A PROCESS FOR REMOVI NG ALUM NOSI LI CATE MATERI AL FROM A SUBSTRATE, AND
RELATED COVPQOSI TI ONS BACKGROUND OF THE | NVENTION Thi s 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
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and stabilized with a material like yttria. Such coatings nust have | ow

thermal coRduglbmidny gesdh@PdedricsadDghanb& the (EABDARC B miARG; BBk |
adherent throughout r%@:nyr ]ﬁ%ati nes and coo%i ng lc]yg?lg %Wé@g&% a Qoften
hel d ti ghwpigrigls frome vaiistsubstetasi tih samaspedific enbodicheasathierdpmithslicheond

coati ngs ually .bel o t 0. one of cl asses: diffusion coatings, or

overl ay ]%:%tgﬁ?]npgésf{] ?ﬂgt g&g‘ &a E%qsﬁrtﬁg%cf‘l“ﬂgﬁgeﬁ VW R ENEIPe CYBRIFAIY y f or ned
of al um rkgtectapgde, tlel AyminEUAtAMatdrik Sleid Wb e map! Rkideusn aliggi ni de, or
ni ckel -pl atji numal um nide. Overlay coatings typically have the conposition
MOr ALY,  vigiagesyps withn iniegral grolingpassaggie conbi nation thereof. In view of the
hi gh tenperature and harsh operating conditions to which they are

SOMet i MeSCEXRAS Bbhtinkheird Bied 1ROB it fEPal ! ced. As
described in U S 1Iggterrlt 6,6379, 749 (2 ﬁﬂgﬁﬂ%ﬁae?\ﬁnﬁg?béﬁ%? (gt\rl/]gﬂ}égty of

ci r cunst amger comppnergssucle as teweaibustbr.t ke IBEngExhop teserighed 1odeetaeage

during engine gperation: . coating defects; handljng damage, and the |ike.

Sone of tlﬁgres?fﬁ% P@¥ -afﬁghaﬁﬂfllpﬁ’éatt‘%SﬁS gples isrqchgcg’_é"d o%@nq‘% ﬂb‘?"B‘taﬁct ed by
a TBC reasulidr toutingdqUAC'YS whith QR iofien THfeosihSBLE, ands1ablOEA WHE £eram c
coating, as well as the underlying bond coat. The two coatings usually

nust t herin#erizlelifopiigat edpich coatings must have low thermal conductivity, strongly

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 usually 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-aluminide, 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
described 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 sonetinmes 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

when t he Rfor}gov%(r)qt IS a di%jftusi on coat i nﬁ. For exarr&I e,.adi ffu§i on
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this type of bond coat can occur by the fracturing of brittle phases in the
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stripping < | [ catl i sjan- 1.0] coatings._can
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pr obl ens, tncknats: asi ve processes have been devel oped for renoving a TBC.
For exanple, an autocl aving process is sonetines used, in which the TBCis
subj ected {0 el evat ed t eratures and pressures, in.the presence of a .
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sol ution j@hi j j ' S nium hi fl.uor.i de
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TBC mat ezxdnal of riben osarlyiagsadiiti feaeese. of Futderaongp orpaited Wirdgpmyl adamrgi ng the
substr at ewgir .any 5@@9.006“ which may be present. (After renoval of the
TBC, the Rt sigPsalymiTHeg GoRBEY CEnHdsH )Y e thedmssspidle to
restore iégmpofiedati on protection). Mreover, the process is effective for
renovi ng the TBC fromany cavities in the conponent, such as the cooling
hol es usual |y present in turbine airfoils. The amoni um bifl uoride process
has many Ag8vaifeeess tp ihesenproblemsc eprabiasivvontoceryes hitvyeo heanadéelaped uiof aces.

However, Jel%%vﬂ{goac ¢he. ! ﬁorseg(%s)leﬁg a{lf%@%%{n%dprl)ge%g Esegotn!le Entalsnust(f:&(aln which
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 treated with an
aqueous solution which contains an acid fluoride such as ammonium bifluoride

(NH4HF?7), 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
be quickly rejuvenated by known techniques, to restore its oxidation protection).
Moreover, the process is effective for removing the TBC from any 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 ceram c surfaces. In the case of
turbine -2 engines, the dirt is often forned as various engi ne deposits
during high-speed operation. It is sonetinmes referred to as " CVAS"

(cal ci um -magnesi um alumnosilicate). In addition to inpeding the
effectiveness of the ammonium bifluoride solution, CMAS (initially in

nmol ten for nf.iltrate ethe TBC on a tuyrbine.engin
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shoul d al so be free of any unacceptabl € anounts of hazardous fumes in the

wor kpl ace ef fl uent which cannot easily be treated. Furthernore,
t hese &b‘ﬁ deapaEens Konl | Rrogsssesofes saffipieet vremoves afuminesiticasat

t r Mt
t echni queg, gg' A i ng, TBC s
and/ or bond cggfgo%e\{ggro ?%/1 Str%rﬁgll\vﬁ&ﬁ@ %Q%Egleﬁ&/%%ﬂg gm"%gsgg ¥ ¢ odi nment
of this ixvebtiapable od mmbhmg theralureimosilicge admmaid‘smhl@aites vh&ﬁﬁ)dhdsrat erial

froma sub% a} The . et hod i ncl ug(ias the p of contacting the
al um nosi TIPEHAE- HEs P IHE PATAET™ AN 1 vgad se%ﬂeagxgtt%wz%ﬁﬂmd ng at
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wherein Ais selected from the group consisting of , and
Ga; and xProtctve Coﬂylgdémheﬂbélérebm @)fvvthe tonéing| in iy i toi b,tatlgalba@edThat er| al

is often escrib ent crlptl t he
terns ar e& ggansgésa ?ﬁuazs(e%)db?% er ch nud](%l% taleW%uémp ZﬁrdtOH?é ”P‘ff’rlﬂltﬁee engi ne
art, CMASvorkphoaebi nmg ¢fdhanrebichocangof’ dhsﬁlty be Rrcafedr I EWrhARGe Ccefgpounds for
many enbodi nents of the material are_ H2Si F6,

treatment processes should be compatible with other treatment techniques being

employed, e.g., stripping processes for removing TBC's and/or bond coat materials.
SUMMARY OF THE INVENTION

A primary embodiment of this invention 1s a method for removing aluminosilicate-
based material from a substrate. The method includes 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. 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".

