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(57) Abstract: A method of removing a ceramic coating (18), and particularty zirconia-containing thermal barrier coating (TBC)
materials such as ytiria-stabilized zirconia (YSZ), that has been either intentionally or unintentionally deposited on the surface of a
component (10). The method entails subjecting a ceramic coating (18) 10 an aqueous solution containing an acid fluoride salt, such
as ammonium biffuoride (NH,HF,) or sodium bifluoride (NaF,), and a corrosion inhibitor. The method is capable of completely
removing the ceramic coating (18) without removing or damaging the underlying substrale material, which may include a metallic

boad coat (16).

0 0 O

\.\\x\\\\\\\\\

12

O 02/46498 A2



Coati ng systens capable of satisfying the above requirenent %gh@ﬂé
i nclude a netallic bond coat that adheres the TBC to the cogﬂﬂ Bond

coats are 30 typically formed of an oxidation-resistant diffusion coating
such as a diffusion alum nide or platinum alumnide, or an

oxi dation-resi stant overcoat alloy such as MCrAlY (where Mis iron, cobalt
and/ or nickel). Metal oxides, such as zirconia (ZrQ2) partially or fully
35 stabilized by yttMEIHEQOP208) RENQYAYS SERRYIDC GOAQIAES oxi des, have been
wi dely enpl oyed as TBC materials. TBC is typically deposited by flane
spraying, air plasma - 1 - e 3 June 2005 spraying (APS), |ow pressure

pl asma spraying (LPPS), or a physical vapor deposition (PVD) technique

suchsas Qﬁ%ﬂ; iiapvapor deposition (EBPVD), which yields a
strain- tolerant colu structure. These 5 coating techniques
require tooling to position, rotate and mask conponents bei ng coated, such

that the coating rolled to shield a elected
portions of the conpongﬁfs ég%ﬁ%?g d}?%%%tt%dm%ﬁ%ggghgvg been nmade
with codemeaying dsmniambaivassediéve prodicibarbpt hthhe

envi ronn'&'i‘lt\@dtyidr?51§tcﬁ@dem 93 ROt BCedBCeddPlfal 3 1hD8r! Bevi tabl e

requi rement to renove an lace th under certarn circunstances. For
exardfl e, @r @Hﬁ\%n%f%a@%éé%ﬁ%‘%&%dlﬁye@ oS @F PnpREFMAmage to the

TBC dur bagrarg rcﬁaaaﬁefg?ltd@@;wmabys%%é&%c&@léel@ﬂsz) Cﬁfbﬂl n
features such s the tEP n%}h of _a turhine }
urface, suc that of tooling of a deposition

apparatus or that of a component of a gas turbine engine.
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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bl ade. Renpval of the TBC may al so be necessitated during 03538%3565

manuf acturing to address such problens o as defects in the c

handl i ng danage and the need to repeat noncoating-rel ated nanufacturing
operations which require renoval of the ceramic, e.g., electrical-

di scharge machining (EDM operations. Because the equipment, tooling and
maskant s enployed I n the 5 deposition of TBC tend to becone-coated with the

TBC mat rlrgI:L 3?3§3 arises to periodically renove TBC fromthese
conponent® {1884 d e é’%qrepﬁﬂ-ﬁéi‘“a fapIAY ot ablPBPer ¥ oh. As an

exanpl e, phﬂaaqaédvﬁﬁ@nﬂﬁﬁpogﬂﬁxahtﬁmmgn@g@%ﬁﬂdﬂgrgﬁggug§ after only a few
coati ng ent staf of -the-art nethods for repalrjng conponent s
e%fﬁ&‘?%a Qfé o ?) é’?lﬁctai ﬁ’alp%\?%p Vo) TBESStem . e.,

pr ot ect

bot h théYé@i@ﬁ1@ $B@aandtbﬂerahmn@odumhara@MQiﬂMygﬁud&uxéxnutug&g and TBC
nmusts be 5§g§ stLe S £ s _to _use abra5|ves in.2 3 June 2005
procsedur((:as su as gpﬁ'&%ﬁag%%%% vgg’gplﬁgmtﬁg Pt iy B Seeni ng, each
of whi clPR$ ’&a%]FoﬂPmPQB@ntSnbenSlgveoapadcesmclhhaihae:r(Idﬁs ddeciHC and bond

