A PROCESS FOR REMOVI NG ALUM NOSI LI CATE MATERI AL FROM A SUBSTRATE, AND
RELATED COWMPGCSI TI ONS BACKGROUND OF THE | NVENTI ON This invention generally
relates to nethods for renoving alumnosilicate-type materials from

vari ous substrates. In some specific enbodi nents, the alum nosilicate
material is in the formof a deposit that accunul ates on turbine engine

conponent sy pREJIESSEOR IREMONENS ATURANCOSIERI TR ATERIADER OB AenDved may
reside on airfoil surfaces, or wthin internal cooling passages. Ceranc

coatings are often SIBITRATENANRRELATHSLCOMPQITIGONS sections of turbine
engi ne conmponents, such as the conmbustor. The coatings allow the engine to
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of -al unfei geampipe theaplugyinosileabch nzaterial chedng atroved owy reskei eruraideilini ni de, or

ni ckel - t inide. er coatings typically have the conposition
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hi gh tenperature and harsh operating conditions to which they are

sonet i nE€eraaiP @satihgs tdie ofiBl wed avvhermily naadate ovadeus epaiohe cbforurbiepl aced. As
described.in U S. Patent 6,379, 749 (Zi roman, Jr., et al), a variety of
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Sone of the state-of-tt net hods f repairing conponents protected by
a TBC bagel roitings ofBE), othitthare nifien ezifkBaiashestdnand swbilidedt withhe cerani ¢
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- adhere to the component, and remain adherent throughout many heating and cooling

cycles.

The TBC's are often held tightly to the substrate with a metallic bond coating. The
bond coatings usﬁaliy 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-aluminide, platinum—aiumihide, or nickel-platinum-aluminide.
Overlay coatings typically have the composition MCrAlY, where M is Ni, Co, Fe, or

some combination thereof.

In view of the high temperature and harsh operating conditions to which they are
sometimes exposed, the TBC's sometimes need to be repaired or replaced. As
describéd in U.S. Patent 6,379,749 (Zimmerman, Jr., et al), a variety of circumstances
may require removal of the TBC: Examples include damage during engine operation;

coating defects; handling damage, and the like.

- Some of the state-of-the-art methods for repairing components protected by a TBC
result in removal of the entire TBC system, i.e., both the ceramic coating, as well as
the underlying bond coat. The two coatings usually must then be re-deposited.
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-1 Moreover, techniques used to renove the coatings, such as grit-blasting,
can be slow and |abor-intensive. These techniques can also be difficult to
control, and can sonetines damge the substrate surface beneath the bond
coat. Wth repetitive use, these procedures may eventually destroy the
conponent by reducing its wall thickness. Qther potential problens occur
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undesirably alter the thickness of the conponent. As a response to these

pr obl ertbickpessabr asi ve processes have been devel oped for renoving a TBC.
For exanple, an autocl aving process is sonetines used, in which the TBCis
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process,.for. renpving a ceram ¢ coating is described in th above- nenti oned
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( NHAHF2) , ong wWth a corrosion inhibitor. The process efficiently renoves
TBC meoae ol ther overpang additivar fanses ofrthetnoreo mppeatedt strippingoand dgrmagi ng t he
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rest or eotdponént) dati on protection). Mreover, the process is effective for
renmovi ng the TBC fromany cavities in the conponent, such as the cooling
hol es usual |y present in turbine ajrfoils. The anmoni um bi f| uorfj de process
has nady® AdGRMeyES these PERRIMhgIUBPRRAYE RIpesPighaver besth derrloapgd 18tr f aces.

- Hoveverembiifig R PSES Fot SxafpIR! A B olISNAE pRsbeb R bifelilnés usdl, i Svhich
the TBC is subjected to elevated temperatures and pressures, in the presence of a
caustic compound. Another process involves the use of a halogen-containing powder

or gas, such as ammonium fluoride (NH4F).

A particularly effective process for removing a ceramic coating is described in the
above-mentioned U.S. Patent 6,379,749. In that process, the TBC is freated with an
aqueous solution which contains an acid fluoride such as ammonium bifluoride

. (NH4HF>), along with a corrosion inhibitor. The process efficiently removes TBC

material from various surfaces of the component, without damaging the substrate, or
any bond coat which may be present. (After removal of the TBC, the bond coat can 7
‘be quickly rejuvenated by known techniques, to restore its oxidation protection).
Moreover, the process is effective for removing the TBC from ahy cavities in the

. component, such as the cooling holes usually present in turbine airfoils.

The ammonium bifluoride process has many advantages in removing ceramic coatings
_from various surfaces. However, the process.is sometimes rendered ineffective in the

presence of dirt which may reside on the ceramic surfaces. In the case of turbine
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~presence of dirt which may reside on the ceramc surfaces. In the case of
turbine 2 --- - - ------ ---- engines, the dirt is often forned as vari ous
engi ne deposits during high-speed operation. It is sonetines referred to
as "CMAS" (cal cium magnesium alumnosilicate). In addition to inpedi.ng the
effectiveness of the ammonium bifluoride sol ution, CMAS (initially in
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OF THE INVENTION

According to a first aspect, there is provided a method for removing aluminosilicate-
based material from a subsirate. The method comprises the step of contacting the
aluminosilicate-based material with an aqueous composition comprising at least one
acid having the formula Hy AF, or precursors to said acid, wherein A is selected from

the group consisting of Si, Ge, Ti, Zr, Al, and Ga; and x is 1-6, and wherein the
substrate comprises a nickel-based or cobalt-based superalloy.

According to a second aspect, there is provided a chemical stripping method for
removing an aluminosilicate-based material from a superalloy substrate covered by a
zirconia-based thermal barrier coating, comprising the step of treating the substrate
with an aqueous composition comprising at least one of HSiFg or HyZrFg.

