.17 January 2007 METHOD FOR | NSPECTI NG A TI TANI UM BASED COVPONENT  FI ELD

OF THE I NVENTI ON The present invention generally relates g ol for

i nspecting titanium based conponents, such as the conponents of a gas

turbi ne engine, after engine operation. Mre particularly, this invention

relates to an inspection nethod for detecting the presence of

al um num based materi al deposited on titaniumbased gas turbine engine

conmponents. BACKGROUND OF THE | NVENTI ON Titani um based materials are usefu

because of thei ' | ' wi de range

of operating te%%ﬁ%@yr%@mlb?%m@% TIf@ﬁg%%A%ﬂ;g%@%ﬁﬁg? e the

mat eri al of choice for high performance gas turbine engine conponents,

. such as the fan rotor, fan bl ades, conpressor disk and conpressor bl ades.
A wi de rang@IBEDOF IHEINYENSYENr e avai | abl e, each of which confer a
particul ar combi nation of characteristics to the conponent. For exanple,
sone gas turbine conpressor blades are nmade of the comercially avail able
Ti - 6Al-4V al | oy.ThEheesehf incereivn\pcoéralipselbtes i methedgionéspedingapenidant , i n
part, on the abjlity of the above titaniumbased and other engine
conponent s t Sedjlo?ﬂili‘ enfsy S“éfﬁd‘S th ermmRenenty ofcd SHLWEYIBA cngine:; aftes fhgge

pat hways. Legkagen! MBReSpicho®as), s iht SN BALEGE 3D hadyfreidn HelfdPetr f or mance
and efficiency and thus ‘gas turbine engine designers have devel oped a
vari ety of gstecting ther prssayeeod tabimisumkbased nedbersed alopesitsé ainstjtaniomaeaskd i n

conj unction w ghhs other. co onengs to reduce or control |eakage. For

~exanpl e, abrB&d lingeglé%w%c BOY88d on the shrouds -of

BACKGROUND OF THE INVENTION

Titanium-based materials are useful because of their relatively low weight
“and high strength over a wide range of operating temperatures. Titanium or
titanium alloys often are the material of choice for high performance. gas turbine
éngine components, such as the fan rotor, fan blades, compressor disk and
conipressor blades. A wide range of titanium alloys are available, each of which
confer a particular combination of characteristics to the component. For example,
- some gas turbine compressor blades are made of the commercially available Ti-
6Al-4V alloy.
The efficiency of gas turbine engines is dependent, in part, on the ability of
‘the above titanium-based and other engine components to combine air and
products of combustion, to intended pathways. Leakage from such design
.ﬂOWpaths can reduce engine performance and efficiency and thus gas turbine
engine designers have developed a Vaﬁety of sealing arrangements, such as
“abradable seals, to work in conjunction with other components to reduce or
contro} leakage. For example, abradable seals are used on the shrouds of
‘compressors to insure efficient operation of the engine by minimizing gas leakage
in the compressor and turbine sections. Although the engine is typically designed
and manufactured to precise dimensional tolerances,' cenirifugal and thermal

expansion of the rotating and stationary members makes it difficult to achieve

1




conpressors to insure efficient operation of the engine by mnimzing gas
| eakage in the conpressor and turbine sections. Although#thg,£ngh@e is
typically designed and manufactured to precise di nensional tolerances,
centrifugal and thermal expansion of the rotating and stationary nenbers
makes it difficult to achieve 1 17 January 2007 zero clearances. Thus,
abr adabl e mealckaghten Hns, abpidayledscals sfied aatre&nqﬂoyddeon ssuafacemn af ytheenber
al | owi ng penetratl on of rot ati n b) ad?s into the se eéﬁne nodem gas

Lur bi ne. erfGIRESY SHBRLsy APV EEPGRT OB Fostne Wi e A S coated
seal. During ORBRRAILGm kCuibihathURAln Ay ARER AMBY 16RFbRRIs iR LD | NTO

casi ngs or adj acent re coate ndition of the bl ade
after opexHiiiopated asaalv Buying epemntbmgthe nititiem sdlogrtilades afast bentaciland Sever e r ubs

