METHOD FOR REMOVING ENGINE DEPOSITS FROM TURBINE
COMPONENTS AND COMPOSITION FOR USE IN SAME
BACKGROUND OF THE INVENTION This invention relates broadly to a
method for removing engine deposits from turbine components, in
particular turbine disks and shafts, using a cleaning composition. This
invention further broadly relates to a cleaning composition for use in this
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compressor, and mixed with fuel. The mixture is burned, and the hot
BA&HKGRSY A OArEIPRISBAFINIIARH a turbine mounted on the same shaft.
The flow of combustion gas turns the turbine by impingement against the

ThidIFRE SEGHR AL NG LD iIRERIRdRS WhicE funR e shats giﬁr?r‘é%eélfrbine

power to the compressor. The hot exhaust gases flow from the back of
congpensiiing privieigat anbithalislkerard fhalfardsiThe Howeingheotambtistior his
in BRSPS 9R5RR, R POLE PUEIRR G BRRIANN ALIE IOk LIS tha

Thus, there is incentive to raise the combustion gas temperature. The
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SOug&sd/or turbine shafts, a number of blades mounted to the turbine

disks/shafts and extending radially outwardly therefrom into the gas flow

path, and rotating, as well as static, seal elements that channel the airflow
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exhaust gases flow from the back of the engine, driving it and the aircraft forward.
The hotter the combustion and exhaust gases, the more efficient is the operation of the

jetengine. Thus, there is incentive to raise the combustion gas temperature.

The turbine engine includes turbine disks (sometimes termed “turbine rotors™) and/or
turbine shafts, a number of blades mounted to the turbine disks/shafts and extending
radially outwardly therefrom into the gas flow path, and rotating, as well as static, seal
elements that channel the airflow used for cooling certain components such as turbine
blades and vanes. As the maximum operating temperature of the turbine engine
increases, the turbine disks/shafts and seal elements are subjected to higher
temperatures, As a result, oxidation and corrosion of the disks/shafts and seal

elements have become of greater concern,

Turbine disks/shafts and seal elements for use at the highest operating temperatures
are typically made of nickel and/or cobalt-base superalloys selected for good elevated
temperature toughness and fatigue resistance. They have resistance to oxidation and

corrosion damage, but that resistance is not sufficient to protect them at the operating

.



temperature toughness and fatigue resistance. They have resistance to
oxidation and corrosion damage, but that resistance is not sufficient to
protect them at the operating -1 temperatures now being reached. Over
time, engine deposits, primarily in the form of nickel oxides and/or
aluminum oxides, can form a coating or layer on the surface of these

turbine compaonents. These engine deposits typically need tq. be cleaned
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component with a cleaning composition to_convert the engine deposits
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acid and comprises: a nitrate ion source in an amount, by weight of the
nitrate ion, of from about 470 to about 710 grams/liter; and a biflouride ion
source in an amount, by weight of the biflouride ion, of from. about 0.5 to
about 15 grams/liter. An alternate aspect of the present invention
provides a method comprising the following steps: (a) providing a turbine

' rhi [ ine shaft, the turbine component
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ace and comprising a | and/or cobalt- containing base
metal; and (b) treating the surface of the turbine component with a )
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1d sufficient to convert engine -3 deposits formed on the surface during
operation of a gas turbine engine to a removable smut without
substantially etchipg the base metal of the turbine component, wherein
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bifluoride ion, of from about 0.5 to about 15 gramsl/liter; and (c) removing
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composition of this invention provides a number of significant benefits for
remetdhiggudie erginentdgosifs thentutbibins coppenbnshespedbglycleaning
turbine disks. and turbinesas{p?%? th i i .
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an amount, by weight of the bifluoride ion, of from about 0.5 to about 15

grams/liter.

