2 0 JUL 2004 METHOD OF REMOVI NG A THERVAL BARRI ER COATI NG FI ELD OF THE

| NVENTI ON The present invention relates to nethods for renoving ceramc
coatings. More particularly, this 5 invention is directed to @ grejypomof or
tenoving a layer of thermal-insulating ceramic material, such as yttria-
"stabilized zirconia (YSZ) fromthe surface of a conponent intended for
service at high tenperatures, such as a conponent of a gas turbine engine.
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BACKGROUND OF THE INVENTION

10 Components located in certain sections of gas
turbine engines, such as the tﬁrbine, 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

15 higher temperatﬁres. 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.
-'?

’f@oating systems capable of satisfying the above

o 20 requirements typically include a metallic bond coat that
S _ adheres the thermél-insulating ceramic layer to the
component . Metal oxides, such as =zirconia (Zr0;)

partially or fully stabilized by yttria (Y,0:), magnesia
(Mg0) or other oxides, have been widely employed as the
25 material for the thermal-inéulating ceramic layer. The
ceramic layer is typically deposited by air plasma
spraying (APS), low pressure plasma spraying (LPPS), or a
physical ~vapor deposition (PVD) technigue such aé
electron beam physical wvapor deposition (EBPVD), which
30 yields a strain-tolerant columnar grain structure. Bond
coats are typically formed of an oxidation-resistant



spraying (APS), |ow pressure plasma spraying (LPPS), or a physical vapor
deposition (PVD) technique such as electron beam physical vapor deposition
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' env1ronmentally resistant bond coat and the thermal- _

insulating ceramic layer, there is the inevitable

e

regquirement to remove and replace the ceramic layer under
certain circumstances. For examplie, removal may be
is necessitated by erosion or impact damage to the ceramic
layer during engine operation, or by a requirement to
repair certain features such as the tip length of a
turbine blade. Removal of the ceramic layer may also be
necessitated during component manufacturing to address
20 such problems as defects in the coating, handling damage
and the need to repeat noncoating-related manufacturing
operations which require removal of the ceramic, e.qg.,

electrical-discharge machining (EDM) operations.

Current state-of-the-art repair methods often

25 result in removal of the entire TBC system, i.e., both
the ceramic layer and bond coat, after which the bond

coat and ceramic layer must be redeposited. One such
method is to use abrasives in proéedures such as grit
blasting, wvapor honing and Qlass bead peening, each of

30 which is a slow, labor-intensive process that erodes the
ceramic layer and bond coat, as well as the substrate
surface beneath the coating. - With repetitive use, these
procedures eventually destroy the component by reducing’

the wall thickness of the componént. This disadvantage



el ectrical -di scharge nmachining (EDVM operations. Current state-of-the-art
repair nmethods often 25 result in renoval of the entire TBC system i.e.,
both the ceram c |ayer and bond coat, after which the bond coat and
ceram c | ayer nust be redeposited. 01e such nethod is to use abrasives in
procedures such as grit blasting, vapor honing and gl ass bead pe¥hi %8
each of 30 which is a slow, |abor-intensive process that erodes the
ceram c | ayer and bond coat, as well as the substrate surface beneath the
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for renoving ceramc coatilngs I 'S “an _aut oclaving process
in air-cooled component, such as a turbine blade whose airfoil

surfaces include cooling holes from which cooling air is
digcharged to cool the external surfaces of the blade.

Consequently, significant effort has been directed to
developing nonabrasive processes for removing ceramic
coatings. One such method is an autoclaving process in
which the ceramic coating is subjected to elevated
temperatures and pressures in the presence of a caustic
compound. This process has been found to sufficiently
weaken the chemical bond between the ceramic and bond coat
oxide layers to permit removal of the ceramic layer while
leaving the bond layer intact. However, suitable
auvtoclaving equipment is expensive, and autoclaving
techniques have been incapable of removing ceramic from the

cooling holes of an air-cooled turbine blade.

Accordingly, what is needed is a procegs capable of
removing a ceramic layer from a component without damaging
an underlying substrate, including any bond coat used to
adhere the ceramic layer.

SUMMARY OF THE INVENTION

There is disclosed herein a method of



whi ch the ceramc coating is subjected to elevated tenperatures and
pressures in the presence of a caustic conpound. This process has been
found to sufficiently weaken the chem cal bond between the ceram c and
bond coat oxide layers to permt renoval of the ceramc |ayer while

| eavi ng the bond layer intact. However, suitable autoclaving 2quuhnmids
expensi ve, and autocl aving techniques have been incapabl e of renoving
ceramic fromthe cooling holes of an air-cooled turbine blade.