As described below, the aluminosilicate-based material is often a mixture described as
"CMAS". In the present description, the terms are generally used interchangeably.
Moreover, in the turbine engine art, CMAS is sometimes referred to as "dirt".
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zirconi a- based thermal barrier coating, conprising the step of treating the
substrate wth an aqueous conposition conprising at |east one of H2Si F6 or
H2Zr F6. As descri bed bel ow, the alum nosilicate-based material is often a
m xture described as "CMAS'. In the present description, the terns are
general ly used interchangeably. Moreover, in the turbine engine art, CMAS
is soneti Pecferref ek AFY ¢ompandslifort hany SmBoéinguntsedf theAmbtetialnpeuHgSiFgor many
enbodi nenﬁféﬁo}%@t he materi al are H2SIi F6, H2ZrF6, or m xtures of these two
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coating, e.g., the amoni um bifluoride process used to treat a TBC, can
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di r t - coverattial o reramigpated, IB?neﬁg‘ﬁ%‘PS‘f“f i b%qsﬁaﬁlé'oc‘??ér‘r‘bf'?"é‘?‘ﬁg t he
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conpri si npp@t calﬁaﬁfsecﬁieﬁﬂﬁ%d: Vd@%&r@%ﬁﬁ& aTh'zst\%@o&am rteqyﬂﬁﬁrs to
sai d aC| d ein d%e%ect romt Ge, Ti,

520971 Sty Mep ol Sass atnb g o P = SR encas) LS he
cer am C sweatie soafingifram amesdlicsubistiate; le[miltg thnﬂ)lhﬂmng stepsi on i nhi bitor,
wherein the amount of acid fluoride salt in the corrp05|t|on is sufficient
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attack byhaving the famuladxAlg osarqcurse;tsnplsa@rmdaevhmdcnsmelﬁ@teé dom &% to an
agueous Sérlidﬂo&mﬂﬂnﬁé)%,sb%, ’ﬁ, %l an r‘ew and x is 1 -6, to remove the dirt, and
- (b)treating.the ceramic substrate with an acid fluoride salt and a corrosion inhibitor,
wherein the amount of acid fluoride salt in the composition is sufficient to attack the
ceramic coating, and the amount of corrosion inhibitor in the composition is sufficient
to protect the metallic substrate from attack by the acid fluoride salt.

Still another embodiment relates to an aqueous stripping composition for removing
aluminosilicate-based material from a substrate. The composition may include
- specified amounts of at least one of the Hy AF, acids. It can also contain at least one

relatively strong acid, along with a variety of other additives.

Further details regarding the various features of this invention are found in the
remainder of the specification.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a photograph of a turbine engine blade section, before and after treatment

according to this invention.
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al'uminosi l i cate-based material froma substrate. The conposition may

i ncl ude specified anmounts of at | east one of the HxXAF6, acids. It can al so
contain at least one relatively strong acid, along with a variety of other
additives. Further details regarding the various features of this invention
are found in the renainder of the specification. BRI EF DESCRI PTI ON OF THE
DRAW N G ' turhi | b kep, before
and af th:ird’:tzf;lesatltj rrlr(gﬁ%raptg%g%%%f ﬁ’gh"t gjﬂ'g Fs ﬁi\?gﬁ? ?é;géd?i%g lllg?%?e gﬁiptsaﬁgot her

phot ogrtagaimerft aecdrdinpitothieimgemeh| ade section, before and after treatnent
according to this invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

"dirt" 1N IS, .t i IS primarily a m xture which

conpri s‘g]ngAgSﬁlgwlgiféﬂtﬁﬁ T%ﬁ‘é@m&& um num silicon, and m xtures
thereof. As nentioned above, the m xture is often described as "CVAS', as
descri bagt tdirttUb&ing rEiabesd bp 116 GuBtiok apdmetilyad mixtokd ehidhscompeepor at ed
herein by reference. CMAS may contain qother elenents in mnor anounts, -
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Exanpl . .G n ol i | K R5.Qm um

bari umqﬁgﬁ{?ng{i‘%gﬁé]?rﬁe% ?jls. af?@%lgdéggﬁnggduﬁ%séggkst hgggfag#?ﬁgﬁfgﬁ rgray al so be
pr esentPateh 6,660884 fHasmdt sil Whibdh is dmtorpdratté hemwint byerefaemat iGHASTMBMVAS can be

ina varjety of forns, e.g., oxides, phosphates onates, ~salts, and

i xt ur SO YU SRS dp iles eRutL o+ oo an ort PRI ot IRe acer al
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enpl oyed. Inthe case of a turbine engine conponent, the alumnnosilicate

' mi xt ur ehreyiutye badwmeand; atkadiametals: ovaripus geinpeyndsfof those Elegigrispay also

‘cont ami,nant s descri.bed in.the t. S .

cont amPRaTeEnt i RREm s PRidgri i BbE PrmlBHbP GRS oBliine o oon 11y
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oxi dation products from engi ne conponents, and the |ike. One sonmewhat
specifi ¢ type_of CVMAS conprises about 5% to about 35% by wei ght cal ci um
oxi de; SSRECHOFeEPRAR o Bs@byigerifac Malsal Ghiis, i Targe/patt ol the

environment in which the substrate is employed. In the case of a turbine engine

component, the aluminosilicate mixture may be formed in part from a variety of
environmental contaminants, as described in the Hasz patent. Sources of such
contaminants include, but are not limited to, sand, dirt, volcanic ash, fly ash, cement,
runway dust, substrate impurities, fuel and air sources, oxidation products from engine
components, and the like. One somewhat specific type of CMAS comprises about 5%
to about 35% by weight calcium oxide; about 2% to about 35% by weight magnesium
oxide; about 5% by weight to about 15% by weight aluminum oxide; and about 5% by
. weight to about 55% by weight silicon oxide.

The treatment composition for this invention includes an acid having the formula

H,AF¢. In this formula, A is selected from the group consisting of Si, Ge, Ti, Zr, Al,

and Ga. The subscript x is a quantity from 1 to 6, and more typically, from 1 to 3.
Compounds of this type are available commercially, or can be prepared without undue

effort. The preferred acids are H,SiFg or HyZrFg. In some embodiments, H,SiF is

especially preferred. The last-mentioned compound is referred to by several names,

such as "hydrofluosilicic acid", "fluorosilicic acid", and "hexafluorosilicic acid".
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oxi de; about 5% by wei ght to about 15% by wei ght al um num oxi de; and about
5% by weight to about 55% by wei ght silicon oxide. The treatnent

conposition for this invention includes an acid having the fornmula HxXAF6.
Inthis formula, Ais selected fromthe group consisting of Si, Ge, Ti, Zr,
Al, and Ga. The subscript x is a quantity from1l to 6, and nore typically,
from | Peecdrsors@ MROHMNAS  atidMbPaly Be uidide AYaiddatetdn,coTpresueiort! defers or can be

prepared wi thout undlie “effort. The preferred acids are H2Si F6 or H2Zr F6.