B A (O T T
bl ade tip ﬁ{leﬁgw%&f ﬁ&ﬂg%ﬁ&ﬁ@%&&ﬁt}%f iHel@bbbadee iR miPYRYRn there

are no vi s i cati on for bl ades that experienced mld contact into
the Al Si onveaha:aMgg ro¢she bliadg tiprwitthe refegeosi donditioas vaiymgnirem arhasstdistdé.  Such

deposit ont bl ades erod unde5| abl e may .result in
o ot HAEoR LR et RS ADALAThE Bl o BB AR E oy L '
suspect ed théblad@fip. HARePERURSC @feems IRMEHhdidafsd 18 VRIS MRataRPeri@Rtaced.
‘Accordingly, there exi sts a need for a nondestructive inspection technique

t hat i demild ¢aact kngo ﬂm&%waMg msudmlgmmh@mgmmﬁeéummunde@dm lede. on
titani um rrn ne O rat on.,.The presen nvention
sati sfi es%?’ﬁ}?sdeﬂ I%é@cﬁ? W(ﬂ(}dl e rlﬁf“}lttl aspect

of the preg&isel %Mgiﬂé b%nﬁam@é &nd &ﬁ@{e%y.dﬁﬂls,aiﬂarbm&ﬁb fOduspected, all of

the blades are removed from the engine and replaced.

Accordingly, there exists a need for a nondestructive inspection technigue that
identifies the presence of aluminum-based material deposited on titanium-based

components during engine operation. The present invention satisfies this need.

BRIEF DESCRIPTION OF THE INVENTION

‘In a first aspect of the present invention, there is provided a process for
detecting an aluminum-based material deposited onto a titanium-based gas turbine
engine component during engine operation, comprising the steps of: immersing at

least a portion of the titanium-based component, which has been subjected to engine




detecting an al um num based materi al deposited onto a titani umbased gas

turbine engine conponent during engine operation, conprijgiypg, ogt eps of:
imrersing at |east a portion of the titanium based conponent, I ch has
.~ been subjected to engine 2 --- ----- - e----- --- 17 January 2007

operation, into an acid solution to forman etched conponent, the acid

sol uti on ope#gun, Shtogars adidusolfitianotd denm sl ehedi conymingniartbe waidesglutie@novi ng
the etched conponent fromthe solution; and visually inspectin %Qe et ched
conmponent SYBPIISHRG |Sodipng gluqrifles RIS aeid| pRtht WalFE a ESMeWHRE ¢ F‘ke'g]i‘ s

i ndicatin ]ﬂﬁﬁﬁ i | Lal.. In a
second asg%c o?{ %ﬁg tg% gggﬁ@ﬂ}@géﬁﬁagg?ﬁsg E}ééi?lg t}%@tgg%%/iéﬂggﬁgeﬁ%foggérsks for

det ect i ngaas &l comtrastntollaghe dreust theidatk aepofidietdng deposited iatmmhwmbassled gas
turbi ne engihe conponent during engi ne operation, conprising the steps of:
innersing?mg€@f bet ween about 45 seconds and about 3 minutes, at |least a
portion of the titanium based conponent, which has been subjected to
engi ne operation, into an acid solution to forman etched conmponent, the
acid solution conprising, per liter: i) about 15 g/liter of sodium
fluoride; ii) about 75 g/liter of sulphuric acid having a density of about
1.84; and iii) balance water; renoving the etched conponent fromthe
solution; washing the etched conponent in water, followed by drying; and
visual ly inspecting the etched conmponent under magnified conditions for
dark areas in contrast to light areas, the dark areas indicating deposited
al um num based ndteri al
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In accordance with a third aspect of the invention, there is provided a
process for detecting an al um num based materi al dep05| t19‘3a1ﬁ{&1392(ﬁ)7

titani um based gas turbine engine conponent during engine operation,
conprising the steps o swab etching at 3 17 January 2007 |east a porti on
of the titani um based conponent, which has been subjected to engi ne
operation, with an acid solution to forman etched conponent, the acid

solution conprising sodiumf|uoride, sulphuric acid an vvat er; d
visual Iy i nspeét @nsgcqndeaSPS?tc%@e dweRsRiniENentions theas ks Broxidediaprogeerigst ¢ o

light ar eﬁétecth%e nﬂ% urt ﬁggféfe?rltéln tﬂgposﬂ&?%ﬁtot edi Al paskeipat erial .

