METHOD FOR REMOVI NG ALUM NI DE COATI NG FROM METAL SUBSTRATE AND TURBI NE
ENG NE PART SO TREATED BACKGROUND OF THE | NVENTI ON This invention rel ates
to a method for renoving an alum nide coating froma netal - based
substrate. Mdre particularly, the invention is directed to a nethod for
selectively renmoving an al um nide coating by using a stripping conposition

to degrade t ' ' | ' i he
substrate. ThgﬁE?ﬁ@Pnfggﬁﬁgﬁmég{@!ﬂ@%l%ﬁpﬁ%fﬁéwg havi ng an
al um ni de coat i nGUBSTRATE AND PORBINE ENGIME PARBSOUEERATBDeCt i vel y
renoved by the above nmethod. A variety of coatings are often used to
protect netal parts exposed to high tenperatures, such as parts nmade from
superal | oys. For exanpl e, gas turbine engine conponents (and ot her

i ndust ri alg A EROUNTS G TRE INVERFIOL superal loys that can wthstand a
variety of extreme operating conditions. Such parts are usually covered

Wi th coati : ; e ] | ronmental .degradatian. |ncluding the
adver se gp% Z]gt%hgﬁ(}%lg%%gé!Aolﬁe%lﬁgr%li{%gvfn ‘.‘“Eﬁ“é‘PFfﬁ‘gs"Oa@‘e% S %(l)nr?%%hents in
gas turbi basedotubstssiet | Misre partibulafly,b kied @SventioF zk edirect@iTitiSd Ghéthod Uobi ne

shrouds and transition pieces, ., generally belong to one of two_cl asses:
di f f usi onSCHHVPRgECRAVIRE ciny éU-‘“EB%Fi SRADE TRY fUSiEisoR HHAPINEgeOBRPWitigppiTal | y

formed of galrhdd Hed&sati Ssnfci-l%%' 3 | pl.der @ .no

nmet al - al u‘meérfi de gu%?hége?o@ath%urm al u ?@Sﬁt‘fhﬁ?&%&?%ﬁa Pﬁtgartrg gr%m ni de.
Over | ay cuwentingsaisoymlated toya habimetenginequpdsiviigom MumihidX)coatiipcmeldibtias  an
el ement sel ected [r t he group consi sti f N, Co, Fe, and conbinations
t her eof , O&ofig’Lﬁﬁ@@‘F Eﬁeé‘rﬁe?gcﬁr’@lé’tr@aw‘?‘ﬁ%fﬁ‘ﬁé‘g@?%@ﬁﬂ?énsi sting of Y, Ta,
Si, H, Ti; Zr, B, C _and conbinatigns thereof. Diffusion coatings are
formed byAd¥FRRY t¢fhgoatingssaser gBAr wssfipion @rrtectometalc peigntaxpesedatiy Migact i ng

those corpppenhgedishdh & ﬁél?‘%]lﬁ?? FofMdpas nl'dE}Qei? 4 Eﬁgnﬁlggéésrtﬁﬁﬁne ér”qiﬁeor m the

coating by high ténperat usi on. contrast, rlay coattngs are
gener al | ycatggments ddnd mtlart industtihb parts)egretoften Yorhiedt &€ supsraléoys ythaigcan
substrate. . Duri servicge, diffusign and _overlay coatings are often exposed
to oxidat URHIH RS exfegme Qpsiabng copditions gsueh Py pierisually povered are

typi cal | ywinRb&filgg % pfoteck them-_ from environmental degradation, including the adverse

effects of corrosion and oxidation. Coatings used on components in gas turbine hot

sections, such as blades, nozzles, combustors, turbine shrouds and transition pieces,

generally belong to one of two classes: diffusion coatings or overlay coatings.

Diffusion coatings are typically formed of aluminide-type alloys, such as nickel-
aluminide; a noble metal-aluminide such as platinum-aluminide; or nickel-platinum-
aluminide. Overlay coatings typically have the composition MCrAl(X), where M is
an element selected from the group consisting of Ni, Co, Fe, and combinations
| thereof, and X is an element selected from the group consisting of Y, Ta, Si, Hf, Tj,
Zr, B, C, and combinations thereof. Diffusion coatings are formed by depositing
constituent components of the coating, and reacting those components with elements
from the underlying substrate, to form the coating by high temperature diffusion. In
- contrast, overlay coatings are generally deposited intact, without reaction with the

underlying substrate.

During service, diffusion and overlay coatings are ofien exposed to oxidative

conditions. For example, coatings on turbine airfoils are typically subjected to
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oxidation in the hot gas path during normal operation. Under such
conditions, with tenperatures in the range of about 525-1150C, vari ous
Ooxi dative products are forned on the coatings. For exanple, alunm num
oxi des and ot her netal oxides, including nickel oxide, cobalt oxide,
chrom um oxi de, and ot her base nmetal oxides, often form on sinple

al um ni de and _pl ati num al um ni de, coati ngs. Al um num oxi des, .chrom_ um

oxi des, af¥idotion wthedwt gas pathrdusingmermalorperationyynderuel sanditions, Mg V\henl

turbine e +SRURP lg&}: et 1‘9&%5&3@8&1] re often
renoved t({f)bgdaF}FaOW | ns%ggﬁ%ﬁifgﬁg%ﬁgggﬁéﬁgﬁ’ ‘}taﬁguﬁéﬁggtﬁ%ﬁr%gdsu strat e@ Vari ous
st ri ppi ngon dlerpesings.o For exumplee aluntineel dxddeseamdveththmetad akidegsinchidimg [ y, the
oxide materjals. nust be remved, before the coatings can.pe treated with
the stri pmck i 5ePalt axide, Supmpim °¥’é€h?ﬂdcﬂf§%fat??§9g“eééé}¥l eBitFHITEy | de
removal . 5 bintie finid 4 DI GL At el AN RERT HEEEY SirobiiGH

ext er nal sftia)(g:ltniﬁgﬁs of tdg)r&%?ﬁ% corrp%lnent g@%&%ﬁtﬂg asting. Alter nlat Ivel y,

t ur bi ne coxgdenemnd sarfasapaetsiftardernd ee thet MEaAKH)itypeagoatingsie- r enoval

solution conprising a strong mneral acid or a strong caustic. Exanples of
such m nWheh tabics esgite Rpthpoadito areCorchableds thd protectivei abatiagadarei dfténc aci d.
The caustic solutions usually include sodium hydroxide, potassjum

hydr oxi defemsved i aliqys inspeetion andgepair ofihe sndalying SisHats: YAWNEFIPEYEr e used
to rennvec[;nl;fo ' , V. : L dgT1d | et _

substrate 1s tsﬁié"#g?‘?‘é‘?\fé’gﬁb‘gm@s“é’ Eiﬂrl\é gﬁagtiﬁg'rq’éo t}f’loici)rlﬁ %ﬁ?aa I esfor
renovi ng mst wosemavegd befaeithd codtimgs fan be treated evith fhreasttippieg compositiomi ni de

mat eri al . ften stri d f t he .gubst b t '
e N L
phosphori ga@Chive HBGH SerRbPed HH LRMAESHARSOE rabRRE bhpoddas B§exal the

various stripping conpositions nentioned above. Some stripping

conposi tildasiingo not renmove sufficient anounts of the alum nide material.
O her conpositions that renmove the alum nides also attack the base netal
of the sulleématiely,ithine gompendntsdenvaasbmktimes beantgitad it he onleakmeya

intergranular or interdendritic,(in the case of single crystal .materials)
attack. SO AIRFITRE otHAREi ’E‘P‘l(?F?rsf & Oﬁéeﬁr"&ﬁ @ té’ﬁ‘%@’ﬁﬁe‘?%f‘fﬁ‘_es,
e.g., aboyfmeAloiids’afe h9doRRBHC IdM, " Rkt dbidNshd QP aAci®f The cgedlci ng.