An alternate aspect of the present invention provides a method comprising the

following steps:

(a) providing a turbine component that is a turbine disk or turbine shaft, the
turbine component having a surface and comprising a nickel and/or cobalt-

containing base metal; and

- (b) treating the surface of the turbine component with a cleaning composition for

a period of from about 1 to about 10 minutes and sufficient to convert engine



nickel and/or cobalt-containing base metals within a reasonable period of
time. The method and composition of this invention also remove such
engine deposits in a manner that does not substantially remove or alter
the nickel and/or cobalt- containing base metal of the turbine component.
BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a representative

turbine disk for.which the compasition and method of this invention is
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illustration of S%)ortion of a turbine disk.of FIG. 1 having en?ine de&o,sits
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treated for too long with a solution formulated with too low a concentration
gtitdle iSar foodrmgheAiksn¥htration of bifluoride ion. DETAILED
DESCRIPTION OF THE INVENTION As used herein, the term "turbine
deinponevitierefersitoh fadde tharizoptof tevbine  efighvet(etgnegastpobime in a
engine) par d components that comprise a.nickel and/or

cogarff%gﬁ élls]r?’?n%o 258 %‘Eebtsatﬁné% Whic é%rsluﬁa%i\?g ter%?ﬁg deposits formed
on the surface thereof during normal engine operation that can require
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turbine disks and turbines shafts, that comprise a nickel and/or cobalt-containing
base metal. The method and composition of this invention effectively and
efficiently remove such engine deposits from turbine components comprising
nickel and/or cobalt-containing base metals within a reasonable period of time.
The method and composition of this invention also remove such engine deposits

in a manner that does not substantially remove or alter the nickel and/or cobalt-

containing base metal of the turbine component,
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a representative turbine disk for which the composition and method of

this invention is useful.

FIG. 2 is an enlarged sectional view of a portion of a turbine disk of FIG. 1

showing engine deposits on the surface thereof.

FIG. 3 is an illustration of a portion of a turbine disk of FIG. 1 having engine

deposits on the surface thereof.
FIG. 4 shows an enlarged portion of the turbine disk of FIG. 3.

FIG. 5 is an illustration of a portion of the turbine disk of FIG. 1 after cleaning by

an embodiment of the composition and method of this invention.
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components such as liners, deflectors and their respective dome
assemblies, augmentor hardware of gas turbine engines, etc. The
method and composition of this invention are particularly useful in
removing engine deposits from the surfaces of turbine disks and turbine
shafts. As used herein, the term "nickel and/or cobalt-containing base
metal" refers to a base metal that comprises nickel, cobalt, nickel and
FiCcabaltzathaysi @siiel gs(A169X pflnickal aextkai vobaliingtbiodhesun@atals{ the
such a ngsten, molybdenum, chromi manganese, titaniu
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AR amoUht of at least about 50 % by weight. These nickel and/or cobalt
base metals typically comprise nickel and/or cobalt superalloys that are
DEdis8dde DinSariblis 2fepdntHE] BuEh NS 19 example, commonly
assigned U.S. Pat. No. 4,957,567 (Krueger et al), issued September 18,
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turbine disks and turbine shafis.

As used herein, the term “nickel and/or cobalt-containing base metal” refers to a base
metal that comprises nickel, cobalt, nickel and cobalt alloys, as well as alloys of nickel
and/or cobalt with other metals such as iron, tungsten, molybdenum, chromium,
manganese, titanium, aluminum, tantalum, niobium, zirconium, etc. Usually, the base
metal comprises nickel and/or cobalt as the primary metal or metal alloy, typically in
an amount of at least about 40% by weight, more typically in an amount of at least
about 50 % by weight. These nickel and/or cobalt base metals typically comprise
nickel and/or cobalt superalloys that are disclosed in various references, such as, for
example, commonly assigned U.S. Pat. No. 4,957,567 (Krueger et al), issued
September 18, 1990, and U.S. Pat. No. 6,521,175 (Mourer et al), issued February 18,
2003, the relevant portions of which are incorporated by reference. Nickel and/or
cobalt superalloys are also generally described in Kirk-Othmer’s Encyclopedia of
Chemical Technology, 3rd Ed., Vol. 12, pp. 417-479 (1980), and Vol. 15, pp. 787-800

