METHOD OF REMOVI NG CERAM C COATINGS  Abstract: A et hod o%
ceram c coating (18), and particularly zirconia-containing t dHiR rrler
coating (TBC) materials such as yttria-stabilized zirconia (YSZ), that has
been either intentionally or unintentionally deposited on the surface of a
conponent (10). The nmethod entails subjecting a ceramc coating (18) to an
aqueous sol ution containing an acid fluoride salt, such as ammoni um

bi f1 uoride (NH err] HIEEHPP) O8r REMGVINGH CERAMICICOANIMNGS r]), and a
corrosion inhibitor. The nethod is capable of conpletely renoving the
ceram c coating (18) w thout renoving or damagi ng the underlying substrate
material, which may include a netallic bond coat (16). 3 June 2005 METHOD
OF REMOVI \ FI ELD OF THE | NVENTI ON The present invention
rel ates Fgg%gFﬁgﬁiﬁé§¥ﬁ¢€ﬁﬁi§&g ceranmic coatings. Mre particularly, this
invention is directed to a nethod for renoving a | ayer of 10 a

zirconi a-containin ch as thernal e oati ng of
yttria-stabilized g?%%dﬁggﬁ?bg2§&v?roﬁ?na?% ?%% sﬁ%ﬁﬁgggtﬁa? of tooling
of a dep&FEMAVEMY APt ings . cﬁM@r@qp@UMEmmlatlﬂ,g&blﬁurblne engi ne.
15 BACKGRAWNR 1G0T HE: | MENKIEN (Qonp éd'Paﬁt;egmwlﬁﬁraanayé@cefons of
gas turbine engines, such as the turbine, conbus augnentor, are

of t éf th@rﬁ&ﬂ?ﬁ%%ﬁnﬂQﬁqﬁ}Q&Q91%??QW%#n%ﬁXEFJeﬁﬁﬁhlﬂﬁo@dEPeFﬁaieduce t heir
servi ce bamperat w&anngMaicfytﬁiﬂlca’\sSﬁé&ﬁ\ﬂé@ezi&&@fé agesygpl efebi ciently
at  hi gher te%perature -édﬂ? ften referred to as thernal
barrier BoStFAFSSTEES eHRIt ARRRIFGIPY, strongly
adher e t eppheatntsi cre thantd orfelmldbniiﬁar%i-her@ta tdy o ugeingvaygheat i ng and
cooling cycles. Coating systens capable of satisfying the above

requirenents typically include a nmetallic bond coat that
15 BACKGROUND OF THE INVENTION

Components located in certain sections of gas
turbine engines, such as the turbine, combustor and
augmentor, are often thermally insulated with a ceramic

20 layer in order to reduce their service temperatures,
which allows the engine to operate more efficiently at
higher temperatures. These coatings, often referred to
as thermal barrier coatings (TBC), must have low thermal
conductivity, strongly adhere to the article, and remain

25 adherent throughout many heating and cooling cycles.

Coating systems capable of satisfying the above
requirements typically include a metallic bond coat that
adheres the TBC to the component. Bond coats are

30 typically formed of an oxidation-resistant diffusion
coating such as a diffusion aluminide or platinum
aluminide, or an oxidation-resistant overcoat alloy such
as MCrAlY (where M is iron, cobalt and/or nickel). Metal
oxides, such as zirconia (Zr0,) partially or fully -

35 gtabilized by yttria (Y205) , magnesia (MgO) or other
oxides, have been widely employed as TBC materials. TBC
is typically deposited by flamevsprayihg, air plasma
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adheres the TBC to the conponent. Bond coats are 30 typi cal I%g for of an
oxi dation-resistant diffusion coating such as a diffusion a dHi%

pl ati num al um ni de, or an oxidation-resistant overcoat all oy such as
MorAl'Y (where Mis iron, cobalt and/or nickel). Metal oxides, such as
zirconia (ZrQ2) partial I y or fully 35 stabilized by yttria (Y203) magnesi a
(MO or ot her oxi des, have been widely enployed as TBC materials. TBC is

typicall 03|t§%£%% flame s raylng, alr plasma - 1 - e 3 June 2005

spr ayi ng es&ﬂ“é SRTHF S PRy SRRSIng of LBPS bhyar cal vapor
deposi t |phy(sW®)L veplo depadeics @vent rt@@:rﬁﬁacf{lé)%éﬁaés vapor deposition
( EBPVD) , ef@ﬁggonybgg_s strarn t ol er ant colunnar rarn structure These 5
coating techniques re glt8&1l %&&95ﬁ§%9n Whnd"BEk conponent s
bei ng cdﬁ%@ﬁdssﬁcﬁtﬁﬁan—mbéemawmrM@lummaﬁeg&aiﬁ1gﬁtdaﬁﬁféﬂIemhégeshleld or

t I f 0 Th fi t ad
ave bocn eded yPeRhtIele, eRIRR SPET IR R Bei ity TGO ng both he

have been pade"w th
envi r onriit eﬂ‘?-%kr@@mﬁ’PaﬁntBobél@qaCOahddt, hsuEﬁCtHarmrﬂe a:oetmmg nevit abl e

requi refdcdHs  €ARVBARELEERE G e under, certain circunstances. For
exanpl e, renmpval nay g _% nece%gl%gte§§§}d % Cgﬁ'oﬁe%ﬁxﬂffdanage to the
TBC  dug- ¥ ret oEE?aFP@EOn§Et§y a requirement to repair certain '

