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'STRIPPI NG METALLI C COATI NG BACKGROUND OF THE | NVENTI ON *2* The invention
relates to an el ectrochem cal stripping nethod In particular) the invention
felates to el ectrochemcal stripping of metallic coatings) including

al um ni des, féﬂn}i{‘a@?ﬁm?@ﬂ“ §'ie§ﬁ§M Rw@%pﬁ@@klg’@@pm nents.

Stripping o I'C coatings 1s an step er of

manuf act uri ng process, i ncl METHLLIG GOATIRNSHponent repaj '
coatings are provided on articles) such as turbine corrpa]ﬂmﬂ'ﬂ m’ mlmr ovi de
protection, for exanple environnental protection) to th - 'RRenoval

of a nBAGKGRQOIMNDI OF TpHE NVENTIONeast one new coating to B€%#Eplied to an
article) such as a turbine conponent, to restore its protective properties

for subsequent uge {Hobtidd ¢elaRatioNas éctrochidthical lsiidoRidmeekibd.h @& thi ckness
in a range fromabout 5 mcroneters to about 500 microneters. The

conpospartiowlanf thej invertionn relates e r¢legtraeheimidal stripping 0§ smefallicucdritings.conponent s
typically includes) but is pot limted to) at |east one of nickel alum nide
(R ar el e ot urties o et noftmnlE somimBiant { on of cobal
(Co)) nickel (Ni), and iron (Fe)) and nodifications thereof. A stripping

process shoul d bgugptidg of thétaicSEIRBES (€ an"BPYrAd: 50t int Budiber RF NI
process renoves only intended materials, while preserving an article's
desi r emasufacturing guocdssr inghuding airbeer¢qmpangniprepairs sMetalio whatingsnaree netal lic

coati ngs fdrFamtheglILeurbi e cog})onent , W t hout copsuni n‘g or. ot herw se
Todi f yRRyider o AfticlerSURR a5 JuBine| SQMRONERts i Proide, BIgter o, Job exmple nt
al | oy" dovi ' ARRNIENTR t.u [ It .|, be
mai nt a‘%nr‘llgghgﬁtea? rb?%%&gétar' Pgﬁlﬁér)lg prl dcegsczx.lé'{a;l%gc?dfnt%#agﬁl E%{n r%cﬂ Jf} 3(L:toat ed

sur f adesastaond a0 lcoatingh@ bs applial toabiandcleosuehnsnd turbiske afipsnehe tpr eser ved
during a stripping,process. Chem cal etching.,is _one known nethod for

st ri ppPHEraiit APLEVCORIOPRRYES far,sybsgquest wig-nitderallisa4qaHags arer epicallybi ne
COMPONBRhSd Vith A fickfibss Ol Y Péhdl HORP BBuc % ThibRInikiers OFPABSEY sb§ Submer ged

I n an aqueous chemc et chant. xposed |
micrometers. The composition of diffusion or overlay metallic coatings on turbine

components typically includes, but is not limited to, at least one of nickel aluminide
(NiAl), platinum aluminide, MCrAlY, where M can be a combination of cobalt (Co),

nickel (Ni), and iron (Fe), and modifications thereof.

A stripping process should be sufficiently selective, meaning that the
stripping process removes only intended materials, while preserving an article’s
desired structures. For example, stripping processes should remove metallic coatings
from the turbine component without consuming or otherwise modifying the
underlying base alloy-(also referred to as a “parent alloy™). Thus, the turbine
component’s st"ructural integrity will be maintained after the stripping process. In
addition, internally coated surfaces and cooling holes in a turbine component must

often be preserved during a stripping process.

Chemical etching is one known method for stripping metallic coatings,
such as aluminide coatings, from turbine components. In chemical etching processes,

a turbine component is submerged in an aqueous chemical etchant. All exposed
|
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19 JULY 2002 netallic surfaces of the turbine conponent are in cgngtht 2002
with the chemi cal etchant. The netallic coatings on the turbine conponent's
surfaces are corroded away by the chem cal etchant by reactions known in
the art. Wile a chenical etching process is sometines adequate for
renmoving netallic coatings fromturbine conponents) sone chemical stripping
pr oces smetpllic' swofaceebf thei tuehitie rempowant @hain c«m;a@twnt phenchemioalestchagibes not

differeqntiate, between the coatjng and the un lyin nt allo Chem cal
et chi ngl e et CoRtings 08 thi JELINE ARPORRRS Fiifacen e Corrpdedcivay hiikges i n

Criticalpe Hhés‘?’é?dhlﬁﬂ% ?Aﬁgﬁo&smx{ mk%“e%ﬂ%”ﬂctféﬂ%ﬂr&ctﬂﬁ prd&ef@t er)
and/ or structura e}g’gra at1on of tnhe parent al such as i ntergranul ar
attac k)soﬁ{mn&isrmiéqwé fbhmﬂgemmmacwidgstfeomeﬁmmeecbmpomm gogef i cation
of the parent al1oy"). Chemical etching can also lead to stripping of

i nter nA epwéasgremamrwaﬂﬂrrﬂge fBpr-selegtivien “teﬂﬁﬁﬂn'é“'cﬂ\?'pﬁﬁéﬁ‘t! QTGFQSén

f t Th ch |
et chantoer Sof fitferetuly Becfed e Saind af e RV i nef R 400k BRI T o
and Caramﬁngtéfaﬁlﬁhe%w z@lnﬁ{dbaweshnmwewastn@ugg% lcnm@edmpaﬁeém al I oy)

| eadi ng to degradation of the turbine conponent or mance and
rel i abidimepsions; suchoass wallathiclieenand ojooling uhdle njametepomadior wtyctbel r ender ed

unusabl d scr p ed. Kno chem cal .strippin rqcesses i.ncl ude
naski ndi%&’a%&'é?‘i B\euPﬂfFﬁ'e\{‘vﬁ%pW nfS dPGerE" argqlgg alt ‘gﬁ" é%? r@'l thes nal

cool | NGHBASRANE Wift"bd RErddd 19 a9\ h6difTBarldhC of e %ﬁ}e‘a@tauu? nachemial t he
proces sking protects agai nst w deni ng of "cooling holes and internal
passageschidg ean asd lead ¢o beeippngsdfrintepread pasmglesammq@lmg dotes of etmptughine of

internal coati nég however, the, maskjng iﬂﬂ' l t hereof are tinme and

| abor CORPEREMg(Ofienprsisrred Wn%nt‘ﬁ%f“é% S¢ F&F“&Y AfesAnvantiongl i pni ng
roces te at

01 cvat ool Behn BB ab RS af hobb L B0 B o B ar dous

cheni czhajotvéiffibientty Wistingaighe batween tthe atoueing @b jparentiatioys ddadinghes e
features of chem_cal stripping processes add additional_ operating costs)
equi pmélagradation ebtha (rrbing companentaiperigimance AR SFEAPItY ablned WOrst-cpse JULY 2002
El ectr c r S for renoving

coati ngg&eéﬁlomg uergn ﬁ&g@ﬂerﬁgg sse@ﬁ%@ﬁgﬁﬁg %{gfsle%/gﬁg#hese processes al so
rely on highly acidic electrolytes and any current, which is applied, can
accel erate the stKngpn bernical beippinigdpdobestses niagriaciutly maskingsof démefre aci di ¢

el ectrolyte stripping process can result in significant danage to the
par ent UbINSy compeRest stacturss, jfer gxamplgpinternal ﬁ?%mgdea%a%ﬂtsr ?"gg&‘?& Bt ocess

that ayQb@8me"fhe non-selective nature of the processes. Masking protects against

widening of cooling holes and internal passages of an article being stripped, and also
prevents removal of internal coatings, however, the masking and removal thereof are
time and labor consuming, imposing unwanted cost and time to a chemical stripping

process.

Further, some chemical stripping processes may also operate at
elevated temperature and/or pressure, and some, if not most, use hazardous chemicals,
which require expensive treatment and/or disposal. These features of chemical
stripping processes add additional operating costs, equipment, and safety risks, all of

which are undesirable.
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above- not ed deficiencies of known chem cal stripping processes. Il? 'S
desirable to provide a stripping process for an article that is chemcally
selective; mnimzes or conpletely elimnates the need for masking; does
hot enpl oy hazardous chem cals; and preserves the structural and
di nensi onal integrity of the parent alloy) internal passages, and cooling
holtes. Further, it is desirable to provide a stripping process that
exhibits a shortened process cycle time with an associ ated reduction in
costs. SUMVARY OF Ejédaobidyikibil Istehppiipeprotis s thaonbaatdiscosed for atm@liget r ocheni cal
stripping process for stripping at |east one_coating froma coated article
that conqeatiegss hawexsr.ctheserpesyses ik pen-salectivg, dliesepperysss dPdelP%ssent i al |y
unnodi figed after t t cpﬁm': St it RPN CESS i cess
conpri si lh‘gl.’ly parcg‘{}‘f |°%tg£ﬂé'{n%ge+"gc ol 3&/‘?%"(% %‘#&r !Ss?p g&g' ﬁla‘rmgcg-ﬁl(;%f rm%)ng
conmponendtripging byothe eaeid o cinkdrentlyabcbuch arGese aridici clgctodytp otrpping s sel ect ed
fromat |east one of a hal.} de salt, ffﬁ?‘t hanesul foni ¢ acid, amroni um
hydr oxi d¥acesssgcamicst @y gufica 'E‘H%F &HRFAE Y et hane sul foni ¢ add sodi um
salt, a mxture of sodium carbonate and sodi um bi car bonate) oxalic add
di sodi um sal t, acek®fcE, iflissdasirabis @aprdvidex anipping peocessi thatatdids tiesodi um sal t,
| actic add, mal onic acid disodi um salaé, a mxture of ethyl.e | ycol and
ammoni unabere-peted Heliciencinm af knpwr hemical, StHBRING AHETSE o I 'ﬁé‘?é“ﬁ’ﬁg’ ‘g’ai d sol vent

is sel egérﬁ\qfié E.Q;mcpg»hg fiBSdss PCarCSrtibie Ak itk RRSMBAKCecARS nliatnfites & ycer ol and
wat er) yl'ene rbonate and water, or propylene glycol and water;

di sposi npmpladpictioimtesithd seednfidc masking:edpss nghemplpy bazaglous chemipalsie| ect rol yt e,
the coated article conprisin ar. . e oati ng

