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5 1. Field ofmsrsgee{m@ggnigaﬂaced The pres

t he process of tﬂﬂ I'1'y stripping coatings fromawfm%gS 10
~2.  Brief Descript UBIEH\ '!M[m Gas turbine engines in aircra aigew

taken out of dic intervals and regul ar mai nt 4

service is perforned on them Part of the regular repair sequence for

t he bl ades and vanes (|nd|V|duaIIy or together 15 referred to hereafter as
"airfoils") of these FEEDBEC ; - i 9358 ‘ g repl acenent
of the worn coati ngs fron1the|r surfaces These coatings are usually
either an al um nide coating or an MCrAl'Y coating. The under | yi ng base
netal of airfoils are generally made of 20 either a nickel base alloy or a
cobalt base alloy. These coatings provide airfoils with a thernmal
barrier to the hot corrosive environnent in which airfoils operate.

I'n the past, these al uninide and NCrAIY coatings were renoved from
airfoils by soaking the part solutions (to renove
al um ni de coatings) or in ot ' } S (to renove MCrAl'Y
coatings) in hi gh acid concentrations for up to six hours at el evated
tenperatures. Several disadvantages are associated wth t hi s soaki ng
process. 30 1. Fheddsefkithg Jnyeasdons extrenely | abor intensive and

can produge Nnon- UgptoLPA0 UNRLANGLAPLe 1588 t% che $3Bcess of

'electrochemically stripping coatings from airfoils.

2. Brief Desgcription Ar
Gas turbine engines in aircraft are taken out of
10 service at periodic intervals and regular maintenance
service is performed on them. Part of the regular repair
sequence for the blades and vanes (individually or
together referred to hereafter as “airfoils”) of these
engines includes the removal and then replacement of the
15 worn coatings from their surfaces. These coatings are
usually either an aluminide coating or an MCrAlY coating.
The underlying base metal of airfoils are generally made
of either a nickel base alloy or a ccbalt base alloy.
These coatings provide airfoils with a thermal barrier to
20 the hot corrosive environment in which airfoils operate.
In the past, these aluminide and MCrAlY coatings
were removed from airfoils by soaking the parts either in
nitric acid solutions (to remove aluminide-type coatings)
or in hydrochloric acid solutions (to remove MCrAlY-type

25 coatings) in high acid concentrations for up to six hours




~al so damage or destroy airfoils if inproperly carried out.
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Furthernore, each airfoil part requires extensive nmasking to pr ot ect
areas sensitive to the acid soaking solution. Such areas include

- internal surfaces and the root section of the airfoil. These masking

oper ati ons aﬂeeiﬁMaquzﬂﬁme¥aﬁyqﬁﬂf|(ﬁﬁﬂenahnﬁkﬁﬁQWﬂ?ﬁ%2ﬁﬁraﬁﬁocess and,
i f not prop%t%]sécwt%eq{ r“;letql Q4tsg sac{lxli ;@gspt s reged or destroyed parts.

Still ese 'soaking proce 'sult in extensive
amounts of acidi (:Thmtsﬁaasqlng iproddat inusixthenmlopdrdbor imfiespoisesl of as

wel | as have Iong ycle tinme and require 10 relative |arge amounts of
energy to h yee n?ﬂﬂ%ﬂ%éﬁ%% and unprqé;gﬁéﬁyﬁﬂ SWibSet t er

airfoil §trln@(plc%91 R106S Sk NeRARd-dYy e Sng ne Migigrange and repair
I ndustry. This better asgfemol stri p;ﬁyng lprocess shoul'd be of‘é that has a

15 reduced cpdmiad it reﬂ}mtﬂ'@rmmce&ﬁcérromrfﬁlﬂ et requigpd res | ess
resking and LW, QRO SIPSLAMIES o rea PIANGRS JeoS, NaRATAYS aSLe

effluent; requirtes less g ener uces uniformand predictable
stripping sdasCing sclmtivat. f easth ;zaafetas arrezldaimged;enimsu rsmeﬁhcms 20

require recycl . The resent I nventi on provides soI tion to these
needs. hd e Wod'se lﬁ%ﬁ?@‘(ﬁ'—f% II@‘Sﬁﬂ king

Therefoig, QpR RS Yrd f&&rl@seradd BAQH 1 falkdrit 45 ol rt%:ttq«fé tyQn A OCESS
for electrochemcally strippinga coating froman airfoil conprising

i mer si ng t Rradaswiand,n if not drapedohaddieddut batan flgad wuf fi ci ent
period of “dgﬁaged or destroyed parts. Still further, these soaking

processes may result in extensive amounts of acidic waste
solution that must be properly disposed of as well as

15 have a long cycle time and require relative large amounts
of energy to heat the acidic solutions.

Accordingly, a better airfoil stripping process is
needed by the engine maintenance and repair industry.
This better airfoil stripping process should be one that

20 has a reduced cyele time; requires reduced amount of
labor; requires less masking and lower operating
temperatures; produces less hazardous waste effluent;
requires less heating energy; produces uniform and
predictable stripping results so that fewer parts are

25 damaged, destroyed or require recycling. The present

invention provides a solution to these needs.