Qperation at these teniperatures can pronoteincreased attack of the base
met al  andsolrions eguallyeinclude sodium hydroxide, potassium hydroxide, or various molten

salts. Repeated treatments sometimes are used to remove the oxide. After removal of

the oxide is completéd, the substrate is then typically immersed in another solution
suitable for removing the coating material itself. In current practice, the aluminide
‘materials are often stripped from the substrate by exposure to various acids or

combinations of acids, e.g., hydrochloric acid, nitric acid, and phosphoric acid.

There are some drawbacks associated with the. use of the various stripping
compositions mentioned above. Some stripping compositions do not remove
sufficient amounts of the aluminide material. Other compositions that remove the
aluminides also attack the base metal of the substrate, pitting the base metal or
damaging the metal via intergranular or interdendritic (in the case of single crystal
materials) attack. Some stripping compositions are used at elevated temperatures,
e.g., above about 75°C to speed the reaction and removal of the coating. Operation at
 these temperatures can promote increased attack of the base metal and may require

masking materials to protect selected portions of the metal part, e.g., airfoil infernal
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masking materials to protect selected portions of the netal part, e.g.,

airfoil internal 2 surfaces. Elevated tenperature processes al so increase
energy costs and potentially require additional safety precautions.
Airfoil internal surfaces are often filled with wax or plastic to protect

surfaces that do not require stripping. These materials nust be renoved
before using the part, adding additional manufacturing steps and cost.

Mor eover surffey e Blévarsal teinli)e@hﬁe Prock@lebitalsonacrlehiat erRfBl Qystd aldgpvtantamli ties of
strong mneral, acids may it .an excessive anmount of hazardous funes that

must be TUHE @Séﬁlopﬁloffﬂf% rﬁr?qaatl?% il snterggls sustages exsneficey bldekwal use
grit-bl aghing [Hsh@ ko h@t&? 's&f&creseﬂ{a?ﬁ%o Heqtgﬁ' &@En&f;”ﬂae@@ IdaYetaf &
substrate sur ace ter exposure S conposl tiron to
renove r bsirelnated blﬁ“graaulﬂnig dmapamgaddﬁfgescklmtrmmnamfachmngwgpst amfeecsonsum ng,

and can so danmage the _substrate and limt life. ec care may
need to Eior?%%én eRHQGE fealgpnf spiutiony it e&ﬁi%i“ﬁ% Uit Efiﬁb%fa L€ or any
protecti y@n&GAahting M) el BY HRERURahbMD N BarBicis fRAS! thafRLRPWR' »
grit-blasting cannot ‘general |y be used to renove oxide material from

i nt er nal spueeddedn gentdation ¢xbgustisystenal parts. For exanple, grit-blasting
woul d not be suitable for use in the internal cooling passages of high

pressur e Some lprogesiys acde grivbéastng plier gr adid pesatrhaités peatdatiafd activatchthei nt er nal

passages. i S t us a rent that processes for renoving aI um ni de
coati ngs ‘Pl%sgﬂ‘ier?&f a’é‘@ﬁ?‘f"% ﬁ’fl@éu%ﬁn]ae HEPRRE CORPoFition e remeve tesidydly) o be

desi rabl ge V%adéd%aaﬁgcﬁfegéaeﬁ@s&% v&y%@mds@nhryg, ghdt o8 alsd %aﬁhgkm@l de

coat i ng, | e not damagi ng t he base” net al Moreover, 1t woul

desi r abl euthratlehed@mtmb& @@acldlmemymc@ﬂtodmttabﬂn ﬂomnsmnt gmnhi@tmgur es to
mnimze.,or_ elimnate bflse net al étackt W ﬁ ﬁ Ielf t he
processegmg?gerﬁo F SUDRHIS O 4 ROSPR Y 94ting 19 f:mﬁlrﬁ%lﬂ’ 2l hey can

be used pat. Ridresiel, @it bldsENR Mno0 athdiaE, bd AR itdt8hNR ox&&&ﬁlhféﬂﬁl fémnet al
parts w t hout bl ocKi ng internal Passages BRI EF DESCRI PTI ON OF THE

| NVENTI Onterpalamesagsp et eavitiereinanetsl partsy | Knsaexampls, goigblasting wiosldt naj diey
removi N9iin f'el f‘d%?é lethct% ﬁgaﬁ%n 0&15% 833‘%5%(—1:5 GHieff é]rg: S riu%ne %{ades HRLAR gl - based

substrate, conprising eps

the grit particles could block the internal passages.

It is thus apparent that new processes for removing aluminide coatings from metal
substrates would be welcome in the art. It would be desirable if the processes remove
substantially all of the aluminide coating, while not damaging the base metal.
Moreover, it would be desirable if the processes could be carried out at lower
temperatures to minimize or eliminate base metal attack. It would also be desirable if
the processes eliminate preliminary steps like grit-blasting, so that they can be used to
effectively remove coatings from internal sections of metal parts without blocking

internal passages.
BRIEF DESCRIPTION OF THE INVENTION

In one aspect, there is provided a method for selectively removing an aluminide
coating from at least one surface of a metal-based substrate, comprising the following

steps in sequence:



3 (a) contacting the surface of the substrate with an agueous sol ution
conprising about 10%to about 50% by weight of the solution, of caustic
at a tenperature of from about 60C to about 100C for from about 20 m nutes
to about 4 hours; (b) contacting the surface of the substrate with at | east
one stripping conposition conprising fromabout 20%to about 40%nnitric
acid, by weight of the conposition, at 3a a tenperature |ess than about
20C for at |east about 2 hours to degrade the coating wthout damagi ng the
substrate; and (c) renoving the degraded coating w thout danmaging the
substrat ga) As c@ﬁtﬁ@tirr%em@ fhrface B8F Gl dubStrateWiMiRbhn agheddd SoRltidH RLFRisaRAL | NG
refers to the renoval of a relatively large percentage of thé al um nide
mat er i al abgit] 0% senabouig>Wnl §y avelght pf tharsdlutiprorafi cansticoat o tamaperastret ¢le
substrate material,. Any affeg ortion t h t al ubstrate is usually
To a daptiiofos oG RRboRh LT ofs PR Amimi s B 4 Ehe) .« typl cally
| ess than about 0.001 inches (about 25 mcrons), and nore typically |ess

t han abgl?)t 0 coBaes NG bR surfpcaRfhe subshaterwith pt leastonespping eHmpAstiothat eri al "
inthis Ay ' 0/8.: a0 | i oI .@%ﬁﬁ i.cally used
in coati%g]'jﬁ ﬁ?%Fﬁgi|oyst%@%62593P9§‘§3§2{%f¢%§5 ?’or aﬁ%c é%%ﬁhfg?ned
during or after the coating process. Non-limting exanples include sinple
al um ni de, platinumnodified alum nide, nickel alum nide, cobalt alum nide,
pl ati num ni ckel al um nide, refractory-doped alum nide, or alloys conprising
one or nore of those conpounds. |In another aspect, there is provided a