Preferred HyAF compounds for many embodiments of the material are H,SiFg,

HoZrFg, or mixtures of these two acids. Sometimes, the acids can be formed in situ

within the aqueous composition, as also described below. The HxAFg compound
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H2Zr F6, or m xtures of these two acids. Sonetines, the acids can be forned
in situ wthin the agueous conposition, as also described bel ow. The HxAF6
conmpound -3 nmaterial is usually enployed at a concentration in the range of
about 0.05 Mto about 5 M Treatnent of the substrate is often carried out
by i mrersion in an aqueous bath. In sone instances, the bath may al so
contain spe¢ified anpunts, of secon cid which is, str r than the
HXAF6 con%lgﬁeﬁléi, S UYDsEPPigYes %eq %%.Ce# IOBr"bg@srgn%ﬁofz}]ﬁOEt ﬁ?'ﬂggflut“i’@) Ys al so
very ef f estM.VErdatherit@ehd sustevi\E- d R arddaiit 8Y ihieBidAM dnl R8edil? Halle
substrate, e.g., cooling holes in _a gas turbine conponent. The treatnent
sol ution HeSURs besenees.dhp bath payyaler Feteinvepceified raaramisngf oA NdRERd | al

from cer aghnGORt kel HaRhNEH ERBL DEMPAIKS ps IR nFAT TpRpREASETRLO T emove
and replace the céramc coafing, e'g., ?She anmoni um ‘bi oride pr(s)cess
used to t - ' : Ll ficiently.
Thus, ano{nﬁgétl(gjﬁggggﬁgﬁﬁaﬁmog Eﬂq%é@ég :&g\ﬁﬁ?st v I Iggt%ifi %al o%g‘%%% ﬁlot gglf or
renovi ng aitbstrgfase. g.acedmgihotes af a gadiurliine corgpamdnt. cer ani ¢ coating from a

metal lic substrate, conprising the followng steps: (a)treating the

substratewth. an a 0us, CO ition co ising at | eas acid. havin
the forml& {EBE&‘ES?t S%Eugwﬂjﬁi)efcr’@%?%ﬁﬁlq]ﬁé'e?[]%éefﬁﬁ g’ﬂﬂﬁ‘%‘”%@@?ﬁ“ﬂ‘%ﬁ de salgt
and a corfrosi efahithidatddofurbivbRhgInG pattBe AMBENEase] adrbébst k! QEhEee 8R4t in the

conposition is sufficient to attack the ceram c coating, and the anount of
cor r osi ontSPIRE Bha seramit £PatingopBodhe mmmanium (i fluaridenproeess usedbtesreatt he

metal |1 ¢ sHPSLIA Rl Ah Bhie thtlggreae?hgel];tidyofﬂug?a A dremBolinherf 3Pt Y
embodi ment of this invention relates to an aqueous’ Stripplng COMpPOSition
f or renovihagnmaintion modirdciaiab erhathed foraesoivalg o tam apatibs bf atdet-cdhaed

conposition includes specifjed anounts of at '\%ﬁ?t one of the HXAF6,
aci ds. |t “CYA ALY L ERTS TRCANIC spRsiate. spaprdngthe /el QWRestsRg aci d, al ong with

a variety of other additives. Further details regarding the various

features @ftrdatihg the)¥estira@wak &nf R86us Lok itidhe&ﬁﬁl:ﬁ}ﬂ:ﬁ{ & lehdl€ne acid
specification. BRI EF DESCRI PTI ON OF THE W NGS FI G % i s a photograph of

a turbi nehavig the fosradetiz8Eki and, before and after treatnent

(b)treating the substrate with an acid fluoride sait 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 of this invention relates to an aqueous stripping composition
for removing aluminosilicate-based material from a substrate. The composition

includes specitfied amounts of at least one of the HyAF, 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 15 a photograph of a turbine engine blade section, before and after treatment

according to this invention.



according to this invention. -4 FIG 2 is another photograph of a turbine
engi ne bl ade section, before and after treatnent according to this
i nvention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The "dirt" being renoved
by this invention is primarily a m xture which conprises oxides of
cal ci um magnesi um al um num silicon, and m xtures thereof As nentioned

above, re ks often descri Y des bed i.n S.

Pat ent 5, Elég] %é%a &% Paeogp ?ﬁ \(/%\Ihl (Q:%rgms? RS E{?Pgtsggl%er ﬁ{e 594 % ence.
CMAS nay treﬂmbﬁﬂa&c@ﬁhfgrtoeﬁlgmt]ﬁoﬂn m nor anmounts, e.g., |ess than about
10% by weight of the total weight of the m xture. Exanples of the other

el enent s chromum barium and al kali netals.
Vari ous cﬁﬁ%&%’gg%ﬁxﬁ%&éog éﬁér ﬁNgF@H be present. The contam nants
whi ch contribute to the formation of CVAS can be in a variety of forns,

e.g., oxigesrdiphesphakavved 8y IRRALANioR b %ﬁmaﬁ%ﬂa%ﬁlﬂé SShid&dikRises The
specific conposition of the alumnosilicate material depends, in |arge

part, on €¥ées ohvealdwie Tnagngsiim, clumpains ubidicemt end sme&ﬁpb&byb@eofl n Ake case
of a tur b'n@r?tl gla%gv CthBQQﬁJ% s Bﬁgn % mbn&)% '"bﬁﬁ"}@ egcr egaié Igédf or med

in part from a varre enviT OnAeNt COAT am HaRt < in the
Hasz pat ePdtent SORG0CESS ((B]fas;semsh) wieH ﬁﬁ&tﬁpﬁrﬁteﬁ ﬂh@}dudby rdFetend, €CMIOLS hiyi ted to,
sand, dirt, vol ganic ash, y ash, cenent runway dust, substrate

i mpuri ti entai gfhes glemenis'i Igdameé amopis g+ liss H"raéoﬁ.lP@P‘s 3% o esightred the
conponent g, aRkHt B?tﬂe' ﬂf@mruo" Ex%ﬁﬂﬁ%ﬁhe%' fdnfenty R n&%@%f?‘ R Ses

about 5% to about 35% by wei ght” cal ci um oxi de; about to ‘about 35% by
wei ght na@m@mlwnbaoumd@d abdumeBds. b\/awmxsg:hmpbmchszfm}nosa:Eﬂénithwmayghiso al um num
oxi de; and abou

t r eat nent ec%rﬁ?)eggf ?%rt%wmﬁ ?5’"‘1@@3@%5 % Ug EMﬁ ﬁ‘g%r{iﬁe The

formul a VeHGof fbhfing, Rigs, Jxﬂfdﬁlﬁlﬂ)splﬁtésscéiﬁd)lﬁ@éseﬁhltfsr&f@rﬁﬁ%r@é’ﬁhéﬂzoﬁons' sting of
Si, G, Ti, Zr, A, and Ga The subscript x is a quantity from1l to 6, and

nore typi cal ly, from 1to 3, npounds of this type are avail abl e
conmer ci al 1§sPegific capppdtipn @Bﬁ#eé’éllrwﬂf)ﬁbﬁ%te iérse! degfends. in lareepast ondhe ed aci ds

are H2Si F&Qbnfied’ fiwhich HEEbERON BBBicSed.HAR' thE chst 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

