relatively weak acid like acetic acid, mentioned above.
Such a material tends to lower the activity of the primary acid in the composition. This is

desirable in some instances, e.g., to decrease a potential for pitting of the substrate
surface.

[0047] Various techniques can be used to treat the article with the aqueous
composition. For example, the article can be continuously sprayed with the composition,
using various types of spray guns. A single spray gun could be employed. Alternatively, a
line of guns could be used, and the article could pass alongside or through the line of
guns (or multiple lines of guns). In another alternative embodiment, the coating removal

composition could be poured over the article (and continuously recirculated).

[0048] In some embodiments, the article is immersed in a bath of the aqueous
composition. Immersion in this manner (in any type of vessel) often permits the greatest
degree of contact between the aqueous composition and the coating which is being

removed. Immersion time and bath temperature will depend on many of the factors
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about 4 M. Longer treatment times and/or higher treatment temperatures

may compensate for lower levels of the acid, and vice versa. Experiments

can be readily carried out to determine the most appropriate level for the

additional acid. [0046] The agueous composition may include various

other additives which serve a variety of functions. Non-limiting examples
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multiple lines of guns). T another alternative embodiment, the coating
corgiensicalalosititositicncbowd bistpogrgsiver the article (and continuously

recirculated). [0048] In some embodiments, the article is immersed in a
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of vessel) often permits the greatest degree of contact between the
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while the substrate is immersed therein. In other embodiments, the
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receptacle 12 is sized sufficiently to accommodate the electrodes and electrolyte 14. The

S

electrochemical stripping system of this invention includes at least one electrode. Two
electrodes, 16 and 18, are depicted in FIG. 1. The number of electrodes will vary,
depending on various factors, such as the size and shape of the article being treated. Each
electrode, 16 and 18, 1s formed with an appropriate geometry that is configured to direct
electrical fields to surfaces of a coated article 20. The electrodes 16 and 18 are generally

non-consumable and remain intact throughout the electrochemical stripping process.

[0050] The article 20, which is to be stripped by the electrochemical stripping
system 10, is disposed in the receptacle 12. The article 20 is at least partially covered
with one or more of the coatings described previously. The article 20 is disposed between
the electrodes 16 and 18, and positioned so that an electric field can be established
between the electrodes 16 and 18 and the selected coated surfaces of the article 20. The

electrolyte 14 is delivered to the receptacle 12 in amounts sufficient to submerge parts of
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minutes to about 72 hours, and in some embodiments, from about 1 hour
to about 20 hours. Longer immersion times may compensate for lower
bath temperatures. After removal from the bath (or after contact of the

. coating by any technique mentioned above), the substrate is typically
rinsed in water, which also may contain other conventional additives,
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medgfagpabdits. dbdsecofteniciperted e Slectrodtant paieriiaBmandeelfmrenysupply 24
caR8 QIRUIT G AUBIERAI TGO IBEICCIOERBIR, and 13 The
stripping process. [0050] The article 20, V\{hlch is to be stripped by the
cledtrottechérridal Saip simpesiastdmthonpeetisisosaninaihefteprasesepply 24. The

st%é@c 610458k ARty S8VESREVED ARCRIMARC! ANRAQRINYSh the

ibed previously. The article 20 is disposed between "the electrodes
copgngadlbe, derirpbaiidAeerticthat dharare torigticld 28n dl atngptishedction of the

elgﬁ%e&ﬂrgﬁ? als%%?g &%49?&%@9 ihe;sgleciagl coated surfaces of the

e 20. The electrolyte 14 fs delivered to the receptacle 12 in amounts
sufficient to submerge parts of 14 the article 20 and electrodes 16 and 18. .
If a ptRASRI XaBolTe ARABSTse Gelingobiil PR of R atagRristics  for  this

crABHARARRNTTHRES ﬂ%fﬁ&%{rse RIRRIEY, HUSTRRITIGNMARHAE KeRGAIONR] thus, the
efficiency of the stripping process. Non-limiting, exemplary parameters are: electrode
geometry, power supply voltage or current {dependent on parameters being controlled),
electrolyte concentrations, solvent composition, use of agitation, processing time,
distance between the article 20 and electrodes 16 and 18, and temperature of the
electrolyte 14. Those who are familiar with electrochemical machining techniques would