nmet hod for selectively renoving an alum nide coating fromat |east one
internal surface of a netal-based substrate, conprising the follow ng
steps in sequence: (a) contacting the surface of the substrate with an
agueous sol ution conprising from about 10%to about 50% by weight of the
solution, of caustic at a tenperature of from about 60C to about 100C for
fromabout 1 to about 4 hours; (b) contacting the surface of the substrate
with at | east one stripping conposition conprising fromabout 20%to about
40% nitric acid, by weight of the conposition, at
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a tenperature | ess than about 20C for at |east about 2 hours to degrade the
coating wthout damagi ng the substrate; (c) contacting the surface of the
substrate with an aqueous sol ution conprising from about 10%to about 50%
by wei ght of the solution, of caustic at a tenperature of from about 60C
to about 100C for from about 20 minutes to about 2 hours; 4 (d) contacting
the surface of the substrate with at | east one stripping conposition

conpri si agehpentuablesd thad dbdud 2aN01r adRAsbbai Thags o, ddgyadechaddatiaf t he
conposition, at a tenperature |less than about 20C for at |east about 2
hour s t o vdthguadenddig: teatbshgte; whd hout damagi ng the substrate; and (e)
contacting the surface of the substrate with an aqueous sol ution conprising

from abest 1Q8mbAnaBRUccPAY cOMindRTiEHut Qﬁmﬁé'lﬁg fflsUbdife, Of caustic at a

tenperature of from about 60C to about 100C for fromabout 1 to about 4

hours t0 AQI¥BY Rerkite "seﬁ&ﬂ@@%%vﬁp%ﬁélggalyn%@?ﬁ %(gjzftl@g?gfefEQOtt :ar\?e Wostd@te. In

yet anot her aspect, there Is provi sel ec y renovi ng an
al um ni deelatady naygé remcatagk edshe aheninindee nmagdriab wiilecenofing snlpesr aktyoy

substrate conprising the.foll ow ng steps i.n seguence:  (a).contacting the
surface oPaf W@%%&F&PQ Ot v atfqﬁ’élﬁ?ﬁ’?isépﬁtq?%ﬁtead’t‘?ﬁiqg’s%%éefmﬁﬂli about
10% to alestraROKoushmIpvR) Q*&Epti%fofg%fth%:ca%ﬁt@G)Ol%f inglgéoés(rab&t%% RidrARer at ure

of from about 60C. to about 100C. for from about mnutes to about 4
hours, (kbypiesditlesstthangabiont0.801 fnghes (@bouttdd michats), and nwire typatallyllesaghanone

strippin kt.l Qn |sing from about 25%to about 35%nnitric acid,
by wei ghgb%ﬁwsé%%%gal%tgﬁéﬁm(go 5”( enperature of fromabout 0C to about
15C. for . from about. 4 hours. 0. about 10 hours to degrade the coatjng

wi t hout dAFe§iMg feinids, Bterial oin dia qeRjexf dighFay twgclag@raaere@etgo ing

Wi thout  gp@bildGpidiRy SbdSir @héng Jngtaﬁtallb;bs @gﬁéﬁ%ﬂzisgg&gfgé ts?,té}%lﬁclﬁ SrePr OVi ded

a method for replacing a worn or danmaged ng on at | east one
surface &rmednduriig oasler thebwetiag erocesmpiorslimifinghexanipdéd owludg sSmeples i n

sequence;, (i.).;sel ectively & vi;ng.the al ynjnide.cqating fromthe surface
of the sﬁlﬂ)lérfl)r"gg e @?‘Tﬁ?’n{%{ﬁﬁ%}étﬁlﬁémﬂ 12 %10@“8@1 fre Cgﬂ‘ﬂgt Alminides 1 an
aqueous  ph@ihuink@ckel QIRinsde Seffac@-ABped afk@iniie, abAWys 28Mpridtheaiedhit of the

solution, of caustic at a tenperature of from about 60C. to about 100C
for fronfEdef thege compounds.

In another aspect, there is provided a method for selectively removing an aluminide
‘coating from at least one interal surface of a metal-based substrate, comprising the

following steps in sequence:

(a) contacting the surface of the substrate with an aqueous solution comprising from
about 10% to about 50%, by weight of the solution, of caustic at a temperature of
from about 60°C to about 100°C for from about 1 to about 4 hours;

(b) contacting the surface of the substrate with at least one stripping composition
comprising from about 20% to about 40% nitric acid, by weight of the composition, at
a temperature less than about 20°C for at least about 2 hours to degrade the coating

without damaging the substrate;

(c) contacting the surface of the substrate with an aqueous solution comprising from
about 10% to about 50%, by weight of the solution, of caustic at a temperature of
from about 60°C to about 100°C for from about 20 minutes to about 2 hours;



m nutes to about 4 hours; (b) contacting the surface of the substrate with
at |l east one stripping conposition conprising fromabout 20% to about 40%
nitric acid, by weight of the conposition, at a tenperature of |ess than
about 20C. for at |east about 2 hours to degrade the coating w thout
damagi ng the substrate; and (c) renoving the degraded coating w thout
damagi ng the substrate; and (ii) applying a new alum nide coating to the

f : . : _ . S . 5
surface @f) IdRHIS EHe%ﬁfacP'o%‘ét*@%@é’s_tﬂé% Rith Uk 9ERE oﬁé"?ﬂr{b@g@?&&gne Wdad a

met al - based substrate and an alumnide coating on a surface
t her eof , camptisiagtfromaalpat 20%ro ebowilHiO¢hnitwasdiddyhesgited thesedmemisitionl t r enoved

fromthe surface of the ubs usi.ng the ove net hods. . Al so. di scl osed
is a met ﬁ&gnlpgﬁagg%ﬁe‘g%ﬁa\l}eq%mr %ﬁﬁ/f‘ﬁgﬁ é‘??%%l?llﬂ‘r‘it 23@@%‘8&?%?3@4“6&?%% | east
one i nt erAtHoubddrha5ie: @b sdbshdRerdd | oy substrate, conprising the follow ng
steps: (a) contacting the surface of the substrate with at |east one

SLTi pPPi NGe)CQIMRRSHE HRsurf08BE HR) (Bshdi0 WidPAH Aqueodd %&?@&0%:@%%& ¢ acid,

by wei ght ‘of the Conposition, at a tenperatlre o rom C to about
15C for fabouh Houe aboutcd’s, Whyowaightitof 1e stlotiors dfocadsiyr adke tdnyeratomt ¢fng

wi t hout damagj n he substr . Aan b).re ing the degraded coating
wi t hout %ﬁ‘ﬁhg"?@ ({Ohé 2 A9QYY g‘ﬁ(ﬁc %fgﬁao(fﬂiaé’evtg@i aﬁ%utafhﬁrﬁda eBPVE 5l aci ng a
worn or dagRgetcatiipiwithde: damlinpdhe Sulidtratel €ast one surface of a netal - based
substrate, conprising the steps of selectively renoving the alum nide

coating fif O LABIRKIABEE HRIDGs HGVBRP U niERIdIONS sAAMvERS Rom@PL M0 @ new

al um ni de coating to the surfac e substrate. det al regardi ng
t he vari ehunigideochatiept Gomwf att héast ioneeimtareal surfacprafv i depetadibpvsubstRETAl LED

DESCRI PTI ON COF THE ENTI Th b t hod i t t f
cont act i TgPHENE H}eféﬁ Vg s 1 g"ffgiegg\e?é%"?%"é’?gc régg'ﬁce ‘?fe]tﬁg S‘Iﬂ?esg'ﬁ%ng

conposi t ingth AHOMAEE dtitfoh PRIty RAN0bOutad0to A4 BOd! b vRtd of tRa by
wei ght of the conposition, at a tenperature |ess than about 20C for at
| east abselution Howrstia o o tampetaiutehed fomt dhoyt @0 databdeindfi°Ay ferhBomubst r at e.