HyAF¢. Inthis 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 HyZrF¢. In some embodiments, HoySiFg 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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especially preferred. The last-nmentioned conpound is referred to by several
nanmes, such as "hydrofluosilicic acid", "fluorosilicic acid", and

"hexafluorosilicic acid". -5 Precursors to the HXAF6 acid nay al so be used.
As used herein, a "precursor” refers to any conmpound or group of conpounds
whi ch can be conbined to formthe acid or its dianion AF6 2, or which can

be transfgrnmed intq the acid. or i ani on under, r.eactive condltlons
e.g. the cethrgﬂrng’ ?lilueegti %ég'lf’tddf‘%ﬁ]sso gﬁt“é‘l’ P8 Usedfifreipen IH"R‘@"’S"FhEsterSt he

d f d it As,
) ustrat 1 yO‘iO%ﬁ)Oﬁil@eﬁﬁgoléP' RefrbEosssgral Saihs Corpﬁaﬁ<§ QFPCldg%?ean
oxaml os el M50 g AR bt QR0 Ypg 3o [RMferidl b o
salts, SUfc@R @n@#%h?ré?rtye AR %@é§§élfatlon Qa?ﬁ%% %ﬁc‘l % e tﬁﬁlssl‘?xlet s in an

aqueous solutlon ie he acid. In the case of 6, a convenient salt
whi ch canadté canr édiISSINaESﬂFEB:,hoWUc@@l{éW,exatmeleHZSl F6 conmpound can be
fonned by the reaction of a Si-containing conpound (e.g., 5102) wth a

fluorine- ! en quorlde . T

preferr edgggbgil ?Qt @é%g%r%ogl%yv% ﬁ?aé% ga% %ﬁ“i Pr %B‘@%}&lc&%ﬁvar i ous
factors. ihhelyichnied dideiontiféorfigable tanedd am@mmmﬁlﬁag&huﬂﬁpl&@%dlhd‘eﬁéaﬁs patags i al
being renoved, its location on or wthin regions of the substrate; the
type of sNBsN &k.endi¥H hrastvedt aa/@rgematsalmgsud-ppﬂ a guateimeryedromodtinen sdier nal
history of the substrate; the technlq by which the substrate is being
exposed t Bistpaatianefithesalts d é@%wepm)w ’('%@ Jdé@é thepeil. Ipdhooase of HeSifigre and

tenperature used for, tr ment; the mai [}\% g}ef of the treatnent
conposi t i drfPnYFRent S8l P i B Pfiet &t iNd2rt ssolNIpreger: dhgel HamF@r esence

or absence of dd| i O as . des r| bed below. In eneral the HXAF6
acid s LQmapa s P%@&I?ﬂ???a ﬁﬁhghet P e 2 SO TR FPRROR) G el Si0R) ¢ he

range of @Rﬁgtﬂug r angﬂt m po%n %ous ﬁy%ﬁé;%ﬁgﬂzg l arity. (Mlarity

can be readi| BV 8 ages, for ease in
preparing the sol ut i ons). Usually, the | evel is in the range of about 0.2
M to aboluthe3pistdted] lavelhe the dbeAlyf atid Svkich i@ epiphifved rvaitl dupoadiohrakioos range
is often in the range of about 0.2 Mto about 2.2 M Adjustnent of the
armount of fabtAa-6 ey dincladet ofheotyper arcloamomend s aluminosilicate material being

removed, 1ts 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 treatment 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 Hy AFg acid is usually present in the treatment composition at a level in

the 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
solutions). Usually, the level is in the range of about 0.2 M to about 3.5 M. In the

case of HySiFg, 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



descri bed bel ow, can readily be nade by observing the effect of particular

-6 conpositions on alumnosilicate renoval fromthe substrate (or froma

coating over the substrate). In some instances, the aqueous conposition
may contain at |least one additional acid, i.e., in addition to the
"primary" acid, HxAF6. It appears that the use of the additional acid (the
"secondary" aCld .29 e re

ol o et YomARlibnS on My BEIE Ve AR S e LG T2 Spatlr grert ne

substr at ethkRabstatsd. prone to depletion of the acidic solution. A variety of
different acids can be used, and they are usual ly characterized by a pH of
| ess than_about. 7 in pure water. The .ty and_ anount of additional acid

wi |l depelidogif nptances, the pgueays P@WB&?%“&‘P mw@§tavrr alleest opapddipanal aset her

i nport ant fd e
coatings Hggg@gﬁg@ﬁ?&ggzghhhqp%mhiE%ggfcgg? ang“@%@ﬂgﬁ%ﬂ?ﬁgimgﬁg ging

retained agqp@id "sQbndfig" Gort loalgac‘wgt@daetmmO%ﬁhamé ed 8o

{ the
understand that care should be taken to avoid any unde5|rab¥e ef%ects when
usi ng a salpomysdichi¢, macmpl, eSpﬁctlalilyngomfleismcssaib& arateof the syhseherthadre

nbodi t h t han, about 3.5 i re
vater oroBe Seebatn o B e BF ol AoBhie Rest BT emats it PR 2t o hae
pH whi ch thesg a}ee.m;mﬁalﬁaradaam@w Hyl ipHUSfEeathel hbaft 7 MepuRe Wiy Bl @pei - €.,
the HxAF6 material. Thu in the case of H2Si F6, the additional acid is

pr ef er abl %ﬂdoﬁaowa\ﬂfr?gdal%ﬁl gd |wal sdeprnch onHisuabilitydo igEeve alimippEkica® aci ds
may be usg §l gAn lmﬁgﬁ)}@ht @&fégiepatloﬂr{wﬂr&a@§ gffgﬁ(’f grthn%@g'l%sitlj €, OI‘ H}g

exanples incl ude p ric acl nitric acl dMbchl ori ¢
aci d, hydu:orahhgsodaposxmh theretwy (b o ovcondi amaamcﬂTB@ydnﬁl@mhre beiap detaxae@tm paraci d,