BRIEF R THE TINVENTION
Therefore, one aspect of the present invention is
30 directed to a process for electrochemically stripping a
coating from an airfoil comprising or includes immersing

the airfoil in an electrochemical acid bath for a
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to renove the coating fromthe airfoil while the airfoil in t he
‘el ectrochem cal *acid'bath is naintained with a 30 control |l ed absol ute

el ectrical potential with respect to a ref erence el ectrode.
Substitute sheet DESCRI PTI ON OF THE PREFERRED ENMBCDI MENTS
The phrase "controll ed absolute electrical potenti al Wi th respect to a

reference el estfibielens peetodherli Hime e remfﬂ‘% @F%c‘?‘?ﬁl‘éwg pof @Rt FRe as

measur ed bet ween t r ﬁpg?a non- pol ari zed
reference el €tt r%%lje V%lié) ‘L %r eaegqv\nﬁ? Ie&?:r setup Int

el ectrocheni celle@etical Lisraﬁénwal:ommlfmpea afd ea:treafsmmcaebl e rat e of
stripping of t he coating fromali%g base

"control | ed BEREEFRIF Wird TR NS %]necfth’élci?){ SRR s‘%ﬁr?%Jcth %’é used

herei n negns ¢ 1{§ gileﬂg{ic&rg%éent is neasured as the current flow
bet ween the alrfoirl and the counter electrode in the el ectrochem cal
acid bath while the absolute potential of the airfoil is nonitored with

respect to a non- p% ﬁﬁdrf(ﬁ\f[% eEL & FShf, in the 15

el ectrochem cal acid W el ectrode setup”
as used herein Tl@éeplsra@etheomsﬁobie@namaﬂwié ebe¢tel owl kpogert eglr ode
whi | e al so have at | east one coun el ect ode a(g% non- I arized

reference el SktFRdECPPEEhetRl 2cFF “E’Fl%%:%a? %%%0 b pused erell:i’he

present hpvenhiofsi shdased-epiLtae ﬁ@@éﬁ@ﬁél 0fs Ohe@Bured Wéheeh enedi C
current to the coated airfoils, whi results in an increase in the

potential of aiefailfbas.a worhimg @h@cirm@ebfaltl@eaaT@P@TEO%ﬂﬂ-an process
2, 1Creased 2o SOOI RILLIOHDT LS, RoLRGLED, oL o, 000k USe kol e [oter
periods of tI@Eet@B@cﬁﬁ@NH@mi@aBIaGD@kb@gh is controlled to affect a
suitable rate of stripping of the coating from airfoil
15 base metal.

A phrase “controlled electrical current density on
the airfoil surface” as used herein means the electrical
current is measured as the current flow between the
airfoil and the counter electrode in the electrochemical

20 acid bath while the absolute potential of the airfoil is
monitored with respect to a non-polarized reference
electrode also present in the electrochemical acid bath.

The phrase “three wire electrode setup” as used
herein refers to the use of an airfoil as the working

25 electrode while also have at least one counter electrode
and non-polarized reference electrode in the
electrochemical acid bath.

The present invention is based on the application of
an external anodic current to the coated airfoils, which

30 results in an increase in the potential of the airfoil.
Thus, the rate of the acidic stripping process is

increased significantly while being able to operate at
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processes. This use of |ess aggressive solutions or |ower t enper at ures
ar shorter reaction tines or conbinations 30 thereof allows for use of |ess

costly and | ess conpl ex masking materials. Furthernore, upon renoval of
the coating material, the electrochem cal current may be automatically
Substitute sheet - -4- st opped or

reversed to obttlierthewelesiced concpptrytiésnectat lewehowpeyatiggtoo far
and s ooty G 0Ga 60 8T UE svorPUETBLLicas or U pLESent

I nventi on can carried out uSIng el 0 ~apsol uté potenti al
stripping or comntentienhl scakiegtpsoceppesng. Thbs coseiafsiédat nay be
renmoved by this rocess. i ncl ude one or nore al um ni de coatings or one or

more MrAl Y ERITTRRIET Rt eRs (HerEI¥eT EXRIFRPERt GFes Ol Fptesat | ngs
i ncl ude N5COGrM ot idh G Hhes 8D LB Mhatidfs therddf £PILWO! ESH poLenti al

stripping preferably uses a constant absol ute el ectrical potential on
the airfoil ikessecosthyiandaless Thempbestnask oy ematetipioyi des activation

energy for diﬁ?ﬁ! ' f C Ln er,l al nd al so . causes a
difference in eﬁél#lrﬁ%ér)l’si%gc%r]?%ééi’%%l % rtelj%ﬁl ?L%gt errl%irP‘—’)‘/t%léﬁc\gén&‘%e
airfoil base ebtcetreritetieaTocatirgnt mampties i Ahtoddt EaEly vetoppéd SRY be
desired in sone situations to enploy, a variabl e absolute potential with

respect to a refer et%l%k&'f?b‘élet?h%yd%%%‘l’fﬁ%lfﬁﬁ’d?Eﬁég ef%‘?ﬁ‘b!‘ﬁ&@“‘p‘é’t’-ential
of the ahpf 0idoidder 5O E DN a@é&%&r\égllér@éma&ﬁg% dnde (i.e. wll