I n soneteabosnipnhs or bdYp A compotsgechia tah iy efmsbinatlto fohe thasdid bent i oned
conpound is referred to by several nanes, such as "hydrofluosilicic acid",
"1 uor o#t ldiaiien A, or avldcH ltex &k trmsfosinbd dito theiadid. or- #s Brasiarwisies to t he
HxAF6 acid nay al so be used. As used herein, a "precursor"” refers to any

conpounteastiveandisions, e thpenis afifieathagintionecatalysts, aedthedikeorhus.HBe aci d or
its diapi: j - r f into the acid or its dianion
under ?@gg?ﬁegfo?gﬁrgh%@ﬁgg rgggppﬁgésgg?(ﬁgg&gﬁgheat , agitation, catalysts,
and the like. Thus, the acid can be fornmed in situ in a reaction vessel,

f or examploae ilAstrativn, tHd pret¢ursdrinmay, be himetal sty imoganiasalt er an ongamk salal t |

onons " REWR e PSR SRS b GRS S el R e TN e
[ . . e ot ¢
the sai N 1A RS a0 BF oo B SPtac BRI Birhoniull SROP 5 107 ©,
CO”Ve”'gfkfsoc?QtLJn M&Qgﬁwaﬁﬁ%&%ﬁé b yﬁ?lhlé‘ﬁ@ dcft, IRREQNE bf H%g@&!ﬂ Si F6
by t a ound

conpound ‘can be forne reaction o Si-contal ning co (e.qg.,

S Q2) - 3 doRvéhiddt UQIH RBichOBAAILRI élﬁpl@ﬂé’mwm $8.0. MaRUeaU Thd HBEN
fluoride). The preferred | evel of the 8

_ _ HxAF6 acid which 1s enployed wll
depend &finpetint @f belfBRAGT By O RM4clidiC bS &i-chbit@iningPeompslindn@gNtSioh)

.alumnosilicate nmaterial being renpbved, its location on or within regions

of the withatfluatige-comainingaenmgfousd Bsg.r ajueowithdrggentfotide)e coati ngs appl i ed
thereto; the thermal history of the substrate; the technique by which the

Dol ow - TERE<SeHTE Kl Clolpatt b ACidsbick &t CEPLIPRRL SPHE Al T BHance of the
: Lga’;g’e egl%WEsgo %ii)i%xi@]ﬁl E t t% %’Ep%b:lnld ta%ogx];t E)P %]ukgfﬁggﬁ&ﬁé dmz&tgﬁfﬁoﬂ)e%gi on; and -
' removed, its location on or within regions of the substrate; the type of substrate and
‘protective coatings applied thereto; the thermal history of the substrate; the technique
by which the substrate is being exposed to the ‘treatmt_ant composition (as described
below); the time and temperature used for treatment; the maintenance of the treatment

composition; the stability of the H, AF¢ acid in solution; and the presence or absence

of additional acids, as described below.

In general, the H, AF¢ acid is usually present in the treatment composition at a level in’

fhe range of about 0.05 M to 'about 5 M, where M represents molarity. (Molarity can
be readily translated into weight or volume percentages, for ease in preparing the
so;lutions).i Usually, the level is in the range of about 0.2 M to about 3.5 M. In the
case of stiF6, a preferred concentration range is often in the range of about 0.2 M to

- about 2.2 M. Adjustment of the amount -of H,AF¢ acid, and of other components

described below, can readily be made by observing the effect of particular




of additional acids, as described below. In general, the HXAF6 acid is
usual ly present in the treatnent conposition at a level in the range of -
about 0:05 Mto about 5 M where Mrepresents. nolarity. (Mdlarity can be
readily translated into wei ght or volune percentages, for ease in preparing
the solutions). Usually, the level is in the range of about 0.2 Mto about
3.5 M . - HZHI 7 ' lep Often in
the ranga B T e e R R e "ot " FixAFS
aci d, athe sobstotdler conponents described below, can readily be nade by
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~avoi d any undesirabl e ’effects when using a strong acid, e.g., pitting of
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pure wadveid aif urldesirabld ¢fhcts vitehasing. sstrong heid X AL pitting eff thabubstiates, in the
case of H2Si F6, the additional acid is preferably one having a pH of |ess

h 1.3. ' f ' i ] I '
E)r agn gggg%ﬁegeigpgg&i%ﬁgs, Eh%:e:l((aiaiti?)nalaa(%:lit%i ﬁas@%Hbo% lgsséetﬂén gbo%i 3.5ainrgur1]'g ral acl d

water. In some especially preferred embodiments, the additional acid has a pH which

is less than the pH (in pure water) of the primary acid, i.e., the H, AFg material. Thus,
in the case of HSiFg, the additional acid is preferably one having a pH of less than

about 1.3.

Various types of acids may be used, e.g., a mineral acid or an organic acid. Non-
) limiting examples include phosphoric acid, nitric acid, sulfuric acid, hydrochloric
acid, hydrofluoric acid, hydrobromie acid, hydnodic acid, acetic acid, perchloric acid,
phosphorous acid, phosphinic acid, atkyl 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 preferred embodiments of this inven‘ﬁon, the additional acid is selected from

the group consisting of phosphoric acid, nitric acid, sulfuric acid, hydrochloric acid,
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limting exanpl es include phosphoric acid, nitric acid, sulfuric acid,
hydrochl oric acid, hydrofluoric acid, hydrobrom c acid, hydriodic acid,
acetic acid, perchloric acid, phosphorous acid, phosphinic acid, alkyl

sul fonic acids (e.g., nethanesulfonic acid), and m xtures of any of the
foregoing. Those skilled in the art can select the nost appropriate

addi ti roffftrd: acﬂf‘saﬁg.lﬁﬁtlﬂpss RleYed. 9hfsBik! éég&ﬁa?fy pratrRinghbddabE s, such as
avai l ability, conpatibility wth the prinmary aci'd, cost; and environnent al
consi defeat. ) vl thdprimeryeacid & HySeEghk SeradditionHecakis ghosphotie acided (e. g., a
salt), as described above in reference to the primary acid. In sone
preferred enbodi nents of this inventigon, the additjonal id|s selected

from tHhee gnewup of sdditionpheridrempiyed vl depsed an the tdephty el e A r i ¢ aci d,
hydr oc [ ' 7 r oL I [ ng ydm . iqlig sone
especi 2+ ﬁ?(?i %rd :ﬁe%}agﬁ Oe%cg)dtlg é;é#t £sé‘t Cf?gﬁgaﬂ?vﬁhgﬂﬁ?ﬁ%wggﬁgggyng}é?ﬁdi12 H2Si F6) ,
t he addpresennal thaciothpiositiphas phievel én fwi rdogeThatamb Orit Mofo adat £0 dMalinaci d

enpl oyed will _depend on the identity of .the prinmar aci and on many of
t he facﬁoﬁ?ffsprsfé’frCEB‘i“gﬂ‘?‘%{Fe@%ﬁg?q se ?ﬂ%hoéﬂlg‘?rﬁ i rthgéﬁ'r%’efrgg!r%ggsent in
the conpoghiyi bt 0.3 MUS! abldut thavr anGRthefim@eObme. dspbiblly afefetre@0 M I n
sonme preferred enmbodi ments (e.g., in the case of phosphoric acid), the

< pref er rembodimente contemplatern rbsrel o5t MM to dwvtit M. pngaaHeAERb HECS sone

D AR S L e CEROGEIL 5 O SHRARS /0208, bR, M 10 about

4 M Lo rtreatnent npera S may

conpensgtéevéred. Egtimdneyeinshedfeadihecaadedloutandicternie thenzat apptppriateent s can
be readily carried out to determ ne the nost appropriate |evel for the
‘addi t i dewd ferctheaddienadg@eidous conposition of the present invention may

i ncl ude various other additives which serve a variety of functions.