Accordingly, what is needed is a process capable of renoving a ceramic
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ceramic coating to the surface of the component.

The method generally entails subjecting the ceramic
coating to an aqueous solution of ammonium bifluoride. A
preferred process for removing the ceramic coating further
entails immersing the component in the solution while
maintained at an elevated temperature, and subjecting the
coating to ultrasonic energy. Using the method, a ceramic
coating can be completely removed from the component and
any cooling holes, with essentially no degradation of the
bond coat. Accordingly, the method can allow the deposition
of a new ceramic coating on components in production
without refurbishment or replacement of the bond coat and
without depositing additiomnal ceramic in the cooling holes,
which would be detrimental to the performance of the
component. If the component has been in service, such that
the bond coat has been partially depleted as a result of
oxidation, the bond coat can be refurbished before
replacing the ceramic coating.

The present invention provides a method of removing a
thermal-insulating method of removing a thermal-insulating
yttria-stabilized zirconia (YSZ) layer from a gas turbine

engine component without removing a metallic bond coat on



coating to an aqueous solution of amonium bifluoride. A preferred process
for renmoving the ceramc coating further entails imrersing the conponent
in the solution while mintained at an el evated tenperature, and
subjecting the coating to ultrasonic energy. Using the nethod, a ceramc
coating can be conpletely renoved fromthe conponent and any cooling
holes, with essentially no degradation of the bond coat. Acggr giyingbos, the
nmet hod can all ow the deposition of a new ceram c coating on conponents in
production without refurbi shnent or replacenent of the bond coat and

Wi t hout deposi t$wgfaerlief die cerpenent thale atvirer) ot 6632 Mhverh twoul d be

detrinental tghd heoRSsAiBNGR: Gledilty SORPONeMy dife téf@ed,;;%ﬁﬂonent has been
in service, such that the bond coat has been parti all epleted as a

result of oxIYRRTHHT tH® porfdMRUBE e ah P rATUR DS R Betof ORI By
the ceram ¢ cambdmpam Tef puesiedd, |wheernd ity obntess sndreddw@s Afrgresmvi ng a

thermal - i nsul gt} 0g; (et rl-?éjato'fr%%We\f’i@oqnpa?ﬁé}uetr Mg U AN % o o a
yttria-stabi|Tz&d zitcon a ( ayerr trom a gas turbine ~@hgihe conponent
wi t hout renmpvielperarieg |9k heiiweena0°6nand4 7720 JUL 2004 a surface of the

conponent that adheres the YSZ |l ayer to the conponent, the method

conprising the step of imersing the conponent in an aqueous. sol ution
conprising ammoni rﬁ:tﬁqjt%arrﬂhe,amteﬁ% tHe TR ARSI Furier

conpri ses heatédigrddel atmmmponeniipmshtt hend gntddeds gy acodtedmesqaiiire] afo

between 60C %Jgeca %éfz&@é iccc?amil‘?g?vc?f]taagﬁleortmatlhil?a:iﬁveef]t&ooarlzzﬂrlsg the
gystem. In addition to the simplified process and eguipment
that can be used, labor and process costs

- 43 -



reduced | abor, equiprment and processing costs required to renove a ceramc
coating of a thermal barrier coating system In addition to the sinplified
process and equi pnent that can be used, |abor and process costs 2 0 JUL
2004 are further reduced by avoi di ng danage and renoval of the bond coat.
In addition, the service life of a conponent can al so be ext&fBdsd ks
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caused excessive damage to the bond coat in the process
| of removing the ceramic. By completely removing ceramic
) from the cooling holes of an air-cooled component, the
performance of the component is itﬁproved by the restored

15 uniform film cooling of its surfaces.

Other objects and advantages of this invention
will be better appreciated from the following detailed
description.

DESCRIPTION OF THE DRAWINGS

Figure 1 1is a sectiocnal view of a surface

20 portion of a gas turbine engine blade protected by a

thermal barrier coating system that includes a ceramic
layer adhered to the blade surface with a bond coat.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 represents a partial cross-sectional

view of an airfoil portion of a gas turbine engine

25 turbine blade 10. The substrate 12 of the blade 10 is
shown as being protected by a thermal barrier .COating
system 14 composed of a ceramic layer 18 adhered to the
substrate 12 by a bond coat 16. The method of this
invention is directed to removing the ceramic layer 18