di spose rP'ﬁ%"""f)ilFeeﬁ(FRS}'%o ; (gig% 3}?‘5\% '?e%% r‘gyc ? Ir’Lr(t):lrlrtl %ﬁ) b\i\&g%"ésiour ce

bet ween gabfgat addaslinghdles | Rethenitds destrablheo poaided saippioglpegcessnblatr enovi ng t he
at | east one coating fromt hcg: coated article Wéd[ hout. nodi fyi ng the parent

al | oy. xhibitya shgrienchprocesyrycle Gipg ¥ithjag Assgrialsd KedycHoRn casty st om £ or

el ectrochem cal stripping of at |east one coating froman article that

conpris VPNT the parent alloy remains essentially

unnodi f@ﬁ%?%h?%ﬁgc ro?:(ﬁlgm cal stripping, the system conprising: an
el ectrolyte, said electrolyte conprising a charge-carrying conponent in a
sol vent , Thajinveation sets; fmﬂaﬁé@tma?mwl@a@mmf@m of strigpingatileast eneom at | east
one of @okigl il Saobted REMNAMMAE Bbhrtes adgitent HIGP WHeRa st Aoys 0di UM

chlori de%wnagnes%{lqu sul fa%‘g% gﬁt hane Fﬁlff{‘fgni c acid sodiumsalt, a m xture
of sodi GRTEAY SERALalY, HemedtRduAlter fiec g praical  JEPRING REYCESYi i um sal t
aceti c pdeesocimmisivgl drovidingaanaelectrabytic coraprsitg & chaggediauping adhponkeaict i ¢ aci d,

mat oni c ;ag| ' [ m‘n Xt . gnmoni um
Citrate "{sjlg ﬁﬂ%t'wlrr%ﬁg%ﬁda rg%m [ ﬁ\éﬁ%%ﬁﬁﬁﬁ{%éﬁ%n@%gaﬁéasgg vent is

sel ect e@ fhalifle Salt| amelhanspdiopc grid: rafmaeniung| hydeexiden dsadiunerchlagide.cer ol and

w?t e{, ?idguéﬁnfﬁ@m@m@g{aa? Qﬂﬂmw,fttﬁcﬁfsodﬁfn ﬁltﬁ@ﬁf)&ﬂtéo&%oﬁfﬁi caﬁEHiﬂlaltéﬁt ter; an

el ectrolyte bath. receptac cont.aining said. electrolyte; at |east one

el ect roaéé sg‘g‘i"ﬂ b&f‘%"%%ﬁ‘to"@ﬁ%a ‘i’ﬂ'é?‘?"d‘ﬂga@tacf?%%?["?m 53 XA Heer ged i n said
el ect r olcigdocacidatrishdiund sale tdctic adid, analomsio acid disediamtsait, cambdure ofnsisytdred t 0 sai d at

| east o I r - wher.eln the dir curtr our i s, capabl e of being
el ectri ggftﬁygﬁ%na%gﬁ né‘gﬁt éﬁ%tﬁ'e Sgg'g&egﬁ%? iag' egrgyﬁ'aﬁ'ﬁﬁe%glyongas n%one el ectrode
to al | owaidisoleent ixsplectad frawatf lpaalone obdigthylead alyel et watey glycdretanden sai d at

| east ogg e‘?,' e&gﬁ%e ttoratd dasPalatbrar &d c‘grgpyl%dt%ﬂ ey t Wéte?,ySt empermts

removal _o% the at | east one coating fromthe coa article w'thout

nodi fyi Hi§Pesing papaind agicleodnd atdpaitioae elaciiade inpthe elpstrolifge e atedet s forth an
el ect r oghieEIcBMbrising 4 PREMGIIGY KBS feasOoneSdobitiY dihoddd drEtBS hbaeAcaliepat i ng from a
coated article that conprises a(%ag?‘gt | o ' in vvhi%in %e?e | east one
coat i ng2PRIVIAG 7CHIEN oMYA POYET SPUFE NN eﬁ'z/lef’ﬁemgleé P €al stripping
pr ocesscaatell altide padaninodhd the atdenst nse ecatiey frioml thy coated dititle adthaitt er t he

el ectro ) L ARLNg process, the electrochem cal stripping process
conpri s&rggmf%?h%?%?ﬁtgaﬂgﬂ el ectrolyte that conprises a charge -carrying
conponent and a sol vent, wherein the charge-carrying conmponent conprises
sodi um chl ori de and the solvent conprises a solvent selected fromat | east
one of diethylene glycol and water, glycerol and water, ethyl ene carbonate
and water, or propylene glycol and water; disposing a coated article and at
| east one electrode in the electrolyte, the coated article conprising a
parent alloy and at | east one coating di sposed on the parent all oy;
applying a current froma power source between the at | east one el ectrode
and the coated article; and renoving the at |east one coating fromthe
coated article wi thout nodifying the parent alloy. 4 19 JULY 2002 A
further aspect of the invention sets forth an el ectrochem cal stripping

o r o o, o, o, . o o, -



ULY 2002
A further aspect of the invention sets forth an el ectrochem cal S%I ppi ng

process for stripping at | east one coating froma coated article that
conprises a parent alloy, in which the at | east one coating is stripped
fromthe parent alloy by the el ectrochem cal stripping process and the
parent +all oy remains essentially un-nodified after the .el ectrochem cal
stripping process, the electrochem cal stripping process conprising:
providing an el ectrolyte that conprises a charge-carrying conponent and a

sol vent) g |N%ﬁﬁ&%l&ﬁbfo¥id@93¢@§@ﬂﬂﬁﬁtel&ﬂmemﬁ§§sﬁ9ﬁ Bt Gleqitighg and the
sol vent conprises propyl ene %r%gl di sposi ng a coat ed artlcl e_and at |east

one el ect FRAYRY framyanearifie thaf 6om) staﬁlé“’%él' ¢ the Rarert oY ©MANsa par ent
al l oy ai ?eﬁenitéﬂﬁ%hm@diﬁe&ém mzageb tdumaaﬁdalmmprhg lhars%’témi’tbhﬁﬂsmg’im| éi nﬁ a
current fr 0 e etween the at |east one electr nd the
coated ar F@@f il)ﬁg 7?5{ F’% RAFOTRETE 3 gégewngowﬂpﬁ et A ?‘ﬂ‘é goat ed
articl e wwhérentsaidmiadggicagyiogrcomponent is a¢leded frak @bleestmlge pba halde aalbt her
aspect, 1Qgh, f\&%ﬁ&ﬁé 384 p&r‘ﬂ}ﬂoﬁﬁﬁl ﬁ{h&&&%&ﬁﬁ\e&h&% ﬁﬁ?ﬁ&ﬂ]ﬂpgul@ié?cess for

stripping at |east one coating froma coated article that conprises a
parent al metiane pulfgricc poid rrodiym salhsa e 9hepdigmi ranplepprdt SPdighh t he par ent

al l oy by’ bhﬁt&ta@@tdxaiawid gigbdicih saRPadetic p&ﬁmﬁmamk bmnawran& agll oy remains
essenti al CM d a tert theggl ec roch mca fr roc ss) t he

el ectroch ‘éﬂ'sg ARG i add dis 'f"f'?? 57 (ﬁ% roI yte that
conpri sesammhamgetrate.r sqdumg mt(aﬁtpmd rAmMaordum tstluou@)tandv\#md esnlnetlthle _

char ge- 0 A fucdithh SRGAP Bho SAIAYIEEglft! AriARdterOfiochdl AW WRyBHET OX! de.

magne5|ums oxanat e, lummnitrate m Xture o odl um

car bonat ecabrnatsoand,watss. @&PH{W@P@ glysplpnd-wate apalRctrelyiehati ecepfasier | 4a 19
JlULY ZOPZodkﬁwh sdweladm@éd lee&&ttm@l dlediade, &aid £ fsakt mlkleﬂnaeé BOEst i In the

electrolyte, the coated. article . conpris arent all oy t | east one
coating dPUfRAIYTHLAKG e'"pﬁ?‘%n‘f'e‘ﬁ@% "éilp Q‘T‘ﬁg YT - SOUFET P'a%f'%a?' ower source
bet ween t tonnadted toasald ab leasbdrecdledade; amtuhréumttnmueﬂrranttspmbe is capdble enovi ng t he

at | east o bei Oe?&rllﬁ e{r éo%@ctéé‘%ztﬁg &Qd Qfiikde Gnd aﬁﬂ@é& R%’le&)’dd@qot he parent

al | oy. Th(i I engt tures or ne

as
i nvent i orPiQI¥| firesk YRSt 49 P”ehl’ ?ﬁ"‘? ffgegcﬁf}\yfo tﬁ’ﬁe'?jésé'é‘r b ‘ﬁaﬁh)’"%l ch, when
t aken i n destjodeand said vodtéd adice candendedeid ta\systEn) pevits eerhovabofthe tat ar e

desi gnat Y, f a ) discl ose
enbodi meﬂ"?as‘OJP e E(Zatuﬁ v@{n"t?iqgﬁ &E%rd ER%E WW@QT{E‘E %ﬁﬁ%ﬁ@ Figure | is
a schematic illustration of an el ectrochem cal stripping system Figure 2

5 8 SChARBHBCadgbl 51 Iy oA s VoA YPMBUOCASRER Seichil, (BRSL dy at f on for a
cat hode and anod arrangenment In an | ectrochem cal st rnp PI ng syst em

Fi gure 3stirigpigg é‘bﬁéﬁé’f‘? €0ating, feam} atq°6'ﬁd Gticlenhatheamnsizes,d IParept lo¥n®dt ri cal

conf i gur hichthe Rlleasdt dritdoatiy 8 BFpPEDRieN Bl RIfgHE BTy byl the alactﬁioa@«weﬂc hem cal
strippin and Fi IS5 a schematic i n of ., anot her

4 I
el ect roc%@ﬂ%ﬁéle f’? 3pe ntg éﬂ?g‘?"élrﬂ%bégaﬂpﬁﬁsﬁ\l t'éy e r Rﬁ‘? HKeThe
el ect r ocklenfrachémisalrstippingprecess.dhe alvdtmdlsnmabstemng asvcmshmm;)edngly t he

| nventi oy, (%Tnb'aﬂ éfer%'glgttee\ﬁat%mpﬁlls& H%hé}gl Onﬁﬁ& Eon ‘i‘\ént and gﬁ\?e pf the

el ectrol yt es, e I nven es sever advant ages
over con%ﬁ?l“dh%tphafﬂ%ﬁ@fﬂmg mn%yitrrg*ﬂwﬂ tieddecansl thg sR&Mn, hazar dous
aci ds. Wi&ﬂpr&é@ﬁ%lbéht §$l&§&ﬂfrorﬁ BEle2dt@fé bRSGRARIAY lyc%t adRdt&0gigaerdiem and
process ar(g chem c %gat i al I sel ectl1ve, ra/ tin unvvant ed surface
cor r osi oAb WalEfe %‘ Gt anhi aeﬁt P RrppYigne V@Qr 20Y Watetkhe article's

par ent aufsmemgamdomd amaatandgat tiéas on® BlRdddedintAsS kico@olftt chs )confed | e
article comprising a parent alloy and at least one coating disposed on the parent alloy;
applying a current from a power' source between the at least one electrode and the
coated article; and removing the at least one coating from the coated article without
modifying the parent alloy.