features such as the tip length of a turbine blade. Renoval of the TBC nay
aI%% be necessrtat,]gtEl udﬁrlngn gnponen; manuf acturing to address such
probl ens o as def ectSu¥ L1batRRE, 2AuABreAgharadecan dadse WAddd to
repeat co@tdald mptetdibd aBAUbBCELEESS PHLT BLbBASing both the
environmentally-resistant bond coat and the TBC, there is
the inevitable requirement to remove and replace the TBC
under certain circumstances. For example, removal may be
.5 necessitated by erosion or impact damage to the TRC
during engine operation, or by a requirement to repair
certain features such as the tip length of a turbine
blade. Removal of the TBC may also be necessitated
during component manufacturing to address such problems
0 as defects in the coating, handling damage and the need
to repeat noncoating-related manufacturing operations
which require removal of the ceramic, e.g., electrical-
discharge machining (EDM) operations. Because the
equipment, tooling and maskants employed in the
5 deposition of TBC tend to become 'coated with the TBC
~material, a need also arises to periodically remove TBC
from these components in order to ensure their proper
function and operation. As an example, unwanted TBC must
often be removed from maskants after only a few coating
) cycles.

Current state-of-the-art methods for repairing
components protected by TBC often result in removal of
‘the entire TBC system, i.e., both the ceramic TBC and the
bond coat, after which the bond coat_énd TBC must be
redeposited. One such method is to use abrasives in



which require renoval of the ceramic, e.g., electrical- discharge nachining
(EDM) operations. Because the equipnent, tooling and maskan8duBepgP@yed in
the 5 deposition of TBC tend to becone-coated with the TBC naterial, a
need al so arises to periodically renove TBC fromthese conponents in order
to ensure their proper function and operation. As an exanple, unwanted TBC
must often be renpbved from naskants after only a few coating cycles.

Current eéf(?é@d@f:éghﬁﬁéht a2ehRedspliaptiepsi Maper tomiogerrsl @Skt ed by TBC
often result In renoval of “the entire TBC.s st;gb &“3ﬁ§ sy he ceramc
TBC and b¢ed PeRBiRgat caghy &F WHIER fRep6nT coat 5id mist he
redeposi%fgeeggetﬁggheﬁ@abgdtb& recusadaboasi vesti,n a3 v&LuRs

procedures  such as grit blastin 0 [ and .gl s%égggtgﬁxﬁnng, each
of mhichSWQSErQFSWFgFgﬁﬁﬁ-%ﬁP&ﬁngé%%b?%%%gs Fat ggb es the TBC.and bond
coaty asyuel | tassthprosedsireat eventiadd yhelesamieyt hep IR WX h
repetitive,s use,,these-.pr e I Y., t hehTonmponent by
reducingr?ﬂgcﬁﬁglt%ﬁigﬁ%@sg%ggﬂﬁﬁgscgﬁgg%§%f¥) his disadvantagesis

parti cul 4i sadubptaigehidi Phasionlarufowtde Wikdh @i dFREoWi ch have a

di ffusion,zgn U exbendsalvat @ diteusdlst e wWdneecéndheirbdponent .
Damage ?Boég g?%?%éi@ﬁEEPU%Fnide bond coat s energlk%ﬁ£ccgés by the _
fracturibgeosubstrate gwadess ot FETIRIBHT ZondF &]Eh ~as Pt Al2 phases
OL 2, Pl a&ikPHE%oﬁLH%Mi%ld@%n@p@bat@ c_:jéhen:tahﬂyadxﬁcrdm@aitfy@h? which is
t he“out ernost bond coat .l ayer containing,an ' y-&@sh st ant 15
i nt er net &¥aFEUBREgeORNPTY FeP§P?$SiFﬁh%jﬁ?é§3¥5%$ﬂﬂ§o alt, depending on
the subsjrapealBtgisebs BEnagplasinum-aluminide bond coat, or in
the additive layer, which is the outermost bond coat
layer containing an environmentally-resistant
15 intermetallic phase MAlL, where M is iron, nickel or
cobalt, depending on the substrate material. Damage 1S
particularly likely when treating an air-cooled
‘component, such as a turbine blade or vane whose airfoil
surfaces include cooling holes from which cooling &ir 1is

20 discharged to cool its external surfaces. .

With respect to the removal of TBC from
tooling, the requirement that TBC be repeatedly removed
to maintain the operability of the tooling drastically

25 shortens the life of the tooling, leading to freguent
tooling replacement. Because of the high temperature
processes used to deposit TBC, tooling is often formed of
superalloy materiéls, such as Hastelloy X, with the
result that tooling replacement costs can be high.

” In view of the above, significant effort has
peen directed to developing nonabrasive processes fo:
removing TBC. One such wethod is an autoclaving prgcess
in which the TBC is subjected to elevated temperatures

35 aﬁd pressures in the presence of a caustic compound.