SO EwetdsasciionesUBALLBYTAUELACR, RINCALT LAT DAL aas . Wi

repetltlve s. use, Lhese procedures eventua € conhponent by

redum|ﬂP?¥ﬁ§%ﬁ§I°thEﬁn€§§Pﬁﬂeﬁﬁ€ -conponent. This disadvantage is
particular acute with diffusion alum nide bond coats, which have a

di ffusion zone thﬁt?extends i n the substrate surface of the conponent

Darfige to 10 di ff usF3NgRI GHERL éCBBEda@BﬁF§e§ehéW&I bpesc Made wyitihe

coating materials and processes for producing 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



fracturing of brittle phases in the diffusion zone, such as PtAl2 phases
of a plat inum alumnide bond coat, or in the additive Iay@ﬂunﬁﬁﬂ&ﬁ

t he outernost bond coat |ayer containing an environnental | y-resi stant 15
intermetal lic phase MAL, where Mis iron, nickel or cobalt, depending on
the substrate material. Damage is particularly likely when treating an
air-cooled conponent, such as a turbine blade or vane whose airfoi

SU“‘aceipweéa@_@eéoghbﬂgaBOI;.;%tf bOEEMAREY sepkmboning suzh Hidfthar ged to
cool external :surfaces

ect tq the 1k val from
t ool i ng,bead PeERIPEneRECEHSE Ygécg‘egrseﬁe Ediry gjm%vgﬁl &'{nos-&% ntain the
oper abi Iﬂtﬁsa(c@éstaﬁat:oehsba@sdw&t real hyxdzboszhbmoems aise we¥l st Wi tooling,
| eadi ng

f |
T o CEalHE hushat M SRhaRRT Mo PRaee e diah samorature

gl en forne super.al | oy
nat egi al ggepUEhess ﬂa&b&ﬂhmﬁsxsvwntnaﬂﬁy desguiay et IR acement

costs can_he hi h 30 LR vi e YRy iHdiant sifort has been
di rect ed*® 8%9 anaggnaﬁﬁggﬁﬁggpfggggses fg renpvi n 'q?%f#@e such
net hod |6laadaanbagavnﬁgp@m@@@@éaﬂ ﬁqmﬁQﬂV%qRadH§§q§}?ﬂﬂ) €0 10 el evat ed

tenper at ur d pEESSULES e B HNE ISR G @wmummm@ld Thi s
process R%ﬁabgéﬁegbu g&g@ g%??lClently weaken 't he é%DJH e 2005 chem cal
bond betmbensuhétIB@eaﬁﬁlﬁéﬁ@ &datt eaﬁ&@?Qﬂ?ﬁﬁwrnQaW O -the TBC

Mhll @Xf@ﬁsi@ﬁ Boudiade bbﬂﬁa@batHO@ﬁ#&mmlﬂytaﬂﬂurSukbc¢%%|ng

pnenfracturlng of brlttle phases in the diffusion zone, such
as PtAl, phases of a platinum- ~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 air is

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 cshortens 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 materlals, such as Hastelloy X, with- the
result that tooling replacement costs can be high.

30

In view of the above, significant effort has
been directed to developing nonabrasive processes for
removing TBC. One such wethod is an autoclaving process
in which the TBC is subjected to elevated temperatures

55 and pressures in the presence of a caustic compound.
| This process has been found to suff1c1ently weaken the
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expensi ve, and autocl aving techni ques have been incapable s 8f rengving
ceramic fromthe cooling holes of air-cooled turbine blades dHee ¢9%Rs .
Consequently, cooling holes are likely to becone constricted when new TBC

is deposited, which is detrinmental to the performance of the conponent.
O her known techniques for renoving TBC fromio coater tooling and gas

tur bi ne engi ne conponents include fluoride ion cleaning and high
tenperature treatnents wth chloride. However, each of these techniques

general ly has the_di sadvantage of being slow, which significantly limts

t hr oughput C8fEFedubead; betslesn e TR tjines, A nore
oo sembemmigs JECagt L7 a1 O C IS ol o0
preferabljﬁgﬁﬁﬁ%fuﬁ???ﬁﬁ?rdeséﬁkabﬂe.aﬁm@aﬁavyhgmeqdﬂﬁagn tf$esu}faée of a
TEC-coat xammnns) sk sadeappsotiber syt pe e 10 VT pelogen 1ons