(1981). Illustrative nickel and/or cobalt-containing base metal superatloys are
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As used herein, the term "engine deposits" refers to those deposits that
form over time during the operation of a gas turbine engine as a coating,
layer, crust, etc., on the surface of turbine component. These engine
deposits typically comprise oxides of the base metal, for example, nickel
oxides, cobalt oxides, etc., oxides of other metal contaminants, for
example, aluminum oxides, etc., or combinations thereof As used herein,
destigaaerhbysheuthdefeamts theoneliveesiarprediiEt, 7¢6mplsitioRE Reniatds: .
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appropriate magnification (e.g., 1000X) as a corroding or pitting of or in

the surface gf the base metal of the, turbine compgnent, sq as_to form
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of the turbine comp née"tpt. -5 As used herein, the term "substantially free of
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guantities of acetic acid, e.g., about 0.5% or less acetic acid, more
As tyguddibyreabotie0cktn tsries? adetictadic: Asmusstbhareiduthecteiposition, etc.,
that"(igng &i%ixﬁ‘a%'iemﬁgﬁ‘lsﬁ%e s\{largi%léso otrg ?ﬁ} i?nrés'cg&@ I?elflrt]dasﬁd that is formed,
generated, created, etc., when engine deposits on the surface of the turbine component
are treated with the cleaning composition of this invention. This removable smut
typically comprises oxides of the base metal, for example nickel oxides, cobalt oxides,

etc, but may comprise other metal oxides, sodium salts, sulfur compounds, etc.

As used herein, the term “without substantially etching the base metal” means that
there is minimal or no etching of the surface of base metal of the turbine component.
This etching typically exhibits itself, when viewed under appropriate magnification
(e.g., 1000X) as a corroding or pitting of or in the surface of the base metal of the

turbine component, so as to form grooves, channels, crevices, etc., therein.

As used herein, the term “in a manner that does not substantially alter the surface
thereof” means that there is about a 0.05 mil (1 micron) or less stock loss of the base

metal from the surface of the turbine component.

As used herein, the term “stock loss” refers to a decrease in or loss of base metal from

the surface of the turbine component.



components, steps, etc., can be conjointly employed in this invention.
Accordingly, the term "comprising" encompasses the more restrictive
terms "consisting essentially of' and "consisting of" All amounts, parts,
ratios, percentages, etc., used herein are by weight per volume unless
otherwise specified. This invention is based on the discovery that prior
chemical methods of cleaning turbine engine components to remove
Asenginietépasitsom thalsuifactlihtceoffalienc aciversebnatiestns adi@bthRaion
pro erties of the base metal of the cleaned turbine co nent, especially
CORPMETINTS TRBINEEE HFBITE BRBHEA M nfcke PRABISr LOBEH ToriEiTiAg
mobaseingiakichesel prier iekemiaal ale@ning processes also usually have to
be repeated several times and/or the chemically treated component
requires. excessively.abrasive mechanical cleaning, for example, b
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the desired stnacs Conditons, WhitkAg Sres s Ess L S thikn egpatally
of’cledrfingisstatposfifitensive and requires great care to avoid excessive
removal of the surface base metal that can alter the desired dimensional

AngaRmEy abile MBS, fampenent TR IvERKAD o INeLRRPed 00 I
discovery that prior chémical conipositions that can be tsed to clean an
unlpgsuheramyinpedépdsits from the surface of the turbine component can

also excessively etch the surface of the nickel and/or cobalt-containing
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prior chemical etchant compositions are disclosed in U.S.
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component, especially when this turbine component comprises a nickel and/or cobalt-
containing base metal. These prior chemical cleaning processes also usually have to
be repeated several times and/or the chemically treated component requires
excessively abrasive mechanical cleaning, for example, by aggressive grit blasting, to
provide appropriate clean surface conditions for the turbine component. However, it
has been found that excessive chemical cleaning increases the amount of processing
time to achieve the desired surface conditions, while aggressive abrasive mechanical
cleaning is labor intensive and requires great care to avoid excessive removal of the

surface base metal that can alter the desired dimensional geometry of the turbine

component.