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

[0053] The stripping parameters may vary over operational ranges. For example,
a DC power supply 24 voltage may vary from a trace voltage (the term "trace” means a
small but measurable value) to about 30V. The electrical current is sometimes pulsed, to
allow charged ionic byproducts to leave the electrode boundary layers. However, pulsed

power application is not critical for this embodiment. The distance between the article 20
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the level of the electrolyte 14. Alternatively, this portion 22 can be
physically masked so as to shield the electric field. A further alternative is
- to minimize the electric field over this portion 22, for example, by
modifying the locations of electrodes 16 and 18. The portions 22 that are
to be electrochemically stripped should be submerged in the electrolyte

andhd Wa AR éﬁ4 tablishes an electric fie|d in the.
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abewiridhingbes) (Withcangwitching- mode capability. It is often operated in the
constant potential mode. Power supply 24 carries current over
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16 and 18 are connected to the negative terminals of the power supply .
C. Fh&onipispihgngnisciivgnpeoniuasisienttinydrisdewhebetecibdigteadd in other

et I denBeANRG. The. Slastialyis 1Aseauries g sharge to article 20,

and under the action of the electric current, the coating Is stripped from
the ag icle 20. [0052] Various CE),arameters define the stripping
charalenstde seiriphing tipe dirfedherimaaersion fiate ryiviiu dhe elersrobyte) may

vaf soaigdiekiein Puatan dhilive iHiR.BHICIBR L REING FHRRIBELPEBRERS time include

h Non-limiting, exemplary parameters are: electrode geometry, power
N ETERATBIR R She sl Bepaamevs: paraislbas i vaisgostmewhedjensity, and

thieleealyrbeonearsthtinnsl SHBpgORROSHaY erAlaoialiMeher density and
thi%gcessmg time, distance between the article 20 and electrodes 16 and

TR SR SR Shertime wilk srpae fromyRbsrt I HBIRME fimeinawt dthours, and

in slrataghemifehmashininaarhaioueasvetld RefamiliaomthmeYidtes, te
._stripping.parameters which relate to this embodiment. [0053] The stripping
! efﬁ%%é‘%erﬁaﬁ} @E‘?W&@EPB&@?&%QQM&H@%@ AW 3ABIE, a DC power

supply 24 voltage may vary from a trace voltage (the term "trace” means a
small\6indasaligb they atibadrbneaisontrd@MIiEn@ fleRiTICAL GWEe Hdfein, "metallic”

. efgosrrgetiS es%gtlglss%%,irt‘ a?gow cha&/ ionigsc %yprg\%ucts to leaye the .
glectrode boundary Tagard FEHE) &P HGE8Y PER e appi Aitayis i which may
alsoritichidorstiis: embodiaiBnicothgod isiandhehmesiy thaarielec?OndiaIRdhaterials
aret%g elee\% rg%eg()lln6 and Hs %Picallévaries ina ra(P%e from about 0.1 inch i
( 3% cm% ?o prise at least onc clement selected Irom the group consisting of iron,
cobalt, nickel, aluminum, chromium, titanium, and mixtures which include any of the

foregoing (e.g., stainless steel).