This process has been found to sufficiently weaken the
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ticularly likely when treati i r-cool ed t, sych
particularly likely when treating an air-cooled conponen gﬁﬁa?g@x$rom

turbi ne bl ade or vane whose airfoil surfaces include coolin

whi ch cooling air is 20 discharged to cool its external surfaces. Wth
respect to the renoval of TBC from tooling, the requirenent that TBC be
repeatedly renoved to nmaintain the operability of the tooling drastically
25 shortens the life of the tooling, leading to frequent tooling

repl acenent. Because of the high tenperature processes used to deposit
TBC, tooling is often formed of superalloy materials, such as Hastelloy X

with the FESHEEALhRORELbeitmyene pilae e targd IS, a&%e f%gQrSBQOI n view of
eve

pIng nonabr asi ve

t he above,psi@btfreania¢f Ler a een directed to
processes for enovina T%g.EE%eagﬁgﬁ' hdeawinm the dedndi eerdrocess i n

whi ch the Ts- suBPEeved. t sudtabiredutemenaiy %ﬁ%"?é}g: gfgssur es in the
beenl Tound t

(0]

presence cixXpersisd; Casd® PeEHd | S.process ha I
3.3 53‘5%{]?05%"?‘%3%6@;1 ayenhesar aanaeleBC and

suffigien ﬁ/f@ﬁ@gﬁlthe
ayers o PprmIniebram thet heoIlBfighwhbles! 88viaigdaikend coat

bond coat
ensi ye, and

i ntact. HSWadme dhliaddy exaltRElaYi NOcSPULPNENL IS _ex
autoclaviggetgg?gh?u%% ave been incaﬁgggg&ge%%IYenﬁQ?ﬂﬁnaéPQ}F§ fromthe
cool i ng E@I es Qh_ g' —CodISER™S GBIHer Wt trtd swhenl vewesBC Cossequent |y,
cool i ng HoFRSS1Efrd. | wkikch tie HetaRnGnSt i st new TBC i eposi t ed,
whi ch is ¢ehponBrEal gppLbe; perfor mance ofﬂc?ht%ﬂz %]o%%ﬂ?pcﬁﬂ rtﬁﬁown
- ovi DEPSBIRPR Frctpdmien o - |
techni ques for renoving Ti _ : &(ﬁﬂnlnymmvdxanEBGrﬁrom engi ne
compdnentCOaLRY L}Eféolﬂlﬁnoamdegasntni:b&.ﬂlenghgggehbg&pgg@ﬁgsatﬂ&dé gatments
. f?uorlde ion cleaning and high temperature treatments
with chloride. However, each of these techniques
generally has the disadvantage of being slow, which
significantly limits throughput and results in relatively

is long turnaround times,

' A more rapid technique for removing TBC is
disclosed in U.S. pPatent No. 5,614,054 to Reeves et al.
and employs a halogen-containing powder or gas, '

0 preferably ammonium fluoride (NH,F). Reeves et al. treat
the surface of a TBC-coated component at a temperature
sufficient to yield halogen ions that are believed to
attack the metal oxide bond between the TBC and the bond
coat. Reeves et al. note that aluminide bond coats are
degraded by this treatment, though the underlying
superalloy substrate remdins unharmed. While Reeves et
al. represent a significant advancement in TBC removal,
further improvements are desired, particularly for
processes capable of removing TBC from a component
surface without damaging the underlying substrate,
including any bond coat used to adhere the TBC.

'




wi th chloride. However, each of these techniques generally has the

di sadvant age of being slow, which significantly limts throdgHp8at£o%hd
results inrelatively is long turnaround tines. A nore rapid technique for
removing TBC is disclosed in U S. Patent No. 5,614,054 to Reeves et al.,
and enpl oys a hal ogen-cont ai ni ng powder or gas, >.0 preferably amoni um
fluoride (NHAF) . Reeves et al. treat the surface of a TBC- coated
conponent at a tenperature sufficient to yield halogen ions that are
believed to attack the netal oxide bond between the TBC and the bond

coat . REUNMARY: Ofl THOIENVENEIGH um ni de bond coats are s degraded by this
treatnent, though the underlying superalloy substrate remains unharned.
Wi | e Reeves ¥, Bkesgnecprie%g%. a significant advancenent in TBC renoval,
further iarrg%g%/.errerétés are desi'r & RHartireal armstifcor ofr oeessiasy capabhst of
renovi ng *TBE ¥ ¥@med e omponenita-cents acmmgrdeRam! - danmpging.the underlyi ng
substr at €nhe in@{r;}hd{ﬂi&gnp%%gi_ﬁong coat usedélvI to g%%ere tghg THE 3 SUEf3GRe 2005
SUL4KMY cgg{ J’T‘I_J!E"a !§ QXENTI & p‘E%séFﬁpiﬂ@eﬁ?bmvtgmgvitues partmbshoss ofhe f
removi ng 8Pora iaon aghiedus | SQAQRE 8n CANNA; R ramn oating from
a surfacezit the HEEMSQ%EKPE&?{]{‘Q%{QG step of ﬁﬁ?égglﬁg éﬁ%éicﬁcg?‘ﬁbq? of the
ceram c coating to an aqueous SO i‘on conprising an acid fluoride salt
and a corrosion inhibitor. One enbodi nent provides a nethod of renoving a
ceram c coatdmy, eAkeh Rk %Jig;l% zirconia 4a 3 June 2005 containing