erchlor| cid, ou ., phosphi.ni c id, alkyl sulfonic aC|ds

o o iR ESe San bl e SOlrh g pnRdTsng A e chind BERKGIIG, *Those
ski I | ed |ﬁoﬁ&ﬁ]ﬂrﬁeﬁ%lesgfe%%twﬁéﬁ%sﬂﬁsatstro%@@l‘:igpé babatAsef tht eAtraRci d, based
on observed effectiveness and other factors, such as "availability,

conpatibility with the primary acid, cost, and environmental
consi der anirspgred/smbedigientsathsraddiiosal acit hasepHdessalarhebous 84 ipewe | a

salt), aswatgfsﬁrs'ogl%%sﬁ‘&%fﬁ! ﬂr@feﬁaﬁ glli‘lﬁg(%ﬁ‘le;l%, HHRG BB i s pH which

is less than the pH (in pure water) of the primary acid, i.e., the H, AFg matenial. Thus,

in the case of HySiFg, 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-
hmiting examples include phosphoric acid, nitric acid, sulfuric acid, hydrochloric
acid, hydrofluoric acid, hydrobromic acid, hydriodic acid, acetic acid, perchloric acid,
phosphorous acid, phosphinic acid, alky! 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 invention, the additional acid is selected from

the group consisting of phosphoric acid, nitric acid, sulfuric acid, hydrochloric acid,
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in some preferred enbodi ments of this invention, the additional acid is
sel ected from the group consisting of phosphoric acid, nitric acid,

sul furic acid, hydrochloric acid, -7 hydrofluoric acid, and m xtures
thereof. In some especially preferred enbodinents (e.g., when the primry
acid is H2Si F6), the additional acid is phosphoric acid. The amount of

addi ti ona ! QY wk .l _depen the identit f _the pri.mar aci d,
and on nah%}(ﬂgpg?'ﬁ{e@#]g’c?%r gnxsuéliesg lg?rfi(%' 3@‘0%?8?"' f?é’ﬁ%ﬂf’l:]){/,%re?ﬂ-ée&;ﬁag?‘%lﬂlﬁﬁs acid is
present i (e.g.nhehaotpesiniarpacidis d,$i€¥Rlthd Aidithsal a@8 Posgieitacld. 1 M to about
20 M In sone preferred enbodi nents (e.g., in the case of phosphoric
acid), the preferred range is fromabout 0.5 Mto about 5 M Furthernore,

some espedhPalampupt ef eddiéenal eei cuinteyedswidlodepengloattbe adensingef tie mboary 2 M t o

bout 4 . t t Ll hi t t.1 r.at
compensat &= Por BacPEReTEMe BpCFR sciaRit Yogke ol v i isoRl PGt < can

be readi | yresatrin eleb @utpdshiofedt arigvélen therafps bf ampk r MateabduevelMmf gh the
additional acid.. The aqueous conposition of the present invention nay
i ncl ude vEFPORCIGIHsmbodaments €., AT ¢rse 6f Phosahomg acd)y thefpreferred rangs .

Non- 11 m {sngGXaBBRhed Oy L oS V%rﬁfeﬁnoﬂe”@%) ot Q{P%ciaﬁgsﬁ@fe agts,
g e "ants,” s

surfactants, chelating agents, wetting agents, d occC abilizers,

anti - set t tinbhedimgatstconieppthtamtdangt ofabauy 2 M so abduvd M of_ongditivamyers kirlek i n t he

art are fam,li.ar, with specific types of such ditives, and with effective
Mevel st or st Enet et Rf Cipsaint® Gy BpHRRs oD el Aot on 1 5
rel ativel yicwoala aGkferithéfs cALES teadidf Efricd B loQREFARONE maWGhhBpiimE er | al
tends to |ower the activity of the primary acid in the conp05|€|on. Thi s
i s desiralsvel fonthggaditionaliagidees, e.g., to decrease the potential for
pitting of the substrate surface. Various techni ques can be used to treat

the SUDSUTR! Sl echligAANSONR, SOIROBNELOR: a0 BARLS: (b5, SYRL Tt e can

be conti nuously spr w th the conposition,” using vari ypes~ of spray
guns. A swhghesespr ayagety afofiindtids. eNphdingidng Aktiapleatdfuitse, adlitivesnge of guns

could be used, and the substrate coul d pass al ongsi de or through the |ine
of guns (lgﬁﬁ’ﬁﬁﬁ idgﬁpgrsfliltﬁ’e?r @ ?llapﬂgé’ﬁﬁ‘i'tﬁewe Veegeatsi dellesbdisrent, the

ggﬁ{ : Egous;tiﬂ:;my@é, HADRABAE bOMS AHA AnRFo R UEEHs OMBHsd BEoRHPS] tBlSA (BN
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, e.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 example, 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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recirculated). In preferred enbodinents, the substrate is imersed in a
bath of the aqueous conposition. Imrersion in this manner (in any type of
vessel ) often permits the greatest degree of contact between the aqueous
conposition and the alum nosilicate -8 material which is being renoved.
| mersion time and bath terrperature wi |l depend on many of the factors

descri bedn'laap(?}\éﬁwhfclﬁcg b?i%lgtrg oV RE il G oL VRGN 91 rhaa bﬁgt%gﬁé{atu%g\hfﬁ} p§pen rial

present acl ds el’'ng use he bath

i's maint ah mechyadf the famgre dadaibed hboe) eudhomgbe Ghed@ho Wpel (FuMuhRiGPiEcALUr € to
about 100C, V\:EI |l e the s bstrate is imrersed therein. In preferred
embodi menfiéteria Eretg?-:fﬁ’p@‘rda Gragid; (©r apigp)reansetediin the batha ddwa Y. thebath i45C t o

about goclngiqt'ﬁnéméf Wrﬁ%@n W{ﬂ‘ﬂ?é%ﬁg!ﬁ%%gg &919%&51 bu{ bou*J ﬂ}l[?ﬁj#' y inthe

range of out 10 m nute o abou er 2ot *about 1
hour to abbile tiRGubstatsis immgesd thenair an»reftmetiasnlﬁmmneﬁt@,nmanﬁﬂpﬁatﬁ&hsl ower
bat h tenperat ur After renpval fromthe bath (or after treatment by any
ot her t ecFAIR ‘fr@rfb?&'fﬁ@&OﬁéP@itrﬁSOCtt%éb%‘U@thafF ejlgunepHeE Hmeymay Yased i n