WEhI Nt 06 BOR)EihAI95 Soodt F AR (B ELRRLAG FOTRARL Ui AS . BUfR 2GRS N0
least one stripping composition comprising from about 25% to about 35% nitric acid,
by weight of the composition, at a temperature of from about 0°C. to about 15°C. for
- from about 4 hours to about 10 hours to degrade the coating without damaging the

substrate; and (c) removing the degraded coating without damaging the substrate.

In still another aspect, there is provided a method for replacing a worn or damaged
aluminide coating on at least one surface of a metal-based substrate, comprising the
following steps in sequence: (i) selectively removing the aluminide coating from the
surface of the substrate by (a) contacting the surface of the substrate with an aqueous
solution comprising from about 10% to about 50%, by weight of the solution, of
caustic at a temperature of from about 60°C. to about 100°C. for from about 20
minutes to about 4 hours; (b) contacting the surface of the substrate with at least one
stripping composition comprising from about 20% to about 40% nitric acid, by weight
of the composition, at a temperature of less than about 20°C. for at least about 2 hours
to degrade the coating without damaging the substrate; and (c) removing the degraded
coating without damaging the substrate; and (ii) applying a new aluminide coating to

the surface of the substrate.
Disclosed is a turbine engine part having a
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can be used in the process of the invention. The choice of a particular
conposition or condition wll depend on various factors, such as the type
of substrate, the type of aluninide coating being renoved fromthe
substrate, the intended end use for the substrate, and the presence or
absence of additional treatnent steps (e.g., pretreatnent, desnutting,
neutralization and/or rinsing steps). Those skilled in the art wll be

abl e t o chadstasabpibeipati atd as thunppide goattmgpoesit i éasnmeamebapr thes§iantpastondi t i ons
for a given situation, based on the teachings herein. The substrate of the
present ianpetitn @f widoch keatiny haebedd sdedibBr tetloved fadrh alfe tsyith@abl the
protected by an alum njide coating. As used herein, "netallic" refers to
subst r at 8Lt Usingthe gbavigdnethods or ned of netal or netal alloys, but which
may al so dT&r es of
metal | i cAr%lf g%&?%s?g%%%?%oe at a%e(iaéggygl?gggﬂg{ﬂgnen%mglg}ugglcé%ﬁ}?gr om {Tﬁje gr oup
consi st i hepsbdneiintemal ewlbaktof asipdeallqy sbsindteywomprisingahs fodlowting stepsum  and

m xtures thereof (e.g., stainless steel). Oten, the substrate is a

heat - r esi(8t antcomthéting the sgrfacesofithe kestrarseith ableastioak saippibedrhposhamed
material . Such gg@erla s_are described in various references, including

U.S. PaCempusisg Zog abpyl 254 ta ahaw 3p5anitrimacid. hyevaightfiihe somrosiion. #ar y
widely, Bubmbtrahge oPbRNabdUt IRE th %'BH%HOTS"@ ﬂo?tfrog'p?l!u PiSds 15 H?(ﬂdfaﬁ) an
the su ate may Dbe e

airfoil conponent. As another exanple pi ston
head of &oulisdés dégradufhneoattng weithoud tirenging tHestubsttate;raadui ri ng a heat - r esi st ant
or oxidation-resistant coating. The substrate may also be in the formof a
housewar ¢b)i t emergevigy thedlegiaded egatin@rwitHoedarhdpdhisiheisabstiagd, dware  or

equi pnrent. The netallic material is often a superalloy, typically nickel-

cobal t -, Ao dikEsddas Adnethéd Frae@Acink @kpdm &Qﬁnﬁ@&ﬂbﬁmﬁﬁﬁ@@oﬁidg%ﬁatar e

favored for high-performance applications. The base el enent, typically
ni ckel ofeagiopag surfpee phe mew@beseglr sbstate, cemprising the stdps ofusalectivelyy by

wei ght . S L1 Qy; ual | ¥ inc. abo 0% Ni ,
and at | eas‘{ﬁmé%g% cag'?r%%ﬁ(gn o%t gf%)[né} Y I’f«%mﬁgﬁ%%bov&{g?té?ﬁl ?hencobalt
chr om umappilingianien altmiged edaxmgrtxb me@aﬁuéaoﬂthé afbstie. and iron. Exarml es of
ni ckel - base superal |l oys are designed by the trade names | nconel (r),

Ni moni ¢ ( Other@hils 6o ﬂ%,vaﬁﬂﬁis éfiddientdiof 8¢ inQBRidnYar pldvillddetbwand singl e
crystal superall oys. Co al

DETAILED DESCRIPTION OF THE INVENTION

The above methods comprise the step of contacting the surface of the substrate with at

least one stripping composition comprising from about 20% to about 40% nitric acid,
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-

based superal |l oys usually include at |east about 30% Co, and at |east one
conmponent - :ifirom t he group consi sting of nickel, chrom um alum num
tungsten, nolybdenum titanium and iron. Exanples of cobalt-based

superal | oys are designated by the trade nanes Haynes(r), Nozzal oy(r),
Stellite(r) and Utinet(r). The aluminide coating on the substrate nmay be
applied i NAf At i o t ur bi ne
engi ne, t eﬁglﬁg{élﬁ%gFgﬁlg#’@gﬁﬁ’fg%ﬁ@ge%%m%g%g{éﬁgpmqilbnzej:}gl,.gcgér;%gé lgr dones,
shrouds, 2Zhadrotd degrddecheichatipglwitiont damsigib ddasbstrwezl es, and vanes. The
coating can be found on the flat areas of substrates, as well as on curved
or irreguVithirSthef 688 ranpes, E@ius rippiXe 2bSPodiBorsOintE froRbssidpecdididages of
internal cavities in the substrates, e.g., indentations, hollow regions,
or hol es.capde vssdhinghe progepreofictho inyentionaFbeyehoige afifeparieutamgomppgition atool i ng

hol es or tj-ne whi.c n | e of up to
mbout 30 SRS ITaRERE BASRDs mulsr GO AR (5nd By SRkAle, dBBh OFCy  of
di ffi cul taliminidneosting teirgosénagd§ from theeubstrdieafie dhtch@b end Qs ifdri the by

conventional, |ine-of-sight processes such as grit blasting, plasm
et chi ng, SUB¥iratesapd ofeapressuceriy tabpenchest widitional cgatment vitens degend on a

variety S se | : : eyl ce kil fior -t he
conponen ,retﬁasﬁh?ﬁ’e?eﬁﬁa ﬁﬁlf'gé 'ltn %ﬂ&gﬁgﬁ]tﬁﬂ%&ggﬁ@% gtlfegsﬁ ﬂé%%gs(%lﬁaﬁg ntH % t he
coati ng awill teudide tatlmost/applopyiatehstripping icomphsitioms afd ptocesing contditionsr ange  of

froma f m.crons t.o about 150 m c¢crong, and nost often in the range of
from abo?é\{""?%wﬁ'i‘ E‘f‘@hgn’ﬁ@sﬁi}%%ﬁ?s@iﬁ“&@zﬁ&m'me stri ppi ng conposition of the