that are hgl ::'see\ﬁ?oqfito attack the neta
ceves o1 GFramiR L Xxemt theuabol #agbppdeg0als saRe chalegy aded by

bond “coat.
this treatmsitine hdugled diRggidyi N ral substrate_ remains
unharned_aygihgkgqﬁy%E)s} al . represé%?gggg?ﬁ%f¥fcﬁﬂ?iéﬁgaﬁegﬁﬁnt i.n TBC
rennval,d@furthgrﬁ'npro SRS Cansteketed wivan thew| BBEYiEOr processes
capabl e dfePefdlirAg WBCchr dm detaipriAn] r it hout dammgi t he
under | yi o éﬁgge,gﬁtgglksiﬂg %Ey bqndlégéﬁﬁ%;§¥£?F@ﬁWﬁ?éo hgﬁ?BC. 4 3
Jun%ﬁZOOS t:Ul4KIW OF | | BRchniques for removing TBC from
: coater tooling and gas turbine engine components include
' f?uorlde ‘on 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.

'



The present invention provides a nethod of renoving at |least _a portion of
a zirconia-containing ceranic coating froma surface, the métHBg2005
conprising the step of subjecting the portion of the ceramc coating to an
aqueous solution conprising an acid fluoride salt and a corrosion

i nhi bitor. One enbodi nent provides a nmethod of renobving a ceramic coating,
and particularly zirconia 4a 3 June 2005 containing thermal barrier
coating (TBC) materials such as yttria-stabilized zirconia (YSZ), that has
been either intentionally or unintentionally deposited on the surface of
a conpoRdMARXs OFUGIHE TBOVENEXON al S With or without a s metallic bond coat
can be renoved by the process as bond coats are typically not present on
equi pnent, t ogying,a0gd skants used to deposit TBC materials, while bond
coats ma)té/l Be a prg]ferretcr}%él(‘)’ﬁg%’r?rbé?ﬁo"léﬁstﬁe‘ﬁ%ﬂrddacoésrjeﬁodfﬂ@ drenpegat ur e
conponentsPPRUBIUOE Boziocdrerachabsi yiapkerent he.JJBG, Lo Lhe conmpanent,

not abl e tRXapplgsy Oéorﬁfﬁji%tﬂnm?_{hi ncl ude gas tﬁr bi?n%%gﬁéi F\%Or%oahﬁé‘r’fgﬁ‘f%r
exposed %gg%&e hostil e ther el "endFrnfkntulbieatiag tthebpnetieonbastis and
augnent o G GR3THNT dgas atiuebiNes ARG bR G iBLHod, nBy, particularly be
suited fosid sincOEPLEL &Y HLETRYI NG the TBC wit hout re?ro\glillj nagc)&g?%&ﬁﬁﬁb‘i{eng t he
metal lic bond coat, if present, o ordamagi ng the wunderlying substrate
material. The nmethod generally entails 20 subjecting the TBC to an aqueous
sol ution cont@idi BghEHl medG ojide_salt, such as anmoni um bifl uoride
(NH4HF2)__ or sodi um bi Fl uor ?pd;eé%i?ﬁFZ?, met#od < r ssioniinhiabi teramic

ng, and particularly zirconia—

4a



A preferred process for renoving the ceram c coating may entail inmmersing
the conponent in the solution while 25 nmaintained at an el evar¥ge 2005
tenperature, and subjecting the coating to ultrasonic energy. .Using the
method , a TBC can be conpletely renoved fromthe conponent and any
surface hol es, such as cooling holes often present in the airfoil surfaces

of gas turbine 30 engi ne conponents, and with essentially no degradation of
strate beneath the TBC. Therefore, the

a bond coat it]‘aiprier'f‘ent% or iug
met hod of tFTE 3N | SHeTRAL HBAHELET FRBELRE VTBFI WekeTLadPe SUGR | v
dest r oyi ng ashe wonporentbi bi zeduiz prechiar Qwswhi, Chhike hABCheen eighed: 35 In