vat er, mb&ﬁlc@}m TRY iCQRLA th ﬁlteh%ﬁ%fc%m;l AthuBAIdt bRAte) AN AT 2

mettlng agent. In sone instances ditiona eani ng efficiency’is
obt ai ned pr¢feaghily.afromgattdue lafowotes abaordfobotrs.onlehger igniardat mends byt he

substrate, r ent y$ of rOV|d itation ar vail gbhle in the
art, es pe%qné?qr%atﬁkff@ﬁ??ﬁg B%I)Yﬁp(?ﬂ@ﬁﬁa d{j?ege@?g’dall ony Fﬁﬁsgggd(a Tbat h.
Non- | i m t tr&@mentetiPdng o thdd GcheRuE Ii’rfénH&%dq{eréﬁj EH@é’u@straﬁ@ﬁKyﬂgallﬁqﬂeQWnt or

ul trasoni c devi ces. For exanple, an ul trasoni ¢ device can be enployed to

provi de vIBERtTashailsemey gyntaiy aties carrrsbosal @ddisiyes, sids awétting agant.vel v,
agitation devices can be used to shake the substrate itself.). U trasonic

rocesses i I | | nomn in the
gr t. As almn%ﬁl-ewlﬁ%#?(%?\ gadgiitgbﬁlpl @l,gérh Eml%’gg Eg;(lﬁlﬁgirggd Bgsglt% qlﬁog’s Pat ent s
6, 379, 749%conziiasitenndinngl treatmtntab) t}Endeslﬁatﬁ 10V4BB d{fRreidr wew) of ﬁi‘wscﬁng:loc ument s

are incor or ted herejn, by reference. tat on of the conpositiagn is
especi al | g%’i‘ dgfe \‘Wﬁé@hg ehé‘ Hieu?ﬁ’n‘bggf’?l?l%t éleﬁgb%rcpg]pon%,l}?gng[ HRYGEdS i s

located ipnfavéd 9 Withhi RohMeniSabskaabRs 1ﬁc19de Y Lhd Bf%ﬂ%fsnghmlh s. The
al uminosilicate material being renoved according to this inventi on may be
equipment, or ultrasonic devices. For example, an ultrasonic device can be employed

to provide vibrational energy to the aqueous composition. (Alternatively, 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
0,210,488 (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 primarily 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, aluminum, chromium,



present on a variety of substrates. Usually, the substrate is a netallic
material. As wused herein, "netallic" refers to substrates which are
primarily formed of netal or netal alloys, but which may al so i nclude sone
non-netal li c conponents. Non- limting exanples of netallic materials are

t hose which corrpri se at |east one element selected fromthe group

consi stin iron, cobalt, nickel, .alum chro titani um
magnesi u ta PF%:oin’%ﬂ?f‘“H‘i GO, PAORIRD, ﬂ?(génnm??hwpﬁgllﬂﬁléﬁ% tHf‘le
f or egoi noforérothg (eSd atdrhiessst&@leel ). Very often - especially in the case of
t ur bi ne engi ne corrponents - the netallic material is a superalloy. Such

materials_are known for gh-tenperature performance, in terns of tensile
strengt h, Veweafien es‘i%?%ﬁé’em e Gatei o LHRISE SygHICe COTBPRICETSY T da8 Hetallic

resi StanCﬁateﬁgﬁs%%g&gh%)gy%dcgas g&gﬁ%ﬁexm'awfs}n §hqgﬂﬁ%rﬁturehll9é'ﬁd ebased

al though nickel - an 0 oys are favor 6r mance
appl i cat i mnErmyhd eagke stedngtie ntredps rttsiwmse ngméatgmeaetsa:wme,l ambrcbrrmnom he

superal | oy, . .aht . | ustratl se su raII i,ncl ude at
enot - abofeistRIGR N SirgralY FkBieh Btk sBHEntT RorBR e RBETERTS ot i ng
of cobal tandcbsuaningmed alloys MeMavbien OBt Ehﬁ\gh péﬂﬂrbhlaﬂ&nﬂﬁﬂhchhér@sm g weel iron.
Exanpl es of nickel -base superall oys are designated by the trade nanes

| nconel ( rglemaptip Hiesingle gmentestrejemqné ingthe spearalioy by weRdhe 95(r) Rene] 42(r),
and Rene N5(r) alloys), and Udi mst(r) and include directionally solidified

and si nglmugﬁfﬁ;@%c Qgea%dp%}'ag}o&o c‘g%%reﬁtl'e%(e 359861!;6%%8%9% Zagg@a;s%hgys

i ncl ude at ast ast one cofpo rom:t
group congingianagt d‘rbnnlthr:kgfqup odnsmnngumf albahg nhmnmmnghhmnumnnhzygsthanum

titani EX b | | d ted b
et 1 B0g AR R gt OGNS of SOETPRSTFINE GPEHE e ns

al l uded ti RKEE\aAEShifmes’ BERBHAD, Oﬁm%%&@meﬁé@a'(e%anRQ?e%@ trGRl o5®
processes for renoving underlying ceranic coatings, e.g., TBC s which are

bei ng r epAncd 2@y and Renei & allphivlsandaddiptas®, @mbleﬂudeﬁlrpﬁwslailm@hﬂlﬁ@h is
di rect ed Jn(acﬁ)ﬂg@ X %gal &B}B?r l‘f(ggv' lnlﬂstraq}ve c%%gltt ]bgsegog 'er%ﬂ?)éﬁ c:lu%I r CO¥ er ed

(primarily ram'c coating Fom ar € dbst¥ate. The

subst r at eabost 80 mats Cb;eaﬁdeﬁk Mhidt mnamo&@bdemanmghé Bub abhsibttng of nickel,
chromium, aluminum, tungsten, mwolybdenum, 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 material can be critical in processes for
removing underlying ceramic coatings, e.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-type dirt) ceramic coating from a
metallic substrate. The substrate is first treated with an acid having the formula