This invention is further based on the discovery that prior chemical compositions that
can be used to clean and remove engine deposits from the surface of the turbine
component can also excessively etch the surface of the nickel and/or cobalt-containing
base metals used in making the turbine component. Examples of such prior chemical
etchant compositions are disclosed in U.S. Pat. No. 5,100,500 (Dastolfo et al), issued
March 31, 1992 (milling solution for titanium comprising ammonium bifluoride and

hydrochloric acid); U.S. Pat. No. 4,314,876 (Kremer et al), issued February 9, 1982
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(titanium etching solution comprising ammonium bifluoride and a source of
nitrate ions such as nitric acid). These prior chemical etchant
compositions, when formulated at too high a bifluoride ion concentration,
have been found to undesirably etch the surface of the turbine
component and to remove excessive amounts of the nickel and/or
cobalt-containing base metal therefrom, resulting in corroding or pitting of
(tittimeurbaste inetabsutifac ecafjihisitigrbinem commpobighiotidadditiansdtthasofoninthte
. that chemical etchant compositions comprising acetic acid can cause
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solution of a nitrate ion source (e.g., nitric acid) and a bifluoride ion source
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without substantially etching the surface of the turbine component

at (he3H SRR ONRIekEF and/or cobalt- containing base metal. In particular, the
cleaning compositions of this invention are substantially free of acetic
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(e.g., ammonium bifluoride) in selected amounts that convert the engine deposits on
the surface of the turbine component to a removable smut without substantially
etching the surface of the turbine component comprising a nickel and/or cobalt-
containing base metal. In particular, the cleaning compositions of this invention are
substantially free of acetic acid that can cause undesired intergranular attack of a
nickel and/or cobalt-containing base metal. The smut that is formed, generated,
created, efc., by treatment with the cleaning composition of this invention can be
subsequently and easily removed without the need of excessively abrasive mechanical
treatment and without substantially altering the surface of the treated turbine

component.

Referring to the drawings, FIG. 1 shows a representative turbine component for which
the method and composition of this invention is useful in the form of a turbine disk
indicated generally as 10 and having a surface indicated generally as 14. Disk 10 has
an inner generally circular hub portion indicated as 18 and an outer generally circular

perimeter or diameter indicated as 22, and a periphery indicated as 26 that is provided
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the method and composition of this invention is useful in the form of a
turbine disk indicated generally as 10 and having a surface indicated
generally as 14. Disk 10 has an inner generally circular hub portion
indicated as 18 and an outer generally circular perimeter or diameter
indicated as 22, and a periphery indicated as 26 that is provided -7 with a
plurality of circumferentially spaced slots indicated as 30 that each receive
witthe plootljip o rofim fendying gl apie:¢d of sk owdiYafelGas23shibiscachaetional the
iew. of di 0.0f FIG..1 comprisin se metal indicated as 50 hayi
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turbine disk 10 having engine deposits 58 on surface 14 thereof is treate
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dark@ppiises an: agteey sssefutignibhaisis 1gubstantially free of acetic acid and
comprises: a nitrate ion source in an amount, by weight of the nitrate ion,
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of the bifluoride ion, of from about 0.5 to about 15 grams/liter, typically from about 5
to about 10 grams/liter. Suitable sources of nitrate ion include nitric acid, sodium
nitrate, potassium nitrate, ammonium nitrate, etc., as well as combinations thereof,
Typically, the nitrate ion source comprises nitric acid. Suitable sources of bifluoride
ion include ammonium bifluoride, sodium bifluoride, potassium bifluoride, etc., as
well as combinations thereof. Typically, the bifluoride ion source comprises
ammonium bifluoride. The cleaning composition can also comprise other optional

components such as non-acetic acid buffers, wetting agents (e.g., surfactants), etc.

