METHOD FOR REMOVI NG ENG NE DEPCSI TS FROM TURBI NE
COVPONENTS AND COVPQSI TI ON FOR USE | N SAME BACKGROUND
OF THE I NVENTION This invention relates broadly to a
nmet hod for renoving engi ne deposits from turbine
conmponents, in particular turbine disks and shafts,
using a cleaning conposition. This invention further
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operating tenperatures are typically nade of nickel

Thénghias esdhalichlias eurbinp eliskk I(@ysetingls eehed “tabigqotdrs™) and/or
el evated tenperature toughness and fatigue

turbine shaflene aumbprest Plades meusiied wnibe tyrbingydigkafshafis alextending

- 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 fatiguc resistance. They have resistance to oxidation and

corrosion damage, but that resistance is not sufficient to protect them at the operating .
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corrosi on damage, but that resistance is not
‘sufficient to protect themat the operating -1
t enper at ures now bei ng reached. Over tinme, engine
deposits, primarily in the formof nickel oxides
and/ or al um num oxi des, can forma coating or |ayer on
the surface of these turbine conponents These engi ne
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conmposition conprises an aqueous solution that is
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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, wherein the cleaning composition comprises

an aqueous solution that is substantially free of acetic acid and comprises:

a nitrate ion source in amount, by weight of the nitrate ion, of from about 470 to about

710 grams/liter; and

a bifluoride ion source in amount, by weight of the bifluoride ion, of from about 0.5 to

about 15 grams/liter.




-2 This invention is further broadly directed at a
conposition conprising an agqueous solution that is
substantially free of acetic acid and conprises: a
nitrate ion source in an anmount, by weight of the
nitrate ion, of fromabout 470 to about 710
grans/liter; and a bifluoride ion source in an anount,
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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.




FIG 6 is a magnified i mage (1000X) show ng excessive
etching of the surface of the base netal of a turbine
conmponent when treated for too long with a sol ution
formul ated with too low a concentration of nitrate ion
and too high a concentration of bifluoride ion.
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turbi ne engi ne parts and conponents can incl ude
turbi ne di sks and shafts, turbine airfoils such as
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nozzl es, conbustor conponents such as liners,
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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). IHlustrative nickel and/or cobalt-containing base metal superalloys are
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Chem cal Technol ogy, 3rd Ed., Vol. 12, pp. 417-479
(1980), and Vol . 15, pp. 787-800 (1981). Illustrative
ni ckel and/or cobalt-contai ning base netal superall oys
are designated by the trade nanes Inconel(r) (e.g.,

I nconel (r) 718), Ninonic(r), Rene(r) (e.g., Rene(r)

88, Rene(r) 104 alloys), and Udinet(r). For exanple, a
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- Thip gtehingr typiselly gglbibits 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.




metal fromthe surface of the turbine conponent. As

used herein, the term"stock | oss" refers to a

decrease in or |oss of base nmetal from the surface of

the turbine conmponent. -5 As used herein, the term

"substantially free of acetic acid" neans that the

conposition conprises, at nost, trace quantities of

acetic .acid, e.gd., . .about -0.5% or. | ess j [ o
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corfHiRk, Mt Thd¥e tia@é QuantitiePof Sdetif acidBaps abdif 0534 bPLESs acetic acid,

conposi tions, conpounds, conponents, steps, etc., can
moptypisalloabeuk . 1&ner lossegetinadithi s i nvention. Accordingly,
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engi.ne ¢ gpents to renove engi ne deposits on the
Ofgﬁgfg%glﬁﬁngof often adversely affect or alter the
properties of the base netal of the cleaned turbine
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unlggstoerwisgspecif®d. or cheni cal cl eani ng processes al so
usually have to be repeated several tinmes and/or the
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turbig@ leagine \on@ohéntd kasdma@, erfgine Pepoitd en alxp smfiace ahereof often
clean surface conditions for the turbine conpanen

. t.
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Intensive and requires great care to avoi d excessive |
be rigpepjed ssverehdimesyepdioe Was eherpically ttrrpfedc SATPPAYIY Faqaires

LSRR RERIRL Ry b AR i s
pro¥ide GRpRpYiatehidanutfate €8 !focEROSide RAHohéral 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 3.1, 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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can be used to clean and renove engi ne deposits from
the surface of the turbine conponent. can al so
excessively etch the surface of the nickel and/or
cobalt-containing base netals used in nmaking the
turbi ne conponent. Exanples of such prior chem ca
et chant conpositions are disclosed in U S. Pat. No.
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attﬁ%é%@ﬁ?’ﬁ oug%ari es) of the nickel and/or
cobal t-contai ni ng base netal of the turbine
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weaken the base netal at these grain boundaries. The
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sel ected anmobunts that convert the engine deposits on
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corpipge e’ Glsbm i BRI H it ORefTor 5 B gpihmyion e
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_conpositions of this invention are substantially free
nickd]l andérri eobalticantaining dbase matebe Thedemirt dut iistfermyrdarasherated,
crea%&,agtg., %§ teatment 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.