5 19 JULY 2002 protecting internal and other desired coated surfatBs 2%
term"el ectrochem cal selectivity" used in the context of a stripping
process) as enbodi ed by the invention, indicates differential dissolution
bet ween the parent alloy and coating nmaterial) ensuring adequate coating
renoval w thout undesirable nodification and subsequent reduction in
functionality of the parent alloy and its respective external and internal
structures. The term "spatially selective" used fn the context of a

stri ppi NgA furtheesspectas thewventiondeldYort th élél:‘(r@ﬂ*énﬁ&l stippify Srotsfdr | nherent
| i ne-of -sight character of the electrochem cal strippin cess, so that

the stri paRAIcRtdeast ops F9Atne PR 3,cQqled fticle that gpmadises A B‘%ﬁ& ©&0i onal | y
exposed tﬁnﬂﬂth@bﬁléhﬂmdeooﬁiﬂg ma&tmreualomttaé paeneaibp ty e diyctiobigeniicalent i on, can

possess % |g’°?‘? %re)%'?J th%l gg% ﬁnge&ghssel gr?hta!% E‘ (fd%e e‘#n&i‘ r certain

electroche ace rodes need
not be premtredumw:ql Istrapm Pfasess, Nge e!mp@ﬁmml |s®1mng roresy complising:o be

stri pped.priidifly 8 eflcStjte that cBmpAsEs WBcriardd iy pOAdHE %hd 3l scveheCt i Vi ty)
t he el ectrodes can be di sposed proxi mate th n nt and. t he str| ppi ng
process rtBf FRANIGATYNGromMErastt FopRiseT 8 Bldwe o &?q' F?‘%B‘Pa?ﬁ Mol yte to

renpve t fbicafinatel and the 8élveng corhprives watet;t disposing atdoatefi awtizhd ardd Jatagfast Ther ef or e,

the electr ch i st ectiye

el ectrol yté€, as err‘k'ot?lIg ?/lﬁghtz%l n\g/iél}rjrg;'lﬁko‘:irlr?gcomaf)crgE‘:‘grrné%re'¥t %ﬂ'r‘?&g rom sel ect
areas of least @ndicostingodiprasedtoncthel pacsint aliayo weplging ot beTent demmadidwert he par ent
al | oy. TQ urcB bdiweldR thel af ie Eﬁ&n‘édé&k&&lﬁad&qﬂé&i‘ag ért:éie Satnﬁ'nﬁﬂb@rgg eQt €SS, as

enbodi ed by the invention) refers tao an esirab terial 1oss and/or
struct ur 4F3stiens eazieg fom g ‘Pﬂ‘@dﬁﬁﬁc@rﬂ"h%‘l“w@'%@eé’la@é‘f ’F’l?é’hem cal process

strips nmetallic coatings, including diffusion and overlay al um ni de

coatings ,a chromd coat i fromartjcle as but not_ limted to

t ur bi ne @bﬂ{ﬁ{g nh‘? Wée'giggé? ‘“%ﬁ" Sk%'f(ﬁ%éﬁ“ %f‘?%'r‘ﬂ PR ficle i s

r ef err ed stripping aalaaar dmmabnmmn@moamwrﬁdmﬂ\ebmmmges 9 pagdneralledino as a

nmet al | i c whishthenat;ledsboevaraling i eippelban it pagerd alioycbyrtbe elentrashdmitat o be

limtingg r ripped
E»pJ\Q ﬁ)é$%¥§ C%tgts’ g(ﬂe ﬁg&? aﬂﬁ tyérﬁalﬁss 1 8 Ié-gé?m&@a& lﬁ&i1 naftgte o

accordi ng | nc variety of

al uni nunetestrchpmicastarning Prgcesst @ﬁreéﬂcgoq'ﬁa!cahffépmarwa mmsmg
hi gh-t enpeking" a&u@w At W@éﬁﬁ%ﬂa@@cﬁ@}l@ c@ﬁddam addoRsbivertt ing 6 19

JULY 200 exa | es of such coati n ‘%ﬁ’ﬂﬁ? on a d over | ay
al uni ni d AeRrYRg E?'E%O"eplr'fﬁ’mﬂ OB r"fol‘!@ RMPREFS al uni ni de,
MCr Al'Y (pmpvlend\/lgiwolatdsdpeaeg aoneated aNice @od amrlefsa)qneFenectrdab salle of brevity)

these Coérﬁal?ﬁﬂﬁe"\ﬁnk'co%d%hé@ %I)M%‘l%ﬂ%@pg q;a?é’nli %ﬂo} gn(hgi % t Eﬁ‘”@ ni de”

coat i ngs | ectrochem cal qu process as e
i nvent i ofliseasefl 99 thaparent; alloy; @aelying 8 cuset frogsa B&“i’?!éf’ﬂ@ﬂbﬁb‘s?ﬁgﬂ%m{ﬂ and bond

coat i NgSealtdrBeRickbdd &% the &%t&‘ REAE; AR RiThdvitlg tRd 4t 1) BB BEMRGHSMPT OVi des
hi gh rates of renoval and c ﬁ_g@g%\él r‘%nrrent ally safe chem cals. Further)

the el ecteseptedadige vathpyt bvi des for short process cycle
and. spatial fhove. Thus,

times in addition ,to bein m.cal |
sur f acesPCOEIiNgte Yebarqthgy "ﬁg?%rs}ﬁ'ﬁr‘f&' ei’lf'?\fl'é?’ pdges ad'oﬁf'?%@&b caa@es’ PMat are - not
di r ect | yproxpeIadtdppinglat leastohe oouting fremtar adedwiticle thattcolwprisdsra pwent by t he
el o0t OCHE Geledh Wh Bl WhsPLRS S3ithg %8 SRHSH B SIGH Ay o AS 2
electrochemical stripping process and the parent alloy remains essentially unmodified
after the electrochemical stripping process, the electrochemical stripping process
comprising: providing an electrolyte that comprises a charge-carrying component and
a solvent, wherein the charge-canying component comprises at least one of
ammonium hydroxide, magnesium sulfate, oxamate, sodium nitrate, and a mixture of

sodium carbonate and sodium bicarbonate; and the solvent comprises water;

4a



. . . . . 19 .JULY 2002
el ectrochem cal stripping process does not require the time-consuimng step

of masking internal cooling passages and cooling holes to protect themfrom
at | east one of inadvertent stripping and undesired material |oss. An

el ectrochem cal process) as enbodied by the invention) will now be

di scussed with reference to the figures. Figure | schematically illustrates
an el ectrochem cal stripping system 1) as enbodied by the invention. In
Fig. 1, the electrochemcal strippin tem 1 conprises an electrolyte

bat h recEPREUES ﬁo:{? ?mﬁl&ﬂ"giahéeagﬁ" ‘?8%6%‘%1"e“‘%.e%° e 9ed| ectrol yte
3) as enddide edmprisinglaepdrent alidyi and at easiamiesosting didpaserbercthe parengaliognponent )
such as . e i I rolyte, as
enbodi ed%‘ﬁ%%ﬁ%hﬁﬁo%&ﬁ%%g}ﬁgﬁgﬁ%h%@%? f%%‘}cw e)aer%%&ﬁ%ggﬁﬁ(ﬂ Sorrosive to
t he artieqatedsrficlej andrempring thef leasteRd eoating framdhe coated prtislepritiwitdes t he

el ect r ocigdityindlthe SdrédtRIdy1g system 1 with high dissolution selectivity and
m ni'mal chem cal corrosion of the parent alloy. The electrolyte's sol vent

may conprise at |egst ong of an_ogrgani : » nj ¢ solvent.
The -sol vent may cgﬁmﬁ;‘? saggv\% Er ,as'%f%t %ﬁ‘/ﬁaeng%cgglleﬁéo?ﬂ%ﬁgq% e% fqﬁ‘g gcer ol and
wat er ;  efdvhtiiewillebebsmeippartadfru@tthe followiny danailed desagipyion) wisicld wteher . The

salt, which functions as, the charge-carryi onmponent, . nay C ri se) but
are not F f‘éaf"'ﬂ‘ﬂl,c"?fh}”flhéh%a}%?dg wingsi vhee & drsiepasd B 501y 2002
sel ect edjiké Q¥ferhod ERRict? tnBlighvae itenNdedwings, Hisddva Embodi@did Brbghen de
(NaBr), and potassiumchloride (KG). The electrolyte bath receptacle 2
(her ei nalnvention: ecept acl e") conpri ses any appropriate non-reactive
receptacl e. The shape and capacity of the receptacle 2 a:.. .,..~.,
tituy icf[,=% i,V ~ 171i ~aiivll, ~wl~ dJ ~1L'
lc.'L'G W%ngﬁﬁﬁﬂﬁmmbg ;.,;..a ] to receive the
electrolyte 3) electrodes 4 and 5, conponent 6 to be stripped) and
associ at ed el ect r ifgire doisne seticonatic liltusimtion of daseeqtocherpisplestipdioger .© The
mat er i al sy3fent;he receptacle 2 may also vary as long as it is non-reactive
and does not interfere with the electrochem cal stripping process. The

el ectrochem cal sty ppin y mggg I n ct.yode. The
description wll r[{é%"gc? Zth tﬁm%h%%% (rio esﬂ‘agﬁ’ﬁa%h%’??@'ﬁ‘?e%ﬂﬁ%{rat e two

el ect r odefigyration farya qatfigde apd taﬁ‘é%‘ea%e%FéFW“e%Wg?‘S}‘cé'nﬁ“%'ﬂg i ntended to
limt thesteayention in any manner. Each electrode, 4 and 5, is formed with
an appropriate geonetry that is configured to direct electrical fields to