be smaller as nore is renoved). This e nment provides good _
selectivity fakrfoikoating renoval, but requires a conpl ex potentiostatic

power ~supply. Aﬁ%@hﬁ%é@gﬂk invention can be carried out using

either controlled absolute potential stripping or
controlled current stripping. The coatings that may be
15 removed by this process include one or more
aluminide-type coatings or one or more MCrAlY-type
coatings or mixtures thereof. Examples of MCrAlY-type
coatings include NiCoCrAlY, NiCrAlY and CoCrAlY.
The controlled potential stripping preferably uses a
20 constant absolute electrical potential on the airfoil in
the acid bath. The constant potential provides
activation energy for dissolution of the coating
material, and also causes a difference in.the intrinsic
corrosion current density between the airfoil base metal
25 and the coating material. Alternatively, it may be
desired in some situations to employ a variable absolute
potential with respect to a reference electrode. By
controlling the absolute potential of the airfoil, the
coating removal rate will vary over time (i.e. will be
30 smaller as more is removed). This embodiment is provides
good selectivity for coating removal, but requires a

complex potentiostatic power supply. Accordingly,
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controll ed absolute potential stripping is preferred where selectivity
'is the primry toncern. The controlled current stripping operation
i's preferably a constant current stripping; although 5 variable current
stripping my also be used in sone i nstances. This enbodi nent may be
-conducted wi thout the need for conplex equi pment (e.g. a sinple

rectifier majontrolgedsedsolfteonstent iappktedppuhbent petweeredhe airfoil
parts and the counter electrode in the acid bath will 10 renove the

coating at awbewst &fdeckiwitysiscEhenpyimaryefRogrFEnt does not
di scrimnate betwagg K %%E%bﬂﬂeﬁh%urrenEOQE%E%EEEE %Ea? ohhg gunderlying

airfoil base netal, excessive stripping uce unmanted base net al
pitting or rpmafakabIbua cmnseamarehmkbmtnahmuppung |altﬁougth|red for

t his enbodi nent .t han the const otenti al Rin enbodlnent On
the ot her® hal8r1efe SeGUFHTETt S 258 é&ﬁlpgg F&SQI§6| % BngEFe and | ess

expensi ve thahstancele othee embedifent. may be conHﬂc@b’ﬂh%ﬁt@l@&Q, thie 1S
desirable to select the 20 optinumelectrical potential or current for

conducting neeghiferecorpPlexhemudBmensade-on. aTHLEPSFt FRGMLEARE M3y be
found by meaguriagghhe quil, @Eaﬁﬁnﬁbﬂlg B@Tr%gltaggt?veensEh'epgg‘}f@)' ihfoi l's

to find the optinmum point ere selectivit pi ng the coated
mat eri al froparhe 2ﬁd ahefaphnmatablestgbdatestthe acid baEhewaﬂably, t he
electroﬁpenlcal bat ard _acid_resis ?pt material to-

whi ch ant®xt EPRSVE theaﬁpﬁﬁﬁggbﬁFr3nFOH§§aBg ZBpFired St8BnEPAPr foi | parts

partly i mer se@odimehe dckd ﬁoﬁaﬁﬁsc-'r_liﬂllhﬁlt@ pegtFdencrembiaggs ther the
baths will be the airfoils thensel ves. One or nore counter el ectrodes

(pref er abl y, CORhABSr Materigl o taceNBSerdyasy MKLoRé PRaCedStAlthe bat h.

And a excessive stripping may producé unwanted base metal

pitting or removal. Thus, more carefully monitoring is

15 required for this embodiment than the constant potential
stripping embodiment. On the other hand, the equipment
required is simpler to operate and less expensive than
the other embodiment.

In either case, it is desirable to select the

20 optimum electrical potential or current for conducting
this electrochemical reaction. This optimum level may be
found by measuring the current density of coated and
stripped airfoils to find the optimum point where the
selectivity of stripping the coated material from the

25 airfoil metal is greatest.

Preferably, the electrochemical bath may be of any
standard acid resistant material to which an external
anionic current may be applied to the airfoil parts
partly immersed in the acidic bath. The working

30 electrodes for the baths will be the airfoils themselves.
One or more counter electrodes (preferably, standard

graphite electrodes) will be placed in the bath. 2And a




reference el ectrode (preferably an Ag/ Agd reference el ectrode) is
‘placed in the bath. Specially, the airfoil parts are first suitably
masked (which rmay be | ess than the masking required for the
conventional soaking 5 process) to cover any acid sensitive surfaces. The
-airfoil parts are preferably affixed to a insulating fixture at the

rOOt_SeCtionrQEe&@ﬁcéi%ﬁ%hkr%@ethﬁkeEQQab1F abl adgapeacie@Byeplet he airfoi
are inmersed into the bath up to the platformsection of the airfoil.