_Refe_rring 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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ni ckel and/or cobalt-containing base netal. The snut
that is forned, generated, «created, etc., by
treatment with the cleaning conposition of this

i nvention can be subsequently and easily renoved

wi t hout the need of excessively abrasive nmechani cal
treatnment and wi thout substantially altering the

ml?lo% ]%lﬁlgaﬁgpéf é&%ﬁ‘&&'&ﬁt&?@' s%g A St RPN n%o tth§eéa% c%ﬁrﬁ e1:he

raw ngs owsarerese
roct oA tﬁﬁﬁndl\liillad‘eh(not ﬁﬁ)wcﬂ;“t 1) ﬁﬁﬁ)v@@'@é@ﬁd)ﬁall Oié\nodﬁf disk 10
this invention is useful in the formof a turbine disk
of [t lcepmudisierrebase metal dndicateches Hohaving epgingr ¢e@@@ts indicated as
n 4
55 ORI R BREL LA B e BRI R Pl D0BLs i gk

10 Quihe lare@eTeiB Ipbitionl 18CAd uter I@ﬁﬁﬂd‘[@tﬁf ad todi mBRL1Bhited extent in
i ndi cated as 22, and a periphery i ndi cated as 26 that
thei pEoXSFBY; cf@GripEryR6h FIG of ikistates A Bblap diskriOciesing b gngine

R Sor sk R BhPRL RS e raRlen B CHRTL fp i optereed

porBiBAWE thisSi@fHihOdRk 10 @welf in0FIEK 4] Gind afpibdlly: appear as a dark or
conprising a base netal indicated as 50 having engi ne

darberresicos thagirtage édobsrbipgdiskified on surface 14. These
engi ne deposits 58 tend to formon surface 14 of disk
th 4 )
In ég n&e?ho(ﬁl cff tﬁi:_;sl qﬁvoe%gloﬁ YRe ﬁﬁ%&é g&négneﬂp Quc?lh%tg %%Irbg{)?l ﬁf h?vmg
eng®y ddplsitsysPén surface 13 thdrédfii frédt@bwah tétdaniig ddhﬁi@sﬂ{@n of this
havi ng such engi ne deposits 58. These engi ne deposits.
invggios e Phist Fleyiag | pmnosivionr eeraprisen 2h agHpeusgeefution that is

sub?%nﬁalgfnfrge oft alefc bk %nd ggxgxgﬁgelslo d%llr}g 101'& g%lfﬁ’l eGln a:{ nlgnt by

appear “as “a
weigHl bte rﬁt‘l‘at@f"loﬁ Wlttdae aBing k4 78Qe abbutt N® g'fﬁltnbl@l%rofyptcﬁllﬁ from

I nvention, the turbine conponent such as turbine disk
aboyp 56 td shput 663 ngra@mél@fprt; ghd ¢ Buasidedon perrec Iamprntelt weight

of i SEEFgh T SOpT RT3 C MR P Ttk liically fipm about

to FHOUE Q0 SrEAd/Hick OTSuithBlE sbfirce$ YD RItARS iodl In¥lule 88l acRE &biliem
acid and conprl ses: a nitrate ion source in an anDunt

mubse polebsiimn mofratehampiotiuat aitiabm etef asf welh agoutbiugrions ghereof.
t, 710 [1it I.I i bout 565, 1.
Tyt thEuele A pqurEfement Sbs deitlosonadle gntuss o bitpprice