the surfaces of thge0ated saehiatit YiBradRPbORMuRl 2 xSRGMBL fdotmetiftaf | gurati ons
for the el ﬁctrode 4 and .5 withip the sco f vention i.nclude, but

e o th? |€
are not FIuHBYRten i aatiode 2pd Anede, REAReceHG IR Ay degtroghametl Samping,
conbi nat $yswem; awkr eof {see Fig. 3). Alternatively) each electrode 4 and 5
can conprise a conpl ex geonetrical configuration, such as a geonetri cal
confi guration t hatFigus %isprsohdmaicdllystradenolametheneloctiashethisalednping y of t he
article 6s$e—Q1at is to be stripped (see Fig. 2). The electrodes 4 and S are
gener al IV non ? consumabl e and remain intact throughout the el ectrochem cal
stripping process. The article 6) which is to be stripped by the
el ect r ocHESCRAITIGNIOPPRINVESTTRONL, is disposed in the receptacle 2. As
di scussed above, the article to be stripped conprises a coated article 6,
for exanple, but nqt elebtdchéflichiOstripping!Sy3teRt afiid prooeYs, askiuboaRbyt Nis
description is nmerely exenplary and is not intended to limt the invention
in any nthe irvention sirip arcoitad agiglepsingrrlecgolytesdiTdhwase af Hetalgctmlytaseasel ect r odes 4
and 5) a osi,tioned so that..an ic fi t j shed between
t he el ec‘?r 0 (‘a‘%l bl Ehgver gﬂdprtohléi%ss5&5@?3@1&%85%5:%%5%?%%@38%{ f ‘hféa' t ur bi ne
conponendtrifpingl frocesies etiat Sinplod kdowh, ehdueyr £illst Whdtepropapitaedethe i n anount s

sufficient to subnerge, 8 . ) .
electrochemical stripping system and process are chémically and spatially selective,

, wtl

preventing unwanted surface comrosion of the article, maintaining structural integrity

of the article’s parent alloy, and eliminating time-consuming masking steps, while
5



19 JULY, 2002 parts of the turbine conponent 6 and el ectrodes 4 ardIeY PPO%
portjon 7 of the turbine component 6) for exanple a dovetail section, does
not require stripping) this portion may be kept above the electrolyte 2.
Alternatively) this portion 7 of the turbine conponent 6 can be physically

masked so as tq shield the electrjc field. A further alfernatjve is to
i ni ni z@°f°ﬁ§“%l'8mq?c‘mfii aihar der ﬁ?%‘ecgéi‘ffiaﬁ‘??' of h@"'eot ?fﬁ’@ﬁbe‘g’ﬁﬁlf ace) for

exanpl ; b fyd : ' ' f; ur bi ne
compona i CUVRE, P B8 SofeSFLf B bicPes. Iy SmBRkU IR infehiohy 2 de

i n the iadates odiffeendial disoRitioat betweea thecparche atley i andr €datinp! endtdifal,
receptacle 2 by any appropriate neans. For exanpl e% and in no way limting
of the §nsyEaRg pdequateneoating cemer3lt ithoutgindgsirahile madificationtand subseguenicl e 2.

2 punpieiiioh in el aRY 84 e ptum oy i L YERE et el AT o, e
recept aghBtutesy | Phedtefrl ™apttially Geledtine"GRBAIU theleoRteRX bERS@iphgipraddds Sast hat i s

di sposed between the turbine conponent 6 and one of the el'ectrodes 4 and 5.
The pummbuglictt biyc thel inveatiom.ongfersst® an| inbepant sking-ef-sightp chavacteh ofgtheat es and

stirs electrolyte 3 in the receptacle 2. For exanple, ejection of. the

o ect r diSocherhicah HEPRIGE Arecess sBrthet b Sirinnthg ocar ealy elere 4 SUHASISagi ¢ at i on
and stif;L.l : : ' receptacle 2. Alternatively, the
turbi nedl{ceg{rlrg(%ﬁ&ehtagwg‘gﬁ;%%ﬁd%%god&%lgcctfr%%écalIy or rotated about its own or
a displaced axis by an appropriate support 11, as illustrated by arrow 9
(Fig. 4).The turbThe ekotrplytgnds émbadied cbyrvhve dnveptian, eqppossessatachight i ve

devi ce %8 in tqe el ctr%lyte @ su as hut not, I'km'ted to,, at. | east one of
mechani Flerttchemical selostdly.  This. wodenesifaip elechachamicel, dripeiag 3

accel erghatiodQUhe hfcBinedc o o diételodBs AL RGI BE pPEYidU L fin d Cortbithg O vt ©
conposi t1on honbgeneous during the electrochenical strippling process.
Excessiconfigiaatiowrtol teahrticleangde stipped.ct Witlytan eleetrobte yhaving al kigh t he
stripping reaction, for, exanple, but F&?E‘él imted to, hindering and sl ow ng

react i GHEctophamicalselectivitythe elgctodes fispos¢d,progyeats ghe, spmpenent | oy
ttack. ' . ‘ ; % field
o e anfh b SRBhinE OGS B ¥ cfplRBoneraia SR BP el Bl T ° |8

curr entio ae@bve the hiktalit tod(h)? withoneattackifig kR phiknt alldy.14Thdrefotd)ahel ect r odes
4 and 5. The electrodes) 4 and 5, are connected to the negative termnals

of t he elsctrpehgsnical HrPRIng systern gsigg @ ghsmicallyrselactve plectrolytes apembedied ur bi ne
. . | | . coart ! :
crortr OB \pE Ao 6 (hOE BRI A0 SoRAE hicld o iR coBocRPand 0

of t he nBCramiévecoi bilicheise aadding thiesparent pideyl Theneithe‘niadifyt nged dipheient 6.
Renoval of the DC current halts the el ectrochem cal stri ppiqr;i% process. In

the el CORESCHHFEHRPINGIPGSSS. A5 epibedicdby the inyantiangiasy ta My undssimblen)
| . . DU ' oY VeI
ar arer ELa! 1655 2RO SRR P AEAGIRIRNE bR I, ©1 T BT oL LPP

paraneters influence the rate of
The electrochemical process strips metallic coatings, including

diffusion and gverlay aluminide coatings and chromide coatings, from articles, such
as but not limited to turbine components. In the description of the invention, the
article is referred to as a turbine component and the coating is referred to as a metallic
coating; however, these descriptions are not intended to be limiting of the invention.
Other articles and coatings can be stripped according to the process. The term
“aluminide” includes a variety of aluminum-containing coating materials that are used

to impart high-temperature oxidation resistance to metal alloys. Non-limiting

6



material renoval and thus the efficiency of the stripping processl.9 e 2002
stripping paraneters include) but are not limted to, el ectrode geonetry)
DC power supply voltage or current (dependent on paraneters being
controlled), electrolyte concentrations) solvent conposition) distance

bet wee [ I I The

Stri pprRanpis ol sficl Bl {Bohia0 WeffusiBh anfl, SRHEP aMnnl BUREE Shithiblcs,'°, 1o oo
power frichpling pmhha@mlmymde,rmcltdl am:mnideawcmm @@&ré M& dteleas ohé gEE” neans
a smal | but neasurable value) to at |east about 30V. The distance between
t he t ulNbi Ge Qrdfﬁ)orF@mtheesaémdnfdme‘e%@lnqsweatmw widlrBe ¢allegtivelyigefefredto about 0. 1
I nches, t 0. abqu nches. The tenperature of the electrolyte nmay vary up
to aboB? %C iﬂtrcloﬁtb?gf'g time depends on a coating's conposition,
mcrostructure) density) and thickness. The el ectrochenical stripping tine
may increase W t pgi difocHamnal ym?gahgt BocKR! 4§ CRbLAEE o Th@nﬁ{&m)l t he
stripping tine of an el ectrochem ti ppi ng process, as enbodi ed by the
i nvent stups mm:yllwamytmgs, suchaasyexitlaton-edsctant @nd bond eoatngso fraboartickesf | our s.

Tabl e forth charge-carrying co s of electrqlytes) as enbodied
by t hejnl phemigak ﬂ“PBW@eE’OS‘FSSe?rF’@@? {}légqb &Hee ﬁ? F%‘P?\fﬂi s%‘ﬁo?*z"t B¥ process,
as enbgd % T a.GANGen {on that
has been fo‘i’m@ﬁtﬂﬂg Bét@ ectg?lve ﬁrr&sc%rﬁpp?lrﬁeg{rgég{squ% %ﬁg B b{(ﬁé I nventi on.
Tabl e provirles \fod sivors procesy sycla sintsgtindidditidnyta being nhaﬂtcanyl)and mpaﬁul h the

char ge- carry| r,ll%gcorrponents set forth in Table | are disposed to formthe
el ect r# ea"erg s, surfacen fugh 29 sooling hpjespadiptemabogaiing s LeRPRENTS OF

Coc o N RSy BieSid bt R CERT ot QRefiBgall et s S, B e

Aci dHQl&ftﬁﬂ@ﬁﬁlﬁD@&gj& pEOcRSH, @'&M Ib$LBEHAGNIOR CAAG eksufputhkuric Acid
(-50/50 m xture) + HSGCa S-I5
electrochemical stripping process does not require the time-consuming step of

Ui

masking internal cooling passages and cooling holes to protect them from at least one

of inadvertent stripping and undesired material loss.

An electrochemical process, as embodied by the invention, will now be
discussed with reference to the figures. Figure | schematically illustrates an
electrochemical stripping system 1, as embodied by the invention. In Fig. I, the
electrochemical stripping system 1 comprises an electrolyte bath receptacle 2 that
contains an electrolyte 3. An exemplary electrolyte 3, as embodied by the invention,

j comprises a charge-carrying component, such as but not limited to a salt solution.
Further, the electrolyte, as embodied by the invention, is generally non-toxic, and is
not corrosive to the article being stripped. For example, this electrolyte provides the
electrochemical. stripping system | with high dissolution selectivity and minimal
chemical corrosion of the parent alloy. The electrolyte’s solvent may comprise at
least one of an otganic solvent and an inorganic solvent. The solvent may comprise
water, diethylene glycol and water; glycerol and water; ethylene carbonate and water;
or propylene glycol and water. The salt, which functions as the charge-carrying

component, may comprise, but are not limited to, halide salts. The halide salts may be



10Sodi um H dr oxi deNaOH5- 1510Ammoni um H dr oxi deNH40H5- 1510Sodi um 19 JULY 2002
Chl ori deNaCl 5- 2010Ma esi um Sul fateM SO, - 5-1510Met hane Sul fonic Acid Sodi um
Sal t CH3SGsH- Na<l| 05Sodi um Car bonat e + Sodi um Bi car bonate (-50150

m xt ure) NaHCO3 + Nai CO~-< | 0 <105 50xalic Acid D sodium

Sal t Na~C </71.5Acetic Aci odi um Sal t T .