| n accordance he 1 nvention, calfcium uori de,
pot assi umengihelcomgenant dbiymig ofidin® bperatia, d:on@ylsilng thelbieps bﬁtmxzhe&sing,tfne sodi um
aspect of,_ the invention,

fluoride constit ent Accgsrg%f ly, .in a four
there i s PP gtfﬂé‘l‘é*c"tni‘%esaﬁt a3tnd ROFoBaddhe fgmaymy
deposi t ed,gQhQqf Bhérﬁ‘%fﬁiﬁh ﬁééﬁéén%?ﬁe&té‘&ﬁj nEGERRNCAPANERE sSlufibg engi ne

operati on, conpr sing the steps of "I nmersi g at eaSt a portion of the
titani um aseth eorgpdied ompehenththeascid eelntisn lwpmprisitigt perelitgr: ni¢ abolptelialtl on,

into an aC|d olution to for ent acid sol
conpri si n§litst Q:tj Oéf%f#”ﬂ}g?» ‘t[‘}]ea%oﬁbkgéftﬁrrr? ‘frtfea%$%ﬂ‘f}ﬂg 8f 95‘6‘&% & aci d,
i) sul phygdf 1.k ﬁf)q)aldnbé wARE:GEmolia iRl 88hdd\@nFonBadrd® MROREHon! r om t he

sol ution; and vi $ual | I nspecti'ng the etched conponent for dark areas in
contrast tashinglkite aclaﬂsqommaetdan kvatary fedlowied diyodyingp anfepisgallyadspecting

al um num terial EF DE | PT].ON DRAW NGS, Fi ure shows,
at about %5? ﬁ,&&ﬁa P@QPF‘HH‘“ ’hgla%ﬁﬁ Iﬂfilntm‘Eﬁ%é I%%%fgast Wagonfad O&gb‘ér i enced
tip rub wyfhs 3k Mk SleasfRidafg Sbfokidl MG den-BRRA Rt QM.

In accordance with a third aspect of the invention, there is provided a process
for detecting an aluminum-based material deposited onto a titanium-based gas turbine

engine component during engine operation, comprising the steps of: swab etching at




Figure 2 shows, at about 5x magnification, the condition of another blade
that has experienced tip rub with an AlSi coating duri nﬁ7$ﬁrgja H@per ation.
3a 17 January 2007 DETAILED DESCRI PTI ON OF THE | NVENTI ON The %fesent
invention is useful in the inspection of titaniumbased gas turbine engine
conponents subjected to engi ne operation. As used herein, the term

"titani unldpstseportipnof thediantimayasedheearpenest, veiclwbds begs subjsgiedin paging pur e

titanium The.foll.gwi ng descrj.ption is provided with erence .t as
turbine " e cuihanaitt SRt 1 dpi & St comtbinind. thEiaE Subinfier ot oo
that the pofseihg sbd@Ni@NeakSBhin$e adiRl dodaRher;t Sdaviudlyt Agpdiimd ased
substrate which may have contacted an al um num based material. As al so
used her eftehed prampanent fozidark srges inbepnamast torlighy d@eess,she dedkmreed indicpling

al um num ,as we/ | alsnual_grri pum i n; conbination wth other substances. In
accor dancg Rt %ng &b %ﬁegrgjr?t d?'%' the present invention, a titanium based

bl ade, whirtdvcbrlan&e®ith fitheeehblifrRnBRFitens@itiohCelciing fludsiae Gictdsium
determine_if an alum num based material has been deposited onto the
conponent fluaidepr ydrpfuatienreid i be sybstiteied dor the sadivra dlyprideeonshiient ade ti p
contacting an glum . i . o I an
abradabl e seal gﬁ%ﬁg%l r%@%ﬂkﬁ‘é’f& é’r gﬁmﬁzﬁhﬁggﬁgéﬁegpggwﬁgéé Plg)gﬁﬁs'?{) From

contact wiétbetlguat alumihasddsddamateriniedeposited onis A tisdhnamBasedhgasbhuede: may be
renoved fromthe engine for inspectiogn and rinsed with water prior to

i nspect i ofSiRG coMBPITgt dBring Engisp Sperapon.t epnpriinghtheoticrsael: wmersiag ahor ti on
of the bladg J SHHLA bPthe' FAGHHAAH cSHE RS WiHih RAAREn bhiffectbd 1 BiERESEd 10 an
operation, into an acid solution to form an etched component, the acid solution
comprising i) calcium fluoride, potassium fluoride or hydrofluoric acid, ii) sulphuric
acid and iii) water; removing the etched component from the solution; and visuaily
inspecting the etched component for dark areas in contrast to light areas, the dark

areas indicating deposited aluminum-based material.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows, at about 5x magnification, the condition.of a blade that has

experienced tip rub with an A1Si coating during engine operation.