thermal barrier coating (TBQ) ma eri af s "fEAd of removing a ceramic
¢oating, and particularly zirconia-
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as yttria-stabilized zirconia (YSZ), that has been either |ntent|onally or
unintentionally deposited on the surface of a conponent. As 354es 209%C
materials with or without a s netallic bond coat can be reaned by t he
process as bond coats are typically not present on equipnent, tooling and
maskants used to deposit TBC materials, while bond coats may be a
preferred constituent on the surfaces of high tenperature conmponents in
order to fo L naclousl adhere the, TBC to the conponent, notable _exanples
of whi ch mSPHHAHS GHRCTHR: Her EAGT nEOBbABENdABE) BRSS3eA 150 S host | | o
t hermal endas Mﬁmaﬂtahﬁlltddbzﬂ]ECOﬂﬁ)ﬁbl(ISBgy aeﬁa@ugagnwens%ﬁtth@is of a

ggfml te'lt”elbly r enovi ng %]hjgffg%t&??ﬂggﬁtgg éw te%or I %&Fﬁ ¢ bond

coat, if pﬂ@%én@omﬁﬁﬂvawagln@Stﬁechunﬂﬁﬁlmangrﬁamstwath wat edchbutThe
met hod gengletkily igntd$ [ T us solution
5 “ac cg££5&$ﬁeﬁé 698d&§§;£ﬁe rsﬁggglde (NH4HF2)  or

containing an acid quorlde as a
sodi um bi fl uori de (Nal@)- 0%@&F%ﬁ%%r$%%l%WPl¢¢ﬂbytnot prepgestePRed process

for removi agqutpreae!, aco10/ i it wsk&mélﬁsémésa%go&he gggponent in the
solution while 25 mai ntained at an el evated tenperat and subjecting the

coating to™att 8n|8héﬁ%ﬁﬁymiCEEFﬁg‘?ﬁbbﬁe?*ﬁ%ﬁfeqfeﬁBepé%ﬁ#qﬂ@“éonpletely
removed from the supfperentofand oin\tayd:Raauho| @SmpShieht 85i806+aag hol es
of ten res t (faid surface as turblne 30 engi ne nponents,
o W fh ot #??“%%Ydé o T S SRADRERGy ey LG

subst rate mmld!ﬁthﬁ ¥BEch wheriefcange cjah£ gebhad @fﬁgjtxm sompymaTtiison can be

o el SPEHEL I LHUbABNTTE T LN, A ST "

turbine, combustor and augmentor sections of a gas

turbine engine. The method:may particularly be suited for- ,

15 completely removing the TBC without removing or d@maging
the metallic bond coat, if present, or damaging the

underlying substrate material.

The method . generally entails
20 subjecting the TBC to an aqueous solution containing an
acid fluoride salt, such as ammonium bifluoride (NHHF;)
or sodium bifluoride (NaHF;), and a corrosion inhibitor.
A preferred process for removing the ceramic coating may
entail immersing the component in the solution while
25 waintained at an elevated temperature, and subjecting the
coating to ultrasonic energy. . Using the method
. @& TBC can be completely removed from the
component and any surface holes, such as cooling holes
often present in the airfoil surfaces of gas turbine
30 engine components, and with essentially no degradation of
a bond coat (if present) or substrate beneath the TBC.
Therefore, the method of this invention can be used
-repetitively'without eventually destroying the component
or equipment from which the TBC is removed.

35
In view of the above, the method may
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35 In ViéM/Of t he above, the nethod may ,. 5 3 June 2005 Particularly be
suitable for renoving TBC from gas turbine engine conponents3dHﬁe?H@5thick

TBC that accumul ates on equi pnent, tools and maskants used to apply TBC on
such conponents.. This nethod may al so allow the deposition of s a new TBC

on conponents intended to be thermally insulated with TEC w t hout
necessitating refurbi shnment or replacenent of the bond coat and w t hout

depositin'a%%gdiiional ceramic in any surface holes, e.g., cooling holes.
If the cogb ment fhlsY fHeediébable iferseendtiong SBEhILOn tdwat thheibond coat has

CoT T bl Sheg ahLare T op A o ke e A RN £ b i <

ref ur bi sh . e repl.acing the TBC.
met hod mé%ﬁg’?‘%ﬁgretﬁg)%én%ea@@wq%&%e qi# @ty BBd enosesBi ng costs
requi red €9TPenankissh maspeaenis ray bnssl ales, WwhthadBGand,t 91 emove
unwand ed JBGefr egHt i pnent, .tooling and naskants used to deposit TBC
on such ponpone%FsgslﬁgggggFPSﬁ,lFﬁgqﬂéiﬁﬁbhq1&?QﬁmQ%1Eonponent can al so
be extendtSBY2ES8i Wikl TBE| withont abceisks taRlinge YEBGPSIIMBNS| HEC

t hi ckness, particularly if

removal ofefldoaflef@abr MhESHLES EBatOSSaCl WALL ! seRop s a

the bongﬂﬁifg,is diffusion alumnid
'¥9Q%idﬁe§%mécm#mhamﬁesunﬁpoaehblesubgLgagecdﬁlﬁ&@;her
ving TBC

signific
navan! ageustes he Teed campdel e 4Bk okl EUNL S5 LR oY 0 T
cool&d cg%& éll"[es, %}élr%ﬂﬁét A P e st ial landgelébetihas Bond coat in the
process wkesudtDoim@stildatin, WHd Bl coat can be refurbished
before replacing the TBC. a significant advantage of
this method may therefore be the reduced labor, equipment -
. and processing costs required to refurbish components
15 insulated with TBC and to remove unwanted TBC from the
equipment, tooling and maskants used to deposit TBC on
such components. In addition, the service life of a
component can also be extended by avoiding replacement of
its entire TBC system, since removal of a bond coat
0 resultg in loss of wall thickness, particularly if the
bond coat is a diffusion aluminide that inherently shares
a significant diffusion zone with the component

substrate.