‘present invenfion conprises fromabout 20%to about 40% typically from
‘about 25%kbesubHRlg oBtspresspbinveniiahean by anpmstslin matesial epaligsolypioaly, py

wei ght o ofenitii 4. Thi - : .
concentr ﬁgtgﬁe{gﬁ ni tﬁl W&fﬁggicgii%%' e}r%é ﬁ%eﬁ‘gie‘:ge : egg&%lggt?ér%ﬁtég ¥%I{H{Ig{c%ﬁ t}%ait'uan | ower
concent r até pmmardfy foirhed of metall or el AHO P bet whichmeaysilse prilualy soaresm-t i on

typically is,,a suitable solvent, such as water, althqugh m nor anpunts of
other ac megaﬁaﬁa%@m%e@?né%m&egéﬁmws ¢ m@ﬁaw&&wﬁﬁg?@a@w ftrictshe
conposi t Qe -eldni JaIRLEd A Sthe SHELD %énsié%ﬁ@r&c{?bx%rédbaﬁ,c hebkaNd1akinkHL | C

acids, and aliphatic and aronatic acids usefu erei are disclosed in U
S. Pat ench®ngmg, GBsiuntand esxturet theteof @.g., stainless steel).

Often, the substrate is a heat-resistant alloy, e.g., a nickel-based material or cobalt-
based material. Such inaterials are described in various references, including U.S.
Patents 5,399,313 and 4,116,723. The type of substrate can vary widely, but it is
often in the form of a jét engine part, such as an airfoil component. As another
example, the substrate may be the piston head of a diesel engine, or any other
substrate requiring a heat-resistant or oxidation-resistant coating. The substrate may
also be in the form of a houseware item (e.g., cookware), or other industrial hardware

or equipment.

The metallic material is often a superalloy, typically nickel-, cobalt-, or iron-based,
although nickel- and cobalt-based alloys are favored for high-performance
applications. The base element, typically nickel or cobalt, is the single gfeatest
element in the superalloy by weight. Nickel-based superalloys usually include at least
about 40% Ni, and at least one component selected from the group consisting of
cobalt, chromium, aluminum, tungsten, molybdenum, titanium, and iron. Examples
-of nickel-base superalloys are designed by the trade names Inconel®, Nimonic®, and
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The st'ripping conposition of the present invention may include various
.other additives that serve a variety of functions. Non-limting exanples
of these additives are solvents, inhibitors, dispersants, surfactants,
chel ating agents, wetting agents, deflocculants, stabilizers,
anti-settling agents, oxidizing agents, reducing agents, and anti-foam

- agents. Thgse of qr.di,nary.skill. in rt .are famliar with such
agdi tives hﬂcrhe@(; %atlﬁd_gg? ﬁgﬁ%@aﬁlg\ﬁgﬁgﬁp@ and isingle geystal spper, VA rFObalt“
enbodi Mentisased@BufRFARY: Gy MBALISEY RS abeaBes do?gﬁ'dr:gﬁ fell§ oRE tcbfﬁk;{a%en@“d

increase the wetting capability of the nitric aci ative to
subst r at e. frenrHbe geeneangisting o€ mackel, ovhréraiunes caluminuan, i tingsteh, andlybidenamr bon

sol vent wi .0f t iffer from .the.interacti bet ween the .acid and a
solvent 1 enfi 8 ol BuhBlor btaut-Bisel e dibsart il SYohe gate
sol vent majanies Hayges®) Ndza8lbi®! Sieliabd a8 Ulhgefd uni ni de coating nateri al
W t hout adversely affecting the substrate. As used herein, "activity"

O et oty ) THealighmid ot RA hE SRrall mby Be BBARLI 1 d Yarklhy bbb dryr d e

substrate and/or the alum nide coating bei renove omt at e.
Exanpl es ¢Pmpogemi dn thel oasnofa tunbiot egginerthe byatimgds ofttreapdigdioneoribustof or t hi s

cl ass of [ copposi tjons are .all i c,al.cohols, .aromati c aJ] cohol s,
" chlori nat 'englteg coﬂﬁg‘%é?r 15%?30 ﬁlggu ia{:qufse;rﬁi:@%g E’B‘Flﬂf’é“n‘?rsﬁlaﬁlﬁst POAZERS, anci
hydr ocar baaneo| Menddating id Bé fhnd daN 8t iffat aead 3@5\&@%&,%%&1%&5@%9&?%1

chl orinated hydrocarbons, am nes, and m xtures of an of the foregoing.
Specific &%k Brfages. phe icoating o1yl Alsaube flomateorithe suréacee of antatnal

ay

ét hanol , ] M_xt ~al gohol s .may be used, as_wel .
Spoci i ¢ CaqubePeAABRtaed b iRy bRV rEBRL ob RaléSief ribels
phenol s. Tlitecaiditesofanshie in Hexfoumest radjal QooHAE ODRS| of deBsaatihe iphssabdvalll,
pitting, or.in a small anpunt of corrosion of the substrate, which is
typi cal | y "¥fseahave an pverlidepgth ofigp ba about39riarhes (bt 76 2nereliny tothingn "
refers toehhige LERRNAl T @f v | nﬁﬂ@t' - r4.9f he trate,
usual l'y | es%_ _(t3 han about %ﬁerﬁ gi;f%%&slpltdant | ckdﬁgﬁgﬁqgmﬁ%{%rtrlﬁgcsgrrf%%es?fgﬁg%nd
sli ght pi cavities bar evnventienal ilpeidfisigin prebesseb aadh 4sogrittasingNslasiteetchibg! he
substrate, [This if}sﬁ‘l in contrast to the occurrence of severe "pitting",
whi ch resff B&i84i8Pes in the substrate, often to a depth of at |east
about 25 g;hcrq&gd an{j usually to a gpgloth in the range of from about 25
mi crons t SPaByEknesHet thecsaatiag Wil deperd emBomristhekfactone Thesepprlude the
conposi ti RAgihubt BEWideinEUSE the WohdpoRéht2H#E Yhernldl Shistory, and the particular

composition of the coating and substrate. Usually the coating has a thickness in the

range of from a few microns to about 150 microns, and most often in the range of

from about 25 microns to about 75 microns.