Non-1'i mjyfd dgﬂé@.ﬁg‘:ﬁmpﬁﬁtigfl of esenPRYIEAHhGRaPinRlude MBS Qhén addithREr sant s,

surfactants, ating agents, wetting agents, deflocculants, stabilizers,
ant i - sewhich sgrvage mersety arfdunctiansf odondigeting exainplee offthesedadhiivesskEl | in the

art are iliar wwth spegcific t of such additives, Ar h effective
level s ’F‘%?’ﬂ]?ﬁea}smﬁﬁ % %ﬁfaégggffp!%&%ﬁ?%ﬁgfeﬂﬁi B’F&'&E &5 ﬁ%ﬂg%cylp%lgsl’ti onis a
rel ati @dbiizeaknfGblilg K@nts26R iafiti @64l gt TaBE o fbAvEary Skidhinatheat er i al
tends to |lower_the_ activity of the . . .

art are familiar with specific types of such additives, and with effective levels for their

use. An example of an inhibitor for the 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, €.g.,.to decrease

the potential for pitting of the substrate surface.

Various techniques can be used to treat the substrate with the aqueous composition.
For exampie, the substrate 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 substrate 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 substrate (and continuously

recirculated).

* In preferred embodiments, the substrate 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 aluminosilicate
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primary acid in the conposition. This is desirable in sone instances, e.g.,
to decrease the potential for pitting of the substrate surface. Various
techni ques can be used to treat the substrate with the aqueous conposition.
For exanple, the substrate can be continuously sprayed with the
conposition, using various types of spray guns. A single spray gun could

be enpl gieGial Mul@riddkingGbMov@l. InhmersRh (RO S Bath deRferi®BdwilpBshehiie
substrate coul d pass alongside or through the Iine "~ of guns (or multiple

| i nes ofpn gugny)of the, fagiaes Hescriked ebenest isyeh anthodpertiie fypehd alerattiopijcate erpval
conposi tjon. |.d.be .pour ver. the.substr.at d 6onti A
r eci rcu#jg?%é? .B}éf'%m’parnéifﬂe%gra g@ @ﬁ%%lglg)nh%eﬁ%%, Sefi He t@%ggﬁ ra %alhg’ntlﬂ%%édrhs%d in a

bat h of malifaiatl SO fempefi@Sh tth®Fngt GFBBSIt @borh Rerhratub@ N goul 100°@)y type of
vessel ) often permts the greatest degree of contact between the aqueous

conposi Whila thenmbstrase il imyaressh theret: dn peetrrmedeernlodipinishthe derpRgrafyreris noved.
| mrer sign. ti.ne, a bat h t.e r re wll depend. on many. of the factors
descr  bEBtL A B Pl of GRBRLALLT S alby o0EC DTS imitnBR infapd ok o7 [
pr esent corfidrdbg bt istoshaly af tHéSthn£ebNabou 80 mifuikH e BBdR.72Usdead, layid t he bath

Is maintained at a tenperature in the range of about roomtenperature to
about 1prséerablynirpm ahout Jdybeer i ébew IGhewrsedlengst dmmersian fHagseRag d

mbodi ' | Nt g 0.t f 45C t
bout S0LPopRle Tol TR B Cofral¥R. ANl Sp] M0 Be oL 105

consi der ab usually in the
range oftezinenttbyly mithen tebnique aativnetChdnein), the sabstrate isetfypicalby sinsefinom about |
_.hour to. about ég hours. Longer inmersion tinmes na conpensate for | ower °
“bath t eWpERathifialso MRY BRI SO VPR OB £ FBEh a5 WFHNg A rent by any

ot her techni que nentioned herein), the substrate is typically rinsed in

wat er, mhHoalt iabaReBBddRRAMaPLIBaThE 8ffickRY fNSHtANad bRdgithtingede agetolis as a
wetting agent. In some instancesS, additional cleaning efficiency is

obt ai neeprEPsHignt diringgir¢dvmeniqof thessubsisatpo sViemp diffirentnyayy ehPridingf t he

substr . | f.f er ent ..wa f _previdin L tati [ e. Ll.able in the

e, eopailf e BBl QKT SRR MeP R BAIARR W ARE SRR € 5.0 .

Non- | i ninirhétsedekpapbals. | Noh-lig€tihh exuspledfindbdd ey ase diMfakirres, shakingnment, or

ul trasoni ¢ devices. For exanple, an ultrasonic device can be anl oyed
equipment, or ultrasonic devices. For example, an ultrasonic device can be employed
to provide vibrational energy to the aqueous composition. (Altematively, agitation
devices can be used to shake the substrate itself.). Ultrasonic processes, as well as
‘other agitation techniques, are well-known in the art. As a non-limiting example,
some of them are described in U.S. Patents 6,379,749 (Zimmerman, Jr. et al) and
6,210,488 (R. Bruce). These documents are incorporated herein by reference.
Agitation of the composition is especially useful when the aluminosilicate material

- being removed is located in cavities within the substrate, e.g., within cooling holes.

‘The aluminosilicate material being removed according to this invention may be
present on a variety of substrates. Usually, the substrate is a metallic material. As
used herein, “metallic” refers to substrates which are primaﬁly formed of metal or
metal alloys, but which may also include some non-metallic components. Non-
limiting examples of metallic materials are those which comprise at least one element

selected from the group consisting of iron, cobalt, nickel, atuminum, chromium,




to provide vibrational energy to the agueous conposition. (Al ternatively,
agitation devices can be used to shake the substrate itself.). Utrasonic
processes, as well as other agitation techniques, are well-known in the
art. As a non-limting exanple, sone of themare described in U S. Patents
6,379,749 (Zimerman, Jr. et al) and 6,210,488 (R Bruce). These docunents

are i ncorpamAt %Q%u% %R)én{u GiSH68, andThix@iko 'Wh@ch fn@ﬁd@ QAP T thkon 1S

especi al [y use he al umnosificate material being fenoved is
| ocat edfdregmay (e g eSamiesmtcﬂll he substrate, e.g., within cooling holes. The
alum nosilicate material being renoved according to this invention may be