HyAFg, 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
-10-



HxAF6, as described previously, to renove the CVAS material. The underlying
ceram c coating, often a zirconia-containing TBC, can then be treated wth
a conposition which conprises an acid fluoride salt and a corrosion
inhibitor. Exanples of the acid fluoride salt are amoni um bi fl uori de and
sodi um bi fluoride. Exanples of the corrosion inhibitors are conpositions

whi ch conpr i ulfuric acid 3-.di e | t hi oure
corr05|023|%%§%§38r%]? PENe ?ﬁﬁm rlséﬁ%ﬁb‘ﬁycmﬂ%ﬁic%?wﬁ Eg?ﬁﬁFﬂﬁsn such as
met hyl pyrindiivier andsietipydreseni o Ekeam'Bhﬂt afficieht WWoprotter Rl hetatlikOsubStrRE€sent in
an amount _sufficient to attack the ceram ¢ coating. The carrosion

i nhi bi t or 'P® a4k by {hegcik Bpandersalin (%{h?ﬁﬂ?fm@lﬁ&ﬁf@ﬂémls bwepf eeid dluoride
metal | ic Mﬁ@ﬁ%@ gr&{g@am ek Rychen 28 Uls! bretl dleeald - i dghfletall s

regarding this l'uoride treatnent aré provi
above-r ef @ﬁeﬂf@@dcw | BiteiRalesaibes r8atHerd@mpEaiturex dinphse, of uﬂtlmeomefeemgmed pat ent

descri bes treat nent er, res; .the u of ul asonl enhance
r enoval "E’Pﬂce ﬁ@vagﬂg&f’@# g thF/E&%oj\Z?reoY%e%ﬁ E?Eig %‘e%r% tfferent
types of @pasd FOBbSd aRfdtsStaali kiaB@ided L& AcdafAls, NEIS v%ﬁ@ué’adéngﬁon _

deposition _ techniques. This enbodinent is useful for renmovi ng ceramc TBC

mat eri al ‘ARBEANGSi es over a bond coat, without adversely affecting the bond
coat to any substantial degree. The underlying substrate, such as a

super al | oypit Hﬁ)@bﬁ‘i‘ﬁqeﬁﬁm%m‘m r&ﬁo@h%@eﬁﬂﬁc FRYELSELY w]ﬁﬁ%ﬁ (f\gﬁr P{“Jj] from

process. Mbreover e process can Be used to renove
ot her | ocatat,owsghout WMccd&l)aaﬁ'mﬂlgCﬂ)at bam;i nodt for essenthstantigl depreol | Mhe
equi pnent nts. Anot her o nt of the present |ngent|on

r, . mas
P e iy inE DTS B 3 e or e TP oAy Fg not Avarsely
al um nosi dffaidanbRs §rod¥d. ebodbovts, ORe aroewas:taﬁ Bk fised R reARIETHEChaRERY Ousl Y,

the conposition includes at |east one acid having the formula HXAFS,

pr ecur sorisomethegilecagionsin Bhishpl kendofoat isotet pegsant, age W Bigrequinaer22r F6.
Preferre ts for the acids have been described previously. The
conposition may further include one or nore of the various additives
descri bed above, as well as an additional acid which is stronger than the
HXAF6 conpmathel, embgdiment nafn@realprasentd irdfention relates to an aqueous stripping

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

HyAF, or precursors to said acid. Examples of such acids are HySiFg and HyZrFg,.

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

an additional acid which is stronger than the HyxAF¢ 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 a 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
from a nickel-based superalloy material. It had previously been coated with a
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an organic acid. The follow ng exanples are nerely illustrative, and should
not be construed to be any sort of |imtation on the scope of the clained
invention. Exanple | A treatnment solution was prepared by charging a 200
rnL Teflon @beaker with 150 nL of 23 % (by weight, in water)
fluorosilicic acid. A7 mmlong segment of a turbine engine blade was

uper a1 op WRrEAF R e Bt BufhE PP Bedlna B [ one S Thit el ~oased

pl ati num aheiblade depnslink Mg iy, GRatit Behtainedla @ub@t&rﬁiaﬁaﬁb@rﬁ'dﬂ @aAS on its
zirconi a- batsed TBC The bl ade segnment was dirty ., It contained a
subst ant i 8fagsro diirings tregbmentof thesbladg peemeat, tb@rﬁoh@loﬂr‘é@ﬁt meaipgd gthe bl ade

Sgﬁ{"ﬁ;tst. pre%@d gtoavgg c;ﬂ%g{w;{ '}gyﬁ‘h E‘t‘i‘ L& R b SIRENG @;@g@fm RecgRin 1A

adj acent aeditonomn afjadeheseetign néthbleagheebwas, wafleftunireged. ed. After 90 m nut es,
the treated bl ade segnment was renoved fromthe solution, and rinsed in

dei oni zed FI G hovvs untreat ed bl ade s ment ar ker color),
next to t@lé,art %J’E“é‘ﬂteﬁ’l @T& © SegmeR Wat ée”a‘é‘f?gn a@8§°g{1ﬂ9§t and | aI ly
conpl et e rifRABY akioffzed b@te!;l\/l%% MRR @lhef ﬁ&maftéa%lsaee np{dﬁﬁfcr TeRpENt

w thout any significant damage to the underlying TBC coating. A turbl ne
engi ne bl rgté te tlanirasied hiadetsppmen @h@ ﬁtgurebdweorwagtealsgbﬁtamzrﬁy sethplate a

t r eat ment ti d al t | s baewas al so
f or med frrc(?%%k’!ajl r??c : ém}l‘%r afﬂfma],? {eeagﬂedqu??genﬁewp PEr % the
bl ade segqignﬁcmﬁmagmldthahmeﬂymgflm cbml.’Sl on for about 4 hours, this
bl ade was al so substantially free of all CMAS material. Exanple 2 Another

treatnment, sol ution vva% repar ed charg%n a 300 nL Teflon(r) beaker with
150 nL of28™9Bq BYeiei bﬁf‘ O BRQINSF YR Db 8RS FITPIEE Vaschlse nmersed 7g @ coupon

formed frQmhentibrish iases 5 une daddiBYd Yesvel MRS ?ﬂje Wik R fdmed

solution. The coupon had been cut froma superalloy part that ha f| rst
been coatébickglt fuperabpy.canddesatedsiach manner similar to the blade segment described