0 I 0- 20%%‘%2@“@({’% SAhge LA s hto i@?a%%&ambmmlde (NaBr), and

Sal t Jeldsfdeh Malbr@O(RiedD- 201 S - Lactic Aci dCH CH( OH1CO, HI 0- 201 5Mal oni ¢ Acid
D' ium SaltCH _(CO, -Na)Z10- 2015Ammoni um Ni t r at eNHaNO~< 10SSodi um

Br om deNaBr 5-1 510Sodi um Fl uori deNaF10- 201 S 11 Z9 JULY 2002 ' Nane

For mul aConcent r at The eRatrglytd bathXesdptanip Rafhereiiafer (‘récBptadet]) comprises

Ni t rat eNaNQ 5-1 St OPot assi.um Chl orj deKCl 5- 1510AnmoNni_ um

t si ti ucHWYRPRFPRIIA pon-reactivgfigsipianiecnttsy shaprand capacity1of thageeeptacka BCTROLYTE

SOLVENTSVol une Percent (ylL.obExenpl arySol vept. na myl aRange)-\ol ye
Per cent ' 6‘5‘V\adtc‘é‘r"l‘—‘|8'@j”é%‘ h)‘/‘? ﬁ'é‘ggl'ycor (‘ﬁ—%{%ﬁ? ‘Cﬁéég—ﬁ' OHYEF15™ ‘(‘)’“’“H’
751 255Qb5eceiviatine ldldotdolite 30 le(dodbliksHPHRD $Hesrpénene 67k BE Skt \Wad er H

CEt hyl ene Car bonat e(- CH 0~0251 75 to 7512550/ 50++Wat er H OPropyl ene
A ycol Gss@imedrizomzsl aaneetios/ 1255b/asglesarhed haraimfter] dhe ratedal dite | i s

Figures 2 an Il lystrate two exenpl ar eonetries for the electrodes, as
erbod; JECSRASE may A T ps Lotk SEReR pdBRFHAoEE potiareitste it | ¢
coat i n%léch%h&nicﬁ[ﬁﬁ?ﬁn@%%&%m- The geonetries of Figs. 2 and 3 are
nmerely exenpl ary of e geonetries wthin the scope of the invention and

are not neant to limt the invention in any manner. The el ectrode
configurations of Tk gdectiochemical sntwppiog t systam f br comprisast At least one

electrode. The description will refer to two electrodes, and the figures illustrate two
electrodes, 4 and 5, however these are merely exemplary and not intended to limit the
invention in any manner. Each electrode, 4 and 5, is formed with an appropriate
geometry that is configured to direct electrical fields to the surfaces of the coated
article 6. Appropriate geometric configurations for the electrodes 4 and S within the
scope of the invention include, but are not limited to, planar geometries, cylindrical
geometries, and combinations thereof (see Fig. 3). Alternatively, each electrode 4 and
5 can comprise a complex geometrical configuration, such as a geometrical
configuration that is approximately complementary to the geometry of the article 6
that is to be stripped (see Fig. 2). The electrodes 4 and 5 are generally non-

! consumable and remain intact throughout the electrochemical stripping process.

The article 6, which is to be stripped by the electrochemical stripping
system 1, is disposec{ in the receptacle 2. As discussed above, the article to be
stripped compr‘ises a coated article 6, for example, but not limited to, a turbine
component. However, this description is merely exemplary and is not intended to
limit the invention in any manner. The turbine component 6 is disposed between the
electrodes 4 and §, and positioned so —that an electric field can be established between
the electrodes 4 and 5 and the selected coated surfaces of the turbine component 6.
The electrolyte 3 is delivered to the receptacle 2 in amounts sufficient to submerge

8



el ectrol ytes that exhibit chemically non-sel ective characteristicd el 2002
hi ghly sel ective characteristics, respectively. 12 .. 19 JULY 2002 Wth
the el ectrode geonetry of Fig. ~, a turbine conponent 20 conprises a
configuration with a generally straight side 21 and a convex side 22. An

el ectrod

23.conprises a side 24) which has zonfigurati that. is
gener aP S8€Wﬁl‘8 1 SPQRsnt ﬁé‘"éie!ﬁf"?%s gﬁﬂﬁ’?aﬁfﬂwﬁwﬁ 8@{ 0‘83"% has a
si de 28ofBahert B, ﬁgr@raﬁi &/ 3}3@9& RAMRBGSH Ydde® nbb Fequite Ririlspi TR i de 22.
Thus) tﬁﬂltgbeleectro es 2§J aﬁ 25aat Least parnti alqu ts%ur?tﬁ)éﬁér)id t he t%rfbi ne
cot hponewyt be2 ReptEatsdveethe cdlecrbdyte 32.a nalltérnati wely, othie pbridnt D ofnthe ttarbimenal of the
DC power supply, while the turbine conponent 20 is connected to the other

t er mi nEPMPYRFEK 6cean b physicallysmatkedetontset? %hi@ldeqhé@!cheﬁelgsl anfyrthefe t ur bi ne
e oot r SRR RS i BE B, ol 2 s BBABA ks flfbrenn iheac e

conf i gpgrakkfnplef byimGediBing the!idiedtodef Rcatiit WThd) pokdils’ 6f Xheufbiat are not
highly selective, where a higher degree of control over the electrical
field rempenané®. thiharecicebe etegtrochemically atrippad shodddre Sibmearged gethea t ur bi ne

component. 30 and a plurality of electrodes 35. Alternatively) nultiple
corrponglﬁfgama:ge striped can be presented in the stripping system as

enbodi ed by the invention. The turbine conponent 30 of Fig. 3 conprises a

concave surface FheadldctolfRNYEXars Wel ableveded iddde uR e&dep@ERS 23by aln§ di sposed
around the turbine conmponént 30 to provide an approxi mately uniform

el ect r apprbpifidte| eans. t Fer texainplee andmpomenwagdimitmghot Ithec imveddo®Sthes
connected to agne term nal, of the DC r supply, ile the turbine
c,orrpon%lﬁ?“@Weigmé}S oopesd iptp éwggie@%&e%m@ﬁg £ 4 @passed

bet weeg, le?ﬁv&l:&'ttBQgg\%cnﬁel%ta%ijztﬁ}PatMﬂiﬂ &QIEEOIBEFF%?’Q). Tﬁ?pé&lﬂ%ﬂg ces of the

t ur bi ne conponen be el ectrochentcally stripped, as e i ed by the

i nvent device This coheattedwhthaireseptasier 2 pia gprpluaclds The asndmbblegdndsytot he
invention, effectjvely renoves netallic coatings. fro t yr bi ne conponent.
‘The el 28R gé{‘ﬂér’rf dispossd hebeanyths tubinecqmppneg 3@‘1 QB¢ g]f ﬁlcceti%'é)?if:ﬁgs froma
turbin i L Ni ; LOI t : res)

el udieg pee papeii 4 15Th REHERLRI0R hrisult reitp, kol S T g

st r uct stire slectrolytecilincthe Irecegtablel 2 sFamekaaiphe rejéction of theeelatrotyte Btffom ar bi ne
conponent  surfaces. The el ectrochem cal strippipg. process yses nontoxic

el ect rmmeeﬁf of g wmngﬁﬁwﬂé camcutteiagiiRthia ﬁvﬁaég Flmli%thﬂlBEess.
Furtheﬂnmérééptac 9 JULY 2002 appropriately adjusting the process
paranmeters, 1t 1's possible to control stripping rates while maxim zing the
el ectrochem cal selectivity of the process. Wile various enbodi nents are
descri bed her ei nAltetnavivély, the tagyine compeuerit réocant be meywed,i fecipeddalip or hat

vari Oursotaﬁgcpgli)orl]l?gtis (())wr,]v% o?fa dei\épel\ggegtaiis tyyaz{ni %;[pirggprfatg gupport 11, as illustrated by
arrow 9 (Fig. 4). The turbine component 6 can be moved by an appropriate motive
device 18 in the electrolyte 3, such as but not limited to, at least one of mechanical
and magnetic T‘devices. The movement of the electrolyte 3 accelerates Joule heat
dissipation anci‘ helps maintain the electrolyte composition homogeneous during the
electrochemical stripping process. Excessive heat or local changes in electrolyte
chemistry may alter the stripping reaction, for example, but not limited to, hindering

- and slowing reaction times, increasing reaction rates, or increasing parent alloy attack.

A direct current (DC) power supply 10 establishes an electric field in
the electrochemical stripping system 1. The DC power supply 10 carries current over
9



i mprovenments. citeretn may be nade by those skilled tn the art, ant? J5kg 2002
within the scope of the invention. |4 19 JULY 2002 W claim 1. An
el ectrochem cal stripping process for stripping at |east one coating froma
coated article that conprises a parent all oy, where the parent al | oy

ai'd preoBREEIoas gy 131 Y Te v clesnden femic 51 Y CIRAURER & pR 5 o T oo
char ge d 16 ng

char ge-ihéabd ) BT kil 0! WEIE pBRRE ShilP 30 TRRILARIGROEMEND, .
aci d, avarg drooh b Quibile: c&ﬁﬁbmmcﬁlboﬁ?ﬁ%s ttegeleqidl e siehétirige widiethane
sulfonlc acld sodiumsalt, a nm xture of sodi um carbonate and sodi um

bi car beeatieg. obhgl ¢lectalyie earsesdcharee 4ptthe sudine: compenesb @ e yader, thgxanat e,
C|tr|ca|dtr|soﬂ€umsalt | actic acid. dsod um

oy achipt arr SR Bvdhy the E5anee A yipprd Rt g bt RRPPOTRT T
AMTON! B af BPUCASC caREhi Rl (ROUINANcH MG LBpI droamat | east one of

di at hyl ene gl ycol and water, glycerol and water, "ethyl ene carbonate and
wat er, or propyl ene glycol and wat er; disposing a coated article and at
| east one el ect r oaehe nlettreclmhécalrsuﬁgpiag ptdvessc antwbodied by ithe inyeptidnsi ng a
parent alloy and at |east one coating disposed on,the Barent allg

appl yi GFCHOEReRISAY SYinpIAE, PERASY &aé‘HP sy SHSFRIBANGT St PP Ea%"meﬁ'@’Sei/ect rode
and 1 NaeRAEURCAbbing | RardBRAHRTC &1@ i pRARLANRNGARE O e B { e

coated artic ut nodi Tyl ng loy. 2. A process according
to cl almatér)alvﬂeeroahh ahdhahmdteedffmiénoyl ef dmmppeg protessbi The ceigpimgent . i S

;’ parameters include, but are not limited to, electrode geometry, DC power supply
voltage or current (dependent on parameters being controlled), electrolyte
concentrations, solvent composition, distance between the article and electrodes, and
electrolyte temperature. The stripping parameters may vary over operational ranges.
For example, the DC power supply voltage may vary from a trace voltage (the term
“trace” means a small but measurable value) to at least about 30V. The distance
between the turbine component 6 and an electrode may vary in a range from about 0.1
inches to about 10 inches. The temperature of the electrolyte may vary up to about
150°C. The stripping time depends on a coating’s composition, microstructure,
density, and thickness. The electrochemical stripping time may increase with higher
density and thicker coatings. Therefore, the stripping time of an electrochemical

stripping process, as embodied by the invention, may vary in a range from about 0.1

minutes to about 4 hours.