view of th , 0, 5 Jyne 2005 _ Particul arlyy be
sui tabl e fgﬁﬁ%ﬁﬁ%ﬂ%ﬁ?%%ﬁ%?rg%$§§§n¥6?%?%§YeH§Pﬂ§188ﬁp8ﬁe%F§ ﬁﬁaf%ﬁg t hi ck
TBC t hat a®fufulcermEonsRt equipneach, t BB smahdrimikant shusedwiichappl ¢ TBC on

such gonpgﬁgggqiéT@dhdmg{?@ ﬁgﬂ S e, depositi of s a new TBC
on conponents intended tq be t erﬁg%lgeﬂ+%§§1%?egﬂ§dg%O%EgEmﬁthout
necessitating'refyrbi§ﬁhéﬁ¥“§r0?$%%l%ﬁﬁnﬁﬁ@lcﬁllhenbbnpreaantaﬂa wi t hout
depost t1 Ndeqadgienonale BT AY Gid! RIS A6fad Ot g aefolic £8011100 ol es.
| f the conponent was previously in service, such 10 that the bond coat has
been parti &F Py idepr etBil aPWd FaaliFt WE BRI 8aRT DI teHe COBH (WeAE can be
ref urbi shedn bbéoserfepleaciofy Hitth TRGpcahd fdGRibnadvaniager@ér this
met hogd may. t he,,reduced | r, equipnment and processing costs
requif%d t%£?€%ﬁ%§%§ﬁg§8hﬁ§ﬁ q;%ie fgé)to éLe component, notgbfe

examples of which may include gas turbine engine components

exposed to the hostile thermal environment of the

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 damaging

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
maintained at an elevated temperature, and subjecting the

coating to ultrasonic energy. . Using the method
. @& TBC can be completely removed from the

25

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

L} . - 5 -



Is insulated with TBC and to renove unwanted TBC fromthe eguipnent
tooling and maskants used to deposit TBC on such conponents.JPﬂeg tion,
the service life of a conmponent can al so be extended by avoi di ng

repl acenent of its entire TBC system since renoval of a bond coat w
results in loss of wall thickness, particularly if the bond coat is a

di ffusion alum nide that inherently shares a significant diffusion zone
substrate. 5 Anot her advantage of the' nethod can be

with the %gﬁRgpegt ,
that priofart tethh ffesuibiblefovi ngnTBOhARE Eypi cald yurbeen unable to
renove TBEnrHime Compeorindiy 4 5Ol L I ofrponen r have caused
excessiveegég?ggnkp Ehe bong coat fﬁﬁfﬂ%t%?%é§%§?6%8%€W%%$ﬁSgtﬁg TBC. Wth
the abili o conpl &0&%/ kpmE s uRed e @ppingt®ol es sothan
ai r- cool e€GOEBAPONESNt vidtiBonttidamagiynglbheaunslehyi 8g,Hand 608, the
per f of mangenpgf, can be_inproved by the ability to restore the
TBC to its Ori g?%g Bgﬁgﬁ’ﬁgés‘?f‘%ﬁhé%ﬁ? soabg dhierpaliley desired film
cool i ng etPeRtatedt HethoRBOnwathout aceessifatd ndune R85 sKAl9F ©bj ects
and advant&gbsc&hehfi Sfi N4, j 1.LL be better appreciated fromthe
follomﬁnggﬁfiajlee desc??%t%%ﬁ& ﬁ%EESEﬂPPTﬁéﬁoéﬁ PAROSRAWIEGS Figure 1 is
WPt eesamriacin payt sunfateahglest Uebigne ergiriad! ade

a sectio
e T B A U
Yy depleted as a
result of oxidation, the bond 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
10  results 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.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON Figure 1 represents a parti al
cross-sectional 1s view of an airfoil portion of a gas turbgﬂén%ﬁ %he
tur bi ne conponent 10, such as a blade or vane. The substrate 12 of t he
conponent 10 is shown as being protected by a thernmal 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

fromthe substrate déndl difeSOIPERENAatOnc ibBOE ERTBYiBICRI 4RI NG the

bond coat As W | | scussed bel ow, e net ho thi,s invention is
al so (P%(P?QﬁﬁﬁhQRPﬁ%ﬁ§%ﬁﬁﬁt%ﬁ?@oﬁ%@I§°Hbﬁﬁéﬂﬂe§e§ﬁltﬁé