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 superalloy was immersed in the treatment solution. The coupon
had been cut from a superalloy part that had first been coated with a chromide-based
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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material, and then vapor-phase al um nided. Such a coupon is representative
of a typical protective coating for a turbine airfoil. It was enployed in
this exanple to verify that the treatnment of the present invention did not
di ssol ve or otherwi se attack the coating or the substrate. A pellet of
CVAS (1 gram) was prepared, using standard | aboratory techni ques. The

pel | et vag, I.es 1:)| red, at 1000§ ﬁFd t hen add d to the beaker of the treatnent
sol ut i on. PRy g ARSPFTVER & fm?feprf‘%‘? 3 RERIEPH YN CRaG 8 SYSE i Sre?engi ne
whi ch hadCbRE&IYAIW cos&iigy d;ﬁﬁae&\@i:"er@d sougdaefniidehopdenakas. The airfoil was
formed of a nickel - base 12 super all oy, and was coated wth a conventi onal
protective CO%]LI ng system e. a CoNCrAlY coating applied over a

di f f usi on®EFUATAYE & P})Bje“@(ga?ticrfdlm% pethezolgigpsmamtaingdat 6RHgribe pellest i rri ng
of the soj L8 ared
denonst rat%%sh%ﬁlﬁﬁﬁ}ggt%ﬁ?gs%] %?ﬁgﬁﬁ%ggtefﬁgsg%g \?ﬁdef%ﬁl sso ving the
mat eri al . dlASOs‘euglﬂEb pelchigl AfseGMASallzs cAGHRAS twastaddeds ml thtisolutioanshd t  al so
di ssol vedala{] 1 dhq(?f%ir? After 4 hours (total) of treatnent under these
condi ti on&}° PREN oW 'on was clean. FIG 2 depicts an untreated
airfoil section (the |longer section in the photograph), and a treated
airfoil safiti ©Rors metasmfrtt@tmaﬁqmuarmm don@itRAYtRILRRN)scctlI RV GEan. t he
coupon hed 1. 7076 it had no wei ght | oss. This denonstrated
that the Elﬁgat%% o lbvtreﬁf@fl ﬂrré%hﬁchtli)m(fhﬁipnlgers@cmn iwohe Phejogiepklubet 2 at e.
Havi ng d Q{gg@ e v | on

al t er nat ?t?/%%déﬁgggl %ﬁ{ ts eggﬁ@gg%glﬁee%@??%ﬁﬁﬁbg\éo}se& ? HPPhe art,
wi t hout depightd h@O'a‘fr g;me Utﬁmdsm weiphtdbsd Hitds deme@istraed tha%@lmféhnﬂght)d.xdl t is
nderStOOdtthﬁLt EF . this_inventionis to be limted only by the
appended 1 & 05‘? ‘E?IaHP?’rBHS”bitratﬂ met hod for renpving

al um nosilicate-based material froma substrate, conprising the step of

cont act i Ngaving dktriBddoprdftieat eteigdedtBt 6F ithd Pibdellt FNVEHROUSteraBPPOSI i ON
conprising at |east one acid having the fornul'a HXAF6, or precursors to

sai d aci EMiEPEIt Mayibscarae apnasent flo Hiese Felled tuihe eonwitbeutrgpatingifionGe, Ti |
Zr, A, apd 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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Ga; and xis 1-6. 2. The method of claim1l, wherein the

al um nosi li cate-based material conprises calcium oxide, magnesi um oxi de,

al um num oxi de, and silicon oxide. 3. The method of claim2, wherein the

al um nosilicate-based material conprises about 5%to about 35% by wei ght
cal ci um oxi de; about 2% to about 35% by wei ght rmagnesi um oxi de; about 5%
by wei ght yho, i'asbc%ﬁ]e(}S% by wei ght al um num oxi de; and about 5% by wei ght to
about 55% by wei ght silicon oxide. 4. The method of claim1, wherein x is
1-3. 5. The nethod of claim1l, wherein the acid is present at a

concent r ati an methodefaramgroving alpotitosilidte-Ddstd slauital Sfrddr @ shbgratgt hod of

claim5, wherei.n the acid is present at a concentration in the range of
about 0. SCWQWI%&’&SW@. %queptaﬁﬁngr ﬁ“@ aﬁww&aﬂ*a?te- asdnaterighwithian agpeousr ecur sor

of the acidhpdsittonS@niprRing! Aee8Chith acki hahise RUDLITH, AR B brectifiSighn the
aqueous conposition conprises the conpound H2Si F6 dr ZrF6. 9. The net hod

of clai m &id whiel @héreinn& iK3St&bd GRMP NG oIS bR driti SGE UTZE hA N Jhhe
aqueous conposition, by the dissociation of a corresponding salt of the
conpound; Garandpyistle reaction of a silicon-containing conpound with a
fluorine-containing conmpound. -14 10. The nethod of claim9, wherein the

si | i con- cont-ginj 0 [ LGP, he - fl.uarine- aj, ni onpound
TR o B e A e S T T e R L e
mai nt ai nechlatmaxidegnpenaium exnof algmaateoxitihamdabizoh okfMC. 12. The net hod of

claim11l, wherein the aqueous conposition is nmaintained at a tenperature

in the range,of ahouyt C tq ahout. 90C. . 13. The thod of claim 1, wherein
t he corrpg’jg'i ﬁ]}?nmleg'ogt?ffa@&’ %r Vﬁ&f?"étt %abﬁ?lpﬂﬁﬂcﬁfgﬁ?sg {Mgienp gqyRPprises
al uni nosi dboaat®- fdased: 3k ek wightldhicidioximt ABsht, ¢ abdlt Bsoyheiright t he

aqueous conposjtion further conprises at )
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 I, 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

HpSiFg or HyZrFg.

9. The method of claim 8, wherein the H,SiF 6 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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| east one additional acid or precursor thereof. 15. The nethod 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
conposition at a level in the range of about 0.5 Mto about 5 M 17. The
met hod of claim 14, wherein the additional acid is selected fromthe group
consistin LGir@ 0l i {4 Cract : I P d,<:hyd oric
acid - hyrol s USELGnRR: Shablihl SnEgh onglra tohfboid & 0L AR 001 G

per chl origu&giedoommiq?g&%m jagipd, phosphinic acid, alkyl sulfonic acids,
and m xtures of any of the foregoing. 18. The nethod of claim11, wherein

t he aqueous conposition further conprises at |east one additive selected
from t he brodmecoadpdtof rripimf 1. whetgint Bresaqudpespermspositinn issmrinteneainstsa

chel ating, agents, wetting, agent | occul ants, stabilizers, anti-settling
agent s, aWH%SW%?f?PB%eﬁag‘h?‘ggb%g?O e method of claim 1, wherein the
substrate is a netallic material conprising at |east one el enent sel ected
from the pr.o0measdBoéd bl BRIAI1 INWHealin thoOB@lebus cbBPosiBdIE MdMtain€ ko UM
titanium nmagnesium zirconium and niobium -15 20. The nmethod of claim
19, wher eficmpergurs ibthe raigs of ebpitite s tmaboue R@1C.based or cobal t - based

superal l oy. 21. The nethod of claim 20, wherein the superalloy is a

conponent 4-pof t i ngi N . :L aj - ). n the
corrponentléc?or?%F3 ilgéetgb(gﬁfgﬁg g01I’| h%én 'ﬁ?%@ﬁ@%ﬂﬁgn g% S@'Il"gt? %} %,ém\%%r%éﬁh a
ceram ¢ caatichyithshdalsposeidicaediasédmatetibist rate, and the

al um nosilicate-based nmaterial |ies over the ceramc coating. 24. The

met hod of. clajm 2 wherein a netallic bond coating |ILes between the

Subst rat elbng ¢ itiad SEFIE 4 pRRER S aahRR GUMORIDR EFBFHEOUTAG oi n ¢ he
ceram c ceatbR@adEtidial 6808 ApRASAS: théRof. The method of claim 1, wherein the
substrate includes at | east one cavity which

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

3.5 mn 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 acid,
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 aqueous 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.