Figure 2 shows, at about 5x magnification, the condition of another blade that has

experienced tip rub with an A1Si coating during engine operation.
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acid solution. Alternatively, an entire conponent may be inmmersed, if
desired. The acid solution nay conprise sodlunlfluorlde47§%hagy og acid
and water. In one enbodinent, the solution conprises, per about 5
to about 50 g sodium quorlde about 50 to about 100 g sulphurlc acid,
bal ance water. The duration of the imrersion tinme is dependent upon the

. concentration of the solution. For exanple, with respect to the above, at
~least a portion of the blade may be imersed in the solution for between

~about 1 and ' r t ium fluoride) and about 25
seconds to gﬁ%ﬁ#ﬁ4ﬁhfkﬁkﬁﬁfré$ﬁéﬁ%ﬁﬁﬁébggﬂigﬁﬁﬂn] fluoride). Preferably,
the solution conprises, per liter, about 15 g sodium fluoride, about 75 g

sul phuric acid having a density of about 1. 84, bal ance water, 4 17 January
2007 and the corfhenmnateni snvemtren s dsdfnl trhﬁxesmbpﬂctlom dfdttalbmmm ghout 45

seconds and bout m nut es. Al es therebet en al so are included
e or s DI tnedne SRR iR Py Eh st SELA | RE P el Berea i Lo
fluoride or yprafdnieiibsseae dcludBy ikeindh R, Ui deflons thRtaasy Pufd uori de
constituent, in the anbunts descri bed above for the sodium fluoride.

However, | ortg@numrmﬂn% feltowihgaisscription laspr@\bd@d Wlthxreéarergaeetat&qs tuare t he

above descrl bed tines d | f Si u [ | ci um
fluoride is eg%ragyggonants ﬁ)ﬁﬁlw e@'%rl 1 acl}tc’l WII éubm er?:o(t)djg1 # pc}?sr?gtasodl um
fl'uori de congddntiveniiso BhappliRableoeas ﬁfhnidrﬂﬂb&sedssuﬁbtr;ﬁs \ﬂﬂﬁ@hltmdy Axveor | ess
t han t he above descrl bed i-mrersion tines for saodiumf]luoride may be

enpl oyed. HoRBNeed ay shngpumyhasest maisrale Ascalep wasd hersin ﬂi"e@ﬁﬁd‘ﬁ‘t“?’"@%“ﬁ'ect s on

the expos e%a&%“ﬂ%?d%& substantially pure aluminum, as well as aluminum in combination
| with other substances.
In accordance with one embodiment of the present invention, a titanium-
. based blade, which has been subjected to engine service, is inspected to determine
if an aluminum-based material has been deposited onto the component. Such
aluminum deposit may occur as a result of the blade tip contacting an aluminum-
based coating, such as an AlSi coating, of an abradable seal during a rub. An
aluminum deposit also may result from contact with aluminum-based hardware,
such as a shroud.
The blade may be removed from the engine for inspection and rinsed with
water prior to inspection. According to one aspect of the invention, at least a
portion of the blade requiring inspection, such as the blade tip, is immersed in an
acid solution. Alternatively, an entire component may be immersed, if desired.
The acid solution may comprise sodium fluoride, sulphuric acid and water. In one
embodiment, the solution comprises, per liter, about 5 to about 50 g sodium
fluoride, about 50 to about 100 g sulphuric acid, balance water. The duration of
the immersion time is dependent upon the concentration of the solution. For
example, with respect to the above, at least a portion of the blade may be
immersed in the solution for between about 1 and about 5 minutes (for about 5 g
sodium fluoride) and about 25 seconds to about 1 minute (for about 50 g sodium
fluoride). Preferably, the solution comprises, per liter, about 15 g sodium

fluoride, about 75 g sulphuric acid having a density of about 1.84, balance water,