The root 10 Séectsrdedr ésnplachieddedbenbekl -bafRegaalil. i ket pdrfoil
convent i onal 3?@@'Q%esgﬁE%E'@Qi%%%ﬁgsEasgganRhE%ﬁuhﬁg Pe.}ggngﬂg The
X ol reo t rfoils

I nsul ating PRt ure I Ng one or ese a 'S prgferably
made of titabhemmaskdny requdtredr feui takl eonvkbheioetadl soAktiagnati vel y, the

airfoil 15 nmay be c letely i mrersedq after ,maskin he root _section
and otheﬁsacP§°§§ﬁ§$?E9ec§ PralBy. acid SenSIFﬁV8p§g£%P8ﬁSoneT§F nmore of the

rpot'sectionaigko&uepartsca%begréké&abh§ areiredf epahl yneh.agpedg nto the
titani um fixture or other type of insulating fixture. The airfoil 20 is
t hen i mersedifpure ehkethratPermssstironosothrapirheil sopthaé &hevane

section is c tely . e _acigdic.. | ytio I I cal reent is
applied mﬁtthP? e?eXC%EP % g?egﬂfigéffggge%%%a?mggggﬁg g%%%e%?eaﬁgfﬁtude
bei ng conpr abl ¢the Platfefrer erctiehcofr ttle mirdséd .t o Theaswoe 25 or

nonitor the electrical potential of the airfojl i(n the .. bath. In the
Case of Wont PEEEES aXEr oM HBEEREaRn theobAFboARg, Ui kPoFERence

el ectrode isceaRaeeliedalloscakiPet 8RkipplaL gabvanast ab hetOrelfi@denterface
of an EGG Model 173 potentiostat driving Hew ett-Packard "Unity-Gain

30 Vol t age Pragkamsabl &hpowssudasphng) Dinsueey hohdinggpae et wmorespd pping
may be nDniteh%ge airfoils is preferably made of titan@um or any
other suitable noble metal. Alternatively, the airfoil
15 may be completely immersed after masking the root section
and other acid sensitive surfaces.

In operation one or more of the root sections of the
coated airfoils are preferably clamped into the titanium
fixture or other type of insulating fixture. The airfoil

20 is then immersed up to the platform section so that the
blade or vane section is completely in the acidic
gsolution. The electrical current is applied with either
the electrical potential or the current amplitude being
controlled. The reference electrode is used to measure

25 or monitor the electrical potential of the airfoil in the
bath. In the case of controlled electrical potential
stripping, the reference electrode is connected to
potentiostat/galvanostat (e.g. the interface of an EG&G
Model 173 potentiostat driving Hewlett-Packard Unity-Gain

30 Voltage Programmable Power Supply) whereby the degree of

stripping may be monitored.




~The el ectrochem cal stripping bath may contain any suitable acidic

solution. Preferably, the acid is either a nitric acid or hydrochloric
acid. Any suitable acid concentration up to concentrated sol uti ons nay
be used. 5 Aqueous acid concentrations containing about 3% to about

--15% by vol unme technical grade acid in water (nost preferably nitric or
HCl ) are preferrethecedestroichemdcal sgréppéngsbactt mayt yoatkiiey ethyw t h

t hem over nore, concent.rated aci d sol utions

10 The . .
el ect r ochemi ERf tBPEPafCHAE CuSO UEd Bar r Y TSGETEREY - thﬁr@§éﬁ$lﬁr88§§§1hay be

carried out HOhigRycSHchiabbe hydrathudi-ief akibe andyakuaRubiemeia ure to
renove the coating fromthe airfoil w thout harm ng the_ underlying
base nmetal ofongeniiratdion upr &éPecobcgnternésd sedisprng T8Yoper &Seshs may be

carried aut abueRRl LeTRCLALLEAARd ibAk contAlfhlaphacalaul 30 gnut es.
These condi tions are ['ower and shorter than e conventi onal soaki ng
processes. 15% by vtiemendephnicadf grhdestrippingwptecedsmostty be 20

predet ermi ned by any_standar.d end-point technique. -These i_nclude a
P hear Coxt aBOPERBRISt Pihe 1CuProe | AECoBROEeTTed, Bopause; f The

correspondi ngrakte@ 8elBtidRitydachieRe@d@tiehnthesh baki-omeiet he initia
potential or current to the nmeasured potential or current; by

pr edet er ni negorSeartratrs: peddc#PAEREOPAC) or vol tage neasurenments; or by a
pr edet eryy ned abs%h%t%1%%%9%%5%&&%?16BgéQ%EEBnEaBEEdOEo car%%rgﬁﬁtﬂﬁé
stop or be : : e

potential where the process w rever sed
present i nvepteeenis pirockeber mgsbei kadrirddenai fo?0ahy seansbife the

fol |l owi ng Exanpl es. ,
amount of time and at any temperature to remove the
coaﬁing from the airfoil without harming the underlying
base metal of the airfoil. Preferably, these stripping
15  operations may be carried out at room temperature and for
about 15 to about 300 minutes. These conditions are
lower and shorter than the conventional socaking
processes. |
The end point of the stripping process may be
20 predetermined by any standard end-point technique. These
include a linear extrapolation of the current/time curve
to the time corresponding at zero current; a
predetermined ratio of the initial potential or current
to the measured potential or current; by predetermined
25 alternating currént (AC) or voltage measurements; or by a
predetermined absolute quantitative end-point wvalue of
current or potential where the process will stop or be
reversed.
The present invention is further described in detail

30 by means of the following Examples.