equipnenﬁesurﬂpﬂnpﬁum maskants (hereinafter referred to as toollngj
used to deposit TBC on conponents. As is the situation with high
tenperature conponents of a gas turbine engine, the conponent 10 may 30
be f er me PESCRIFUIGH ,OMITHE IDREWINGS! t - base superal | oy. The bond coat 16 is
an oxi dation-resistant conposition such as a diffusion alum nide and/or
MCr ALY, both of which forman alumna (Al2G) |ayer or scale (not shown)
on its surface durifiguegpdsure a csetelenal tiomperfitar ssrfaseThe al unina

scal e prgbegtiont b wndeld ;é&ﬁt r xi dation and
provi des sur nace 'téo%%-s )&d}%l}%’:ér% v élﬁégﬁ%% ?89?0% t enaci ously
adher es. t$ﬁ€m? Chegrdgy EQQFﬁRﬁﬂ§KﬁF?WIﬁh%ﬁninﬁﬁw@¢ﬂga aBF pl asma spraying

(APS), | g@hpredstbe thleapTRdeP s fihd Wi PhchdPlsdeal vapor deposition
techni que, e.g., electron beam physical s vapor deposition (EBPVD), which

yields a strain-tol erant
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



col umar grain structure (not shown). A preferred material for the TBC 18
is zirconia partially stabilized wth yttria (yttria-stabilPZe8e209%onia,
or YSz) though zirconia fully stabilized with yttria could be used, as o
wel | as zirconia stabilized by other oxides, such as nagnesia (N@C»,

calcia (CaQO, ceria (CeQ2) or scandia (Sc2G3) . The method of this
I nvention entails renoving 5 the TBC 18 w thout renoving or danagi ng the

bond coat ;16 or the underlying superall oy substrate 12, so that new TEC
can be YBAY; tbe FBG HeB onoxp redndohousbat adiberdecor thagTBa ki s i nventi on,
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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.
Various 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 uhson 1,3- ~diethylthiourea
(CoHsNHCSNHC,Hs) and alkyl pyrldlnes (e.g., ethylpyrldlne,
methylpyridine, propylpyrldlne, 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 3 June 2005 30 vol une percent 1, 3- dlethylthlourea and about 30 to
about 60 vol ume percent of a m xture of al kyl pyridines. A grenezped
conposition for the. stripping solution using the RODI NEO 31A corrosion
inhibitor is about 45 to about 5 55 grams of anmmoni um bifluoride per liter
of water, to which is added about 0.2 to about 0.4 volune percent RODI NE
31A. Wile not wishing to be held to any particular theory, it is believed

tha]'E | t he 3@ivbIhuer pdecesal tr, ataa.él@% %‘th@.%'bx%ﬁ ,CErdddig: ido tw zi rc:)nl um
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material beneath the TBC 18 and the oxide scale.

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.



30 total treatnment duration of about four to about five hours is 8eneral|y
sufficient to weaken the chemical bond between the TBC 18 aAdut®&Y8R uni na
scale on the bond coat 16. It is foreseeable that |onger or shorter
durations may be preferred, depending on the properties of the 35
particul ar coating system 9 3 June 2005 |In practice, the stripping
solution of this invention has been used to renove YSZ TEC from ni ckel -

base superalloy airfoils w thout damagi ng an underlying platinum alum nide
bond coat. Notably? PRSI nthdeStextipping holesioh ohethisfoils was al so
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were spdeéssiul Iaglum:ﬂmoﬁ Q:ibnld tdbahBC Widtb y ! SflE T & Peh #AY L hef ur bi shing of

t he bo u t ocess of this_invention conpletely
rem)vegg qu¥égai§%néﬁ1ghﬁxﬁﬁﬁé?)#ézégﬁ 340 t Fereaed. pER$ bFmance of the
alrf0|P§rﬁa§nﬁon|uhﬁmhanﬂtqpaﬁuawmnhﬂﬁﬂﬁﬂéC%blése%ﬁ@8§oaf£alBy{he cool i ng
hol es. + Rur fraer mMyLe,H8C g1 roces this invention did
not daﬁage a§§n%br31ons%%fqgﬁgﬁbondlﬂgggq§9 S?%%a& Eﬁ%ﬁ%35|ng steps to
repaerEP LBBl Reesages E@h&hcbamwtﬂ&wﬂs,umnﬂﬁes&ﬁwyat&éck@@ bl ades had been
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MCr Al YEEGPR! eéoHF—Elhb?BCr éﬁft@h@ufrhef@qptru@ng ampBCafapdsishion wfng a

