PROCESS FOR REMOVI NG ADHERENT OXI DE PARTI CLES FROM AN
‘ALUM NI ZED SURFACE BACKGROUND OF THE I'NVENTI ON (1)
FIELD OF THE | NVENTI ON The present invention
generally relates to alumnizing processes. Mire
particularly, this invention relates to a process for
removi ng oxide particles adhered to a surface

fol l owi ng al umi ni zi ng. (2) .DESCRI PTI ON OF THE RELATED
ART The ROGELSFEHREMOWENG ADHERENT QZdDEuUr bi ne
engine is both thermally and chem cally hostile,
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the surfaces of gas turbine engine conponents with an
environmental  coating that is resistant to oxidation
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coat i nﬁ | BC that rovides thermal -insulating:

K HEHN; UkHoNent exterior. Environnental
coatl ngs that have found wi de use include diffusion
Fd%} d overlay coatings such as
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equi pped wi th internal cooling passages, such as high

pressure turbine bl ades, because al um nide coatings
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significantly reducing the cross-sections of the
‘The %%8*2&1’91% Qr?‘ﬁf‘o?lgrfeit within a -gas turbine engine is both thermally and

chemically hostile, particularly within the turbing, combustor and augmentor sections.
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A common practice is to protect the surfaces of gas turbine engine components with
an environmental coating that is resistant to oxidation and hot corrosion, and
optionally a fherm-al barrier coating (TBC) that provides thermal-insulating protection
for the component exterior. Environmental coatings that have found wide use inclucie
diffusion aluminide coatings and overlay coatings such as MCrAlY. During high
temperature exposure in air, these coatings form a protective aluminum oxide
{alumina) scale that inhibits oxidation of the céating and the underlying substrate.
_Difﬁlsién aluminide coaﬁngs are particuiarly useful for providiﬂg environmental
protection to- components equipped with iriternal cooling passages, such as high
pressure turbine blades, because aluminide coatings are able to provide environmental

protection without significantly reducing the cross-sections of the cooling passages.

An aluminizing process capable of selectively coating the internal cooling paésages 6f
a tusbine blade involves injecting a slurry into the passages. As with other types of
processes employed to form aluminide coatings, the slurry aluminizing process relies
on aluminiding vapors that react at exposed surfaces to form a diffusion aluminide

coating. More particularly, the siu_n‘y process makes us of a c'dating powder
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An al um ni zi ng process capable of selectively coating
the internal cooling passages of a turbine bl ade

i nvolves injecting a slurry into the passages. As
with other types of processes enployed to form

al um ni de coatings, the slurry alum nizing process
relies on alum niding vapors that react at exposed
sur.faces tﬁ forn1a di ffusi on_al um ni_de coatlng
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BRI EF SUMVARY In one aspect, there is provided
a process conprising the steps of: formng an
alum ni zed surface within an internal cavity of a
conmponent by placing within the internal cavity a _
material conprising netallic particles of an al um num
source, wherein.so af.:: [ | Lt : .
S S D RIS A dhyAnE TR Bk B sinterod ovide
fparticlee. al um ni zed surface; and then contacting the
alum ni zed surface with an aqueous caustic hydroxide
solution until the adherent particles are renoved
dce. The disclosure provi des a process

for renoving particles that becone adhere tly }
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partiolet atearealotad thesafmin.coat i ngs. during renoval of the
adherent oxide particles.

According to the disclosure, an aqueous potassium hydroxide solution at moderate
elevated temperatures and atmospheric pressures (i.e., without autoclaving) has been
shown to facilitate removal of adherent residual coating materials, particularly if
accompanied by agitation with ultrasonic energy. In this manner, adherent oxidized
and oxide particles can be completely removed from the aluminized surfaces of an
internal cavity, such as the internal cooling passages of a gas turbine engine

component so that cooling air flow through the passages is not



O her objects and advant ages of the enbodi nents

di scl osed herein will be better appreciated fromthe

foll owi ng detail ed description. DETAI LED DESCRI PTI ON

OF THE I NVENTION The present invention is directed

to the renoval of particles that form by oxidation of

netal particles contacting a surface undergoing.
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di.stingui shabl,e fromdirt and contamn nants that
6g%ﬁ% ?ﬁ??ﬂ?ﬂePﬁ?ﬁgﬁal cool i ng passages of