-
¥

Table I sets forth charge-carrying components of electrolytes, as
embodied by the invention, with ranges of effective concentrations for the process, as
embodied by the invention. Table I also provides a concentration that has been found
to be effective for stripping, as embodied by the invention. Table II provides solvents,
as embodied by the invention, in which the charge-carrying components set forth in

Table I are disposed to form the electrolytes.

10



19 JULY 2002 3. A process according to claim1, wherein said chargelUkY 2002
carryi ng-conponent conprises a halide salt. 4. A process according to claim
3, wherein said halide salt conprises sodiumchloride. 5. A process
according to claim4, wherein the step ofi providing the sodiumchloride in
wat er _conprises providing sodiumchloride in a range fromabout 5 w0 to

about{15 wo of the water. 6. A process accor di ng to claim 1, wherein the
halidge salt is selected from sodi umTABLESi de  ammonium chloride ar
pot asgi um chloride. 7. A process accordin to claim1l1, wherein
char gh- car 1 yi ng_comSHHRGE-CARRANGGOMPON LESTROLYTES, c acid in rafge
from hbout 5 w0 to about [15 w o of the sol v=ﬁt"'“’¥iﬁ‘!ﬂﬁ'rﬁ‘i!f8ﬁ Ny drifgsariey i n
range|lfrom aboMames wiq tolabout ¥Rmgla of the sol W% sod ||n-C?'K'I(W|’7i)dn in
range|from about 5 wo tojabout 20 W o; nagnpesi um sulfate {n range fro
about | Hit o of thBNOs vent: | 3 -e-aci-g—s-adi—m]m
salt ess than about 10 who of t he soI vent ; R m xture of SPdI um car bonat e
and s pr gid =¥ HPOan ahout! 10 wlhe thelsolvel At—oxil i C
acid t he so|vent; hcetic aci d
sodi updydipehlorip Agig out—205\-o—of—t-he—sebvent:
oxama | ess t han about aci d trl sodg Jm salt|in ra]Bge from
about esplforic Agidt 20 W o of oventaetitaei-d—h—range—i-ror
about E@SWOB?ﬁﬂd*a%tbet'C%d \ O of the ﬁé&vent mal Onﬂﬁ aci d. Hi sodi ym salf in
ranget..fﬂiﬂléﬁ’_ﬂliﬂi&’_;w—m_g—t—;—ahm 13 re—S R Rt a— P Xt S
et hyl gne gl ycol - and amonium mtrgt&_ll ess th n aboig 10 w b of tltae sol /ent
sodi uprestiyseiydeoxide range—ifom-about—5—w-o—t0 kﬂ)bout 5V of—the—sotveny ;
sodiunfluorl rangetromabqﬂl O\N/Ot aboud ;20 W o] of thg solvant,
sodi uf “‘mf’?'“m%y‘?"ﬂ""?angc H-ormabotdt ai‘llvw o—to abuuLLgJ.':')ssz oo —tte—sotvent ;
22}132 mlum 'I\kt)Jorl de in ratge.fromN%@put 15 0 to ahput ZSM)f
t he samer&mmg&lfagmmni um ¢hl ori dgyids,r ange firom abpyy 3 wWp to ggout 2p wo
of th s—according tp crarm L,
wher e ﬁe&mﬁ{g R:&Edsf?)ﬁgtﬁ' i ng a@Hgbngkgol yt gl conpriges proyidingsa mxfure
of sofgym carbonate an pdi um bi carbonate ijn water. 9. A process accofding
to cl FEidm CHbtREE T L TE STEP Of 1pfHed, dl Ng” SOdi um cagpbonat ef sodi usn
bi car peqalaEBicloop@t €r conpli ses prawali ng abogut 5 wie of each prowiding
sodi um-Basbanake and sodi ym bi carbonate in ter. 10. A prpcess accord{ng
to clpfim1, wherein the s{ep of providing a[] el ectrol yte cpnpri ses
provi forgic poliDissdiaklsar i delin propwie®e al ycal . 11. <A proceks acddrdingjto
clainl, wherein the step|of disposing the clated article §n the
el ect | ateit dcidSndium S&s _subirer gi ngN4diQzoated lartjcllB20n t hel el ectlol yt e

Oxamate HO,CCONH, <7 1.5
‘ Citric Acid Trisodiu\m Salt HOC(CH,CO,Na),CO,Na 10-20 s -

Lactic Acid CH,CH(OH)CO.H 10-20 1S

Malonic Acid Digpdium Salt CH(CO;Na), 10-20 15

Ammonium Nitrate NH,NO, <10 5

Sodium Bromide NaBr 5-15 10

Sodium Fluoride NaF 10-20 15

11



12. A process according to claim1, wherein the step of renoving ttAeJ&¥ 2002

| east one coating fromthe coated article conprises reacting the at
13. A process according to claim12,

ane coating with the electrolyte.”
reacting the coating with the el ectrol yte produces

wherein the step of

| east

heat, the process further corrprl sing the step ef d| ssi pating heat 14. A
proces rret-e-r—t-he—ste oém{l ét.‘amgm ailc) ";:‘:}3‘1‘
conpri t|rr|n ang agltatl rlo A
proces 0 4—ty orn A—t-he—stiep—of ﬁm gt"”* ot %(.‘“”g‘t HHri ng
and agj conprlses t e step rovi di ng the el ctrolyte th caugi ng
the stleg ore—6f WauBaﬂaL agT'tati ..9% % A trccesiéacemdi ng
to cl & erein the step of at.| east ong of stlrrln nd agitating
co p}u;@nfﬂwﬂﬁﬂ R UM ﬂkCLAH i o St | 19 gne 9 + op i
rrprlqt,oj,.uvrm a1 eV Hee—otr—at—reast—of of—stt++=s rgTaht Olg!l.uLT—rg
\me elegtrol yte.. 1= -ess acgcordi i ng ESAd Silr‘inmlt’,;
erel —CONPTHiSe oSSt ng a
pl ur al I'&é of e&ﬁct rodes i the el ?ﬁﬂél()l yt e, \vherel rht)he S : ("Jg sp05| ng
the co cofprtses—di-sposthg—the—coated—arttctretetvueer—the

plurality of electrodes.

18. A process according to claim 17, wherein the

step of disposing the plurality of electrodes conprises configuring the
ty of electrodes into a configuration that at least partially

pl ur al i
sun-oynd the coated article, and the step of disposing the coated artidle
betwedn the plurality of electrodesTABEBRIE ses disposing the coated artilcle
in betfween the pl ural | ty of el ectrodes so thNﬂpI ural i ty of el ectrodes at
| east |partially surround the ELECEROLYEE SQLVE A _proces ccording t
cliai m{18, the process further conpri ses appl ) |‘(féf"’!i”'¢’“"‘("/" Exemplary
Solvent name orm Range) Volume Percent
(v/o)
Water H,0
Diethylene Glycol CH,0OHCH,0CH,CH,0H 25175 w0 15125 50/50
+ +
Water H,O
Glycerol CH;0HCHOHCH,OH 25775 ta 75025 50/50
+ +
Water H,0
Ethylene Carbonate (-CH,0)CO 25775 w0 75125 50/50
+ +
Water H,O
Propylene Glycol CH,CHOHCH,0H 25715 1o 75125 50/50
+ +
Water H;O
Ethylene Glycol C,0.Hq

ZFiguree 2 and 3 illustrate two exemplary geometries for the electrodes,

as embodied b;' the invention, and are applicable to stripping a metallic coating from a

turbine component.

The geometries of Figs. 2 and 3 are merely exemplary of the

geometries within the scope of the invention and are not meant to limit the invention

in any manner. The electrode configurations of Figs. 2 and 3 are suitable for use with

electrolytes that exhibit chemically non-selective characteristics and highly selective

characteristics, respectively.
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current between the plurality of electrodes and the coated arti cl L3 J0Re 2002
current causing a reaction of the at | east one coating and the electrol yte
that results in the renoving of the at | east one coating fromthe coated
article. 20. A process acciordi ng to claim 19, eiilnerei n the step of applying
the current betwe®jth Khe gHlesteade; genetsy ft Figdes antirhife <omRARgns20i ¢l e

conprise ' ) . t LY of o2l ectrodes
and e RRRS a8 efigliah it £ PhAHIly AEBARRIUG 2EuR KEGhidY o &' (00T
| east dlectfodat 2N Ekoniprivesna didd QUe whish KRMRr écifiguratidn’ @t ial gea¥rapper e the
parent alloy remains essenti al lngf unnodi fied after the el ectrochem cal

st ri ppi eegnplementasys tathec sider 25i nbimilaslyelagceleesradee2S dus i sidecla dhaptie
conprisin charge-carryin onponent in _a .sol.ye erein sai

char ge-teaFrlly o pdSTR i or e JERBET Sihpdral 588 85ctusn e fethon 3e sal ¢,
et hanegi A5 Caseletlall ASTFROUATHE Vb e Bfponest 20 deh elecfied 5um

sul f at e, U%S?ﬂéne ul ?J(I)f]‘i C acdldd sodi um salpt , Q‘g m XE;ASre (():f s%g?gﬁn?gsar bonat e
and sods connected td dhy tétfifidallnfahe Déhpower sopplyi whileithit witinglcamparint 20 acet i c
acid sodiumsalt, oxamate, citric acid trisodiumsalt, lactic acid, nmatonic

aci d dilssanngeteddphe ather farmpinal o Whamoyresnt igPasses betiacmhhesilectiodes 23 at e,

" e . . e . ! . e
20| eachd {18 Grotty! PREBALA™G. i Ul of fe Btplhe ieiflbnt B0MACELE [0
car bonadl&toReriizh By strippedirad Ryntideedddy e linintionaTlw ¢le@rodelcoffigwatiée bat h

receptacl e containing said electrol yte; ) .
of Fig. 2 is suitable for use with electrolytes that are not highly selective, where a

‘\

higher degree of control over the electrical field is needed.