The surface 14 of turbine disk 10 having the engine deposits 58 thereon can be treated
with the cleaning composition of this invention in any suitable manner and for a
period of time sufficient to: (1) convert or substantially convert engine deposits 58 on
the surface 14 of disk 10 to a removable smut; (2) without substantially etching base
metal 50 of disk 10. Treatment can be carried out on surface 14 of turbine disk 10 by
brushing, roller coating, flow coating, pouring or spraying the cleaning composition

on surface 14, by soaking, dipping or immersing surface 14 with or in the cleaning

8-



ammonium bifluoride. The cleaning composition can also comprise other

optional components such as non-acetic acid buffers, wetting agents

(e.g., surfactants), etc. The surface 14 of turbine disk 10 having the

engine deposits 58 thereon can be treated with the cleaning composition

of this invention in any suitable manner and for a period of time sufficient

to: (1) convert or substantially convert engine deposits 58 on the surface
comppytidiskete0 toypicahoviadsiensmius ¢@rivitinautbsutrstantaiy fetshidgpbagbine

. . ' r t,C carf : u 4 of turhi
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Treetewningitothpeitiomeorosydat®ids hypsodivingriigping for mreeding from
rface. 14 with or.in the cleaning - mposition Typically,treatmen

S SRR R e ik SR R s
mirgtefacértdtoktyrbine diskriiSdmuthe clesmitgpompuositiop., Foeattheut Nithio

t ning.composition is, typically carried.out far a.period. of from about
b e e S B S h T Abaar Pro st
to dthmiputesafineatmnent catobacatdad putvatirobm tempepatunatesgiofronFor

ab(&ut 0 to tjboﬁ 2?% \ o! ga;[: m%rée elevate 1gem?gerature[?l._ SEC(Erface 14 of.1
exagRle G B UniBtadt 18 Sther pratrsatite SR o T8 I8RmAgY oy
or ik thelelaariogscaeppsisition akbinetkanbpiek toevsusfagenbéd Hf dlisial @gene
d be prgﬁretated to remqve or breakdown an oig/F ?}X other carbonggceous b

PYEoSits 1Al B FEHR YO T BR RS TR B 5L e "oR5OLRY 85 this
invéhgR0BIbY Fubseanend tleatment with taepeleanpitd compasition of tisreaser
invention, etc. For example, surface 14 can be pretreated with an alkaline

COmPOSHHAR PG BEHIBMSHIF4E sodium hydroxide. To protect other

portions of turbine disk 10 that do not require cleaning, maskants that are
To petativalyhehponicallyslsidiant dslindrthiat the wampphentkafithe wlekaing that

composition can be, applied to those portions of disk 10 that do not require
are JERTHE SOV I ol Bl R ol iSO BBRRRRS, B fercicaming
conpadtiialsiadbcapphied to those portions of disk 10 that do not require cleaning.

Suitable maskants include plastic films, coatings, or other materials that can be
applied to the metal surface(s) and that are made from polymers, compounds or other
compositions that are chemically resistant or inert to the components of the cleaning
composition of this invention, such as ethylene glycol monomethyl ether-based
compositions, rubber or synthetic rubber compositions such as neoprene-based
polymers, and polytetrafluoroethylene. See, for example, U.S. Pat. No. 5,126,005
(Blake), issued June 30, 1992 (especially col. 2, lines 8-34); U.S. Pat. No. 5,100,500
(Dastolfo), issued March 31, 1992 (especially col. 5, lines 49-63); and U.S. Pat. No.
4,900,389 (Chen), issued February 13, 1990 (especially col. 2, lines 46-51), the
relevant portions of which are incorporated by reference. The maskant can be applied
in any conventional manner to the portion(s) of disk 10 to be protected from the
cleaning composition, including brushing, dipping, spraying, roller coating or flow
coating. Once treatment with the cleaning composition has been carried out, the

maskant can then be removed from disk 10.



applied to the metal surface(s) and that are made from polymers,

compounds or other compositions that are chemically resistant or inert to

the components of the cleaning composition of this invention, such as

ethylene glycol monomethyl ether-based compositions, rubber or

synthetic rubber compositions such as neoprene-based polymers, and

polytetrafluoroethylene. See, for example, U.S. Pat. No. 5,126,005
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pertodatatiericof teskinyeftisk aiﬁmmﬂwtmehdetaﬁungmpasiﬂoﬂxefrébisual cleaning
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knothgkd huesh ithe-¢laamio greaaBosianr carlbenbaliad, perodically (9.,
every from about 3 to about 5 minutes), with the residual cleaning