air-cool ed gas turbine engi ne conponents during
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APPERsElehizem dhefodloping dddlcd P HENIRET bat her coati ngs
(TBC) on gas turbine engi ne conponents. Wile the
@g@ﬂi%%@cﬁ@mw}%@mmﬁhm described with
reference to turbine blades, the teachings of this

i nvention are generally applicable to-any conponent
having internal surfaces that benefit from protection
by al um ni-de coating. Notable exanples of gas turbine
engi ne conponents that benefit fromthe present

i nvention include air-cooled high and | ow pressure
turbi ne nozzl es and bl ades, shrouds, conbustor |iners
and augnentor. O particular interest are air-cool ed
conponents whose interior surfaces are protected by a
di ffusi on al um ni de coati ng deposited by a :
non- | i ne-of -si ght techni que, such as a slurry

al um ni ding process in which netallic particles of an
al um num source can directly contact the surface
bei ng al um ni zed. At the el evated tenperatures
necessary to transfer alum numfromthe al um num
source to the internal surface being alumnized,
particles of the al um num source nay oxidize and
subsequent|ly becone adhéred by sintering to the

i nternal alum nized surface. For exanple, a slurry
ahuni ni di ng process that uses particles of a Cr-44A1
(wt% alloy as the alum num source can result in the
oxi dation of at |east the outer surfaces of these
particles, resulting in the formati on of oxidized
particles that adhere to the alum nized surface. An
addi tional source of particles that may sinter to an
al um ni zed surface as a result of an al um niding
process is the oxide particles that are
conventional ly m xed with al um num source particles
to act as an inert dispersant during the al um niding
process. The process of this invention entails
treating the alumnized surface with an aqueous -
causti c hydroxide solution, a suitable exanple of

whi ch contains at |east 100 grans/liter of potassium
hydr oxi de (KOH). A nore preferred sol ution contains
about 175 to about 225 grans/liter of KOH wth the
bal ance de-ionized water. It is '
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bel i eved that other caustic hydroxi des such as sodi um
hydr oxi de (NaOH) can be used in conbination with or
in place of potassium hydroxide in the solution_ The
internal alum nized surfaces are contacted with the
solution at a noderate el evated tenperature, such as
about 150 to about 190F (about 66 to about 88C) and
preferably aboyt 160 to about 170F (about 71 to about
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CLAIMS: 1 A process conprising the steps of:

fanning an al um ni zed surface within an internal
cavity of a conponent by placing within the internal
cavity a material conprising netallic particles of an
al um num source, wherein sone of the netallic
particles oxidize to formadherent particl es that are
sintered to the al um nized surface; and th

belicyghthatethergeappic hydinxides Bishsgspdivn bwdraxigs UéI a@é% Gan be used
in coﬁl%ﬂlc‘attmﬁ ALK ;ﬁgces assIum, %g < ur(% nqggg(gﬁﬁq(%x}] eThe internal

articles are renove ace

almnpnzmlesarfmoaﬂd n:gntactedl atith lthe cidntda edti aeehoderatdadlevated
tempgzrggng Olsllilc | gsn about 150 to about 190°F (about 66 to about 88°C) and
preferably about 160 to about 170°F (about 71 to about 77°C). This operation is
carried out to ensure that all internal aluminized surfaces are contacted by the
solution, such as by immersing the entire component in a bath of the solution, and
preferably flushing the internal cavities with the solution while the component is
immersed to ensure complete filling with the solution. Contact with the solution is
‘preferable maintained for a duration of at least two hours, such as about two to about
eight hours and more preferably about four hours. During this step, the solution is
preferably agitated with ultrasonic energy. For example, the solution may be held in a
commercially-available ultrasonic cleaniﬁg tank employing magnetostrictive or
piezoelectric transducers. Suitable frequencies are about 20 kHz to about 40 kHz and
suitable power levels are about 20 to about 120 watts per gallon (about 80 to about
450 watts per liter) of solution, preferably about 50 to about 100 watts per gallon
(about 190 to about 380 watts per liter) of solution. Following treatmient with the
solution, the component is rinsed and its internal cavities flushed with water for a
minirnum of about five minutes to remove the solution, after which the component is
dried.