19. The method of claim 1, wherein the substrate is a metallic material comprising at
least one element selected from the group consisting of nickel, cobalt, iron, aluminum,

chromium, titanium, magnesium, zirconium; and niobium.
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contains the alum nosilicate-based material, and said material is
substantially renoved after being contacted with the aqueous conposition.
27. The nmethod of claim 26, wherein the substrate is a turbine engine
conmponent, and the cavity is a cooling hole. 28. A chem cal stripping

met hod for renoving an aluminosilicate-based material froma superall oy
substrat eQ?OVﬂ‘iee%elﬂ%daﬁtz blaff@ o2 RassH th@%ﬁﬂ@tlat(p%x{abﬁgescao B hase§ QAP 1 Si ng
the step of treating the su stFate W th an aqueous” cofrposi t1on corrpr|3| ng
at | east ovlmltdfasedSipeGilloy. H2Zr F6. 29. The net hod of cI ai m 28, wherein the
superal | oy substrate is a tur bi ne engi ne corrponent. 30. The net hod of

cl aim 28, %'rrr];etthrg rJet |m"rerS|ngthe subst rate in a
bat h of t%e aqueous conpo F’ﬁ't FnSEBerﬁ a'% RAPEP ROt fan i range
of about é&dffihd 0 about 90C wher ein the conposition is stirred or agitated
while the substrate is imersed therein; and the concentration of the

H2Si F6 or rF6 in the bath is in the range of about 0.2 Mto
about 3. SQ%AH% 9 edp d ie?ié?%dwh‘?f?mrtwweath%ﬁsﬁlﬁbﬁot|on of a

dirt-covered ceramic coating froma netallic substrate, conprising the

fol | owi ngy st eRs meli@itIrRAHNY v&h‘éﬁ‘exﬁ%&faﬁﬁé &;Mgffs éﬁl_&@s%lé%‘%&sthg‘gﬂﬂ?s‘?ﬁté I on

conprising at least one acid having the fornila , OF precursors to
sai d aci dandihe plimingsilicateskdsed matkrial bea avisethegesupe combigst i ng of Si, Ge, Ti,
Zr, A, and Ga; and x is 1-6, to renove the dlrt and(b)treatlngthe

cerani ¢ sypstgat h r|de corr nlnhIFItOI’
wherei n the aﬁrr%u emo %f@éﬁfﬁg’bfr‘th genézfl %hc[ﬁ 8%&% e'iwseegtf ficient
to attacksmbmateammmoeraﬁﬁabmat@g. and the anount of corrosi on inhibitor in
t he conposition is suffici ent to protect the metallic substrate from

attack by, ac %ngrl d 32. The nethod of cl.aim 31, wherein the
cerami ¢ coat P ?18 Thepegrampig copnais regnizbasesh 31, wherein t he

acid fluoride salt is ammnl um bifluoride, and the corrosion inhibitor

conpr i ses26 UrhelFrethodcd okl amd] ]wl%réih%é"&ﬂbtsﬂhtﬁqﬁ&@des%]eth@ne”@atvlit?qleEh claim
31, wherein a bond coating dj sposed between the netall
contains the aluminosilicate-based material, and said material is substantlal]y removed

after being contacted with the aqueous composition.

27. The method of claim 26, wherein the substrate is a turbine engine component, and

the cavity is a cooling hole.

28. 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 HySiFg or HyZrFg.

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

component.

30. The method of claim 28, 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 to about 90°C; wherein the composition is stirred or agitated

while the substrate is immersed therein; and the concentration of the HySiFg or

HoZrFg (total) in the bath is in the range of about 0.2 M to about 3.5 M.
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substrate and the ceramc coating is not adversely affected by treatnent
steps (a) or (b) 35. An aqueous stripping conposition for renoving

alum nosi | i cate-based material froma substrate, conprising at |east one
acid having the fornula HXAF6, or precursors to said acid, wherein Ais
selected fromthe group consisting of Si, Ge, Ti, Zr, A, and Ga; and X is

1-6, saidj@ci ' nt | | kion at .a_ concentration in the
range of g 'o&%gl?l g@%ﬁ%ﬁgg@ ta,t %a %b‘ﬁﬁ&@@gﬁ%‘g‘%@ﬁ’%&g icfte 1e6n° 8?aqg'lg_§f("rﬂj 35,

wher ei n t hetalod shbissats sloagirsthgfthefollondngstopp consi sting of H2Si F6, H2Zr F6,
and a conbi nation of H2Si F6 and H2ZrF6. 37. The conposition of claim 35,

furth |, Si t. | east .one additive selected fromthe group.
consi st i ngUBF TSNS EBEE Wi Pl COmPruie, AYBPrit e Ph iRy 87,
wetting apenihgtheddfh@e (HJJPEF%E Sr peb@blsitd 848 acRNWheRat Alik 88288 Rbs: thand

anti-foam agents. -17
group consisting of Si, Ge, Ti, Zr, Al, and Ga; 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.
32. The method of claim 31, wherein the ceramic coating comprises zirconia.

33. The method of claim 31, wherein the acid fluoride salt is ammonium bifluoride,

and the corrosion inhibitor comprises sulfuric acid and 1,3-dicthylthiourea.

34. The method of claim 31, wherein a bond coating disposed between the metallic

substrate and the ceramic coating is not adversely affected by treatment steps (a) or

(b).

35. An aqueous stripping composition for removing aluminosilicate-based material

from a substrate, comprising at least one acid having the formula HyAFg, 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, said acid being present in the composition at a

concentration in the range of about 0.5 M to about 3.5 M.

36. The composition of claim 35, wherein the acid is selected from the group

consisting of HySiFg, HyZrFg, and a combination of HySiFg and HyZrFg,.

37. The composition of claim 35, further comprising 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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