composition urfac fdl being rinsed off and/or tralized, .
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typsmppfngrfso:m ghﬂemwiaceﬂiw&hwﬁmﬂft@mlteaaﬁmehayw;tbtso lyentefosthise
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subsieahilly eampedtitomf thisdaveaation disk 10 in any manner that does not
substantially alter surface 14 of disk 10. For example, this smut layer or film can be
removed by conventional methods known to those skilled in the art for gently
removing similar smut layers or films. Suitable removal methods include relatively
gentle grit blasting, with or without masking of surfaces that are not to be subjected to
grit blasting. See U.S. Pat. No. 5,723,078 to Nagaraj et al, issued March 3, 1998,
especially col. 4, line 46-67 to col. 5, line 3 and 14-17, the relevant portions of which
are incorporated by reference. The turbine disk 10, after treatment with a cleaning
composition of this invention, and after removal of the smut that is formed, is
typically substantially free of engine deposits, i.e., there is no visible dark or darker
scale on surface 14. See FIG. 5 which shows turbine disk 10 to be substantially free
of engine deposits 58 after cleaning of surface 14 with the cleaning composition of

this invention using the method of this invention.

The components or materials that comprise the cleaning composition of this invention
(e.g., nitric acid and ammonium bifluoride) are potentially etchants for the nickel

and/or cobali-containing base metal, and can therefore cause excessive etching of the

-10-



typically forms or generates a relatively thin residue film, layer, etc., of a
removable smut on the treated surface 14 of disk 10. This smut that is
formed can be removed or substantially removed from surface 14 of disk
10 in any manner that does not substantially alter surface 14 of disk 10.
For example, this smut layer or film can be removed by conventional
methods known to those skilled in the art for gently removing similar smut
basgyeaiglopfitheguguitalsiamesnovalasnstholdls inthedetralativelyorgenthetgrnit is too
ti ' i ing.of sur s.that are not to be subjected.
A U A A DR
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ortions of which are incorpprated by reference. The ine disk
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surfhepositseBSaffey wlzamingvithsustdaddvfurithuibedieihingréosepbsitinnlle a
nitr%l}iGSi@/egtioen tl@'n tFi method o{{a}gis inve Ition. The components or bl
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ammitriduacicl Gunstidenprodiv o diflubide)4axe! phiemialyreichpaisfarche: Riskeho
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%Héj ride ion concentration is too high ?ﬂf}} abgve about 15 grams/liter)
COTHE HRRSETISE B iPAt B SRR WA ik OB IBS AT CorH GuRiess fby this
soltig@rdong a period of time (e.g., above about 10 minutes). This potential for
excessive etching of the nickel and/or cobalt-containing base metal

rface. js illustrated b F%{.G.that shows the ma nifieg image. of a turbine
W L e St 6 A BB T m CSNEA o R EPRAA
to thitie slcilletd Pprakidera that various modifications thereto can be made without
departing from the spirit and scope of this invention as defined in the appended

claims.
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nitrate ion concentration below about 470 grams/liter, and a commercially
available ammonium bifluoride product (i.e., Turco 4104 that further
comprises acetic acid) to provide a bifluoride ion concentration above
about 15 grains/liter. As can be seen in FIG. 6, the nickel and/or
cobalt-containing base metal surface is extremely pitted and corroded in
cRp&arance, indicating excessive etching of the base metal surface by this
n. While specific embodiments of this invention have been
described, it will be apparent to those skilled in the art that various

I_Q:%cggcol%%%%_%%gﬁg& %r%h%egﬂ@%?ﬁﬁ/%gw departing from the spirit and

Is invention the’ appended claims. -11 CLAIMS:
1. A fabthodidom prisihupere fadonindevaps 2 (s frevigitigeaginbitposits formed

thGOBPAAEALNBYIYBS WFag e Mt G RGINE ASRSISHAERE thd RIS AU Bonent

operation of a gas turbine engine, wherein the turbine component

copyiprisesigkaicrel Ak conirlesathsgBisandhetal; and (b) treating

the sfacaaihr.tWbine CITRONBKLWHER:®HSIRADMAICAPRASHOR IR position to
convert the engine deposits thereon to a removable smut without