7 EXAMPLES 1-4 Exanmple 1

"CONTROLLED POTENTI AL* STRI PPI NG OF ALUM NI DE CQATI NG Six airfoils
(PE4000 2nd stage bl ades fabricated with 5 PWA 1484 base netal and made by
Pratt & Whitney) bearing an alum ni de coating (PWA 275 available from

Pratt & VWi t ney) (approxi mately 0.001" thi ckg wer e cl anped by their

root section into a titaniumfixtur ed airfoils were

engi ne-run fqg SF%O-l}l,OOO hours. These 10 six airfoils were inmersed in
the tip-down on in a tank containing a solution of 5% by

vol une C QoM (D]@]L N QT Y i %

tenperature. The bl ades were subnerged tq their atf or ’. | evel so.that
the acid sol ution %b’ﬁt%’Efe‘élﬂf%e(%?‘é(g%O 1% r 85A80Fi ﬁé}a 65t ?ﬁarﬁgﬁgﬁgl WBSP not
the root gectypn.14g4 base s ACA 5k trRdlte aby Op LN B ek ey NSIBEAT £AGDY | sed

of three graphite plates that functioned as counter el ectrodes. The
tank al so coramiabumisideecrdatiingr (PWA 2R orvaklakelerbrer RBrakkride, (e.g.

Model A6-4-PT_20 available from SiON. [ The
bl ades under 'SpEFEY «t%??r%}éﬁﬁ?’f%s&om@g ‘%ll%)l tq?;l %ﬁ y%?‘%g%o?%nt i al of
-350nV vs. Agned.rdbe sectipotbfitdad ©ftahbubl fdesumet h Tiespectoavedhe

Ag/ Agdl reference el ectrode was adjusted using an elgl<ternal ower 25
supply to a cohefelledwsrs LRRSINS20 Phat - A3~ bl e(_?loo OWe? er nt ABTS
experimeqbal | y; o, PLeyi g 8k HIRALESEG in SKL 6€1) Vadwn Dot VERPat B6AMVnand
+500nV for coating renoval ). The current flow between the bl ades and
t he count@rtahlectontainssendl golasiomndf o 2doy byotwes 30 ext rapol at ed
zero-point algorithmbased on.nuneric. .differ jatio t he
current/time g%@%?%?ﬁ?g%%n Ryar ]?%?Fnl%ea Jh(g %%I%%P%%a%t:: rrfr;o en the

al um ni de Coaﬁéﬁgerature. The blades were submerged to their platform

level so that the acid solution contacted the areas
15 requiring coating removal but not the root section.

The acid tank also contained an insert comprised of
three graphite plates that functioned as counter
electrodes. The tank also contains a silver/silver
chloride reference electrode, (e.g. Model A6-4-PT

20 available from GMC Corrosion of Ontario, CA).

The blades under open circuit conditions were
initially at a potential of -350mV vs. Ag/AgCl. The
potential of the blades with respect to the Ag/AgCl
reference electrode was adjusted. using an external power

25 supply to a controlled value of +200mV(that has been
determined experimentally to provide the greatest
selectivity between -350mV and +500mV for coating
removal). The current flow between the blades and the
counter electrode assembly was monitored (by the

30 extrapolated zero-point algorithm based on numeric
differentiation of the current/time waveform) to

determine the point in time when the aluminide coating




8 woul d be conpl etely renoved. The coating was conpletely

stripped after 45 m'nutes, and the current flow was di sconti nued, and
the airfoils were renoved fromthe stripping bath. 5 The

conpl eteness of the coating renoval was verified non-destructively
-.through heat-tinting one of the six airfoils at 1050[err]F in air to
produce a chevatdebestoopletebyurenolred. Adbet coahlihyg, waaotbepleteflgi | was
secti oned and exa tallo raphic I to verify.the 10 conpl et eness
of “coating rEFBVRPSATBELRE ABsBhRECe  pagd the' Ru¥Erhty Fhdy #8sOTPErLioRe

2 CONTRQLLEELROTENE A ALafed RE R8I Ay €51 Mo vé e ClbribMerd 1Brom theSi X air
foils (PE4000 1St stage bl ades fabri cat ed with PWA 1480 base netal and

nmade by PratBtRIEPIREeHFLR.  pearing a Ni CoCrAl Y coating (PWA 286 avail abl e
from Pratgt & YLt ns¥)1EPRRLQXT SRt thi C y
their root section éntg lt?tgn?u 8?|§%%rgoggh egcgé%%geggsa%??gf SBMere
engi ne-run foonaflestrscddPely thré08hhbeas-tintifipeosexohi thei bsxwere
inmmersed in the_ti Lentation in