The acid solution conposition is particularly effective at nornal

tenperat ures between about 15C and about 25C. The sol uti gn jgl SRy be
agitated prior to and during imrersion. If desired, the solution may be
recharged or replenished during use by adding further suitable anmunts of
the solution constituents, particularly sodiumfluoride, to maintain
desired etching duration tinmes. After imersion, the blade may be renoved
fromthe solution, washed wth water and air dried. The blade then may be

visual ly inspecied for the. appear.ance of.dark, areas,, which indicafe rubbed
surfaced or DOPECUEPHIn RinEREadn Nsgs0uist 1ob DRt HhAth AreBLeBeh bt or | ol

such as Al SigneR@simButcihesR HBfakg@l Bafbet®cBn IakoCABlih@Rded B hBGradeans of

| i ght er appearance on the bl ade, which indicate non- rubbed areas or areas

of the bl addnvémionhave not contacted the al umi numbased material. The dark

f. Dbl agk | i hl ades. .ual .
nepecti on at o aHPARERE e pedd e it A WrllefiRien apou

1O, is parthgpbaghpstiisel fr thesodiits PRGN RondBedeRt, lih Mge drBoltEEesctibehd 2,
shown are tips of two titaniumalloy blades which have contacted an Al Si
seal coati ngbave faighe sofinmdluapide afosteven fesgen FpreEin WhacH e 3out er r ed
process of the pr to,,d .l . i ({.04i : on
o1 ana S o RS hah EMATaoRriBed hce, Wil bEREABAe Rt AL
Advant ageoudiuoride for saleiuna fluorifle as¢mplgyed  7hydiasfimriy 20D sublsgtititedrfea i s not

shown on the_ bl ade, {he, blade.m e returned to operation an not
unnecessari Ithe §‘E‘ﬂ'é‘1?’)‘ ‘H?nﬁlqoéﬁt%‘f‘%v Offer RMEENPIigpe éuaée%gwa/%orr enove

t he bl ade fram #he BOUHISe described immersion times for sodium fluoride may be
: employed. However, use of hydrofluoric acid may have secondary effects on the
exposed component.

The acid solution composition is particularly effective at normal
femperatures between about 15°C and about 25°C. The solution also may be
agitated prior to and during immersion. If desired, the solution may be recharged
or replenished during use by adding further suitable amounts of the solution
constituents, particularly sodium fluoride, to maintain desired etching duration
times.

After immersion, the blade may be removed from the solution, washed
with water and air dried. The blade then may be visually inspected for the
appearance of dark areas, which indicate rubbed surfaces or surfaces of the blades
exposed to an aluminum-based material, such as AlSi coating. These dark areas
are in confrast to the areas of lighter appearance on the blade, which indicate non-
rubbed areas or areas of the blade that have not contacted the aluminum-based
material. The dark areas of contact may appear as black lines on the blades.
Visual -inspection at a magnification of about 4x to about 25x, preferably about
10x, is particularly useful for inspection. Referring to FIGS. 1 and 2, shown are
tips of two titanium alloy blades which have contacted an AlSi seal coating during
engine operation. Upon application of the preferred process of the present
invention, a black line (indicated by arrows on FIGS. 1 and 2 at about 5x

magnification) was visible on each blade. Advantageously, if such a contrasting
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prior to application of solution. For exanple, a "swab etch" nethod nmay be

enpl oyed by repeatedly applying the afore-described sol Uth?é}B{AIéfﬁDOt?he bl ade
with a saturated cloth, cotton wool nmaterial or other suita appl i cat or

so that the blade may be exposed to the solution for a suitable tinme, such
as the duration conparable to that of the i mersion nethod. The bl ade then
may be washed with water, which can be applied with the use of any
suitabl e applicator such as a cloth or spray device, and dried. An

advant age of the present invention is prqvjding a nondestructive
i nspect i on tdghaieg e Pwe&wﬁl?g’&éerﬁhﬁi e@ﬁﬁb%fﬁﬂ@egé"@%ﬂa“%‘?f’%%tive to

impl ement . The Ahsk& 'fy%@ra ‘be set up easily and inexpensively, w thout
the need for special, congﬁ?ﬂcat ed equi pnent. Moreover, operators al so may

be readily trai nétmativeheitimgpet bk ancessay esemaodndididndattomihagegioéd t he

resent inventiagn is.that the process renoves less thap 0,0001 inches
(2. 564 g Mg to RBLSHiPa AL ShiioRe Eoa v SERD melhd ainbS 1

meet di MeNsipRAbyddRUeh QRN Sopdfihe thd AFOREEd:EMEIRRAA Bnfd e MadeGpmponent s
may be readily returned to service. A further advantage of the present

i nvention i sdtaatedtclethpreijan waol matasiaplor cdhesduseldp appieater am that thevab et ch

