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Components located in certain sections of gas
turbine engines, such as the turbine, combustor and
augmentor, are often thermally insulated with a ceramic
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
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
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 (ZrO;) partially or fully
stabilized by yttria (¥20;), magnesia (MgO) or other
oxides, have been widely employed as TBC materials. TBC
is typically deposited by flame spraying, air plasma
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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

35 bond coat, after which the bond coat and TBC must be
redeposited. One such method is to use abrasives in



- 3 WO Il 2/-1098 PCT/USOL/ 28288 chem cal bond between the TBC and bond
coat layers to permt renoval of. the TBC while | eaving the bond coat
intact. MOY6H98 suitabl e autoclaving equi pnent is expensPCEUSN2E288

aut ocl avi ng techni ques have been incapable s of renoving ceramc fromthe
cooling holes of air-cooled turbine blades and vanes. Consequently, cooling
holes are likely to becone constricted when new TBC i s deposited, which is

det 11 ment.alo Lonlie: PELERT ABNGE: M1 het LagpPORapby Rbhengkaodnglaghni ques for
removi ng romio coater tooljng and peLGopRonents

| [ [ gas tur bing eggi

i ncl ude fhemd iprenbagcl eanbngtaWBiGhghSt 8npLPYt ut8PPFeat ments with
chloride. a@é@zhﬁécereﬁe&,hege rechahguesngeoensl, | yshaelihasdFB&dvant age
-of being B ow, which significantl Hlm h% éhroughpuhigﬁd rreg)%glit-_s_vlan

rel ativel gubstraky PUrfiaF6uREREREs P& NBFE FRBFA t échni qué for renmoving
TBC i s di ggbosedetd PrSceBarent edenthably, 684 troyREBEeSOBPORENE §Hd enpl oys
-a hal ogen-cont ai ni ng po r _or. _gas, 2o.prefer ni ¢iRifd uori de (NHAF).
Reeves et r@@Pc’c?ﬂa’Eﬂth\é\ggr Fg‘&g 5FS§ %gcﬁggafgﬁbégﬁp%ggentéb a_tenperature
suf fi ci engitaavhrtdgbaiegeartionlarancate beélthedad 61 LK HE et al

oxi de bond betweep_the. T t he 0at . Reeves telextlendsotimtichat
al umi ni dePBB dc88gF$ gPé%gs%ggfger gdéig%gslsﬁ%i%s ztor eat nent, though the

under | yi nghsupebakirey s shstieaee ofefdienSommenerdd. WATEREes et al .
represent .agl gnih Elﬁ%\iﬂ‘aaé‘%%?ﬁ“cda&sT%Gﬂe@mw oddirtshdry ithsr ovenent s
da: Prctrarly for

are désir parti ) processes capabl & r.enpvj TBG gy om a
conponent fsacturfiage ofi ot eGSR e éirﬁﬁl}?glosnubéscé}rgedt e, .1 ncluding

any bond gaabrusedyhasadheseat heatBum- SUMMARYJAEFLBRE CRWVEENTIPON 35 The

present invention provides a nethqd .of .remyj nHRg &oating, and
parti cul athy APaSHvE 1ayer. {%@ SehHE @%%28288 cont ai ni ng
t her mal bqrag,ieq:r Rt it {J BG) eratieromhentaicly asesis%aRt st abi | i zed zirconia

(YSz), that "has been either i ti Of o UNkdtt enti @eel | yr deposi ted on
the sWfrfad&SGE"% hetit2®As such) éCﬁvlmatsetl"i&lzl s,wth or withoyt a5

metal i c heihlenatdepending enmvielte byub#er o deazeniat hi sPFHPERtTOn, as bond
coats are typi.cald t '@ﬁg@t t9otLlBgoasd maskants used to
deposit T %ﬁtce“}]le}a/ﬁ'iss? %%gﬁnﬁ%ﬁg ‘gﬁ%%s ar ea% prefer(rjﬁd gogﬁ%gygnt on the
surfaces oforpgientenpeuciouae 3okpbRtRe sP1adergervane Wios

surfaces include cooling holes from which cooling air 18

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 frequent
tooling replacement. Because of the high temperature
processes used to deposit TBC, tooling is often formed of
superalloy materials, such as Hastelloy X, with the
result that tooling replacement costs can be high.

> In view of the above, significant effort has
been directed to developing nonabrasive processes for
removing TBC. One such method is an autoclaving process
in which the TBC is subjected to elevated temperatures
35 and pressures in the presence of a caustic compound.

This process has been found to sufficiently weaken the
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further improvements are desired, particularly for
processes capable of removing TBC from a component
30 surface without damaging the underlying substrate,
including any bond coat used to adhere the TBC.