o esent v, 83 bl WU G IR b DRI S38e Wy 1

mat eri al rates ar e

pri mari mytdriatl tedsuptralley.aBud mateBila brektdoRstor hiph-tefpeatur@yerfdraanes)cl ude sone
non-netallic conponents. Non- limting exanples of netallic materials are
t hose Wi &AmMopipisnsie strengilysereem esistaeen oxidatipr desidanceo ARd KETGFiSTp

consi st feafadbe. TRDsuleARY s olcalfPhicical LTIy GO B MIioReh bickl-um

magnesi um zirconi u m xtures’ I ncl ude any of the
~foregoi agl cebajt-hassd aaﬂlnysess: ﬁvemﬂ)for\l‘aglypafﬁbmmnce eppleriiand. y The bive case of

t ur bi ne .engi ne co nent s the netallic erial is a superalloy. Such
 materi af §MEPES Woﬂnﬁgq? é’feaﬁﬁtgﬂ%ﬂ?%ﬂbfth&tsa%faﬂ%’k?’a%’é interms of tensile
strength, creep resistance, oxidation resistance, and corrosion

r esi St alfestratheenisk Hasd beerdlyé YRl htyleaitCaRht 40%0RR dnd ,at Qeast o@8- based,
al though ni ckel - and cobal t-based aIons are favored for high- perfornance

appl i cagangpsienty fienp dhe grapeprsisisting afheobsity gheongpea tabwpingme FBRZSIEN, t he

super al hainalptiiiilib, Ld o " BHAPbEELNARE SUREAL LoXp-iaRabyde, at

| east e onen e gro p consi sting
of cobaht th@hramlm mmegllmnmnﬂ@m Ntmgs@emene@pl®tg1eﬁum80® t Rencu®S®and i ron.

Exanpl| cke N d ted by the tr
I nconel R 4RPrBH) Rem NS RaRiEys) 21 QG SRant o deghrr Py iekonel 42(r)

and RengdN\ghs: & étéﬂy eraﬂﬁ?& Uﬁfu@l?ét(\fe) coballthab&rs Pallg § ffchddenal jkystsol i di fied
~and single cry stal superal lustrative co ased superal | oys -

i ncl udeabaut B@azstf/o Cabend aBandr&@mp@ndltaﬁomdhs@@m@@ﬁb@@ﬁﬂld{ﬁbm t he

group Collsh | 181;[nll nglu?r}clmﬂ{lctunlgmen molybdenum, titanium, and iron. Examples of

cobalt-base superalloys are designated by the trade names Haynes®, Nozzaloy®,
Stellite® and Ultimet®.

As alluded to previously, removal of CMAS rﬁateﬁal can be critical in processes for
removing underlying ceramic coatings, ¢.g., TBC's which are being repaired or
replaced. Thus, another aspect of this invention is directed to a method for removing
at least a portion of a dirt-covered (primarily CMAS-tyﬁe dirt) ceramic coating from a
metallic substrate. The substrate is first freated with an acid having the formula

HxAF¢, as described previously, to remove the CMAS material.

The underlying ceramic coating, often a zirconia-containing TBC, can then be treated
with a composition which comprises an acid fluoride salt and a corrosion inhibitor.
Examples of the acid fluoride salt are ammonium bifluoride and sodium bifluoride.
Examples of the corrosion inhibitors are compositions which comprise sulfuric acid
and 1,3-diethylthiourea. Some of the corrosion inhibitors further comprise one or

. more alkyl pyridines, such as methylpyridine and ethylpyridine. The acid fluoride salt
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chrom um alum num tungsten, nolybdenum titanium and iron. Exanples of
cobal t - base superall oys are designated by the trade nanmes Haynes(r),

Nozzal oy(r), Stellite(r) and Utinmet(r). As alluded to previously, renoval
of CMAS material can be critical in processes for renoving underlying
ceram c coatings, e.g., TBC s which are being repaired or replaced. Thus,

anot Neris35Reat iR BhSulALEAN Sudlh! 6 rk BaFENOM ekméqupvi g at

| east a portion of a dirt-covere primari CMAS-type dirt) ceramc
coat i ngnhibitor & usveilplprésentsinbet mmbant shfigcieniltstprateet the rh¢taldic subssted with an

id having the f | . HxAF6 d i bed i.ously, t the CVAS
at er § arem ek it Rpee st SRR Porr A PP St CFFR B ng rec
can t hafeddfett' #&pRAId ihth@ PR Rrériced U Bdter @M B19S R eR@hplef | uori de

salt and a corrosion inhibitor. Exanples of the acid fluoride salt are
ammoni Uke Beferenend padend descsibes Upatiient tgwppatires; heaig|od SltEponip En¢aY ibsi on

i nhi bit r i 1 I-ONS [ p ' ri '

13- di SPROR PR ERS S TS Y B0 1RO TRIGER < ek thich Bbpbestifferent o one
or nortgpel lofl bend | dareand sstabiliasd-medonyd Eypatiaksneandn dadbusy |depodithme. The
acid fluqgride salt 10 is present in an amount sufficient to attack the
cer ani de@¥AYHg. The corrosion inhibitor is usually present in an anount
sufficient to protect the netallic substrate fromattack by the acid

fluori ogisahbodifdehel g&ilp-f.b{r ﬁeﬂi@ﬂﬁé dérdmid TBE datedal Whi@rlidd vk OboriE

5 uf
treatnent are provided in the above-referenced U S. Patent 6,379, 749. For
_ exanpl eoat, twishquéfasiverselydaffentiogt the daandi pest tor at sebstantialgegree. urBse  t he use

. of ultrasoni.c ener to. enhance renmoval of t 1BG; I.Ke.

Vor eovaraenyts S ol i BabbrISLRLRine oplpdferty S,uR0 ol Afvehdel
st abi | iaiﬁdteaib@/Qﬁ@%}ﬂJc@@atMBﬂﬁwer@ﬂ% Motdse ¥sn Bepesi ol remove FBIUNInGueeial Thi s
enbodi nent i s useful for removing ceramic TBC material which |ies over a
bond  disae othgr dorgtiensai whish pyborffceat s It PHEeHoRE- (WS eTUPReHyuPSt ant i al
degree. Jhgcunderlying substrate, such as a superalloy turbine conponent;
is also not adversely affected by the process. Mreover, the process can
be used to renove TBC material fromother |ocations in which a bond coat
i s not Asrodlsenembedignent tadottiengresefuinpeetidn roates to an aqueous stripping

composition for renioving aluminosilicate-based material from a substrate. As
described previously, the composition includes at least one acid having the formula

HxAFy, or precursors to said acid. Examples of such acids are H)SiFg and HyZrF.

Preferred amounts for the acids have been described previously. The composition
may further include one or more of the various additives described above, as well as

;_": ] an additional acid which is stronger than the HyAF g compound, e.g., a mineral acid or

an organic acid.