Lo an al um HbdeonaE fersapaes ko T onllibf ot a STl pERERBIC ol o™ Pt €

processi ng QbnipARbRAb thdt OF theimAREdibwhethOl IThe \badde Gkt AAPOE ivaEH¥dSYig e
described herein, it will be appreciated fromthe specification that
vari ous conbyaiel: Which cgn be peplisdiveth (aguse of srssuiable Rpplisptarstels as B n may

ibﬁvrerﬁ?ieoﬁy to?gﬁﬁyﬁg\i/ité,%gdhﬂe&.he art, and are within the scope of the

An advantage of the present invention is providing a nondestructive
inspection technique that comprises minimal steps and is cost effective to
implement. The inspection may be set up easily and inexpensively, without the
need for special, complicated equipment. Moreover, operators also may be
readily trained in the inspection process.

Amnother advantage of the present invention is that the process removes less than
0.0001 inches (2.564 pum) from the surface of the component. Thus, the

| components will meet dimensional requirements after inspection and non-rubbed
components may be readily returned to service.

A further advantage of the present invention is that 1t employs an
uncomplicated etch immersion or swab etch technique, which may readily and
quickly reveal component rub or exposure to an aluminum-based material without
the requirement of further processing of the part for inspection.

- While various embodiments are described herein, it will be appreciated from the
specification that various co’mbinatio.ns of elements, variations or improvements
- therein may be made by those skilled in the art, and are within the scope of the

invention.




6 17 January 2007 CLAIMS 1. A process for detecting an al um num based

mat eri al deposited onto a titaniumbased gas turbine enqujgmﬁment
during engine operation, conprising the steps of. imrersing at” Teast a
portion of the titanium based conponent, which has been subjected to

engi ne operation, into an acid solution to forman etched conponent, the
acid solution conprising sodiumfluoride, sulphuric acid and water;

renovi ng the etched conponent fromthe solution; and visually inspecting

t he etched ;& nt for dark areas in contrast to |light areas, the dark
areas indic %E%eposi ted al um num based material. 2. The process of claim
1, wherein the titaniumbased conponent is a titaniumalloy blade. 3. The
process of claim1 or claim2, wherein the etched conponent is visually

i nspected atl. a rra’gmtddewfdrod\etmtirgbmutalmmntm -bsedl & xal dbposihad mtocess of
any one of %I al. ns b ﬁhere n at ortion of th onent is

i mrer sed i n DR asegcﬁaﬁf'fr e EBRPF |°gfnﬁ’8ne“%8}m § g ?peéﬁi%’t C(Tgp W& ter of
sodi um f | uokhOgspsicf) about 75 g/liter of sul phuric acid having a density of
about 1.84; and iii) balance water, for between about 45 seconds and about
3 minutes. 5. Thénpessesy loist arnnr@mOthedltamﬁm -based camponrat.eviiclhibag east a
portion of t d . u o] g, per
"o 1) anStn sTOERONES sbbs' OEFRE, B B0 4R Sorfon rodB P Bl 50"
about 100 gkbinpeienqf the dcih@olution comprising sod1um fluoride, sulphuric acid and

‘water;
removing the etched component from the solution; and
visually inspecting the etched component for dark areas in contrast to light areas,

the dark areas indicating deposited aluminum-based material.

2. The process of claim 1, wherein the titanium-based component 1s a
titanium alloy blade.
3. The process of claim 1 or claim 2, wherein the etched component is

visually inspected at a magnification of about 4x to about 25x.