Sonby . VoRLRECLERCRR FATPSR KGaPOEnFOrPEodera RrCORTRFLEE ISR |

tenperat ure.pThie bbddes WRAQicUEABIUPH 4Rctherraplabivrwaddskevebneg t hat
the acid solution contacted the areas requiring _coating renoval, but

not the root2B@cexanined metallgpraphhgablysbPuveERE¥oRRai ned an i nsert

conpri sqg 1LPEREGT BRNLLEL Pt fembPaT LHACEREN SOYRt§
el ect r odes. @ﬁtani fso contaFne% g%?ver%s?lver %g éﬁfor? re?erence
el ectrode usmdtah &xbapke 1. The bl ades under open circuit
conditions were initially at a potential of -350nV vs. Ag/AgC ). The
Example 2 |
CONTROLLED POTENTTIAI, STRIPPING OF MCrAlY COATING
15 Six air foils (PE4000 1°° stage blades fabricated

with PWA 1480 base metal and made by Pratt & Whitney)
bearing a NiCoCrAlY coating (PWA 286 available from Pratt
& Whitney) (approximately 0.004” thick) were clamped by
their root section into a titanium fixture. These coated
20 airfoils were engine-run for about 5,000 to 11,000 hours.
The six airfoils were immersed in the tip-down
orientation in a tank containing a solution of 5% by
volume concentration hydrochloric acid in water at room
temperature. The blades were submerged to their platform
25 level so that the acid solution contacted the areas
requiring coating removal, but not the root section.

The tank of solution contained an insert comprised
of three graphite plates that functioﬁed as counter
electrodes. The tank also contained a silver/silver

30 chloride reference electrode used in Example 1.

The blades under open circuit conditions were

initially at a potential of -350mV vs. Ag/AgCl). The




9 potential of the blades wth respect to the Ag/ AgC

.referenced el ectrode was adjusted using an external power supply to a
controll ed val ue +105nV (that has been determ ned experinmentally to
provide the greatest 5 selectivity between -350nV and +500nV for coating
-renoval ). The current flow between the bl ades and the counter el ectrode
assenbl y waspaboent bakdof byhé hielades exitlhpoeapect zieo oelpoi & /AdQdri t hm based
on nuneric differ ntiation of the urren%/tine.maveforn%gt 10
determine t MESEOFRECER EFRECTACH YRR APURFHEAUHRT | ¥y SXteiRal dPpeer

conpl etely r@@@yﬁg;t¥m§”¢éﬂ€rGPﬁéanﬁaM@é +105£@”PEE5@|Hé§tBé@ﬂ3d, t he
current flow was di sconti nued, and the airfoils were renoved fromthe

stri ppi ng badétermined experinenpiblynesspodvide Thatdreptespval was
verifiedc15 -destr Lvely th t-tintdn n f.the airfoi
parts at51053€f c?¥§%%yg#%¥§e¥n DS S Qﬁﬁ 750 Vi%?fc ?éﬁkﬁg

err 0 produce a character col or.
Addi tional | yremmtedher arhé othryest SETéw obethveéend the lekadedesnd the

netal l ographically to verify the conpl et eness of oating renmoval and
the absence GIUBESE PLEGTTalE ARSCBRY wag,uenTEered (DRRRROLLED CLRRENT

STRI PPI NG OFo BN DE8%T+)Goint algoflendibiskd &PEAMRO-20d stage bl ade
fabricated with PWA 1484 base netal and nade by Pratt & Witney)

bearing 25 & Eereinlaeienarf nghe POWerPFBE Aviing abtecfoom Fratt &
VWi t ney) ~(ap i I . "othick cl d its [ 00t sect.ion
in a po 9viré§€% ﬁ%é?d%h%Féﬁgn?iﬁ? timgﬂﬁhenaggg afﬁhl e ?@9?%%gdomn

ure an Fimersea 1Tn t

ori entati on weukd beakesmpletely soembved. of Wixdh byha odduEimpneeat rati on
hydrochloric acid 30, in water at roomtenperature. Thjs coated airfoi

nas engi FRMPLE-FHY AbBHRPSTI 008 CUET YD hiRlf svasHE B Rfel nuedyas
subnerged to;hd Stipd ad{ PFFL] &VRLrS OrdiiVed NErSR! tHd M ripping bath.

The completeness of the coating removal was verified
15 non-destructively through heat-tinting one of the airfoil
parts at 1050°F in air to produce a characteristic blue
color. Additionally, another airfoil was sectioned and
examined metallographically to verify the completeness of
coating removal and the absence of base metal attack.
20
Example 3
NTROLLED C N TRIPPIN F ALUMINIDE ATI
One airfoil (PE4000 2™ stage blade fabricated with
PWA 1484 base metal and made by Pratt & Whitney) bearing
25 an aluminide coating (PWA 275 available from Pratt &
Whitney) (approximately 0.001” thick) was clamped by its
root section in a polyvinyl chloride (PVC) fixture and
immersed in the tip-down orientation in a beaker of
solution of 5% by volume concentration hydrochloric acid
30 in water at room temperature. This coated airfoil was
engine-run for about 5,000 to 11,000 hours. The blade

was submerged to its platform level so that the solution

10




10 contacted the areas requiring coating renoval, but not

" the root sectibn. - The beaker of acid solution contained an insert
‘conprised of two graphite plates that functioned as 5 counter el ectrodes.
The tank al so contained an Orion I nstrunents Model 900200 silver/silver

chl oride reference el ectrode. The bl ade under open circuit
condi ti ons wasntactedithaldyead wredqoireimg adoafindSfembwsl, tihet AgdtAgC 10
ref erence el ectrode Anodic current was applied to the bl ade using an
ext er nal pov@?es'{ﬁﬂﬁf?%t’af’réontrol led - val ue of 50mNcnierr]. The
potential of the fadeeakdh of adfSRRSIut or o] &N el psd Fode was
nonitored to an absol ute val ue greater than +200nV to determ ne the
poi nt 15 i rrameiel sedrek Hevaaraphide ater et dompticiansd as renoved.

