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| NVENTI ON The present invention relates to nethods for renoving ceramc
coatings. More particularly, this 5 invention is directed to 2 rejubomiof 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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stabilized zirconia (YSZ) from the surface of a component
intended for service at high temperatures, such as a

component of a gas turbine engine.
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
L) | adheres the thermal-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), oxr a
physical ~vapor deposition (PVD) technigque such as
electron beam physical wvapor deposition (EBPVD), which
30 yields a strain-tolerant columnar grain structure. Bond
coats are typically formed of an oxidation-resistant
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engi ne operation, or by a requirenent to . _
: Though significant advances have been made with.

10 coating materials and processes for producing both the
environmentally-resistant bond coat and the thermal-
insulating ceramic layer, there iz 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, vapor honing and glass 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



repair certain features such as the tip length of a turbine blade. Renoval
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material. Damage is particularly likely when treating an
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



environmental | y-resistant internetallic phase MAL, where M is iron, nickel
or cobalt, depending on the substrate material. Damage is particularly
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system without removing a metallic bond coat, such as a
diffusion aluminide or MCrAlY coating, that adheres the
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



renoving a ceramc coating, such as a thermal barrier coating (TBC) of
yttria-stabilized zirconia (YSZ), fromthe surface of a conponent.
Particularly notable exanples are gas turbine engi ne conponents exposed to
the hostile thermal environnent of the turbine, conmbustor and augnentor
sections of a gas turbine engine. The nethod may particularly be suited
for conpletely renoving a thernmal- insulating ceram c coating gofijya ztdaer nal
barrier coating systemw thout renoving a netallic bond coat, such as a
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oxi dation, the bond coat can be refurbished before replacing the ceramc
coating. The present invention provides a nethod of renoving a

t hermal -i nsul ati ng method of renoving a thernal -insul ating
yttria-stabilized zirconia (YSZ) |ayer froma gas turbine engine conponent
wi t hout renoving a netallic bond coat on- 4 2 0 JUL 2004 a &{rfiacennef the
conmponent t hat adheres the YSZ | ayer to the conponent, the nethod
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10 unable to remove ceramic from cooling holes, or have
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



I nherently shares a significant diffusion zone with the- conponent
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remving or alumina scale protects the underlying superalloy
10 substrate 12 from oxidation and provides a surface to
which the ceramic layer 18 more tenaciously adheres. The
ceramic layér 18 can be’depbsited by air plasma spraying

W/

(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,



-5 2 0 JUL 2004 damagi ng the bond coat 16. As is the situation with high
tenperature conponents of a gas turbine engine, the blade 10 nay be .
formed of an iron, nickel or cobalt-base superalloy. The s bond coat 16 is
an oxi dation-resistant conposition such as a diffusion al umiPodlafikor
MCr ALY, both of which forman alumna (A1203) |ayer or scale (not shown)
on its surface during exposure to elevated tenperatures- The alum na
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10 balance distilled or de-ionized water.

An optional ingredient for the solution is

{) 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
T 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 ‘ceram:i.c layer 18 is completely
removed or at least sufficiently loosened so that it can
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original bond coat 16. According to this invention, the ceramc |ayer 18
is preferentially renoved by exposure to an aqueous strlppl solughgn of
amoni um bi fl uoride (NHAHF2) at an el evated tenperature. MUFa
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per liter of solution, about i5 20 to about 70 grans of ammoni um bifl uoride

per lit‘i'ﬁ of In practice, the stripping solution of this

' invention has been used to remove YSZ TBC from nickel-
R 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
'_) 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



solution, about 0.05 to about 0.2 volune percent wetting agent, with the
bal ance being essentially distilled or de-ionized water. Suitable
stri'pping sol utions have been prepared and used that contain, per hh%er of
sol ution, 20 about 16 grans of acetic acid and about 35 grans B1lLa ni um
‘bifluoride, about 0.1 volume percent-of-the TRITON X-100 wetting agent,

Wi th the bal ance being water. A suitable tenperature range for the
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found suitable for ultrasonic enefgy |evels of about 50 to about 200 W per
gallon (about four |liters) of solution. The ultrasonic treatnent can be
continued until the ceramc layer 18 is conpletely renoved or at |east
sufficiently | oosened so that it can - 7 2 0 JUL 2004 be renoved by
brushing or pressure spray rinsing, typically in about two to five hours.
Wthout ultrasonic treatnment, a total treatnment duration of about four to
about five hours is generally sufficient to weaken the 5 chem cal bond

bet ween the ceram c l'ayer 18 and the

N



alum na scale on the bond coat 16. It is foreseeable 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

i nvention has been used to renove YSZ TBC from ni ckel - base $uperabd oy
airfoils w thout damagi ng an underlying platinum alum nide bond coat.