4, The process of any one of claims 1 to 3, wherein at least a portion of the
component is immersed in an acid solution comprising, per liter 1) about 15 g/liter
of sodium fluoride; ii) about 75 g/liter of sulphuric acid having a density of about

1.84; and iii) balance water, for between about 45 seconds and about 3 minutes. -

3. The process of any one of claims 1 to 3, wherein at least a portion of the
component is immersed in an acid solution comprising, per liter 1) about 5 to
about 50 g/liter of sodium fluoride; ii) about 50 to about 100 g/liter of sulphuric

acid having a density of about 1.84; and 1ii) balance water.-




acid having a density of about 1.84; and iii) balance water. 7 17 January
2007 6. A process for detecting an al um num based mat erigly,fleppssded onto
a titaniumbased gas turbine engi ne conponent during engine operation,
conprising the steps of imrersing, for between about 45 seconds and about
3 mnutes, at least a portion of the titani um based conponent, which has
been subjected to engine operation, into an acid solution to form an

et ched conmponent, the acid solution conprising, per liter: i) about 15

/Titer of sodiumfluoride: (i).about 75 g/liter of sul phuri i d havi
densi ty of Sbout A eSS A opehith gy anenidarbased raedldPpRlst Bithey " "0
conponent f r@mikhSase] tisit@bincRs HeBntBReR s eﬁ%&ﬁ@@ﬁb@ﬁﬁoﬂ, BoBi g

foll owed by drying; and visually inspecting the etched conponent under
magni fi ed cdmitensods for dark areas in contrast to |light areas, the dark

areas ‘i ndi cating.deposit | um nu based material . 7. .The process of
1 aim 6. whor el n PRI arh AFAHL SR e oo g Apet ¥ it BLRGEER, 0
detecting ampogioanbnuie asREh-bRer dotlpoleRO SiH@dh@nbermasutddi@nidisrdased gas
turbi ne engi ne conponent during engine operation, conprising the steps of
swab et chi ngperetipaato an peidtsobriogslotfaan tant ighied reoppsente Sieptsid pelutigini ch
 comprising, per liter:
1) about 15 g/liter of sodium fluoride;
i1) about 75 gfliter of sulphuric acid having a density of about 1.84;
and
iii) balance water;
removing the etched component from the solution;
washing the etched component in water, followed by drying; and

visually inspecting the etched component under magnified conditions for

dark areas in contrast to light areas, the dark areas indicating deposited aluminum-

based material.
7. The process of claim 6, wherein the aluminum-based material is AISi.
8. A process for detecting an aluminum-based material deposited onto a

titanium-based gas turbine engine component during engine operation, comprising
the steps of:
~ swab etching at least a portion of the titanium-based component, which
has been subjected to engine operation, with an acid solution to form an etched
component, the acid solution comprising sodium fluoride, sulphuric acid and
.water; and _
- visually inspecting the etched component for dark areas in contrast to light

- areas, the dark areas indicating deposited aluminum-based material.




has been subjected to engine operation, with an acid solution to form an
etched conponent, the acid solution conprising sodium fljgagigey 2604 phuric
acid and water; and visually inspecting the etched conponent for dark
areas in contrast to light areas, the dark areas indicating deposited

al um num based material. 8 ------------ ------ 17 January 2007 9. The
process of claim8, wherein the swab etching step conprises saturating an
applicator with the acid solution and repeatedly applying the acid
solution to at legst a porti.on of Jhe.titanumbased conponent. 10. A
process for 9(611et egﬁTenQrorfﬁssaloan‘?qﬂﬂh%ag@aw%wé i ST EGBWEL SIFP ofpres

titani um basgeraias i bRHiReERAINNECRIPSNEHén S rdpaedg zi’p?lﬁi%'ﬁ%t AR,
conprising the steps of, imersing at |east a portion of the

ti t ani um basetitesrpenlert a pattioatr{ astitabanbsedrevpewnt.o engi ne operati on,
into an acid solution to forman etched conponent, the acid solution
conprising i) calciumfluoride, potassiumfluoride or hydrofluoric acid,
ii) sul phurim.acisl moekss ifby de@t@dls an efvinigr-bired ahabes ¢opiesiepitof 10m t he
solution; and visually inspecting the etched conponent for dark areas in
contrast to tltﬂgﬁm'baé?%&@,m&bmﬂ AgHIe copweBeitiyriag engine aRgsRiaqn, semprising

al um num baﬁﬁé’st@ﬁé@fr:i al. 9

immersing at least a portion of the titanium-based component, which has
been subjected to engine operation, into an acid solution to form an etched
component, the acid solution comprising 1) calcium fluoride, potassium fluoride or
hydrofluoric acid, ii) sulphuric acid and iii} water;

removing the etched component from the solution; and

visually inspecting the etched component for dark areas in contrast to light

areas, the dark areas indicating deposited aluminum-based material.