~ ion3HBUAE amBYontVRh QJ"ﬂuoere il ﬁlﬂH&‘ided?ota@Qumoﬁlﬂﬁbﬁ&B efc., as

about 0.5 to about 15 grans/liter ypically from

- welhbpucorsbinations thereof Typically, the blﬂuoride 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
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to about 10 grans/liter. Suitable sources of nitrate
ion include nitric acid, sodium nitrate, potassium
nitrate, amoniumnitrate, etc., as well as

conmbi nations thereof. Typically, the nitrate ion
source conprises nitric acid. Suitable sources of

bi fluoride ion include amoni um bifluoride, sodium

: i de. . it . _ I _
colb L S TBRRER AR o606, St e
disB 00 rwith, opimmesiEg sutheeord efvutbidd dick 10, thdhdealigpduintgsition.
conposition can, al so conprise other aopti onfal .
Tregtspané aiy e slrapingcoppasitien s Erigaily cytied epkior gareripd gf from
TR B UL Oty e oIS SLERACRpH 120 i 7

minads. DErehthesmt esh bwvchrfied bat 6l wami RepeciEese.ti, dronoabdui28° to
i nvention in anly sui tabl e manner and faor_a _ peri
& 4

abaut A& Querat eap eleyaed empergioer tubice d 4198 disktlOzpp 93 gub%cted
o G SR SIS LS By, yiSpe ERRE Huplgilns ror

exag@iptd)ithgsirRse 14 oetiak 19Qanbe @ictleatt to Tonsmve e bteakdswibeny oily
carried out on surface 14 of turbine disk 10 b

or pihgks parhgnacels| dapogisate il inf thevbreduomnger rﬁwwalnf\éf # engine
. g o . o
aerRBEE A4 M LERRLO SRIBREL VA e ook i

invéfifone bRAF R @xaBplpiiask 1k @an betketrchydd widh hy alkalieate@edser
is carried out_gy soaki ng surface 14 of turbine disk
comppsifjontsuclpas sogitsn Bydgxider f ace 14 of turbine di sk 10

in, the cleaning conmposition. Treatnment with the

| . 5

To AL BARRAPG LA Gof YPUBEU NoERLELE Ry, (R8s
aret pelitivalyl ¥hémically pesistast of ihéronabieutodpbenabofitthd cleaning

m nutes. Treatnent can be carried out at room

compasioncanrbs applied to thegmparBen ofxdisk b0 thah datnopmapire sleaging.

. e el evat ed r.at . rfac f_di C
sl pRUBPLEERERD! 1P BUPRETE MPsimfll, Hhy7an ve
applib@ & iHeGn ¥kl dhrfabéls CArdahatnge BREP B pslPmefsPEomdiAEP bLother

the surface 14 of disk 10 can be pretreated to renove

congposiions Kepbire eheiedllyyresigiantoartaert éa tisowatnooeys @b pssleaning

to aid i Jhe. breakdaq ar r val . of . any engi he
conypsfich, of' b indb BB 3%, 35 TR oL, o Fetpspepased
contpoBRDdNEI neRP Qs Rt ribBkS compysifibhd Bucletss . ndoprene-based

exanpl e, surface 14 can be pretreated with an al kal i ne
polyteense asck polytetraflueiorihyiens u dlee aforsedinphe, Hy.8r Bai. d¥o. 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
boating. Once treatment with the cleaning composition has been carried out, the

maskaﬁt can then be removed from disk 10.




To protect other portions of turbine disk 10 that do
not require cleaning, maskants that. are relatively
chem cally resistant -or inert to the conponents of the
cl eaning conposition can be applied to those portions
of disk 10 that do not require cleaning. Suitable
maskants include plastic filns, coatings, or other

, ) e I
ATEBEER NP AR, R ORL LB R e U 5 b
restiwapihsicbi ams sirfigt B efcdiekn Wakhy beeshsstiaslt @fg.,| netht wheer),
t he conponents of the_ cleanin conposition of this
neytraligert o5 ptheswris r&@ogf:ch;hyemthgg@ &apWhORGREthgilled in the art.
TR, R SRS 00, SR O B FLAGHS SR o

dryisy ghiefdof a0 remsveeddyydfahe resi@iel cleafiingxanpbsitioMfiom Ratace 14.
No. 5,126,005 (Bl z.;lke?l i ssued June 30, 1992
Altemaiuely.altpaiment of slisky il §ouitlg.tbe cleaging, cqmapositin, can be halted

perfbdd Bk, et Bt B4, YAl QiR g cloaning

cordp@Ahn38R sufhen)4 dfsdisled OFBéiny ainsed DIf 4806 hewpaetdl | Any
col. 2, lines 46151{ the relevant portions of which
maglagt thak israpphed odipl 10 sapplsn de remonednsuch an by stiipping from the

sucBBBL 86h of R0l FAMKERN DBl IRORR 1l BADROPR b Bhods

e pro rom

kncaieaBbdel stitled i fet4el, BOthat diskil 0@an B8 REG G rétidhay ubd,
roller coating or flow coating. Once treatnment wth

the cl eani ng conposition has been carried out, the )
Therisriant @4 riuibiendisk 10ewishade folesming emprgitions efethis invention
[ t_of [ ' L | eani.n
opkBATSIR o eal MDA 86 o L H G820 P s

smetll A€ redtdd ailirfde I4 o QiskAN. Fhid dongakht &f forth€d Gan baMctddved or
wat er}, neutralized or otherwi se renoved by nethods

subgtantisiln eenagisd efremi surksge | 1t ohaligr 40 inTynyi sanhsy, that sliees got