The following examples are merely illustrative, and should not be construed to be any

sort of limitation on the scope of the claimed invention.
Example 1

‘A treatment solution was prepared by charging 2 200 mL Teflon® beaker with 150
mL of 23 % (by weight, in water) fluorosilicic acid. A 7 mm-long segment of a
turbine engine blade was immersed in the solution. The blade segment was formed
ﬁOm a nickel-based superalloy material. It had previously been coated with a
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maskant s. Anot her enbodi nent of the present invention relates to an aqueous
stripping conposition for renoving alum nosilicate-based material from a
substrate. As described previously, the conposition includes at |east one
acid having the fornmula HxAF6, or precursors to said acid. Exanples of
such acids are H2Si F6 and H2ZrF6. Preferred amounts for the acids have

been de@‘é\{lﬁm(ml%gl e I(%/‘igﬂélylan TJ&%U esa tﬁ@ stabf¥ze {i%ﬁ&ﬁﬁa -bikeh Uplgcone or more

of the arious a escrl as we an additional acid
whi ch i Fhebladn gemdnhans direy, I'rheAIRGcanmmmiLmsi;bsmngal angouni o€ CMASgindtsor  an

organic acid. The foll ow n es are reI il lustrati nd shoul d
no'? be %’6%‘5? r Mn[gotre@gngﬁwgf 'S‘Sabgg%f ‘? 8‘?'}};% M e IE?,JB% ecltahe cl ai med
i nventi | ut ng a 200 mo
1ot L on( et So'k Apll iR pIRL gl iA %&S@?&'ﬁ% R B e

aci d. Acuf fivm droatjacseigyretidn of tha engive biade ven défhenttdatede was i mersed in the
sol ution. The bl ade segrrent was formed from a nickel -based superall oy

had d h d
i1 us: Ot BArT YR o S PREC PRIl et i TR SURMERCAM TR, o

segnentiNRg ikl deibiized water. FIGCPBkAIIRE éntfeuied thivtlel sepmanmidatkeotolGYAS on its
surface. During treatnent of the blade segnment, the sol ution S mai nt ai ned

at a tnsFpée sheytreaterd b@dese@ﬁﬁltmrgh‘bgﬁ?qeﬁ@tqnﬁﬁ“@ES sypstapyaly SPPRIS, | dent i cal
bl ade SEUITA of Y cm%“rﬁé}e&@hg%ﬁmhéqﬁ%ﬁaggaetéeglgnﬂgl Wehdlrags was |eft

unt r eat 0 m nutes reate seg t ‘'was renoved fromthe
sol ut i afignificaht darhagead thewdierlgmgZRC vedti@g. FI G | shows the untreated bl ade
-segnment (darker color), next to t he treat ed bl ade segnent The fi gure

~ “denonstrates substa lete removal of t fromthe
treat ed“lﬂ"i’é‘ée [ade\/é‘%/’ﬂ hyPes? %‘?Sﬁ“&{ﬂ? Wc?ﬁnaéﬁoe"flggfsﬁe under | yi ng

TBC Coq}éai}ﬁentéoﬁj%mcréﬁu&ﬂ% ifut BtRABed mamﬁishﬂddetvmealw fog@ed frorbi ne was

also imersed in a treatnent solution identical to that descrjbed above.

Thi s blaadiskelasiperaloy, fand medtetlriorga manser similar to the blade segment describe
above. After immersion for about 4 hours, this blade was also substantially free of all

CMAS material.
Example 2

Another treatment solution was prepared by charging a 300 mL Teflon® beaker with
150 mL of 23 % (by weight, in water) fluorosilicic acid. A 1.7076 g coupon formed
from a nickel-based superailoy was immersed in the treatment solution. The coupon
oy had been cut from a superalloy part that had first been coated with a chromide-based
7. | material, and then vapor-phase aluminided. Such a coupon is representative of a
typical protective coating for a turbine airfoil. It was employed in this example to
verify that the treatment of the present invention did not dissolve or otherwise attack

the coating or the substrate.

A pellet of CMAS (1 gram) was prepared, using standard laboratory techniques. The
pellet was re-fired at 1000°C, and then added to the beaker of the treatment solution.
A dirty (CMAS-type dirt) airfoil section from a turbine engine which had been in

service was also added to the beaker. The airfoil was formed of a nickel-based
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a nickel superalloy, and coated in a manner sinmilar to the bl ade segment
described above. After immersion for about 4 hours, this blade was al so
substantially free of all CMAS material. Exanple 2 Another treatnent
solution was prepared by charging a 300 nL Teflon(r) beaker with 150 niL of
23 % (by weight, in water) fluorosilicic acid. A 1.7076 g coupon forned

froma njckel -based superall gy was i rsed jn.the treatnent solution. The
coupon Sﬂ%e&%i)ﬁé’e r‘?m‘ilﬂ’ a3t Q?Fﬁ%awé%pae Fﬁﬁ‘Ye%’bajr ro{eﬁtéYe A1, sr”ygFa &%’ foated with
a chr onmiaHoasiatcoatiBg 8fplRd ovanddithiedn \WARIiRPFEE cadtingl ni ded. Such a coupon

is representative of a typical protective coating for a turbine airfoil.

It was enployed in this exanple to verify that the treatnent of the
pr esent A &lonerpidpidd, seaenglic saTipg of thegohition meingmetit 60 Gethe 8¥thg or the

substra % S

| abor at g??@ég %ltla‘g%%@eaT e né)%qsﬁét?{%\t/gs r‘é%3 %Bgegﬁg%lul 0‘8% éfg%ﬂgﬁﬁgn added to
t he beaMissoluingtthe ntatariat. mAnsecemd pelicd vf CMAGI wasyaddeisitteysodutabing ayd &i r f oi |
secti onﬁgr %rgwa} t(gr&i gle}r %ggi ne which had been in service was al so added to
t he beaREP PSFHECGMF6i'1%as forned of a nickel -based -12 superalloy, and
was coated wth a conventional protective coating system e.g., a