The electrode configuration of Fig. 3 comprises a turbine component
30 and a plurality of electrodes 35. Alternatively, multiple components to be striped
can be presented in the stripping system, as embodied by the invention. The turbine
componef\t 30 of Fig. 3 comprises a concave surface 31 and a convex surface 32. The
electrodes 35 are disposed around the turbine component 30 to provide an
approximately uniform electrical field at the turbine component 30. Each electrode 35
is connected to one terminal of the DC power supply, while the turbine component 30
is connected to the other terminal. When current is passed between the electrodes 35
and the turbine component 30, the surfaces of the turbine component 30 will be

electrochemicall); stripped, as embodied by the invention.

The electrochemical stripping process, as embodied by the invention,
effectively rem'—chs metallic coatings from a turbine component. The electrochemical
stripping process can remove metallic coatings from a turbine component with
minimal degradation of other article features, including but not limited to, the parent
alloy, coated internal cooling structures, coated cooling holes and other “non-line-of-
sight” turbine component surfaces. The electrochemical stripping process uses non-

toxic electrolytes, and thus provides an environmentally desirable process. Further, by

13



at | east one electrode, said at |least one electrode at |east part{adUfY 2002
subrfrerged in said electrolyte; and a direct current source electrically
connected to said at | east one el ectrode; wherein the direct current source
is capable of being electrically connected to the coated article and the at
| east one el.eé’ﬁro e to allowdirect current to_flow through said

el ect r GPRTCPTIRY) Eﬁ‘%ﬁ%& Papcese RATAMSHAS.dY iscrassifle @rrental Hrippiagsatesrticl e,

and wheggi : LS. . Of e at | east one coating fromthe
coat ed alﬂe{]g{t%ﬁx\;\ﬂfﬁﬁ%lﬁ{%l%%@# %ﬁlﬁégﬁgﬁé&m&@rﬁﬁ%ﬂ%&ﬁs‘ 22. A system according
to claim2l, wherein the coated article conprises a turbine conponent. 23.
A system accor di riWhile vatieiemBodiitleaisQird) désefibed hérBasS it willbeSdpBfdc[ Qe

conprises a plurality of electrodes, and the coated artide is disposed
bet weedforheths| spegifieafions thate Marigs scorbiinationsy off e pleaneots; dvariptivos comi m 21,

wher ei ¢ lurality of el ectrodes. conprise a configuration that surrounds
t he Cog‘f‘ég®§&?{‘ﬁ§|‘8€‘°¥‘hé‘w&¥o é'li’dﬁﬂ{yi thoge .isé‘uﬂgslﬂdg‘é&“bgw\é%“‘t“ﬁé‘ Heurality of
el ect r gélfpe-of &R infegdticit em according to claim 21, wherein the direct current
source applies a direct current to the article, the direct current causing
a reaction of the at |east one 19 19 JULY 2002 coating and the at |east
one electrode that results in the stripping of the at |east one coating
fromthe article. 26. A systemaccording to claim?21, wherein the direct
current conprises a constant
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direct current. 27. A systemaccording to claim 21, wherein the 3?59@932002
further conprises a heat dissipation device that dissipates heat caused by
the renoval of the at |east one coating. 28. A systemaccording to claim
27, wherein the heat dissipation device conprises a device that is capable
of at least one of stirring and agitating the electrolyte. 29. A system
according to claim?2l) wherein the electrolyte conprises a halide salt. 30.
An el ectrochem cal stripping process for stripping at | east one coating
froma coated article that conprises a parent alloy, in which the at |east
one coat Wegclaim: st ri pped fromthe parent alloy by the el ectrochem cal
stripping process and the parent alloy remins essentially unnodified after
the el ectrochem cal stripping process, the electrochem cal stripping

pL ocess ¢.Wpéie§ﬂr6tﬁ1énﬁlfawiriﬁbiﬁg p?d‘beets &ﬁtstrwpmjﬁgaatuém oﬁ@ awgin‘germnaa _
cnharge-carrylng CcQ onent, and a s ent reirn cnar ge-canyl ng
coapanentoat Bt dEREDAS A Pt Bl heTRdne DRTRIL ATYGR I Se S a S0 vent
sel ect edeédeptialftunnfiifiedaifter the elédticabiérital ghiysing pedssi@bidprogdskcer ol and
wat er, ethyl ene carbonate and water, or propylene glycol and water;

di sposi nfPEPR¥M-ed article and at | east one electrode in the el ectrol yte)
the coated article conprising a parent alloy and at | east one coating

di sposed on the parent alloy; applying a current froma power source
bet woon PRGNS 3rLAIGTIANE ComBHPNG G.oNaHE-SHe M SHRRPigt N BNedh 20 - 10
"JULY 20Q@Rerefimovi Nng the at | east one coating fromthe coated article

w t hout nodifying the parent alloy. 31. An el ectrochem cal stripping
process for stripping at |east one coating froma coated article that

]gorrpr' i f, esaid cﬁ@r@éitlbjrrﬁhb @Mmpiﬁaﬁemllad ﬁledténﬁfram altlamt ofe6f £RAliden@iltj S St (r]I i pﬁed
romthe P rent oy, the. el ectrochem ca {rl pLn yoce and the
parent af® “?%‘f@ﬂﬁ#&g\émqfwm y@fﬁf"ﬁﬁd?qq? °§‘Pf‘% "??é‘egwgb?‘ﬁ%f%em cal
st ri ppi ngefiiane @aHoni¢ Hed ebdiainrsaith mixtate fisbHinm CHEbFHAAE 8RS SGIHRAT | Si Ng:

roviding an electrqlyte that conprises a, charge-carryin Qnmpanent and a
Sol vent . BiesiBorsts, opalte 4¢i sisediuny slb asstic asshagdiudsal Grtnalk st 298 di unm
car bonat gisadidmssat] laotidadid) v acidrisodium salt, veniktue® opsthpese YRteslr ;

and ammonium citrate, sodium nitrate and ammonium bifluoride; and

said solvent is selected from at least one of diathylene glycol and water, glycerol
and water, ethylene carbonate and water, or propylene glycol and water,

disposing a coated article and at least one electrode in the electrolyte, the coated
article comprising a parent alloy and at least one coating disposed on the parent

alloy;

applying a current from a power source between the at least one electrode and the

coated article; and

removing the at least one coating from the coated article without modifying the

parent alloy.

2. A process according to claim 1, wherein the coated article comprises a turbine

component.
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: : : , 2002
di sposing a coated article and at | east one electrode in the el ecl:?chl)JWt eo,o

the coated article conprising a parent alloy and at | east one coating

di sposed on the parent alloy; applying a current forma power source
‘between the at | east one electrode and the coated article; and renmoving the
at |l east one coating fromthe coated article w thout nodifying the parent
alloy. 32. An electrochem cal stripping process for stripping at |east one
coating froma coated article that conprises a parent alloy, in which the
at | east one coating is stripped fromthe parent alloy by the

el ectr ocﬂe«rbmbsﬁédomihgr@ REIACEFhersifl shitechafdeetdrryld-eompaisat ns essential ly
un-nodi fied after ige el ectrochem cal strippling process, the

el ect r octRIARAIsgs ahdlide salhy nrocess conprising: providing an el ectrol yte that
conprises a charge-carryi ng conponent and a solvent, the charge-carrying
conmponent conprises sodi um chl oride and. the solvent conprises propyl ene

gl ycol ; %1 Proggss;agoprdipgto gaiay3 whegeig S@B‘aﬁaiﬁeé?lf PUTRISESFOAUM cast one

el ect r odghibritiet he el ectrol yte, the coated article conprising a parent all oy
and at | east one coating disposed on the parent alloy; applying a current
froma power source between the at |east one electrode and the coated

articl e; 5.30grocesPadENING R Ain £3fHeréii Ehe Stap iohProvidiiy th Boditat dorRfet i Cl e -
wi t hout nodi -An el ectrochemi cal stripping

fying the parent alloy,. 33..
process 'f‘dYat%)t/“ﬂ"%’é\sﬁﬁpg’t"'q'% "{meh@aé% iRy ranosdrom abeut 8av/a e AW t hat
conpri segs w/dPsrtREWwadr] oy, in which the at | east one coating is stripped
fromthe parent alloy by the electrochemcal stripping process and the
parent alloy remains essentially unnodified after the el ectrochem cal

stri ppi ngl MprReessSaccoffinlotdidifOr hiidréia kheShdlidekall & $HISRES fromBBRIUNG| NY:
provi di ng, an, el ect rol%t e that conprises a charge-carrying conponent and a
sol vent, e PRmManiunt chlpgde, of ppiassiy Bl€ent conprises at |east one of

anmoni um hydr oxi de, magnesi um sul fate, oxamate, sodiumnitrate, and a

m xture of sodi um car ponat ? .and %odi_un}‘bi carbonate; and the sol vent
conpri se Gess according to claim 1, wherein charge-carrying component is selected

from: methanesulfonic acid in range from about 5 w/o to about 15 w/o of the solvent;
ammonium hydroxide in range from about 5 w/o to about 15 w/o of the solvent;
sodium chloride in range from about 5 w/o to about 20 w/o; magnesium sulfate in
range from about 5 w/o to about 15 w/o of the solvent; methane sulfonic acid
sodium salt less than about 10 w/o of the solvent; a mixture of sodium carbonate
and sodium bicarbonate, each less than about 10 w/o of the solvent; oxalic acid
disodium salt, less than about 7 w/o of the solvent; acetic acid sodium salt in range
from about 10 w/o to about 20 w/o of the solvent; oxamate, less than about 7 w/o;
citric acid trisodium salt in range from about 10 w/o to about 20 w/o of the solvent;
lactic acid in range from about 10 w/o to about 20 w/o of the solvent; malonic acid
disodium salt in range from about 10 w/o to about 20 w/o of the solvent; a mixture of
ethylene glycol and ammonium nitrate less than about 10 w/o of the solvent; sodium
bromide in range from about 5 w/o to about 15 w/o of the solvent; sodium fluoride in
range from about 10 w/o to about 20 w/o of the solvent; sodium nitrate in range from
about 5 w/o to about 15 w/o of the solvent; ammonium bifluoride in range from about
15 w/o to about 25 w/o of the solvent; potassium chloride in range from about 5 w/o
to about 15 w/o of the solvent, or ammonium chloride in range from about 3 w/o to