IS I I Ien ter, follawed by .a_high essur
sub @l RE Sl B Bk o EPE G o 0P IR i gom e
renfo®8d B8 korBleRAGHAN In@REPOKhéWRNof 1088 SKllEAGR thé . art for gently
Alternatively, treatnment of disk 10 with the cleanin

Lernat . 4 9
remsyyingosinilposmetalaydse ohdilmed Sugable gened! Imetiiatsgneluds eglgtively
ro out 3.to abgut. 5 m.nutges Wi t he resi dual
gentF &5 PG e, S M Bahibk pESkrasd bl i S 1§ 3 ifBrggea v
grit' BIRGRG. oSde BINI/PAf. MW, 720 078 th NARWaj srB kafdedt Matchi B 1998,
applied to disk 10 can also be renoved, such as by _
espedialiypgil iy linedhorG7hie cob Uy, fiae sandviidt I, thre mlevirgyortions of which
are ﬁ@?ﬁ%@t@ﬁ bvjyl rtepergn%!s.v testuI'bCirrw tdPs lla?gggrnttrgan%{mto\%u}h?% 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 cobalt-containing base metal, and can therefore cause excessive etching of the
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known to those skilled in the art, so that disk 10 can
be ready for return to use. The treatnent of turbine
disk 10 with the cleaning conposition of this
invention typically fornms or generates a relatively
thin residue film |ayer, etc., of a renovable snut
on the treated surface 14 of disk 10. This snmut that

i r . . ial- .
b S50 0 RS BIRE EcaFLTSIAL Y pE B o
love s il abbyt 400t efansditégicitie biflwfriddiisk cdfcentration is too high
exanple, this snmut |ayer or filmcan be renoved b

. . Y.
(i-egorhpataberallS neremsditerk gbduihe dasen sl swrfere ds tiqated avidh the

. . i o s .
e S5 S TR b s, LU e
Thigrpotenbihiofdt eR@ssive blehidg ofithdfidkel madior BebadEcamtihiag dase metal
that are not to be subjected to _grit blasting. See
surfgcsis ifustratedoby BGz $3hy 7 owsathqwa%edétnaa*r of 3 Bishiag coyppenent
i al ly..col i : .col. .
socfop 8834 "R B st R Mt Bt R o«
nitiaftiCioh hednbdtiby belehestne a70 thendliteRiang adidikmdiQiallafavailable

treatment with a cleaning conposition of this
ammepiasn bdloride progueieli.cr dinespat 1 0gfthatarthen qommsiges aostic acid) to

formedas is, typically,.su i.al f . Of i .
R R T R R
FIGS R kie: §6kat dhd/B€ Bobbdt-confnifiy Gasemythll sifash BVWktrietheli pifted and

disk 10 to be substantially free of engine deposits

corggled fin appegtagemiimdjcasfngsuessaive etehing afithe haseanetalriurfgee by this
ol osition of this invention using the method of
FH% i nvention. The conponents or materials that
conprise the cl eaning conposition of this invention
WHiR-sPecifi® bbbdim@fils bf g irARGH heVelbcbh HevctiB&), itwit] be apparent
potentially etchants for the nickel and/or i
to debabkilledin shaprghatavasions maedifiegtigns dherethegant by Brade ygthout

excessi ve.et chin f the <10 base.netal, of fhe..turbin

dergtihgona heegpanid peprerof s ARERUTE of dicfhed AL e telfed

claings.too low (i.e., below about 470 grans/liter), the
bi fluoride ion concentration is too high (i.e., above
about 15 grans/liter) and the base netal surface is
treated with the cleaning conposition for too long a
period of tinme (e.g., above about 10 minutes). This
potential for excessive etching of the nickel and/or
cobal t-contai ning base netal surface is illustrated
by FIG 6 that shows the magnified i nage of a turbine
conponent
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surface treated for 30 mnutes with a solution
formulated with nitric acid to provide a nitrate ion
concentration bel ow about 470 grans/liter, and a
commercially avail abl e anmoni um bifl uoride product
(i.e., Turco 4104 that further conprises acetic acid)
to provide a bifluoride ion concentration above about

tehe. AS can be seen in FIG 6, the nickel
v”iaaﬁgﬁﬂgg%gﬁﬁi§bntaining base netal surface is
extrenely pitted and corroded in appearance,