[0057] Very often, the metallic material is a superalloy. Such materials are known
for hi gh—temperature performance, in terms of tensile strength, creep resistance, oxidation
resistance, and corrosion resistance. The superalloy is typically nickel-, cobali-, or iron-
based, although nickel- and cobalt-based alloys are favored for high-performance
applications. The base element, typically nickel or cobalt, is the single greatest element in
the superalloy by weight. Illustrative nickel-base superalloys include at least about 40 %
Ni by weight, and at least one component from the group consisting of cobalt, chromium,
aluminum, tungsten, molybdenum, titanium, and iron. Illustrative cobalt-base superalloys
include at least about 30% Co by weight, and at least one component from the group

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

and iron.
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about 10 inches (25.4 cm). [0054] The temperature of the electrolyte 14
can be maintained up to about 100 C. In some embodiments, the
temperature is maintained below about 50 C, and in other embodiments,
the temperature range is from about 5 C. to about 30 C. [0055] The
stripping time (i.e., the immersion time within the electrolyte) may vary
consiipsepihd aciore MR RNENSR NG BIBRlon.of o AR e G enerat
__include the composition of‘the coating being removed; as well as’its _
Hustretostr tbtureh datsityzahd ithibkfess. dfte slestroateciteinalestripmiokpims, or a
i H\%‘lﬁ?%%é’%’&t%ﬂ%gtrd sity and_thicker coatings. Jsually, the time .
prlwi ralnge from about n?m%?en%lgb%% %%Wgﬂtr%, %Pr%r?n%rsr% sc%ggsggs’are m the
forfronf abeounbusimutests abobugdodesids shmedther nisksicesitods, including
b ' e§' meisin nge of abouf 10 minytes to about 3 hours. .
B R R Rl TR RGP accorcing
to ¢embdaiiiventefd thtoisubgimteBhe sk eienpismseilyl e ofingetahngs from the
I whjch may also include some non-metallic co nents.
ﬂa%&%&ﬁ%@%&%ﬁ? plaé%s‘gnl?n%stafﬁ’g] ma efj‘l‘?lalcs)r are gasfesw Tl gﬁ%ﬁig‘éagt include
indentstions; bidloentegeiestedhivbin (the. diturcolisishioigxf iron, cobalt,
nickel, aluminum, chromium, titanium, and mixtures which include any of

WihE dRERRING (s FIATIESSBIERH: JQ&%Z:LVC%%%Q% ﬁ}gﬁgﬁﬁi fimited

material is a superalloy. Such materials are know perature

n“@bﬁb?ﬁﬁﬁb@éiméﬁmg_é‘méh%h@ repdilyinderstge debisttcaveniimtiismot limited
to $GSISIRRIE AN RRIIRTIONS SRR e G SHBRBIOY ?n%ﬁa'iﬁéz!iwo%g&lﬁorate any

cobalt-, or iron- based, although nickel- and cobalt-based alloys are
nurbe el veratigRspalRAeRtcSUbSIEaNS 05 YA Hertasiengemeigsicabgretofore

deRURKBHOB SAPRILna e AR BraR RS AR Inll S SHPERHlOYR BN

lllustrative nickel-base superalloys include at least about 40 % Ni by

Addisigntiinirhitsensiovs smbadiogaistafohs tnsegtiuphesndistindestiberlif is to be
un€BFABYY Mat ALIBLALER I BIRIERMAMP IR HHigMTL @P@xérggscrgi/ed

lllustrative cobalt-base superalloys include at least about 30% Co

empetimenihd Atserdinghie thermysntom ifomttirehgreren asdimisehlotheidesigoing
deSHHBHUHBulYR RIS TR BY AU R AU AHE SPERER G fngarPON, and