30 from the substrate 12 of the blade 10 without removing or



Figure 1 represents a partial cross-sectional viewof an airfoil portion
of' a gas turbine engine 25 turbine blade 10. The substrate 12 of the bl ade
10 is shown as being protected by a thermal barrier coating systen114
conposed of a ceramic |ayer 18 adhered to the substrate 12 Z% @# coat
16. The nethod of this invention is directed to removing the ceramc |ayer
18 30 fromthe substrate 12 of the blade 10 without renbving or - 5 2 0

JUL 2004 danedamggthg bhadbendtcdét #As.is the situation with high
tenperature conponents of a gas turbine engine, the blade 10 may be
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whlch the ceramic layer 18 more tenaciously adheres. The

i‘} ceramic layér 18 can be’depbsited by air plasma spraying
(APS), low pressure plasma spraying (LPPS) or a physical
vapor deposition teéhnique, e.g., electron beam physical

15 vapor deposition (EBPVD), which yields a strain-tolerant
columnar grain structure (not shown). A preferred
material for the ceramic layer 18 is zirconia partially
stabilized with yttria (yttria-stabilized =zirconia, or
¥SZ), though zirconia fully stabilized with yttria could

20 be used, as well as zirconia stabilized by other oxides,
such as magnesia (MgO), calcia (Ca0), ceria {(Ce0;) or

scandia (Sc;0:).

The method of this invention entails removing

the ceramic layer 18 without removing or damaging the

25 bond coat 16, so that a new ceramic layer can be
deposited on the original bond coat 16. According to

this invention,r the ceramic layer 18 is preferentiall?
removed by exposure to an aqueous stripping solution of
ammonium bifluoride (NH.HF»,) at an elevated temperature.

30 A suitable composition for the aqueous solution is about
20 to about 70 grams- of ammonium bifluoride per liter of
solution. To enhance the effectiveness of the solution,
about 0.05 to about 0.2 volume percent of a wetting agent

can be added to the solution. While not required,



20 be used, as well as zirconia stabilized by other oxides, such as
magnesia (MO, calcia (CaO, ceria (CeQ2) or scandia (Sc203) . The nethod
of this invention entails renoving the ceramc |ayer 18 wi thout renobving
or damaging the 25 bond coat 16, so that a new ceramic |ayer &8n/Ube2004
deposited on the original bond coat 16. According to this invention, the
ceramic layer 18 is preferentially renoved by exposure to an aqueous
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conposition for a stripping solution containing acetic acid is about 10 to
' An optional ingredient for the solution is

(}v" acetic acid (CH3;COOCH) . A suitable composition for a
stripping solution containing acetic acid is about 10 to
about 20 grams acetic acid per liter of solution, about

15 20 to about 70 grams of ammonium bifluoride per liter of
solution, about 0.05 to about 0.2 volume percent wetting
agent, with the balance being essentially distilled or
de-ionized water. Suitable stripping solutions have been
prepared and used that contain, per liter of solution,

20 about 16 grams of acetic acid and about 35 grams of
ammonium bifluoride, about 0.1 volume percent of the
TRITON X-100 wetting agent, with the balance being water.

A suitable temperature range for the stripping

N process of this invention is about 140°F to about 170°F
- 25 (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 also preferably includes the -
use of ultrasonic energy transmitted through the solution
to the ceramic layer 18. Frequencies of about 20kHz to
30 40kHz have been found suitable for ultrasonic energy
levels of about 50 to about 200 W per gallon (about four
liters) of solution. The ultrasonic treatment can be
continued until the ‘ceramic layer 18 is completely
removed or at least sufficiently loosened so that it cén
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invention has been used to remove YSZ TBC from nickel-

o, base superalloy airfoils without damaging an underlying
] platinum aluminide bond coat. Notably, TBC within the
cooling holes of the airfoils was also removed, while

15 porticns 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
recoated with TBC without requiring any refurbishing of

20 the bond coat. Because the stripping process of thisg
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

ff) 25 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

depleted as a result of oxidatidn, the hond coats,

" 30 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.