COBNER S FARMEERG thE FrRpde et alar ARl fiftine BivsiRerntipiedrhing the
baﬁéeéﬁé@cﬂrﬂ?lgff?m;@i?%ﬂm@@ﬂx%iﬁw@Mﬁrﬁﬁ@lﬁmﬁbﬁti& comprises an
substantjally free of acetic acig. and comprises: a nitrate ion source in.an .
R T i e Ay S R
sogresis/ ler xand:ma, Mfuakiltiost shuragrineamamdufitnbyaeig AT of thebout 710

biflypride fop, of from,about 0.5 ta,about 15 qramsiter, 2, hemethod of ¢
SR T Wher&in the éealnlng composition corﬁpr}/ses%e Ritrate lon oo o
frosoeircetit amamonit, pweight. of the nitrate ion, of from about 565 to

about 665 gramsl/liter; and the bifluoride ion source in an amount, by

weight of the bifluoride ion, of
2. The method of claim | wherein the cleaning composition comprises the nitrate ion

source in an amount, by weight of the nitrate ion, of from about 565 to about 665
grams/liter; and the bifluoride ion source in an amount, by weight of the bifluoride ion, of

from about 5 to about 10 grams/liter.

3. The method of claim 1 wherein the nitrate jon source comprises nitric acid,

sodium nitrate, potassium nitrate, ammonium nitrate, or combinations thereof.

4, The method of claim 1 wherein the bifluoride ion source comprises ammonium

bifluoride, sodium bifluoride, potassium bifluoride, or combinations thereof.
5. The method of claim 1 wherein step (b) is carried out by treating the surface of
the turbine component with the cleaning composition for a period of from about 1 to

about 10 minutes.

6. The method of claim 3 wherein the nitrate ion source comprises nitric acid.
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from about 5 to about 10 grams/liter. 3. The method of claim 1 wherein the
nitrate ion source comprises nitric acid, sodium nitrate, potassium nitrate,
ammonium nitrate, or combinations thereof. 4. The method of claim |
wherein the bifluoride ion source comprises ammonium bifluoride, sodium
bifluoride, potassium bifluoride, or combinations thereof. 5. The method of
claim 1 wherein step (b) is carried out by treating the surface of the
turbine component with the cleaning composition for a period of from

7.abouthetonabauiblQiminutesh&eihhgnaiediof Ghaibavhessip g Bitfahivm

bﬁ) 8rurce comprises nitric acid. 12 7. The method of claim 4 wherein the
'bitlibtide ion source comprises ammonium  bifluoride. 8. The method of

claim 5 wherein step (b) is carried out by treating the surface of the

turbi gompon ith the cleanin osition f eriod of from

‘about 310 about r]\;(‘f\qlnnutges r‘?ﬁe n’Pe{Tas o%arﬁalm whersiis %E(bsj'lfgace of
thedmiedo oty dnmtevsihgthaecteabing commpsitient fisr tin@@i@dnﬂﬁq‘rom about 3 to
ab%gp];p&ﬁ%@& or by soaking the turbine component with the cleaning

composition. 10. A method comprising the following steps: (a) providing a

turbine component that is a turbine disk or turbine shaft, the turbine

9.compapeLhAUng é’iaﬁH{fé‘%@%C&E%P(b%m:gM!S&%ﬁ%@’%mersmo the turbine

cobalt- contalnln? base metal; and (b) tréating the surface of the tutbine
CoORRARRIHEAL WAt 5%5rﬁﬁ§1wﬁwsﬁrow'fépa&1@é bRl BFfideCaBBEnERd With the
clahont dpinttes. and sufficient to convert engine deposits formed on the

surface during operation of a gas turbine engine to a removable smut

without substantially etching the base metal of the turbine component,

1owhergimbiieod comprising the following steps:

(a) providing a turbine component that is a turbine disk or turbine shaft, the
turbine component having a surface and comprising a nickel and/or cobalt-containing
base metal; and

{b) treating the surface of the turbine component with a cleaning composition for
a period of from about 1 to about 10 minutes and sufficient to convert engine deposits
formed on the surface during operation of a gas turbine engine to a removable smut
without substantially etching the base metal of the turbine component, wherein the
cleaning composition comprises an aqueous solution that is substantially free of acetic
acid and comprises: a nitrate ion source in an amount, by weight of the nitrate ion, of
from about 470 to about 710 grams/liter; and a bifluoride ion source in an amount, by
weight of the bifluoride ion, of from about 0.5 to about 15 grams/liter; and

(c) removing the smut from the treated surface of the turbine component in a

manner that does not substantially alter the surface thereof.
11. The method of claim 10 wherein step (b) is carried out by immersing the turbine
component in the cleaning composition or by soaking the turbine component with the

cleaning composition.