iron.
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16 [0058] The actual configuration of a substrate may vary widely. As a
general illustration, the substrate may be in the form of a houseware item
(e.g., cookware), or a printed circuit board substrate. In many
embodiments, superalloy substrates are in the form of a combustor liners,
combustor domes, shrouds, or airfoils. Airfoils, including buckets or
crRlagies, and nozzles or vanes, are typical substrates that are stripped
according to embodiments of the invention. The invention is useful for
removing coatings from the flat areas of substrates, as well as from
Lurde B BRAt e eetitebe somondnarfagortingiBomdentbsionts, bolipaising:
regions, or holes (e.g., film cooling holes). While the invention has been -
destiffisthnadetsiincarnectieriith ey a limited number of
embodiments, it should be readily understood that the invention is not
“miJ:Srﬂté i%%::&giéé:alggedw?mbodiments. Rather, the invention can be
~ modified to corporaterany number SFv SRR aRdRefdias at least one of an
acidsibatiution Soometpkialeng arrér?]gemf:sms mgtdaﬁiat@iﬁ]?,fﬁ denfziRe’ R from the
[ orpmepsurate,with the spirit and scape of the invention.
gy (ij&d%3%‘%%%&?%&%@%%&0389&%% %iéefﬂge]ﬁﬁon have been
described, it is to be understood that aspects of the invention may include
oniy iomelkrdind deserberhanibdiffasngsaAccinainglyo the svsengamisprises:
not to be seen as limited by the foregoing description, but is only limited

by sheistepe otdbeoapransed £laims, &/ id-QM S, %@Jﬁg@&%ﬁ%g}%ﬂauﬁaly

f fogsrﬁ}lectively removing a coating from a substrate, comp
©€ ARt trBTegurY; 2 comprting tselivdehosilith amdgpatistes of an
alungamposkianibelaging.at least one of an acid having the formula H,;AF6,
and precursors to said acid, A being selected from the group consisting of
Si’h%z?t’tli r, Al asrlflfi Ga, a(Pd x being-1-6. 2. The method of claim 1, :

wherein ditusing atamindif Ao s erspriedsmayp yalgtite ramponent

fromghe shyey,ofd stucayde diftishatinfalhaislufiheing subgiantially free of

hexavalent chromium and comprising colloidal silica and particles of an
3. The method of claim 2, wherein the slurry further comprises at least one organic

stabilizer which contains at least two hydroxyl groups.

4. The method of any one of the preceding claims, wherein the aqueous comnposition

comprises the compound H2SiFs or H2ZrFs.

5. The method of any one of the preceding claims, wherein the substrate is immersed in a

bath of the aqueous composition.

6. The method of claim 5, wherein an electric current flows through the bath of

aqueous composition while the substrate is immersed therein.

7. The method of any one of the preceding claims, wherein the coating MCrA1(X), where
M is an element selected from the group consisting of Ni, Co, Fe, and combinations

thereof; and X is an element selected from the group consisting of Y, Ta, Si, Hf, Ti, Zr,

B, C, and combinations thereof.
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aluminum-based powder; and heat treating the slurry, under conditions
sufficient to remove volatile components from the slurry, and to cause
diffusion of aluminum into the coating. 3. The method of claim 2, wherein
the slurry further comprises at least one organic stabilizer which contains

gat1RsHMMR BT Py SHOWPhé pledmmetinshel apkAng aftRearRcesing: aluminum

claims, wherein the aqueous compaosition comprises the compound
HZgStEbpies than sbad Aetioddekny one of the preceding claims,
wherein the substrate is immersed in a bath of the aqueous composition.
6. The method of claim 5, wherein an electrijc current flows thro#%h the,

9 balhoMEEaEotE TS Rbi TSR Feidte IR HRSHE, 5, 2 metallic
Thaanaiiosheiarihgne edheopecerdiagt claisscdvhereiththgrooptingiGng of iron,

1(X), where, M is,an element selected from the grpup consisting of Ni, .Co,

A BN AR T GLP AR [ o ST O RS 2oy of the
gréetegeansisting of Y, Ta, Si, Hf, Ti, Zr, B, C, and combinations thereof. :
18 8. The method of any one of the preceding claims, wherein the coating
1 RaStermadtimdhohelaonferwiofes dhb arctblon miges BycoraiyireDa Fieeralioy.

method of any one of the preceding claims, wherein the substrate is a

metallic material comprising at least one element selected from the group
consisting of iron, cobalt, nickel, aluminium, chromium, titanium, anrd

mixture which include any of the foregoing. 10. The method of claim 9,

wherein the metallic material comprises a superalloy. 19
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