During an mvestigation leading to this invention, high pressure turbine blades were
obtained whose internal cooling passages had been selectively aluminized by a slurry
aluminiding technique in which metallic particles of Cr-44Al were used as the
alominum source material. Visual inspection of the cooling passages showed that
particles were adhered to the alumiﬁized internal surfaces. These particles, generally
about 10 to about 100 micrometers in diameter, were concluded to have been formed
~ by some of the Cr-44Al pa::tiéles that had oxidized and become attached to the
aluminide coating as a result of sintering at the high temperature (about _970°C)-
' sustained during the aluminizing process. One of the blades was cleaned by
submersion, blade tips down, in an aqueous solution containing about 40 to about 50

weight percent KOH for about four hours. The solution was maintained at a



contains at |east 100 grans/liter of potassium

hydr oxi de and the bal ance essentially de-ionized
water. 3. The process according to claiml,
characterized in that the solution contains about 175
to about 225 grans/liter of potassium hydroxi de and

t he bal ance essentially de-ionized water. 4. The
process accordlgg to claim1, characterized in that

temperpfares 6 @bpen 1 €8S (2hogt 37 Ghomd amitedoby piisopipsenergy at a
frequ%{e 'E&Ja{)bﬁt 5 18% R4 é‘@%kﬁﬂiet}&d&%bﬁﬁm t‘g ngE?o(ﬁ]g@gom 380

I oni ze rocess accor
watts peeliet) of siutionl oh rratighil‘ftorﬂ ks s, Ziedinternal cavities of the
blade were flushed with tap water and dried. Visual mspection of the cavities
evidenced that the adherent oxidized particles had been completely removed from the
internal cavities of the blade. The cleaning procedure was then repeated on an

additional four blades with the same results.

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

scope of the invention is to be limited only by the following claims.



in that the alumnizing step conprises a slurry

al um ni zing process in which the material conprises
the netallic particles suspended in a liquid vehicle.
6. The process according to any one of clains 1

t hrough 5, characterized in that the adherent
particles conprise netallic particles whose outer
surfaces are oxidized. 7. The process according to
any one of clainms 1 through 6 characterized in that

cLiAmasforming step results in oxide particles being
sintered to the alum ni zed surface, and the oxide

1. ?ar ticles are removed fromthe al um nized surface by
' eI REINRING theysteps of: _

| forming an aluminized surface within a'n' internal cavity of a component
by placing within the intemnal cavity a material comprising metaliic pariicles of
an aluminum source, wherein some of the metallic pariicies oxidize to form
adherent particies that are siniered to the ajuminized surface; and then
contacting the aluminized surface with an agueous causiic hydroxide
soiution until the adherent particies are removed from the surface.

2. The process according to claim 1, characterized in that the soiuﬁon-
'contams at least 100 gramsfiiter of potassium hydroxide and the balance
esseniially de-ionized water.

3. . The process according to ciaim 1, characterized in that the solution
contains about 175 to about 225 gramsfiiter of potassium hydroxide and the
balance essentially de-ionized water.

4. The process according to claim 1, characterized in that the solution
consists of about 175 1o about 225 gramsliiter of potassium hydroxide and the
balance de-ionized water.

8. The process according to any one of claims 1 through 4, characterized
in that the aluminizing step comprises a siurry aluminizing process in which
the material comprises the metallic particies suspended in a liquid vehicie.

8. The process according to any one of claims 1 through 5, characterized
in that the adherent pariicies comprise metaliic parbcies whose outer surfaces
are oxidized.

7. The process according to any ane of claims 1 through 6 characterized
in that the forming step results in oxide particles being sintered to the
aluminized surface, and the oxide particies are removed from the aluminized
surface by the contacting step.



8. The process according to any one of clains 1
through 7 characterized in that the contacting step
is perforned at a tenperature of about 66C to about
88C and at atnospheric pressure. 9. The process
according to any one of clainms 1 through 8, further
conprising the step of agitating the solution while
the solution contacts the surface. 10. The process
according to any one of clainms 1 through 9,

ch L !F“ e Nt <8 a ur bi ne
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-in thaisthagepntacting step is performed at a temperature of about 66°C o
about 88°C and at atmospheric pressure.

8. The process according to any one of claims 1 through B, further
comprising the step of agitaiing the solufion while the solution contacts the
surface. '

10.  The process according to any one of claims 1 through 8, characterized
in that the component is & gas turbine engine component and the internal
cavity is a cooling passage.