When t heccoaf | S y i'ﬁ‘%g e ! ' S t he

current FI o%%}gc%?s%foér)\%cﬁ%eﬁ%' arlﬁﬁdét e a(ﬁ%% a%%n%lsnérsde%r\plégdﬁf%%m t he
strippi ng balnstruments Mddesl caig &1 eElsee s ihee e agiliowi dee niwdd revace
verified 20 non-de%etruct ively through heat-tinting of the part at

1050[ err] F iStSH T produce a characteristic blue col or. Addi tional |y,
the airfoil was sggd ipnask arthexapdetircui®l@iP e Gaddy to verify the
conpl eteness of coating renoval and the absence of base netal attack.

25  Exanpiwitgially GONFROQIEBMCURRENT -SERIMPING CFRhevBRAGBOATI NG
Cne 711581 P00, L pr ol a0y Nate LNAEP GF A s, SLAD0 Do
286) (approdbladelysihd0dl exteitrdl ower esupmingerb by ddriscraldledection to a
PVC fixture‘valuéﬂg%igggx éﬁ%.inTkgep%%%h%ga %Ei%%%aghg eiui%hpeaker
respect to the reference electrode was monitored to an
absolute value greater than +200mV to determine the point
15 in time when the aluminide coating was completely
removed. When the coating was completely stripped (after
45 minutes), the current flow was discontinued, and the
blade was removed from the stripping bath.
The completeness of the coating removal was verified
20 non-destructively through heat-tinting of the part at
1050°F in air to produce a characteristic blue color.
Additionally, the airfoil was sectioned and examined
metallographically to verify the completeness of coating
removal and the absence of base metal attack.
25
Example 4
CONTROLLED CURRENT STRIPPING OF MCrAlY COATING
One airfoil (PE4000 1°° stage blade fabricated with
PWA 1480 base metal and made by Pratt & Whitney) bearing
30 a NiCoCrAlY coating (PWA 286) (approximately 0.004”
thick) were clamped by its root section to a PVC fixture

and immersed in the tip-down orientation in a beaker

11




11 contai ning a solution of 5% by vol ume concentration

“hydrochloric atid in water at roomtenperature. This airfoil was
‘engine-run for 5,000 to 11,000 hours. The bl ade was subnmerged to a its
platformlevel so that the 5 solution contacted the areas requiring

--coating renoval, but not the root section. The beaker of acid

sol ution concenhsiamngnsesolutiononﬁr5&eUyoVOiumegcaphenerptabas t hat
function as % teg . _elec érodes % g9 contglns thghsane 10

si | ver/si | vePY hPoPT 98 FePEF8nis B?Eﬁfrﬁ erﬂgﬁd FPRPSr A B Empl 673%

The bl ade ungerrepenwekredgtineondht EOASSYAS0 to LD} boal hyuak.a pakential of
-350nV vs. Ag/AgCl. Anodic current was applied to_the bl ade u3|ng an
ext er nal pomE%a 8 weﬁpﬁppmeegadceﬁt@o%F%dp%aFEermnl@welraﬁge ha the
5C”A/C”T@ﬂr]solutlghec88£§8€é&'Eﬁé SPEaQ'?quM%EH rSéQﬁEﬁgOLe%Bg 8eference
el ectrode was nonitored to an absol ute va greater than 8
det er mi ne t heuponot thetroetwheatibe.MCr Al Y coating is conpletely

renmoved. \Wien the,co ng was_20 ¢ tel stripped (after 200 m nutes),
the current flow THE a§s§98F388n??h§n§°faﬁa h%oﬁggﬁﬁsmﬁg HBR5YEd from t he
stripping baébmprised of TH8 §PaPhetengsstot ther CoOahEPUoheaBVabunBsY

verified non-destructi vel rough heat-tinting of the part at 25
1050[ err] F i plaFrtredesr odtee é?ﬁha?é%?e??%??énﬁlE%ec%?@? Addi tional |y,
the airhgil @@?véf?éi?@@g @Hgof¥a€1P§§ere %féé@ﬂéé?h%§é&'¥nt0 verify the
conpl eteness of coating renoval and t sence o ase netal attack.
Wil e the | nesampba Bas been descri bed above with 30 reference to specific
enbodi nent s there,ﬂh bi és aﬁ ar ent cha nodi fi cati ons,
and vari ations canpePrade eﬁn?ﬂ%ﬁtcﬂﬁﬁﬁ+?lﬁﬁxé+5h? ﬁe #Hventive concept
initially at a potential of -350mV vs. Ag/AgCl. Anodic

current was applied to the blade using an external power
15  supply to a controlled value in the range of 50maA/cm?.
The potential of the blade with respect of the reference
electrode was monitored to an absolute value greater than
+200mV to determine the point in time when the MCrAly
coating is completely removed. When the coating was
20 completely stripped (after 200 minutes), the current flow
was discontinued, and the blade was removed from the
stripping bath.
The completeness of the coating removal was verified
non-destructively through heat-tinting of the part at
25 1050°F in air to produce a characteristic blue color.
Additionally, the airfoil was sectioned and examined
metallographically to verify the completeness of coating
removal and the absence of base metal attack.
While the invention has been described above with
30 reference to specific embodiments thereof, it is apparent
that many changes, modifications, and variations can be