The stripping composition of the present invention comprises from about 20% to
about 40%, typically from about 25% to about 35%, more typically from about 28%
to about 32%, by weight of the composition, of nitric acid. This relatively high
concentration of nitric acid often causes less base metal attack than lower
concentrations of nitric acid. The balance of the stripping composition typicaily is a
suifable solvent, such as water, although minor amounts of other acids and additives
as described below may be included in the composition. Inorganic acids, such as
hydrochloric acid and sulfuric acids, and aliphatic and aromatic acids useful herein

are disclosed in U. S. Patent 5,976,265, Sangeeta et al.



wetting agent reduces the surface tension of the conposition, pernmtting

- Better contactt 8 with the substrate and the al um nide coati ng,
particularly on internal surfaces of netal parts, to inprove stripping of
-the alum nide coating. Suitable wetting agents include polyalkyl ene
glycols, glycerol, fatty acids, soaps, enulsifiers, and surfactants. The

wetting a t u S vel in the ran of from about 0. 1%
e vt o TRt Bho G S 2l p Bk Bl B! RGeSy hS °
conposi ti amdmwmmbt feave a udbtyas fﬁﬂ.&ioh@ Mnﬁluﬁftﬁl gAMbl RE P aadigied N t he

stripping conposition.to lower the activity of the acid in the
conposi t i 8% Sat¥ents,oinkibiters, disparsapts, purfaetants ehelating 8gente wertingtagsntss or

pitting o u f d,._. gén o] sual |y
<" 1 om abcheyBHEC aBlieS b REhuing'spliE oxilling Sl RayolalUethPlpd 0% )
the stri ppmm@oamngemst II‘huse éordinaryngkidde micard b Siaiikid wigls sikbhestditivdshe
stripping ¢ lon to prevent the formation of a reducing environnent.
Exanpl es F“Hg%gé’ B'FYBJFH‘E!Q éﬁﬁrusehydrogen per oxi de), chl orates,
perchlorates, nitrates, pernanganates, chromates, and osnates

osm um t el sestaa%)embpﬁ@lmeﬂn geang iselventgay dersed de deduse lihftlaﬂl‘glt(ﬁ i about
0.01% by yg} @g&@tﬁy W B i3S S5 QRIakDE tx\e%ghstub e O ire
corrp05| t i on. |

SterpIng Dpi NG CONPOsI t 16N ey be appli ed o the
subst r at echemiealiatetaetiyn bétweay an atid andtam;rdmihﬂﬁmrmweﬁt wtlh@ﬂéﬂxliﬁ’ef fibm i s

I mrer sed, ,ei.ther tially or fully, in ath of the caonpositian,

| mmer si onthFﬁnﬁeFﬂcngﬁéﬁH@FH %a%ﬁfim‘i 9&81‘@?1*- K}]éf‘s‘é’éﬁef ) oFhecsprhingtonsofitric

lgreat est I mﬁlbei ng
renoved. %ﬂgﬁgt}g{:?r at e may b Oh'g Into t#y %at a%s%lﬁlgmg&g&?ta e rack

(f or exanphtriabwghowtadivergeln affad:tmg thp yhlmlmteo Asutsbrbhemmn rptindytgéneeallyur f ace)
that can b I sed to renpv t he subst e desired | rsion
time is rfégéﬁg‘aaﬁ‘?ﬁ?% nﬁ ﬁhr‘?ereﬁ‘ﬁﬁ’“ﬁa? Yq]@ S\}bg?tfat"d RH nany
of the faeﬂh@lﬁrﬁd@%&ﬁlg%@ﬂlg%bﬁﬁ%dﬁ&ﬁ%@%ﬂsﬂﬁtetype Of coating being renmoved
and the acid (or acids) being used in the bath. However, the bath is

typical | YEJE%ﬁlkébf‘&%aﬁTc s81 ngﬁ g&fer&isl R¥LaR0 gé%uﬁ%ema fbleg% Ngaquhst rate

is imersed therein. In sone e ment’s, the I'S mal n at a
t enper at wtappihg compositibaadre @Ephaticadbahivls] 516maufctadmhbrspmlaﬁnmed dicohais,about
12C Ten‘q{ertg&egr Siftrile-based solvents, nitrated hydrocarbon solvents, nitrated aromatic
solvents such as nitrobenzene, chlorinated hydrocarbons, amines, and mixtures of any
of the foregoing. Specific examples of aliphatic alcohols useful herein are methanol,
ethanol, and isopropanol. Mixtures of alcohols may be used as well. Specific

examples of aromatic alcohols are phenols and substituted phenols.

The use of such mixtures may occasionally result in slight pitting, or in a small
amount of corrosion of the substrate, which is typically substantially uniform. As used
herein, "uniform corrosion" refers to the removal of a very thin, continuous layer of
the substrate, usually less than about 2 microns in thickness. Uniform corrosion and
slight pitting are not a significant drawback for some end uses of the substrate. This is
in contrast to the occurrence of severe "pitting", which results in holes in the
substrate, often to a depth of at least about 25 microns, and usually to a depth in the

raﬁge of from about 25 microns to about 500 microns.

-In some embodiments, the stripping composition further includes a wetting agent. The

‘wetting agent reduces the surface tension of the composition, peritting better contact
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much 'hi gher than 20C typically result in nore rapid renoval of the

-alum ni de caating and may cause excessive pitting of the base netal. Use
of the |l ower tenperatures herein protects the netal -substrate and naski ng
materials that nmay be present, and 9 also reduces safety hazards

associ ated wth higher-tenperature baths when volatile conponents are
present. Bafh ' é.lflgth L. RRAL & Lot i are,of t.en stirred or
ot herw se agi ?lgﬁglgyfd\}\il e %E@%{l@g%@éﬁ?ggﬁw oga?ﬁe&%guﬁgz}c:% P%W&%?rmm
cont act begiansgte intpeowt stiipying of thegdmhinddlcdafiag C Saithtilg wetinilageafiiekide A
variety of qﬁlﬂ&fvﬂ tec&ni Jues ca: be used for this purpose, such as using

i npel | ers,P SHhE C%lg’i glxesrely fathyn gride soang ealsifists, gad sudfaefantsndgheor
circul ati GhetR JURETH | [ 3 ] y of
the factors diii%g%esn;gd ab%%g&s%i%qgaé%ﬂg?%ﬂ%%\% e?ﬁ{ta‘iﬁée‘u'{wmﬁg’?bjgvﬁ rme will
usual |y r dagbodt’S§irbymeight, baseslansthe éotalbweithOdf thocompdsitianot al , whi ch may be
split anong two or nore stripping steps. In sone enbodi nents, the total

i mer si on Ihhibitomsishith heacefic acid abosiminhes culsloyedlin thestFppink ¥Binpdkiiun té om
about 4 tﬁ about 10. hou&f, more  typically fromabout 6 to _about 8 hours.
Longer st rP¥H ﬂtf fetRalY of the Acidnia HisogempésitionesThy vpred (astivity: drptugt e |
renoval Ofde&lesseé!tﬁmp%&ﬁalc?ﬁtﬁiﬂﬂl Y diP Bl RURCs Hap8! Cff uﬁ@sﬁaﬁ”ﬁ{g oft tack.