5 Another advantage of the ‘method can be
that prior art techniques for removing TBC have typically
been unable to remove TBC from the cooling holes of air-
cooled components, or have caused excessive damage to the
bond coat in the process of removing the TBC. With the

»  ability to completely remove TBC from the cooling holes
of an air-cooled component without démaging the
underlying bond coat, the performance of the component can be
improved by the ability to restore the TBC to its
original thickness, thereby reestablishing the desired
film cooling effect at the component surface.



ability to conpletely renmove TBC fromthe cooling holes of an air-cooled
conponent w t hout damaging the underlying bond coat, the per?dPW%ﬁ@giof t he
conponent can be inproved by the ability to restore the TBCto its
original thickness, thereby reestablishing the desired filmcooling effect
at the conmponent surface. - 6 3 June 2005 Oher objects and advant ages of
this invention will be better appreciated fromthe follow ng detail ed

description. 5 DESGRRR %gcgy%m&{}@c%ﬁggrgf 11322 isReitQal Vi ew of
a surface..portiqn of a gas tuybine engine ade protected b% a thermal
barri er é"d&& RS 3@%9% FRRT Pt e sT RO Behe of ebilew £8It 8etfd IsCade surface
with a bardordaitioETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1
represents a partial cross-sectional 1s view of an airfoil portion of a
gas turbine engine turbine conponent 10, such as a bl ade or vane. The

subsstr at ®EEZRIP TGN i IHE MRAWINGS shown. as being protected by a thernal
barrier coating system 14 conposed of a TBC 18 adhered to the substrate 12

by a bond coat 20 16. The nethod of this invention is directed to renoving
the TBC 18 from t h&ignirst datie 12 sfcthenabnpionentft 10 swicfhkegt renovi ng or

damagi ngphhke iband s 1 | §§h [ t thod of this
inventioﬁ islahso kaﬁ%féﬁﬁﬁﬁm%%g%ﬂ-nggfﬁ%ﬁﬁﬁﬁﬂ?ﬂﬁ%?%%§1pg ggposited on
the 25 efipieht Pagsdierngostd namsiertian (Hatei indludes eRefPEd to  as

"toghi ngafihuged to @eROBILAIEBEAFELAURANENS bRl IGodBe situation with high
tenperature conponents of a gas turbine engine, the conponent 10 may

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 represents a partial cross-sectional

15 view of an airfoil portion of 'a gas turbine engine
turbine component 10; such as a blade or vane. The
substrate 12 of the component 10 is shown as being
protected by a thermal barrier coating system 14 composed
of a TBC 18 adhered to the substrate 12 by a bond coat

20 16. The method of this invention is directed to removing
the TBC 18 from the substrate 12 of the component 10
without removing or damaging the bond coat 16. As will
be discussed below, the method of this invention is also
directed to removing TBC unintentionally deposited on the

25 equipment, tooling and maskants (hereinafter referred to

. as “tooling”) used to deposit TBC on components.

As is the situation with high temperature
components of a gas turbine engine, the component 10 may
30 be formed of an iron, nickel or cobalt-base superalloy.
The bond coat 16 is an oxidation-resistant composition
such as a diffusion aluminide and/or MCrAlY, both of
which form an alumina (Al,0;) layer or scale {(not shown)
on its surface during exposure to elevated témperatures.
35 The alumina scale protects the underlying superalloy
substrate 12 from oxidation and provides a surface to
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30 be formed of an iron, nickel or cobalt-base superalloy. The bond coat 16
i s an oxidation-resistant conposition such as a diffusion aPuH®ZeE and/ or
MCr ALY, both of which forman alumna (A12G3) |ayer or scale (not shown)
on its surface during exposure to elevated tenperatures. ;s The alum na
scale protects the underlying superalloy substrate 12 from oxidation and
provides a surface to - 7 3 June 2005 which the TBC 18 nore tenaciously
adheres. The TBC 18 can be deposited by flane spraying, air plasnma spraying
(APS), WHHCHr E586uTBD| 18 meo s rgiag (LPRS) adiiepephysthal TBTapsr depositi on
t echni ggan Bedden®:8! ysical:.s vapor depositi PVD), which
yi el ds ?A?%ﬁai E tpg egﬁf%}gﬁnﬁr%]?%%&%t r%é%u?ggfrﬁ%t Sgg%‘&ﬁ? A preferred
mat eri al 't hEWTBESRP Y= Rl Spreayind | (LBPSDI b zadphyetihayttria
(yttriavapebi epegitiidpidemPlqueS?)e houaly o 2i &?“ﬂ;@%&%h%sg&a@i lized with
yttria 9gﬁ%d e _used, as §%¥ell as zirconia stabrlized by other oxides,
such as gn EPQS(‘%{}@)“, B « cH)ch aEields ey ratnskaharant ( Sc2m)
The netbobunhat hysaiinyenirhait @ ajddt rHBwH)INg £ pherdBled8 Wi t hout

or, the under]ying superall oy

renovi Ing,.the coat 16 [
substra §€%5ggggg?ﬁaF%ﬁéﬁ&&géé d&h P RS iRaH o bheserPEt haf9bond coat
16. Acceiti ngttoiahilytitmientstabi tiked BE s pref exent | athyugkenoved by
exposur.g; ' S He]el ol ution_.containj an_acid 1luoride
Sty rarefolh I SEeH A0S, W G St D e (96 ( NabF2)
and a Wkt AF rlraanbiat stabAldgietablye othrmrosixides f Grudiheas aqueous
sol ut i adrEes0ULM to ra t cid fluari.de salt per
sol ut O(fsiw%tff’ e R R

’ 237 . . .