1. i ndiACa@immgitRueeapriviag ah ahudus eblutibe suitasatinbt fbe sllucticsrid
by this solution. Wile specific enbodinents of this

and eereprisivgi have been described, it will be apparent to
those skilled in the art that various nodifications

of b I?lgfa% %ncﬁ)%gqﬁ%%ﬁlo%{ {%? %el%lﬂ %Z%'fié fnrﬁgtel 159 ftfp(ﬁn gﬁb (':ri(l) 710

scope o i's 1nventfon I ne e appen
gre@dsAite® andHAT |S CLAIMED IS 1. A conp05|t|on
conpri sing an aqueous sol ution substantially free of

acet|jc acid nd conpri sing elo ourc
a hifluogilesepirstin aw%gg Yy W?Igfflth%tf the tbi‘ edﬂn AR g to 15
710 grans/liter; and a bifluoride source in an
gﬁé%@&%? by wei ght of the bifluoride ion, of fromO0.5
to 15 grans/liter. 2. The conposition of claim1l
2. conjthé sbmgoditien of tlaah d ¢ommprsty the rimata ionsdyredin amount, by

of, the ni rate f from 565 t0 .6

weljhs AEjhe; S St oF BT 343 QoS caemaReE i s BiflRoie fon souree
%gBH Vi I mb5 to

in gr ans l%l‘ﬁlgh%tth {é&g%eﬁggs@donggé ¥ ﬁg/aﬁgsf/ﬁtg]lqai ns 1
to 2 wherein the nltrate source conprises nitric

3. aci ﬂfhe smipmiuiwri off atyef gbotna d stohwheremathe nitmtmirmomprises
nitr or conbinatiaons thereof. 4. The conposi ti

nitgl a3y SEIVE) SR (DO ISmARRSE AR TGBIS OB qopfpinations

tegggrce ~conprises amoni um bi fluoride, sodium
| uori de, potassium bifluoride, or conbinations
t her eof . _
4, The composition of any of claims 1 to 3 wherein the bifluoride ion source

comprises ammonium bifluoride, sodium bifluoride, potassium bifluoride, or

combinations thereof.

5. The composition of any of claims 1 to 4 wherein the nitrate ion source
comprises nitric acid and wherein the bifluoride ion source comprises ammonium

bifluoride.
6. A method comprising 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
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5. The conposition of any of clains 1 to 4 wherein the
nitrate ion source conprises nitric acid and wherein
the bifluoride ion source conprises anmoni um

bi fl uoride. 6. A nmethod conprising the follow ng
steps: (a) providing a turbine conponent having a
surface with engine deposits t hereon, wherein the

t [ 0 n ' n| /
thCC g%%l ?r_ﬁéﬁon{@? ﬂlﬁngurﬁiglgg %dnﬁéo V?}ll%gél)(‘la?lg (958,1‘)':1121%1 CO{I]IIZI)OSIUOII
comprifed tie: @mpodiionwf bhnelf (ﬂa'msczrterﬂ; with a cl eaning
conposition to convert the engi ne deposits thereon to
vabl e s t. wi.t hout substanptially etchin 12 th
7. basd hireatodogt i 6 phsrete Seg bwecy Qi b reatipp dhe surface

of B R, Wil o ERARG RS BT RIEHOAST 5Bl P10

nnmnep (b) is carried out by treating the surface of
the turbine conponent with the cleaning conposition

5. of IhaHPL G St 63016 IpRaow iy DS i Ree
of Hﬁetuﬂiiﬁef onht WiE b rc@aﬁfﬁger ?@gﬁﬁ?ﬁ fﬂw %T?egid'aeof from 3 to 7

cl eaning conposition fo
mimdtesit es. 9. The nmethod of any of clains 6 to 8 wherein
step (b) is carried out by innersing t he turbine

9. ¢ he ThE anishorh CE Gy CHe AR onid, Rewprretingiah (Y if Gariefoput by
mugigrm e REgIRA 06}5 G4t Ofn fﬂeaél%nfg ESmBod:E Br '159 NBLLRE She

urther step of renmoving the smut fromt
turbine atraporsnt fvdathethetleting tampositiorconponent i n a manner
that does not substantially alter the surface thereof.

10.  The method of any of claims 6 to 9 which comprises the further step of
removing the smut from the treated surface of the turbine component in a manner

that does not substantially alter the surface thereof.
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