Thus, the stripping tine, e concentration of nitric a

st ri ppi ng inubitersusualiynis ford abhat 1% rtpewaight & sfout 16%sby weiphndasedrpashé i on are
sel ected tgq{%rg, idﬁﬂ%’he desi red bal ance between maxi m zi ng renoval of the
al um ni de Y¢o=° éﬁes 08 MPRSIUY- base netal attack for a particul ar

¢oati ng aﬂﬂ(&grs.t al substrate. Exposure to the stripping conposition causes
the al uni ZINGAZCRY BR eREtimGs sed ipfthe sHepping senpesition to dseveat degyr aded.
For exampkgmatie FORtMGingRhvIBNS AR S icluh Serd B &Yl .Y e

di i it Sheq TR, A ediding Vhviid tﬁ%??lﬂagfﬁ%f@d#&%%ﬁ‘éd’%ﬁg{eﬁﬂ Pﬂ?“ﬁ%&

decr eased petioide nehl@mtes,dperedomtest nratess fpananpayatbe dhirsiasds, Mndcoghates Wit h
or inmmersion in.water or .apn, aqueous. solution for a short tipe, e.g., |less
t han about®™$- OFPHER é?‘ff%é%ﬁh?/ie‘ieﬁ@%sﬁt&“?lﬁwﬂn@geebﬁfﬁs‘sxstv%lﬁllﬁr&%rabeetgr aded
coating fo@1%4 B westht kR 68out BOSBY Heigt, biiRa 8ThHE | ' damagi ng
the substrate P_r%y be accglnpl S ed‘31 y’ vari ous O%S%Q%ﬂ%&%%%%%ﬂ t he
art. For eupgiiiéon.t he degraded

The stripping composition may be applied to the substrate in a variety of ways. In

some embodiments, the substrate is immersed, either partially or fully, in a bath of the
composition. Immersion in this manner (in any type of vessel) often permits the

greatest degree of contact Between the composition and the coating being removed.

( The substrate may be lowered into the bath using a suitable rack (for example, one
" having a polypropylene or other non-conductive surface) that can be raised to remove
the substrate after the desired immersion time is reached. Immersion time and bath
temperature will depend on many of the factors described above, such as the type of

coating being removed and the acid (or acids) being used in the bath. However, the

bath is typically maintained at a temperature below about 20°C while the substrate is

immersed therein. In some embodiments, the bath is maintained at a temperature of

from about 0°C to about 15°C, oftén from about 4°C to about 12°C. Temperatures

- much higher_ than 20°C typically result in more rapid removal of the aluminide coating

and may cause excessive pitting of the base metal. Use of the lower temperatures

herein protects the metal substrate and masking materials that may be present, and
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coating may be renoved by abrading the substrate surface, such as by using
- d gentle abrasion step that m nim zes damage to the substrate. As an
exanple, light grit- blasting can be carried out by directing a pressurized
air stream conprising alum num oxide particles across the surface at a
pressure of |ess than about 40 psi (about 2.8 kgf/ch) typically |ess
than abouhisgGedisdes @Qﬂéﬂ“ﬁaz%rdﬁ éﬁ%dlé‘t@g)mthvﬁf eM Whﬂ‘?%&ﬁaﬁiees may
be used for the grit-bBlasting, e.g., netal OXI partlc es such as al um na,
as wel | asomponeptsrareprebénde, gl ass beads, crushed gl ass, sodi um carbonate,
and crushed corn cob. The average particle size usually is |ess than about
500 mi cr oBaths asathprising, thaldttypﬂm sotpasitiebeié ofttd stiired @p theltvisegagifated| ast i ng
is carried, qut for a tine period suff|C|ent to renovg t he de raded

coating. YREe s BIAcE igrcagtad; oyl tas eyt mmlﬁve@ﬁf% pigeen wimwgnd on
vari ous I N A dﬂgg;\ v, kness of
from abou{l@%g%%ﬂlgrdgnﬁﬁ? gel??(;vfgo ﬁcr ns, grit- @ﬂg%%ndaﬂ\% aﬁsgﬁg(ﬁral ly be
carried othis pwrpofsfr,mhbsummmlmﬂcmdéﬁasonmbmﬁaum&mgm@mm%ast ilizing

an air e of .fr m about (,about kgt bout 30 psi
(Rbout b, e oo gRtns At Pemis a6 i gro e WL Ry Ped O aava; Do of
| ess t hanofiRUtack® dicadsed bold.NOh X RBMMdrGah Nl a8e lﬁﬁnémeﬂttime affiadi ng
the surface nay be used in lieu of grit- bl astlng For exanple, the surface

may be nevally jange figpbewui2 haurs to ab@-rt 20dwursdngotal, whlqbauay\bc spl;t@nymgr ic,

e L 8 GO B W A B Sl AP B RS o

have beenfrembstibded. tolitut d5abues | typicaRy dnal oy tb%t;ﬁtetﬂoqwuféﬁenmeel s or
belts. For_exanple, they may be sprayed onto a wheel in a vapor honing

process. typisaly feom abent %W%%hﬂ@és leongen strippingr bnepewithin the shoaen a
contact f n the
force use‘gﬁg b%?rll F f’g@{af%‘gﬂ%t echni g%éaﬁ @35&%%&%% ..
O her tedimse qmmd aveygk. bd‘lﬂﬁpﬂh@)&ﬂﬁbﬁlﬂg i) \the Chiecetlegiadefiniti¢ acidain thene
exanple is. l.aser ablation . of the surface, Alternatively, the degraded

mat er i al TREPIRE cawposien. gpd thﬁt Weﬂ&emtflec%f thP SUHPEIECIMRITEINN #& Felected und
waves ( e.4g provld BRIRGIG VANRS élﬂémwﬂ{er%ﬁﬁdé%aﬁﬁgom c

horn, can be directed agal nst t sur ace t caus
and minimizing base metal attack for a particular coating and metal substrate.

Exposure to the stripping composition causes the aluminide coating on the surface of
the substrate to become degraded. For example, the coating may have deep cracks, its
integrity may be diminished, and its adhesion to the substrate may be substantially
decreased. In some embodiments, the surface may be rinsed by contact with or
immersion in water or an agqueous solution for a short time, e.g., less than about 1
minute, to remove the stripping composition and/or degraded coating from the
surface. '

Removal of the degraded coating without damaging the substrate may be
- accomplished by various other methods known in the art. For example, the degraded
coating may be removed by abrading the substrate surface, such as by using a gentle
abrasion step that minimizes damage to the substrete. As an exaruple, light grit-
blasting can be carried out by directing a pressurized air stream comprising aluminum
oxide particles across the surface at a pressure of less than about 40 psi (about 2.8

kgf/em?), typically less than about 20 psi (about 1.4 kgflem®). Various abrasive
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vi brati ons that can shake | oose the degraded material. In sone instances,

. the degraded-:toati ng may be renoved by a nore aggressive agitation, e.g.,
agitation with a force greater than that produced using the ultrasonic
technique itself. For exanple, the substrate can be imersed in a bath that
Is rapidly stirred with a nechanical stirrer (i.e., for "general

agi tati on'yh4ddy, Phg; | 1} | I drred. (1 .e . far “local
agitati on'P;dftl Agi tét | olrlléegaf?llL g’% %glppi{sggg’o@ﬁa}&ﬁﬁ ﬁhpﬁgﬂgiee rsg%l-le%ls %ﬁ%?ai’ al is
shaken | oas evellFar sibamhcanthide,hglas tehds caghed glass Gbdiveil@fbordi) s@d chishski | | ed
in the art would gﬁwfamliar wi th operating adjustnents that can be nmade to

control t K8 &Py Fvsrdge BHriectizg ysvally SUsss thaneabost 00 imiczensdandige t o

t he subst rdligatlyIeds tBEEabdul 16@ FBcBaL0di nents, an extended rinsing step nmay
be used t(gﬁ;rermy\slle St he aélegr adegﬁ cg;a?lti ng wi thout danmaging the substrate.