12.  The method of claim 10 wherein the cleaning composition comprises nitric acid in

13



cleaning composition comprises an aqueous solution that is substantially
free of acetic acid and comprises: a nitrate ion source in an amount, by
weight of the nitrate ion, of from about 470 to about 710 grams/liter; and a
bifluoride ion source in an amount, by weight of the bifluoride ion, of from
about 0.5 to about 15 grams/liter; and (c) removing the smut from the
treated surface of the turbine compgnent in a manner that does not
o0 RN I SHEF Gt FHEE (RESBTPT: MUt e BRUiaike E5RNGEH and
anstepi(h) isiGantild eutdpyoimmersing gthe tdrbiaeicosipinent isfthesledsinds to
abggmgosit}gsr}ﬁ)% by soaking the turbine component with the cleaning
compo%l ion. 2. The method of claim 10 wherein the cleaning
composition comprises nitric acid in 13 an amount, by weight of the

nitratg. | fro -grams/liter: and_ammonium .
o o AR P P R S AU A TP bR v
sugipesueflibeenhisticemu@eniht meathoel thé shairh 10 wherein step (c) is

carried out by gently grit blasting the surface of the turbine component to

remove the smut. 14. The method of claim 10 wherein step (b) is carried

oyt pihgaatthedné daimde sherangime tinspairshewitly therdneaiimaurface of
thSAMNASTIOR fonam PR RE fERIhAROUE A 18siABA WL @%{IM@@-OHIMEEBQ% to
FOR REMOVING ENGINE DEPOSITS FROM TURBINE COMPONENTS
by A EIASOSITION FOR USE IN SAME ABSTRACT A method and
cleaning composition for removing engine deposits from turbine
components, in particular turbine disks and turbine shafts. This method
- comprises the following steps: (a) providing a turbine component having a
surface with engine
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deposits thereon, wherein the turbine component comprises a nickel
and/or cobalt- containing base metal; and (b) treating the surface of the
turbine component with a cleaning composition to convert the engine
depdsEd HRIREDTO KUNWIEOROSUDStaR MY Ididtiai the

base me rhipe ' it
compris@ ﬂ%%%%i&%ﬁ@@%?éiﬂ%ﬁ%mé IC acid and
comprising: a nitrate ion source in an amount, by weight of the nitrate ion,
of from about 470 to about 71%3?@%%; and a bifluoride ion source in
an amount, by weight of the bifluoride 1on, of from about 0.5 to 15
grams/liter. The smut that is formed can be removed from the surface of

A trﬁ%fﬁ%r 'g‘ﬁ?dc%f”é’@ﬂg”éd?n%o@%‘ﬂe 2t foss b sHRsAntAll AlISh NG vine
surface thereof. FIg7T 2

components, in particular turbine disks and turbine shafts. This method comprises the

following steps: (a) providing a turbine component having a surface with engine
deposits thereon, wherein the turbine component comprises a nickel and/or cobalt-
containing base metal; and (b) treating the surface of the turbine component with a
cleaning composition to convert the engine deposits thereon to a removable smut
without substantially etching the base metal of the turbine component. The cleaning
composition comprises an aqueous solution that is substantially free of acetic acid and
comprising: a nitrate ion source in an amount, by weight of the nitrate ion, of from
about 470 to about 710 grams/liter; and a bifluoride ion source in an amount, by
weight of the bifluoride ion, of from about 0.5 to 15 grams/liter. The smut that is
formed can be removed from the surface of the turbine component in a manner that

does not substantially alter the surface thereof.

Fig. 2
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