made without departing from the inventive concept

12




12 -13 - di scl osed herein.
Accordingly, it is intended to enbrace all such changes, nodifications
and variations that fall within the spirit and broad scope of the
appended cl ai ns. Throughout this specification and the clainms which
-5 follow, unless the context requires otherw se, the word "conprise",
and varlatloﬂSSGhéﬁedsheﬁgnpplsésboaddngly cohpnssingéndaﬁltObemhndeestood
to inply the c o] a nt e r.step r tegers
or steps buta!rllgtgHéh Eth gFUa%El kid “qry°H herglﬁ?ﬁb 18?gs€§§t % 5 oup of
10 integers withimapshe spirit and broad scope of the appended claims.

Substitute sheet - 2 March 2001 -14-
VWHAT IS CLAI MED I S: 1. A process for electrochemcally stripping a
coating froman airfoil conmprising imersing the airfoil in an
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5 electrochem cal acid bath for a sufficient period of tine to renove
the coating fromthe airfoil while the airfoil in the el ectrochem.cal
acid bath is maintained with a controlled absol-ute ‘eléctrical potential
with respect to a reference el ectrode. 10 2. The }ﬁgg&gf{g‘,ﬁg;d claim1l

wherein the controlled absol ute el ectrical pot e s Seet ant
absol ute el epATals crAyMmEmntisal with respect to ar % “E r ode.

15 3. The process of claim1l wherein the acid is s m t he
group consisting of nitric acid and hydrochloric aci d. . The
process of claim3 wherein the concentration of the 20 acid is from about
3% to about 15% by vol unme of the acid sol ution. 5. The process of
claim1l wherdin tﬁ’emesm ficg aaiectra:lclmexmm@élyoattlmgpm@ a co&tlnﬁhe
process og cl Jan anv\haelr n.the coati, n% E % here Mis
ni ckel , cdbalt of l?rléL (Fr8p&ds mme‘FSln?h hs, 8d& ?l&f 6
wher ei n t he M@m@ﬂ&oﬁhﬁmﬂﬁaﬂfhdia Na€eCedlrYa sufficient period of time
Substitute sheet - 2 March 2001 -5 8.

The process ¢ dSHMeL Whifec@at inge faore thec Rémtedn Whléleoé@ééltlasmé@@pped at
a predeter m et ENd-AAY -absolute electrical potential with respect

to a reference electrode or a controlled electrical

10 current density on the airfoil surface.

2. The process of claim 1 wherein the electrochemical
acid bath is maintained with a controlled absolute
electrical potential with respect to a reference

electrode.

15 3. The process of claim 2 wherein the controlled.
absolute electrical potential is a constant absolute
electrical potential with respect to a reference

electrode.

4. The process of claim 1 wherein the electrochemical
20 acid bath is maintained with a controlled electrical

current density on the airfoil surface.

5. . The process of claim 4 wherein the controlled
electrical current is a constant electric current on the

airfoil surface.

25 6. .The process of ‘'claim 1 wherein the coating is an _

aluminide-type coating.

A "




9. The process of claim8 wherein the predeterm ned end- 5 point is

determined either by a linear extrapolation of the current/time curve to
the tinme corresponding at zero current; by a predeterm ned ratio of the
initial potenti al or current to the nmeasured potential or current; by

-pr edet erm ned alternating current (AC) voltage nmeasurenents; 10 or by a
predet er m ned .absaiig erpcd o iclQ iand- Rl ivakBR coa@fingurikent or

potential where the process will stop or be reversed. 10. The
process of cMauhlY WdSeiGPati@Sairfoil is nade from 15 either a nickel
based alloy or a cobalt based all oy. 11. A process for

el ectrochemcally stripping at | east one al um ni de or MCr Al Y-coating

froman airf@&. mithe grageasisclod claibagedhalredyn dhea MOxBANE-tlhaeed al | oy
conprising: 20 _, . i.mniar. i airfoil in an electrochem cal acid bath
2°°att 158 i'sd #ﬁ&#@b‘?

for a sufficien 0 renove the coating from the airfoil
while maintaining on said airfoil a controlled absol ute el ectrical
potential _with respect to a reference el ectrode, the acid in the acid

bath sel edted fr oM @TREES oF Cdasisti whegrim thiec edeict rasemigedchl ori c
Zﬁh?Eo?ES. proceég(ﬂgméﬂ$ﬁﬂ@%.%ke%tB@Q&@Péyﬂin%ﬁpgﬁﬁ§p%an%.prEdEtern]nEd
10. The process of claim 9 wherein the predetermined
end-point is determined by either a linear extrapolation
of the current/time curve to the time corresponding at
10 zero current; a predetermined ratio of the initial
potential or current to the measured potential or
current; by predetermined alternating current (AC) or
voltage measurements; or by a predetermined absolute
quantitative end-point value of current or potential

15 where the process will stop or be reversed.
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