While the invention has been described in terms



that | onger. or shorter durations may be preferred, depending on the
properties of the particular coating system 10 In practice, the stripping
solution of this invention has been used to renmove YSZ TBC fron1n|ﬁﬁ
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‘bond--coat. Notably, TBC within the <cooling holes of the airfoils was also -
-renoved, while 15 portions of the bond coats within the holes and coated by

t he TBCf as welkl asp:mﬂmfmﬂ bemﬂ:oclﬁantenwthm iid eapphre&®ol tREL PasSages of
the airfoils, n t agke ng the tre the airfoils

wer e successfu rg%og‘?edgén tﬁd?% V\h%ut rr’%qﬁ’ffingg‘gny”?ef’i}?%l FHithg of
20 the bond cﬁaﬁreﬁééauséhﬁuﬁ@©mﬁpmﬂuﬁhﬂomessnbionhms toveet ilomited
conpl etely reaﬁy9dbyh@th§biggahﬁgecggghbng hol es, the thermal performance
~of the airfoils was not inpaired by the accunulatlon of excess TBC in the
cooling holes. Furthernore, because the stripping process of 25 this

i nvention di'd not damage any portions of the bond coats, additional
processing steps.to repair or replace the bond coats were unnecessary. |f
t he bl ades had been in service, such that the bond coats were partially
depleted as a result of oxidation, the bond coats, 30 whether a diffusion
alum nide or MCrAlY-type, could be refurbished prior to TBC deposition
using a diffusion alum nizing technique such as pack cenentation or vapor

phase al um ni zing. Wile the invention has been described in terns
20JUL2004

N



of a preferred enbodinent, it is apparent that other fornms could be
adopted by one skilled in the art. Therefore, the scope of the invention
istobelimted only by the followng clains. 2 0 JUL 2004 CLAIMS 1 . A
met hod of renoving a thermal -insulating yttria-stabilized 2§ rjgpnig (YSZ)

| ayer froma gas turbine engi ne conponent w thout renmoving a netallic bond
coat on a S?Ehﬁm of the conponent that adheres the YSZ |ayer to the
conmponent, e nmethod conprising the step of imMmersing the conponent in an
aqueous sol ution conprising amoni um bifluoride, wherein the imrersing

step further conprises heating the conpone and the solution to a
tenperature of bétwe W%@f’%m‘a Femeving %qhﬁfrﬂ%ldnﬁ'@@g?ﬂi yiria-gtadilizesh 1,

wher ei n t hei \ t rd | i hGingner gy
At the vSz Tropnta S 0f) FURE fronhal Y LrOMes eriRe Soffiririend chsabing <))
met hod accoadneigilicobendicoatron avsarface of Hee oomponent tbetrpdherss e Y8240

grans of a ni bi fluori LIt f the solutiaon, 4. A nethod
Sccording 1 BVB 17 i85 ctfbbaent ihe istfief sermptistit e dlge s E 8820
grams of actid Gonpchaperinl ai rggudousheolution Usdrprisihg Amiinied BifloergéNg to
claim1, wherein the inmersi ntg ste conprises heating the conponent and
the sol uti owhetein theifmyaering steprfurthet Ge@Rrises haatingthe companeritanstthe

according t al i J diffusion alumnide. 2 0
JUL 2004 7.9%\8@@0 t%@@%%ﬁf%gﬂ%“@?%?%g? ngit?ﬁgr conprising the step
2. A method according to claim 1, wherein the immersing step
further comprises directing ultrasonic energy at the YSZ layer while the

component is immersed in the solution.

3. A method according to claim 7, wherein the solution
comprises 30 to 40 grams of ammonium bifluoride per litre of
the solution.

4. A method according to claim 1, wherein the solution
further comprises 10 to 20 grams of acetic acid per litre of the

solution.
5. A method according to claim 1, wherein the immersing step
comprises heating the component and the solution to a temperature of

between 60 and 68°C.

6. A method according to claim 1, wherein the bond coat is a

diffusion aluminide.

-10-



of depositing a YSZ material on a surface of the bond coat exposed when
the YSZ | ayer was renpoved. 2 0 JUL 2004 METHOD OF REMOVI NG A THERNVAL

BARRI ER COATI NG ABSTRACT OF THE DI SCLOSURE A net hod of renobving a ceramc
coating (18), such as a thermal barrier coating (TBC) of tgr !ﬂg-m_
stabilized zirconia (YSZ), from'the surface of a conponent (" ), such as
a gas turbine engine conponent 5 (10). The nethod generally entails

subj ecting the Teranmicmetiadd BgcoOiding @ araumuneﬁushaobommsu@tr@mm um

bi fl uori de, ?Btl onal |y C%Ztsal ni n a wetting aﬁent such as bg m*rer si ng
the conponeRt BeRENG 2 Ne 2 Blalen@r A SUTach Phiha hend foat xpabes when

t enper at ur etqu{zS gag,é]gn,égedé}ﬁgvé(p of the invention, a ceramc coating (18)

can be conp ete y Tenove romthe conponent (10) and any cooling holes,
with essentially no degradation of the bond coat (16). Figure 1.
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