The method of this invention entails removing
the TBC 18 without removing or damaging the bond coat 16
or the underlying superalloy substrate 12, so that new

)

TBC can be deposited on the original bond coat 16.
According to this invention,.the TBC 18 is preferentially
remqved by exposure to an agueous stripping solution
» containing an acid fluoride salt, namely ammonium

bifluoride (NH HF,) or sodium bifluoride (NaHF;), and a
corrosion inhibitor. A suitable composition for the
aqueous solution is about 20 to about 100 grams of the
acid fluoride salt per liter of water, and up to about
0.5 volume percent of the corrosion inhibitor. Whiie not
required, distilled or de-ionized water is preferréd.
‘Varicus corrosion inhibitors were evaluated in the course
of arriving at the present invention, with the result

- that a particularly preferred inhibitor was identified as
containing sulfuric acid uhsog, 1,3-diethylthiourea
{CoHsNHCSNHC,Hs) and alkyl pyridines (e.g., ethylpyridine,
methylpyridine, propylpyridine, etc.). A suitable
corrosion inhibitor is commercially available under the
name RODINE® 31A from Henkel Surface Technologies of
Madison Heights, Miciigan USA, and contains about 10 to
about 30 volume percent sulfuric acid, about 10 to about

- 8 -



0.5 vol une percent of the corrosion inhibitor. Wiile not required,
distilled or de-ionized water is preferred. Various corrosi 8UNgRPBYt ors
were evaluated in the course of arriving at the present invention, with
the result that a particularly preferred inhibitor was identified as
containing sulfuric acid (H2SO™4), 1, 3-diethylthiourea (C2ZH5NHCSNHC2H5) and
al kyl pyridines (e.g., ethylpyridine, methylpyridine, propylpyridine,
etc.). Aivabhee pereesiton 3RALRELYN thS ARWE! dr labamaidmble under the

namne RODI E(r A from Henkel Surface Technol ogi es of. Madi son Hei ght s,

M c; - %%é&g %é V83HP§. RETS6Gt ©f0 2 BLXENG Qkﬁﬂﬁn?Xﬁﬁi;ﬂﬁssulfurlc

acid, abdutpﬁ@fenraﬁoubmﬁosatiunef&&OEhe?:@;t\t(ibwng%"dﬂﬁmlon using

1, 3- di et about 30 to 60 .vol ercent of m xt ure

of al kyl h%%/ér rﬁl nes. %\Epre ?sf’gaogoﬁ?ﬁglé‘%tltt&lf & a?:‘r‘?éltoﬁ‘{le\tpplagng u(’;}:ol ution

usi ng t b ROBIMER B 1Anvonius bafinbirhideopeirs 1a.ltr.m1t of5s wakeghowto 5 55 grans

of annomwﬂméﬂfig p tgr,0 0 about 0.2 to
0had8aPabolitt 8 20LaESL: 104 Wil ng»ea&%g&to ¢

about 0.4 vo urne percent I"e not W hel d to any
particul WQWryg |§hbé?| é?@dwﬂﬁhﬂ-ﬂghéoabedhfelltsﬂorﬁcd@ﬂ%al t attacks

zi rconi apaqqmtaﬂalngthéo&? Zi g copi H@lhevfabu%h@eth\@“a'ﬁd ha weRtilgesi on
|nh|b|tor ehaves in a _nmanner simlar to a passivator, protecting the

metallic® TR NBATAORRR. TRORYBTRABT At 5% F4TECRE™ The surface of
t he wgonpdnentritie | svipt Béethbl yortdsioaati gHiph tBrt BehsidsPAnNg sol ution at

an el evated tenpe ure. A suitable tenpera ure . ran I's abqut, 140F to
about 178&nfar{%l%£i?¥ot%b%u?a%§t¥a ﬁBrePrﬁngEFgﬁlg%ﬁbgﬁﬁag to about
155F (abuategd@l dembutlt GBE) TBThES sandpphagoikidat seafleaf this i nvention

The surface of the component 10 is preferably
15 treated with the stripping solution at an elevated
temperature. A suitable temperature range is about 140°F
to about 170°F (about 60°C to about 77°C), more
preferably about 140°F to about 155°F (about 60°C to
about 68°C). The stripping treatment of this invention
20 also preferably includes the use of ultrasonic energy
transmitted through the solution to the TBC 18.
Frequencies of about 20kHz to 40kHz have been found
suitable for ultrasonic energy levels of about 50 to
about 200 W per gallon (about four liters) of solution.
25 The ultrasonic treatment can be continued until the TBC
18 is completely removed or at ieast sufficiently
loosened so that it can be removed by brushing oxr
pressure spray rinsing, typically after an exposure of
about two to five hours. Without ultrasonic treatment, a
3¢ total treatment duration of about four to about five
hours is generally sufficient to weaken the chemical bond
between the TBC 18 and the alumina scale on the bond coat
16. It is foreseeable that londer or shorter duratipns
méy be preferred, depending on the properties of the

35 particular coating system.