SUMMARY OF THE INVENTION

35 The present invention provides a method of
removing a ceramic coating, and particularly zirconia-
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i nvention will be better appreciated fromthe follow ng detail ed
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a surface portion of a gas turbine engine blade protected by a thernal
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with a bond coat. DETAILED DESCRI PTION OF THE | NVENTI ON Figure 1 represents
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an s eT e nart Bry I Ag used to deposit
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or cobalt- ase super a coat S an oxi dati on-resi st ant
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exposure to el evated te eratu%f%§835 The al um na scal e grotect t he

under | yi n¢ eF 1y Sl r 4 f 93 bRF éP?oﬁnﬁhHepF WPaBE 5%surface to
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turbine, combustor and augmentor sections of a gas
turbine engine. The method is particularly suited for

15 completely removing the TBC without removing or dgmaging
the metallic bond coat, if present, or damaging the
underlying substrate material.

The method of this invention 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
entails immersing the component in the solution while

25 maintained at an elevated temperature, and subjecting the
coating to ultrasonic energy. Using the method of this
invention, a 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 present invention is
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(about 60C to about 68C). The stripping treatnment of this invention zo al so
preferably includes the use of ultrasonic energy transmtted through the
sol ut?dn to the TBC:QQOtbﬁgqﬁéﬁéPéégﬁfongEF P ﬁﬁ?nFolﬁﬁﬁﬁglﬁgvé ®peen found

suitabl e fegHatllprbsonaetenechyiibeeel soef rahouting0TBC Abowt tPACAlAer gal | on
(about four liters).of _solution he u rasonh¢ tr Nt gCa
continued%ﬂ%??lu?% 1%BEPl§em8V80E§ﬁeEEP? kéﬁDSSS 6Pgaﬁ%ﬁg§s% sugfb0|ently

| oosened seodhed companehesreowvidviycbhunesti rgcesspres samagepitay thiensi ng,

typically r expo e ut. ct LV 0 u trasonic
Y oat ment , Debdor Bt oF AL EHET ploctR b Banka b EnRrabe. MR ve hour s
i s gemeral ¥yl bty epeapmpdehedivererorecABR EaPmhohe FOOLEd ti9d ©FBC 18 and

the al unm ngg sgal &5 POCLBEBORBBRRENEO wikholi® BARGs@eabkaet hat | onger or
shorter durations nmay be preferred, depending on fhe properties of the
underlying bond coat, the performahce of the component 1
improved by the ability to restore the TBC to its
original thickness, thereby reestablishing the desired

35 film cooling effect at the component surface.



35 particular coating system g WO 02/-tG 198 PCTI C1SUl/ 28288 In
practice, the stripping solution of this invention has been used to renove
YSZ TBC Wwom/ekel base superalloy airfoils w thout damagbPaguam/ssker|yi ng
pl ati num al um ni de bond coat. Notably, TBC within the s cooling hol es of
the airfoils was al so renoved, while portions of the bond coats within the
hol es and coated by the TBC, as well as uncoated bond coat within internal

cool i ng passages Of ddieRidd fidiss %%Mnﬁgﬁ%@ t

PG
tr eat nent, hge ai |Is wer € successft ul ecoat e mnth TBC wi t hout
requiring“a tserﬁ @Rﬁeqwqﬁ%rﬂ%&h‘a Hakaninhedgtai B ng process

of this |ﬂﬁen&u@mzmﬁnpletely renoved the TBC fromthe cooling holes, the
-thermal performance of the airfoils was not inpaired by the accumul ati on of
excess TBC in the cooling 15 holes. Furthernore, because the stripping
process ODESKRI PIIMOANGROITHE ORAWINGB™RgEe any portions of the bond coats,
-addi tional processing steps to repair or replace the bond coats were
unnecessary. |f the blades had been in service, such that the bond coats
were partially 20 déploazsl lasisa awﬂuicufalomidm iah,a tsherbarel coat s,

whet her apdi-tfivgl 9 al WHNidem Ml d m%dte %#Oq:é)&é&ef rbished prior to

TBC dep05|t|on using a dlffu5|on al um ni zi ue suc as pack

cement at i 8ﬁe6fna\}a5’@rrrﬁ-@d:sé3%q}rﬁgnsz¥ﬁf§m 233’13Ithelrs;t1r114ﬁﬁ Ry Bfution of this

i nvenii onafagrabsedese usetd Gstfdde YE4HBCHARI Ll ing used in PVD
coaters. The tooling was fornmed of the nickel-base superalloy Hastelloy X,

and the TBC was stripped at a 30 rate of about 0.003 to 0.005 inch per hour
(about 75DETAADLEDt DEZSRIKTIORIGH STHEEIINURNDION t hout any apparent
degradation of the substrate. Wiile the invention has been described in
terms 35 O a preferred enbodinent, it is apparent that other forns could
be adopted by one skiilduste iln tdpregants dlPartiD Wogd-498t RETEAL SO01

128288 Thehelobe: e iSGa Poddiod BEY Il 'l e dddihgd only by the

foll ow ng clains
turblne 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
gsuch as a diffusion aluminide and/or MCrAlyY, 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