CoNi Cr AlYteg @abiRGtoIPbT Rkt urRleflihkidisdnaitionk Uit Rirlel dotén waatieng. After 2
hours of mld, magnetic stirring of the solution, maintained at 60C, the

pel | et FHf fdgmethamunteatednideit sestion £l dengensachign imie phpeapBh@Rd At sol uti on

was eff Lye: fer ' ' . ' o} S was
added t%ﬁ%th%@g%) ustelcgén[,?agégﬁ({}%r tsg‘i%sogq hﬁé%gh/tg@ agﬁ)tc'er é&ﬁ%{j?%e Q%pﬁgf 4 hours
- (.t ot al ) weightd ¢F0%& pti.cundkad idwesighciosdi Thie demohdwatad thiitché tremsienodidwas cl ean.
CFIG 2 depi‘ctls, an imt'r ated airfoil section (the longer section in the
phot ogr BPHfsultiR@ny lost pheratigs g1 sybsiptesecti on (the shorter section in the
phot ograph). Moreover, the coupon weighed 1.7076 g, i.e., it had no wei ght

loss. THhingdeARREbER IR CHBR erthBSuiMERRT BB the dplser OlnvERFod, t alteinativy | 0ss of
coating or substrate. Having described preferred enbodi nents of the present
i nvent i embodiments mayi besome apparent to those skilled in the art, without departing from

' the spirit of this invention. Accordingly, it is understood that the scope of this

invention is to be limited only by the appended claims.
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enbodi mnents nmay beconme apparent to those skilled in the art, w thout
departing from the spirit of this invention. Accordingly, it is understood
that the scope of this inventionis to be limted only by the appended
claims. -13 CLAIMS 1. A nethod for renoving al um nosilicate-based materi al
froma substrate, conprising the step of contacting the

al um nosilicate-based material with an aqueous conposition conprising at

| east one acLAIM®vi ng the formula HAF6, or precursors to said acid,
wherein Ais selected fromthe group consisting of. Si, G, Ti, Zr, A, and
Ga; and x is 1-6, and wherein the substrate conprises a nickel-based or
c;)ba! t- baisgau supﬁrméihoyl foP. rerﬁFﬁn@IﬁllhmIﬁoncdté-?hﬁ@dlmatétﬁld dioin taheubstrate, |

al um nosi | i cat e: bas teria ses, cal ci.um gxi n m oxi de,

al um num oxY4e" SHWd?réefl %Q)r?fo?arﬁ%c(mg {h?h@'uﬂjé'f%ﬂlaa t6ro3sPg; ma ng%aﬁmtﬁeﬁﬂ t he

al :Jm nosi | |%Iﬂieeuﬁa:sﬁqbgg/iﬁblercbgipns:ﬁgrﬂc;ﬂe&t&)n%%d ha¥ing Qh@tv@mulaBgP/Aﬂy onei ggg/
cal ci um oxi de; about t o, about 0 t. magnesi um. oxi out 0
by wei ght t®® glﬂv‘d‘?ﬁsl* ?C'%W%?'naé\; %W&gm@ AP Sﬁ‘b?ﬁt'“g%?l%fa&;\%l ght to
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1-3. 5. The rre#)hlg)g ofd claim1l, wherein the acid is present at a
concent r at i BiFoPRATPAE SURRFAIO%f about 0.05 Mto about 5 M 6. The nethod of

claimb5, vvherei n the acid is present at a concentration in the range of

about 0.5 The rre hod 0 m1l, wherein th ecur sor
of the aci |s gﬁ?al’?eta?’dtﬂfe clajw ., E@tﬁ HIIQﬁSlllgﬁfgrl?ﬁsfg Wf’g?’ n the
aqueous ConrpApritéocalcioMTXides ﬁ&ghbﬁumciﬂm@@ HIhikt®Pokiie Cindidoh®xid8. The

nmet hod of claim8, wherein the H2Si F6 conpound is forned in situ wthin

the aqueous conposition, by the dissociation of a corresponding salt of the
. conpound; @& by Thee meétasd | 6 cifim i | Whérairt ané abihiiibsiieaeBE’ed Whidkerial

fluorine- . . . .
comprises about 5% to about 35% by weight calcium oxide; about 2% to about 35%
by weight magnesium oxide; about 5% by weight to about 15% by weight aluminum

oxide; and about 5% by weight to about 55% by weight silicon oxide.
4. The method of claim 1, wherein x is 1-3.

5. The method of claim 1, wherein the acid is present at a concentration in the
range of about 0.05 M to about 5 M. ‘

6. The method of claim 5, wherein the acid is present at a concentration in the
range of about 0.5 M to about 3.5 M.

7. The method of claim 1, wherein the precursor of the acid is a salt of the
acid.
8. The method of claim 1, wherein the aqueous composition ‘comprises the

compound H,SiFg or HoZrFs.

g, The method of claim 8, wherein the H,SiFs compound is formed in situ

| within the aqueous composition, by the dissociation of a corresponding salt of the
compound; or by the reaction of a silicon-containing compound with a fluorine-
containing compound. |
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cont ai ni ng conpound. 14 10. The nethod of claim9, wherein the
silicon-containing conpound is Si®2, and the fluorine-containing conpound
is H. 11. The method of claim1l, wherein the aqueous conposition is

mai ntained at a tenperature not greater than about 1000 C. 12. The net hod
of claim1ll, wherein the aqueous conposition is nmaintained at a
tenperature in the range of about 45 C. to about 90 C. 13. The nethod of
claim1l1, wherein the conposition is stirred or agitated during contact
with the alum nosilicate-based material. 14. The nethod of claim1, wherein

t he aqueousi@onpisd hietibdl oF IMET OC ARBFIE 8 sifdonl@Atdinifg @o@diid RN8ID,aci d or
precursor the nmet hod of claim 14, wherein the additional acid

of . 15. The .
has a pH ofach@gﬂt"?féﬂ‘?’c%%’ﬂ[‘g§‘?'§pP‘t'f"dﬁ§nHé:-vvater. 16. The method of claim 14,
wherein the additional acid is present in the conposition at a level in

t he range of, abayt O. o about 5 M 17. The nethod of claim 14, wherein
the additi 0{11al gﬂ?%‘“?@‘"%ﬁ @’ét‘"‘ég' vherginthe aageysromnesition isygaBtaingddishor i ¢

aci d, nitritempetiure fidt drebiet tdidboutybegehl oric aid, hydrofluoric acid,
hydr obrom ¢ acid, hydriodic acid, acetic acid, perchloric acid,

phosphorous acid, phosphinic acid, alkyl sulfonic acids, and m xtures of

any of the 14 or egri method &f cidiie 1MEWh&dinahe ahaédlslconvfiitehfis HamtARGERUS

conposition further conprises  at least one additive selected fromthe

gr oup consi&EMpgraiyre;ip, eH?FQﬁ%fa%ﬂuég%r%-éﬂtaQ‘?”tQQJrQ-act ants, chelating

agents, wetting agents, deflocculants, stabilizers, anti-settling agents
9. The nethod of claiml1, wherein the superall oy

and anti-fo&mag&gts. 1(‘3-3% . ] iml, | ]
conpri ses atr| edd¥ M#E0d gf elaighi. Whareithe compasitioneis stigag ok agitated dwyi9of
ni ckel , colmhtact WittPthe aRirkifbsIibAte-b&SUdQRAtEAA. t 1t ani um nagnesi um  zirconi um
and ni obi um-
14.  The method of claim 1, wherein the aqueous composition further comprises
at least one additional acid or precursor thereof.