di ffustie® bond coat. Because the stripping process of this
invention completely removed the TBC 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 toollng was formed of the nickel-base
superalloy 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 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.
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al um ni zi ng techni que such as pack cenentation or vapor phase alum nizing.
The stripping solution of this invention has also been used3tgngeedp YSz
TBC fromtooling used in PVYD coaters. The tooling was fornmed of the

ni ckel - 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 croneters per
hour) w thout any apparent degradation of the substrate. Wile the

i nvent i orrHasehmnn, dascridsse i o t eh85inPbnliphelgr redpemhadiired , it is
apparent that .ot her é;gim coul d. be adopted by one skilled in the art. 10
3 June 20857 Ferdtork®LIMENg pE2 St he i nvention is to be linited only by
the following clains. - 11 3 June 2005 CLAIMS: 1. A nethod of renoving at
| east a portion of a zirconia-containing ceramc coating froma surface,
t he met hod conprising the step of subjecting the portion of the ceramc
coating to an aqueous solution conprising an acid fluoride salt and a
corrosion inhibitor. 2. A nethod according to claim1l, wherein the acid
fluoride salt is amonium bifluoride. 3. A nethod according to claim1,
wherein the corrosion inhibitor conprises sulfuric acid and 1, 3-

di et hyl t hi our ea.
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4. A net hod accordlng to cIa|n11 ‘wherein the corrosion inhibitor

conpri ses about 10 to about 30 volume percent sul furic acid3J4B88£030 to
about 30 volunme percent 1,3-diethyl thiourea, and about 30 to about 60
vol une percent of a mxture of alkyl pyridines. 5. A nethod according to
claiml1, wherein the subjecting 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
conpri se€saamgyt 20 to about 100 grans of the acid fluoride salt per liter
of water, and up to about 0.5 volune percent of the corrosion inhibitor.
1. A nmethod according to claiml1, wherein the solution conprises about 45

to about 55 gramslof themathdd lfuafdniderise) tabelebbter YPorWalf] .ond about
12 3 June 2005

0.2 to Qbog} éﬂ@% ﬁ{ﬁent of the corrosion inhibitor

8. A netho accor ing to $h 1,CSHAES n tRRE4BPULi on condFOPs &sentially

of abou$u2§a€©:abb§tmﬂmhoiﬁemmprﬁsiM@ tdee dst bpobifdeuigdetierg Iiteer of

mater gt 18n UPokO ut 0 Der cent of the corrosion inhibitor.
et hod. accor di nEB(é (Toea]isanq}{é relirf‘gthe sol P oo SIS

essent|%?19tb@naﬁﬁﬂpr4§lﬂ@aﬂﬁnﬁctﬁifﬂﬁbmmd&msaltthadaal¢o&k@®n@®e salt per

liter ofnMEbEfeorand about 0.2 to about 0.4 vol une percent of the corrosion
i nhibirtor. 10. A nmethod according to claim 1, wherein the

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 to clalm 1, wherein the
solutlon 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



L5 subjecting step further conprises heating the surface and the sol ution
to about 60C to about 77C for a duration of at |east two hodrgne 2905 A

met hod according to claim1l, 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 claim1,
wherein the 5 surface is that of a conponent of a gas turbine engine. 13.
A nmet hod according to claim1l2, wherein the surface conprises a netallic
bond coat adhering o the ceramic coating to the conponent and wherein the
sol ution does not renoveatherhoad aceairdihg AdTeiIWin at¢owtlietrgiho tdeai m 13,

further co l.sing the,step of depositing_a ceram c_materjal E t he
sur f ace oﬁogﬁglegnﬁaﬁ%%%sﬁ?t§ﬁSFﬁ§B$§¥¥HoafoFEKFHé %%réﬁ*caﬁgﬁ iﬁ%ois
renmoved. gBams of the acid fluoride salt per liter of water, and

5 up to about 0.5 volume percent of the corrosion

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