20 al so preferably includes the use of ultrasonic energy transmtted
through the solution to the TBC 18. Frequencies of about 20RH#N¢ 80%DKHz
have been found suitable for ultrasonic energy |evels of about 50 to

about 200 Wper gallon (about four liters) of solution. 25 The ultrasonic
treatment can be continued until the TBC 18 is conpletely renoved or at

| east sufficiently |oosened so that it can be renoved by brushing or
pressure spray rinsing, typically after an exposure of about two to five
hours. Wthout ult?t RouFEiesedienttripgingosalutieat aénthdgrati on of about

four tdmsnttidi Uas IMES dSed ST AhdvS ULl ChEA! sLOnRRKRBILNE chem cal
bond g%%*ﬁ%ﬁ the .-TBC 18,%Pd,the alum na_scale on the bond coat 16. It is
f or ese&88bie tHat- - orerd Bri SHot 1St Rrivatdemaginayaneunderdyigg, dependi ng

on thepﬂamﬁammi@iuﬁiﬁﬂﬁbiﬁbﬂ&ﬂdddﬁﬂEﬂy@%ﬁﬁipg ?ﬁétﬁﬂth%n ghéung 2005 In

practi : t i ppi ol ution af this invention has been used to renove

YSZ TE%BP}%B n?lglg'tﬁ%? Qgs%%ﬁﬁ%ﬁ@ VI3g i 5Q Teneved: d¥Ryfng an

under | pPt§ 1 opisatofn irealhoridhictea teond tdoiad .t Nt iabl &s IRE wbdbed bige cool i ng

hol es phet hgcai Lol renpved. . while rtions of the bond coats

mﬁthingtﬁe,hg?eggahﬁagﬁggkgﬁﬁgmuf%£%¥ﬂk§ %SP%WH{E Lﬂﬂﬁﬁﬁ%ﬁfbond coat

wi t hi "°PREéRFaPassgsissn@ipadeagds fufi lishe waird aidts, aveaakerdt at t acked.

Fol | ovrgu1bRent eakMRlea thildgital Hhl "a?fﬁiel%‘{?ec essglk’éé%gsfﬁffﬁt ed with TBC
€ "bon . Becauise

wi t hout regquiring any refurbishing of coa _ t he stripping
pr ocesseoP2tRAsYWIFRVERG Wi themsl seaml nime ety tef URBd shioty to€ cool i ng

hol es, thdebbhar gkt . peBLeLIBACOLAT sft&‘ipgiﬂgmﬂx%é@s% 9t cdiwaired by the

accunmul ation.of excess TBC in the cooli ‘
invention completely removed the f%c from the cooling
holes, the thermal performance of the airfoils was not
impaired by the accumulation of excess TBC in the cooling
holes. Furthermore, because the stripping process of
this invention did not damage any portions of the bond
coats, additional processing steps to repair or replace
the bond coats were umnecessary. If the blades had been
in service, such that the bond coats were partially
depleted as a result of oxidation, the bond coats,
whether a diffusion aluminide or MCrAlY-type, could be
refurbished prior to TBC deposition using a diffusion
aluminizing technique such as pack cementation or vapor

phase aluminizing.

The stripping solution of this invention has
also been used to strip YSZ TBC from todling used in PVD
coaters. The tooling was foxrmed of the nickel-base
superalloy ﬁastelloy X, and the TBC was stripped at a
rate of about 0.003 to 0.005 inch per hour (about 75 to
about 125 micrometers per hour) without any apparent
degradation of the substrate.

While the invention has been described in terms
- of a preferred embodiment, it is apparent that other
forms could be adopted by one skilled in the art.

_‘10 -



hol es. Furthernore, because the stripping process of this invention did
not danage any portions of the bond coats, additional procedstRg288%ps to
repair or replace the bond coats were unnecessary. |If the bl ades had been
in service, such that the bond coats were partially depleted as a result
of oxidation, the bond coats, whether a diffusion alumnide or

MCr Al Y-type, could be refurbished prior to TBC deposition using a

di ff usi oITheta MBI Zi g tREhPE QB SHENiAGRACKL CEARRbabEEON i@ tedor phase
a'“”‘”'ZE$%§r$§? ﬁirhﬁgtggvsolaé£on of this invention has also been used
to strip c o Y [ TR PVD coaters. The tooling was forned
of the nickel-base supetalloy Hastelloy X, and the TBC was stripped at a
rate of .about 0.003 to 0.005 inch per hour (about 75 to about 125

m crometers per hour) w thout any apparent degradation of the substrate.
Wil e the invention has been described in terns of a preferred enbodi nent,
it is apparent that other fornms could be adopted by one skilled in the
art. 10 3 June 2005 Therefore, the scope of the invention is to be
limted only by the followng clains. - 11 3 June 2005 CLAIMS 1. A

met hod of renoving at |east a portion of a zirconia-containing ceramc
coating froma surface, the nethod conprising the step of subjecting the
portion of the ceram c coating to an aqueous solution conprising an acid
fluoride salt and a corrosion :