15. The method of claim 14, wherein the additional acid has a pH of less than
about 3.5 in pure water.

16. The method of claim 14, wherein the additional acid is present in the
composition at a level in the range of about 0.5 M to about 5 M.

17.  The method of claim 14, wherein the additional acid is selected from the
group consisting of phosphoric acid, nitric acid, sulfuric acid, hydrochloric aid,
hydrofluoric acid, hydrobromic acid, hydriodic acid, acetic acid, perchloric acid,
phosphorous acid, phosphinic acid, alkyl sulfonic acids, and mixtures of any of the
foregoing.

18. The method of claim 1, wherein the agueous composition further comprises
at least one additive selected from the group consisting of inhibitors, dispersants,
surfactants, chelating agents, wetting agents, deflocculants, stabilizers, anti-settling
agents-and anti-foam agents. '
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20. The nethod of claim1l, wherein the substrate is a conponent of a
turbine engine. 21. The nethod of claim 20, wherein the conponent
conprises an airfoil. 22. The nethod of claim1, wherein a ceram c coating
i s disposed over the substrate, and the alum nosilicate-based materi al

| ies over the ceram c coating. 23. The nmethod of claim22, wherein a
nmetallic bond coating |lies between the substrate and the ceram c coating.
24. The nethgd o I i ] j 1 based.
25 The mot had of eIy e b1 (R T; gl 16 Blherakdlcpfihioss Bl iRofe 12
cavity whi élﬁ“‘@ahtsﬁleﬁ?dt fremathemione Icppsistingb af eickRlt@Pal ireanalugdiumn,nat er i al

s subst ant bibm, AR B RRRRGNEANEATBGM, LD Lhe adueous

conposi tion. 26. The met’ho wherein the substrate is a turbine
engi ne conponent, and the cavity is a cooling hole. 27. A chemi cal

stripping ngh hodThD mekigiPyf ﬂ&g@ﬁ' \ﬁh&@innﬂéiQU SRAE IQQS&MW b4 turbih@M a

superal | oy substrate covere a zirconl a- ased her arrier coating,
conpri sing enginast ep of treating the substrate with an aqueous conmposi tion
conprisi.ng at |east one of H2SiF6 or H2ZrF6. 28. The nethod of claim 27,
wherein the superall oy substrate is a turbine engine conmponent. 29. The
met hod of c2hi m Be d & plaim 281 wikereinithe cemponant eempiisesi amairfel. ng t he
substrate in a bath of the aqueous conposition naintained at a tenperature
in the range of about 45 C. to about 90 C.; wherein the conposition is
stirred or g?gu t athedmett®duph Claim He whelrein reaceramic icaatings isddispesesi ever dhel t he

concent r at | Qpephie! A5y tH2 %gfn@nﬁimc??%f rﬁ%@%ﬁ fhés blerhE ch%‘hfﬂ? b?atfng : the range

of about 0.2 Mto about renoving a a portion
of a dirt-covered ceramic coating froma netallic substrate, conprising

the fol | owizng Stﬁiésme%dtéf%?é&:h@z Rmﬂ%r{iﬁ%%&%h‘é Bﬁnfg&ﬁ%ﬂn@?%%tﬁeﬁaﬂrﬁ?@“ tion

conprising at |east one acld having ormil a précursors to
sai d aci d, swhelrateandthesceramic coating.

24, The method of claim 23, wherein the ceramic coating is zirconia-based.

25. The method of claim 1, wherein the substrate includes at least one cavity
which contains the aluminosilicate-based material and said material is substantially
removed after being contacted with the aqueous composition.

26. The method of claim 25, wherein the substrate is a turbine engine
component, and the cavity is a cooling hole.

27. A chemical stripping method for removing an aluminosilicate-based material
from a superalloy substrate covered by a zirconia-based thermal barrier coating,
comprising the step of treating the substrate with an aqueous composition
comprising at least one of H,SiF; or H,ZrF;.

28. The method of claim 27, wherein the superalloy substrate is a turbine
engine component,

29.  The method of claim 27, wherein treatment is carried out by immersing the
substrate in a bath of the aqueous composition maintained at a temperature in the
range of about 45° C. {o about 90° C.; wherein the composition is stirred or agitated

16




selected fromthe group consisting of Si, Ge, Ti, Zr, A, and Ga; and x is
1-6, to renove the dirt; and (b) treating the ceramc coating with a
conposition conprising an acid fluoride salt and a corrosion inhibitor,
wherein the amount of acid fluoride salt in the conposition is sufficient
to attack the ceram c coating, and the anmount of corrosion inhibitor in
the conposition is sufficient to protect the netallic substrate from attack

by the acid f.]uorid | t.. .31. The method cl ai m 30Q, ereinthe ceramc
coati ng coﬁ%‘?'{estg’g %%Pi%ﬁi'ﬁ.'m"??egﬂgr%t?ﬂfg{rﬁ Cﬂcﬁ?tfﬁq”gﬂ\,,\g}vsh%rl'&sfﬁ] st¥e acid
fluori de salifZrire(totainintheubath i ifi theorange of atshit OIEeMee Bbag 3B MI nhi bi t or
conprises sulfuric acid and 1,3- diethylthiourea. 33. The nethod of claim
30, wherein a bond coating di sposed between the netallic substrate and the

ceram c codil.ng A snettadd fad veicdigyatalbhistcd eortiby of bediit-gdvdred stepdc cadtingr (b) .
17

from a metallic substrate, comprising the following steps:

a) freating the substrate with an aqueous composition comprising at
least one acid having the formula H,AF;, or precursors to said acid, wherein A is
selected from the group consisting of Si, Ge, Ti, Zr, Al, and Ga; and x is 1-6, to
remaove the dirt; and

(b) treating the ceramic coating with a composition comprising an acid
fluoride salt and a corrosion inhibitor, wherein the amount of acid fluoride salt in the
composition is sufficient to attack the ceramic coating, and the amount of corrosion
inhibitor in the composition is sufficient to protect the metallic substrate from attack

by the acid fluoride salt. \
31.  The method of claim 30, wherein the ceramic coating comprises zirconia.

32. The method of claim 30, wherein the acid fluoride salt is ammonium
bifluoride, and the corrosion inhibitor comprises sulfuric acid and 1,3-
diethylthiourea.

33.  The method of claim 30, wherein a bond coating disposed between the
metallic substrate and the ceramic coating is not adversely affected by treatment
steps (a) or (b).
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