. about 20 w/o of the solvent.
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di sposing a coated article and at | east one electrode in the el ec]:?rqﬂ[%%goz
the coated article conprising a parent alloy and at | east one coating
di sposed on the parent alloy; applying a current froma power source
‘between the at | east one el ectrode and the coated article; and renoving the
at |l east one coating fromthe coated article w thout nodifying the parent
alloy. 22
ACA Ae. ALUy. A& A&y. AL A@ A, . A@. A. A. Ah9. Ay. A A&% A% A% A% A% A.A.A ~ 1 b
09{

_[r{val ghlApeetssdceat (badléiﬂﬂ caduéadlﬁaie:akﬁai VigmgCarpdibtrepjté 2] cal ca] ca] ca]
caj ca] ca ca ca ca c 1 ¢ [ 122f 3344
5 5] xS (PR LA & SRS seap b aonals and eagum o bOAa T o) ca ca) cal ca
] ca] ca] O@ét@ﬁ] ca] ca] ca] ca] ca] calcalc"a! (5] 69666679* 99<F<<?@B_Bl| BCkCCCsEFaFF

F3E HHgKvKKK} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! KSLLLLMWNRTTTWHWNAZKZ[ [\ >] ] ]

]]L“ ] v]ganc progégdosotding/locild uﬁ\ad ?@ﬂnﬁﬁiﬁé&@ﬁﬂn@ﬁh ]@aq]m]l ca] cal] c
aj cal Ccal Ca C cal ca cay cal cal Ca
ccl—lddddf‘fﬁ'*?'?% g&'éa‘]ﬂdk‘l 0 ? c'qmqusrepp tﬁgi’{PPiﬁ%’%] cal] ca] caV]

ca] caV] gibviaHyGoliim sirbedts akll 68diGm bicarbonate in water.

UV] caV] ca] ca] ca] caV] ca] ca] c™a] ca] ca] ca] ca] ca] ca] ca] ca] ca

m#¥nznnnnnoGor r sNuuxx) xxyWyyyyyz*{2{}]}}~i } xsni d_Zca] ] ca] ca] ca] ca] ca] ca] ca]
ca] caj caio:a] bést] deabem a]ccamhqahfhaienaitﬁa&sf% bdihg ahGddkelyta] ca] ca] ca] ca]

calitzArx ca ca]cal ca] calJca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] c‘é‘&&%@é]’@]‘@'ﬁ '3}13%1]'\,\%(}‘5@%’ 4’@! Ica} cal 6h] ] ] Joalcalcal
bEE1yn9D} xsni d_Zca] ] ca] caj ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
a] ca] ca] cal.ca ]c all i 3 cal]calcalc
a} ca} ca} th Mﬁ#&]ﬂ&?}@%&%@g E’E}E@H] &‘stg%ﬁ e&f %%%9]‘@%?&%?&3?@% c!a} ca} ca} c
a] ca] calia WeelbetrdiERBbmprises submerging the coated article in the electrolyte.

Es! s B} xsni d_Zca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca]l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caY~dE&QIOW& () - @" 10%Z& ()-! HO@" 10
% () - s HP/B&rbes8 MBI tolciirka ] MBI thelstdpldH rumbling@hd t 1At OHBE. () -

M 109%& cSo)atung }ronﬁf%e Q)atég artaé% cogpﬁses reac((z ng thQat least one coating with the

electrolyte.

13. A process according to claim 12, wherein the step of reacting the coating with
the electrolyte produces heat, the process further comprising the step of dissipating
heat.

14. A process according to claim 13, wherein the step of dissipating heat comprises
at least one of stirring and agitating the electrolyte.

15. A process according to claim 14, wherein the step of at least one of stirring and
agitating comprises the step of providing the electrolyte thus causing the step of at
least one of stirring and agitating.

16. A process according to claim 13, wherein the step of at least one of stirring and

agitating comprises providing a device for at least one of stirring and agitating the

electrolyte.
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b dE! 69! 109Z& ()-gS59! 109Z& ()- 3" 109Z& ()-'L! 109%Z& ()- 19 JuLy 2002
Y% 10928 ()-s! 1092Z& ()- Chb@' $10% & ()-f! 10%& ()- ZMLOYEE' ()-s' &L0%R ()- Y
10Z 10Z 10Z: 109%Z& ()-9{ _dBb@! 0#10%& ()- 3. S10%X' ()-

'S, 109638 () - Sf #9! 10%5&' ()-, 't 10%G& ()-S ! 10%6& () - [rtuvwknbCl ! 094.0% & () - Y
10G 10G 10G 9t 10%5& () - S510%& ()- S 3M 10%G& () - @.L! 10%G8 () - F>WIEnbC! | S3
10% & ()-, F10% & () -Z310% & ()-y10% & () - &F10% & ()-10% & ()-3VWbC! ! 9L 109&
()-09%40%: ()-F 10: 10: 10: 8 10% & ()-6 10% & () -

109% & ()-"1"/' K dEbC! | LLBMLOY& ()-L$ 10%& ()- @ 109%& ()- F10%& ()- L

10%& () 1BV ddcorinddorfid, hititein B3 4BSLAAYckig at¥éasbbhie’ () -1310% & ()
) ’ elt(ac):t}ode comprises:

disposing a plurality of electrodes in the electrolyte, wherein the step of disposing
the coated article comprises disposing the coated article between the plurality of

electrodes.

18. A process according to claim 17, wherein the step of disposing the plurality of
electrodes comprises configuring the plurality of electrodes into a configuration that
at least partially surround the coated article, and the step of disposing the coated
article between the plurality of electrodes comprises disposing the coated article in
between the plurality of electrodes so the plurality of electrodes at least partially
surround the coated article.

19. A process according to claim 18, the process further comprises applying a
current between the plurality of electrodes and the coated article, the current
causing a reaction of the at least one coating and the electrolyte that resuits in the
removing of the at least one coating from the coated article.

20. A process according to claim 19, wherein the step of applying the current
between the plurality of electrodes and the coated article comprises passing a
constant current between the plurality of electrodes and the coated article.

. 21. A system for electrochemical stripping of at least one coating from an article that
comprises a parent alloy where the parent alloy remains essentially unmodified after
the electrochemical stripping, the system comprising:

an electrolyte, said electrolyte comprising a charge-carrying component in a solvent,

wherein

said charge-carrying component is selected from at least one of a halide salt,
methanesulfonic acid, ammonium hydroxide, sodium chloride, magnesium sulfate,
methane sulfonic acid sodium salt, a mixture of sodium carbonate and sodium
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10 108109%& ()-/122222f33bCI ! QF [109% & ()- L4109 & ()-09%409% & () - Y 12oTUp2002
10"f 810% & ()- &3+ 10% & ()- 9344 5(55[ 6}[ 9bC p

9HZ10% " & ()-!y9HZ10% " & ()- BL0% & ()-!p

LZ109%" J" & () - &LZ10%& ()- & 9] 109" & () -[ 6g666679aBbCl p &/ 310% & ()-! @+
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said solvent is selected from at least one of diethylene glycol and water, glycerol
and water, ethylene carbonate and water, or propylene glycol and water,

an electrolyte bath receptacle containing said electrolyte;

at least one electrode, said at least one electrode at least partially submerged in

said electrolyte; and
a direct current source electrically connected to said at least one electrode;

wherein the direct current source is capable of being electrically connected to the
coated article and the at least one electrode to allow direct current to flow through
said electrolyte between said at least one electrode and said coated atrticle, and
wherein the system permits removal of the at least one coating from the coated
article without modifying the parent alloy.

22. A system according to claim 21, wherein the coated article comprises a turbine

component.

23. A system according to claim 21, wherein the at least one electrode comprises a
plurality of electrodes, and the coated article is disposed between the plurality of

electrodes.

24. A system according to claim 21, wherein the plurality of electrodes comprise a
configuration that surrounds the coated article, the coated article is disposed
between the plurality of electrodes.

25. A system according to claim 21, wherein the direct current source applies a
direct current to the article, the direct current causing a reaction of the at least one
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30. An electrochemical stripping process for stripping at least one coating from a
coated article that comprises a parent alloy, in which the at least one coating is
stripped from the parent alloy by the electrochemical stripping process and the
parent alloy remains essentially unmodified after the electrochemical stripping
process, the electrochemical stripping process comprising:

providing an electrolyte that comprises a charge-carrying component and a solvent,
wherein the charge-canrying component comprises sodium chloride and the solvent
comprises a solvent selected from at least one of diethylene glycol and water,
glycerol and water, ethylene carbonate and water, or propylene glycol and water;

disposing a coated article and at least one electrode in the electrolyte, the coated
article comprising a parent alloy and at feast one coating disposed on the parent

alloy;

applying a current from a power source between the at least one electrode and the

coated article; and
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removing the at least one coating from the coated article without modifying the
parent alloy.

33. An electrochemical stripping process for stripping at least one coating from a
coated article that comprises a parent alloy, in which the at least one coating is
stripped from the parent alloy by the electrochemical stripping process and the

. parent alloy remains essentially unmodified after the electrochemical stripping
process, the electrochemical stripping process comprising:

providing an electrolyte that comprises a charge-carrying component and a solvent,
wherein the charge-carrying component comprises at least one of ammonium
hydroxide, magnesium sulfate, oxamate, sodium nitrate, and a mixture of sodium
carbonate and sodium bicarbonate; and the solvent comprises water;

disposing a coated article and at least one electrode in the electrolyte, the coated
article comprising a parent alloy and at least one coating disposed on the parent

alloy;

applying a current from a power source between the at least one electrode and the
coated article; and

removing the at least one coating from the coated article without modifying the

parent alloy.
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