Not abl vy, TBg w’l @ n the cooling holes of the airfoils was al so renoved,
while 15 porh ons 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 treatnent, the airfoils were
successfully retoat Weﬁ}ﬂoq'@oﬁm% raedn?'frf‘ﬂdné‘p@t'?%f Wrﬁi‘@{ﬁ Fegr 20

the bond COgteorfPePRYZS|dyeR fiohf aPPAd HirBiRCERSNE lcoichent MYfidut PEMEQIR et el y
L I ho I

renmoved the TBC from cool i ng es, the ther perfornance of "t he
ai rfoils was metallic bpid cedt bp a kurface whihatdosmpaferdtbat adhie@@s et ¥8Zcool i ng

hol es. Further becaus stri i rocess of 25 thi.s. invention did
not Caamage. W5 RS fhe SEIRES Rl ietRbdhAhBAS Y Bhe steb drSickEEbugns i 6
repair or rg agenpdridht bAngn capicbusesElution esfiphgitlg arhniditurhl Blasritlad been
in service, such that the bond coats were partially depleted as a result

of oxi dati owhetair ibifemersutg stepofurifiet ARMPESeS heatind fhearempanert ad the
MO Al Y-ty PesolGfist f & fembéiitiir! otbRtveén Bb°¢ andBgegeposi tion using a

di ffusion
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.
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al um ni zi ng techni que such as pack cenentation or vapor phase alum nizing.
Wil e the invention has been described in ternms 20JUL2004 of a preferred
enbodi ment, it is apparent that other fornms could be adopted by one
skilled in the art. Therefore, the scope of the invention i@ P R | imted
only by the following clains. 2 0 JUL 2004 CLAIMS 1 . A ne hod of renovi ng
a thermal -insulating yttria-stabilized zirconia (YSZ) |ayer froma gas
turbi ne engi ne cdnponAnmethdd cicicordimgvionglaim tTefurtheéccoopasigatheosted
surface of th co__onen§ hat ,adheres tﬁ$ YSZ Iager to the conponent, the
met hod conp?Pi 8FPRYSIHIAE %t$%t?W%?@ 3Gf OF 1 BRBACOAE SXROSERH ¥E\8E

sol ution cogggygtqﬂwgqggg} Wdluoride, wherein the imersing step
further conprises heating the conponent and the solution to a tenperature
of between 60'C and 77"C. 2. A nethod according to claim11l, wherein the
imrersing step further conprises directing ultrasonic energy at the YSZ

| ayer while the conponent is imrersed in the solution. 3. A nethod
according to claimT , wherein the solution conprises 30 to 40 grans of
amoni um bi fluoride per litre of the solution. 4. A nethod according to
claim1l1, wherein the solution further conprises 10 to 20 grans of acetic
acid per litre of the solution.

-11-



5. A nmethod according to claim 1, wherein the imersing step conprises
heating the conponent and the solution to a tenperature of between 60 and
68*C. 6. A nethod according to claim 1, wherein the bond coat is a
di ffusion alumnide. 2 0 JUL 2004 7. A nethod according to chaj nyd,pfurt her -
conprising the step of depositing a YSZ material -on a surface of the bond
coat exposed when the YSZ |ayer was renoved. 2 0 JUL 2004 METHCD OF
REMOVI NG A THERVAL BARHHGR CEARHYO VARG RACHEBMATHBANRIGROSIRT INGret hod of
removing a ceramc coating (18), such as a thermal barrier coating (TBC
of yttria- stdRITRAGT AF GG DISSHSURE om 't he surface of a conponent
(10), such as a gas turbine engine conponent 5 (10). The nethod generally
entails subjecting the ceramc coating (18) to an aqueous sol ution of
ammoni um bifluoride, optionally containing a wetting agent, such as by
“immersing the conponent A 1@¢thedt hef sektbir@AgW | eerBRi Bt N8 @4 - (38)
el evated tenpeyat ur e, U%I ng tr%,[enariet tg)od 10 of ct hg.i nvention, a_ceram ¢
coating (18) can be " coffpl etery removed fromtRE T8np ner (96) Yhiridy
cool i ng hol es stwliil igesenttar¢gnhe dd¥s&dat i dirad thke bemdfeoat (d6).a
Figure 1. component (10), such as a gas turbine engine component
5 {10). The method generally entails subjecting the
ceramic coating (18) to an aqueous solution of ammonium
bifluoride, optionally containing a wetting agent, such
as by immersing the component (10) in the solution while
C maintained at an elevated temperature. Using the method
10 of the invention, a ceramic coating {18) can be
completely removed from the component (10} and any
cooling holes, with essentially no degradation of the

bond coat (16).

Figure 1.
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