- 11 -



inhibitor. 2. A nethod according to claim1, wherein the acid fluoride
salt is amonium bifluoride. 3. A nethod according to clai m 3JuppéP@ n t he
corrosion inhibitor conprises sulfuric acid and 1,3- diethylthiourea. 4. A
met hod according to claim1, wherein the corrosion inhibitor conprises
about 10 to about 30 volune percent sulfuric acid, about 10 to about 30
vol ume percent 1,3-diethyl thiourea, and about 30 to about 60 vol une
percent of a m xture of alkyl pyridines. 5. A nmethod according to claim1,
wher ei nctA@Mssubj ecting step further conprises directing ultrasonic energy
at the ceramc coating while the surface is subjected to the solution. 6.
A nethod according to claim1l, wherein the solution conprises about 20 to
about 100 grans oft.theh metHofll war itdencsdldg per Lehst of psitelon asw up to

about Q.5 gl lurE: D¢ .0f the corrasion inhibitor. 1. A_nethod according
to claimi, \C/%lher elaﬁq{ ﬁe4 é ;slgl{rﬁ?i olf TGS seSCabdBE 45 to abSEP™S5 Hyrans of
the aci @urfpeeri bhesmethyst donprisingaties, seag aBowuljedtimephmg 0. 4
vol une pe+ee8L Ohst hepeor rosign: inhibitor. 12 3 Jupe 2005 8. A nethod
accor dilﬁg to.clai m_l?l.l\%k]ercg%l ée s%‘?%'f’irb% consi st §%s&&ht iBAYSPST about 20
to aboufCIWHloRr GREPELSERY &l rdidioflwterisdd tspkt hhtlen aforwatsson and 5 up

to abouin®ibiverune percent of the corrosion inhibitor. 9. A nethod
according to claim1l, wherein the solution consists essentially of about

45 to about 55
2. A method according to claim 1, wherein the

acid fluoride salt is ammonium bifluoride.

3. A method according to claim 1, wherein the
corrosion inhibitor comprises sulfuric ‘acid and 1,3-
diethylthicurea.

4. A method according to claim 1, wherein the
corrosion inhibitor comprises about 10 to about 30 volume
percent sulfuric acid, about 10 to about 30 volume
percent 1,3-diethylthiourea, and about 30 to about 60
volume percent of a mixture of alkyl pyridines.

5. A method according to claim 1, wherein the

subjecting step further comprises directing ultrasonic

- energy at the ceramic coating . while the_surface is
subjected to the solution.

| _ 6. A method according torclaim-l, wherein the
solution comprises about 20 to about 100 grams of the
acid fluoride salt per liter of water, and up to about
0.5 volume percent of the corrosion inhibitor.

7. A method according to claim 1, wherein the
solution comprises about 45 to about 55 grams of the acid
fluoride salt per liter of water, and about 0.2 to about
0.4 volume percent of the corrosion inhibitor.

12



10 grans of the acid fluoride salt per liter of water, and about 0.2 to
about 0.4 volune percent of the corrosion inhibitor. 10. A A@uAed005>
according to claim1l, wherein the L5 subjecting step further conprises
heating the surface and the solution to about 60C to about 77C for a
duration of at least two hours. 11. A nethod according to claim1, wherein
the >.0 surface is that of tooling of a deposition apparatus and the
ceram c coating , was deposited on the tooling by the deposition
apparatus. 12. A nethod according to claim11l, wherein the 5 surface is
tlhat of a conponent 8ﬁf aag?éthuabia@%ox@}gigneao 1c|31|aﬁu nﬁyg@@heaeciné dikrg to
claim12, erein the surface conpri.ses a_netallic_bond coat ring o
t he ceranﬁgqggépﬁnf??ﬁ%ﬁgsc&ﬁﬁ&ﬁgiai;%i°§h@h9q¥t%€ §@l;¥%%€dg§g not
renove t hgrhoed cdfvathd4acAdndtthat-iatkeosdlngpee didien 13f Wetkeher and
conprising . the ste deposi ti er am terial n r:f.ace of
t he onponggt:?ﬁtegbgég p@r?ioﬁﬂ%}ﬁm%hegggrgﬁgc éggtiﬁggiskggﬁg%gg§'13
inhibitor.

9. A method according to claim 1, wherein the

solution consists essentially of about 45 to about 55

10 grams of the acid fluoride salt per liter of water, and
about 0.2 to about 0.4 volume percent of the corrosion

inhibitor.

10. A method according to claim 1, wherein the
15 subjecting step further comprises heating the surface and
the solution to about 60°C to about 77°C for a duration

of at least two hours.

11. A method according to claim 1, wherein the
10 surface is that of tooling of a deposition apparatus
and the ceramic coating . was deposited on the tooling

by the deposition apparatus.

12. A method according to claim 1, wherein the

5 surface 1is that of a component of a gas turbine
engine.

13. A method according to c¢laim 12, wherein

the surface comprises a metallic bond coat _ adhering

0 the ceramic coating . to the component . and

wherein the solution does not remove the bond coat

14. A method according to claim 13, further
comprising the step of depositing a ceramic material
5 on the surface of the component after the portion of

the ceramic coating ig removed.
13