- 11 WO 02/-4G 198 CLATMS: PCT/U SO 1 /28288 1. A nethod of renoving at
| east a portion of a zirconia-containing ceramc coating (18) from a
surface, Woe2/sevthod conprising the step of subjecting thePETASHL28388 of t he
ceram c coating (18) to an aqueous solution conprising an acid fluoride
salt and a corrosion inhibitor. 2. A method according to claim1, wherein
the to acid fluoride salt is amonium bifluoride. 3. A nmethod according to

claim1l1, wharei &H&@B@ri@&h@fei%&ﬁééi&ﬁswnmﬂéf? sul £4&i epacid and
1, 3di et hyl t hi %&r A method according to, c a| m 1, wherein the
corrosi on 9%th qlslélé BRI ARravindodiBoeLaFNAeSBERYERE sul furic

aci d, abourE) tclcaqueé’&m@lpmsmrm in mﬁ@yléhlaumymaad about 30
‘to about 60 20 ﬁﬁrcent of,a mxture of_ al k ridines..5.,A nethod

accor di ng ‘61 ai rROLSl & o AR IEIGIh] BT i ng®EEe ‘?‘ﬁr}gﬁ@i“ Egﬁﬁf’?gés
di r ects ng welporastepe@s dnisvyy (BBPYDE, ceénbrh Cy Cobds ng éﬂﬁalmhtbéerhntsurface

‘s 25 subjc%(‘itlﬁrglalroi ﬁoéy)%ug‘gmt,g r‘gb 1?%‘%_1 pccop ggfﬁgrghal m 1, wherein

the sol ution conpriSes ‘ab gt ans e acid fluoride
salt per materigl WmertheaBBGpls ol@b’-mntcml@ ﬁanbialhiaypet@bhlléﬁdt he

Corros'OnWﬂHHl?ﬁﬂ¥iaﬁh¥f¥fgﬁigfhﬁfffg 1%56&1 M4y ?reFHOEQﬁ sol ution

conpri ses about” 45 to out 55 granms o fltUoride salt per liter of
wat er an@%ﬂﬁﬂﬁ1Q)%P%%Ya%%%?l%BZ%ﬁ4W¥%mUﬂ%tb%ic@@@léfb@héséérr6§|on

inhin(ﬂ'wéM1 as zirconia stabilized by other oxides, such as
magnesia (MgO), calcia (Ca0O), ceria (Ce0,) or scandia
(8c203) .

The method of this invention entails removing

15 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
removed by exposure to an aqueous stripping solution

20 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

25 0.5 volume percent of the corrosion inhibitor. While not
required, distilled or de-ionized water is preferred.
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

30 containing sulfuric acid (H,S04;), 1,3-diethylthiourea
(C,HsNHCSNHC;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

35 Madison Heights, Michigan USA, and contains about 10 to
about 30 volume percent sulfuric acid, about 10 to about



WO U2/ . LI -498 PCT/ USUL/ 28288 8. A nethod according to claim 1, wherein the
sol ution consists essentially of about 20 to about 100 grams of the acid
fluori dewab24qes |iter of water, and 5 up to about 0.5 velcoresopeseent of
the corrosion inhibitor. 9. A nmethod according to claiml, wherein the
solution consists essentially of about 45 to about 55 to granms of the acid
fluoride salt per liter of water, and about 0.2 to about 0.4 vol une percent

of the cors@sieTum@hbLtent iQa-&iQ@BﬂP@h%ﬁ?té%i, NGnkOabbaicMb. ryherein the

15 subjec%%%&%stég further conprises heatin e surface and the solution
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-}34567wi [ViCEeIRRYY 13PaBE g140%8 §9-about 155°F (about 60

about 68°C). The stripping treatment of this invention

g)-!o‘IS&lo%UU&'()
C to

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 least sufficiently
loosened so that it can be removed by brushing or
pressure spray rinsing, typically after an exposure of
about two to five hours. Without ultrasonic treatment, a

30 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 longer or shorter durations
may be preferred, depending on the properties of the

35 particular coating system.
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cooling holes of the airfoils was also removed, while
portions of the bond coats within the holes and coated by
the TBC, as well as uncoated bond coat within internal
cooling passages of the airfoils, were not attacked.
Following the treatment, the airfoils were successfully
10 recoated with TBC without requiring any refurbishing of
the 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
15 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 unnecessary. If the blades had been
in service, such that the bond coats were partially
20 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.
25
The stripping solution of this invention has
also been used to strip ¥SZ TBC from tooling used in PVD
coaters. The tooling was formed of the nickel-base
superalloy Hastelloy X, and the TBC was stripped at a
30 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
35 of a preferred embodiment, it is apparent that other
forms could be adopted by one skilled in the art.
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solution comprising an acid fluoride salt and a corrosion
inhibitor.

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-
diethylthiourea.

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 (18) while the surface is
subjected to the solution.

6. A method according to claim 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
gsolution 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.
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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
20 surface is that of tooling (10) of a deposition apparatus
and the ceramic coating (18) was deposited on the tooling

by the deposition apparatus.

12. A method according to claim 1, wherein the
25 surface is that of a component (10) of a gas turbine

engine.

13. A method according to claim'lz, wherein
the surface comprises a metallic bond coat (16) adhering
30 the ceramic coating (18) to the component (10), and

wherein the solution does not remove the bond coat (16).

14. A method according to claim 13, further
comprising the step of depositing a ceramic material (18)
35 on the surface of the component (10) after the portion of
the ceramic coating (18) 1s removed.
13