This may i € ' t raded . i.ni de, coating,wifh an,aqueous
sol ution g@éﬁ%‘#@%&%ﬁé@%ﬁg&gg@ﬁ? tllﬁigigert“ﬁiog&gﬁcﬁggf:or P G%PSO%[CS{??FQ/, for
exanpl e, aognlgy alTky ldansiogl ot glit-blustingain 0@ ¥@bbJhRAL vallWepbnd ofh@ribRS ti Ng
agent is usyally pthesent t a level of fromabout 0.1%tqo about 5% by

wei ght , bg@g‘lfs'orf‘-‘t & At aF analypinidss cqatiag hayingny thiskness o fram sbpwgS¢an be
carried ouyt; it 8% Yo Iqr -B | sual: y

I mer si ng%lﬁrghgh(g%%g? gé ?hﬁa%ﬁg’e%—girﬁg%yg%wﬁat u%@%%ﬁg#%?%%ﬁﬁgﬁ for a
time peri 69 séqonds &bahout 12¢isenoinds, twheabuwilizidan #ir présage of fienexican@0cst i nsi ng

Subbt 1 at (PR TARIRAT M o B0TRAL (otBR ol ecHond s A PRI Tt |

iray be reﬂ@t@%ﬂd@ﬁ@l@@i‘z_@%fle@gﬂiaﬁtah&n_mb%cr&g_ by again contacting the
substrate with the stripping conmposition. In other enbodinents, the

degraded pgali YRTM I ' . i the
degraded coat ik%gwﬁﬁﬁgl%gl@}[’ 1?% %Hé’%\l ggm#%éfaggf}gabl iC lS)nsi%d/ lgﬁis%%g%{ag% t he
surface, blesing: Eomexsmpleathe soxfaciemay be mechualdy serolstsad| witloh fibbepsd, eigopi ng

step, and ctivate the surface for any additjonal processing steps, such
as g secof g’t“?‘i TREAS JRe3licEgL cgpric ﬁperéauéi[“?@éu‘fegbl Eé‘uﬁ‘é’g"a%aiyfhﬁ
hydr oxi depdlisRll wihosl iftemibly e debelf MoK ﬁﬁ?%éﬁ&@% oxbite JNRE) .

| i thi um hydroxi de (Li ,_triethylamne ((C2
t et r amet hjavgrhesni obdiuie (b GiHE) mhieHpls EMHY ¢ usaddon the wheels or belts.

For example, they may be sprayed onto a wheel in a vapor honing process. These

alternative techniques can be controlled to maintain a contact force against the’
substrate surface that is no greater than the force used in the gentle grit-blasting
technique discussed above.

Other techniques may be employed to reinove the degraded material. One example is

T

laser ablation of the surface. Alternatively, the degraded material may be scraped off
the surface. In another embodiment, sound waves (e.g., ultrasonic waves), which may
originate from an ultrasonic horn, can be directed against the surface to cause

vibrations that can shake loose the degraded material.

In some instances, the degraded coating may be removed by a more aggressive
agitation, e.g., agitation with a force greater than that produced using the ultrasonic
technique itself. For example, the substrate can be immersed in a bath that is rapidly
stirred with a mechanical stirrer (i.e., for "general agitation"), and that is also
ultrasonically-stirred (i.e., for "local agitation"). Agitation can be carried out until the

degraded material is shaken loose. For each of these alternative techniques, those
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m xtures thereof. The contact tinme can range from about 20 m nutes to about
. 4 hours, -although |Ionger or shorter times may be sel ected dependi ng on the
properties of the particular caustic, coating and base netal. The caustic
may be in the formof a nolten salt, but usually is present as an aqueous
solution conprising fromabout 10%to about 50% typically from about 15%

to about 0% - Ar.e i | w from about 17%t bout % of caustic, by
wei ght of S@‘ﬁeeﬁ u{:rglr?p%%ﬁl"lgﬁm ﬁ]@,ﬁl@%ﬁg '@eg%l%?@w%ﬂfﬁﬁltﬁé%ﬁ e erature
of from abeitiol ﬁﬁﬁeleﬁiant&bfdétap%ﬁ&ﬁo th¥ Blsstdate/tolhinith e Adina§Sfe the sathatdte 90C,
nore typically fromabout 70C to about 85C. 12 The caustic solution may be
appl i ed t &vfa8 substrate in a variety of ways, but as described above, the
substrate is typically imersed in a bath of the caustic solution. 1In one
enmbodi menin sonigensbilimentsean extendedragingtep tay beatstd tsiengpva thaideginded r ack

that can ot a0y BitAgied RO BLARY TRE iy, Rivefe, clathslE MCareialyl on
time is rgaahdde cdltthg GaliSin Bqiols! sbRAoh cohppishal 4 Yvedtdd @%@@l 1B thSsel N
u

contact wiith the substrate. In one enbodinment, this is trasonic

agi t at i ondesegibed pravicydyyfor gxemple, apefvalkylene ghigot suchaw polysthylengglyksder i bed
above, may 3 Ak tiaon -as _descr i-hed. abov al so be
used to pre r%ee{e{ll?l%daée@a%, or f ge(r%%é\r/teétoaxllegéﬁg& ﬁglrlrl] %%r?é& Qiteitéjlltq %ﬁ%@(ﬁ% strate
prior to weightbhsedi dihthehetabiveighpbfithe Bmsiosilatic). Rimimpnendhediskesdt, t he
caustic sol ution i? used to , clean or renove oxides fromthe substrate

prior to BAdvaRetset teshmiques, butis uspally wndertakembynwersiesthe sehstrateAn@pnsi ng
~step i's tyacalaih " Nem ' h o hLgent s
“hergi n't o Read et OBy L OB o i P04 oD R T R e
aci d sol uninmtes. T exdendednmnsidg steptdar remave nhudksosd dlhminidd phrtieles, and
conpressed.ai r.may.be bl own across the substrate to repgove apy residual
al umi ni de” ‘i?st encthe syRstple ARy éﬁ?ﬁgﬁngeé‘ﬁh?‘ﬁeﬁ |0$§¥1°fe| ‘fo_hﬂ’é’§f F’E'H',‘m’ldﬁe
substrat gug@Aalt KR BE réBobQP L dndibd BMNticH istepb!o? ﬁsatagaihabomfc@fngeefﬁﬁp' e,
pl ati num al um ni de protective coatingS for engine parts can agarn be
appl i ed tsubstrage withthexgdpping somppsitian.] oy substrate. In some enbodi nents of
the invention, the substrate surface may be contacted with

In other embodiments, the degraded coating may be removed by including the step of

contacting the degraded coating with a caustic material. The caustic may also clean
the surface, remove any surface oxides formed as a result of the stripping step, and
activate the surface for any additional processing steps, such as a second stripping
step. Examples of caustics include potassium hydroxide (KOH), sodium hydroxide
(NaOH), ammonium hydroxide (NH4OH), lithium hydroxide (LiOH), triethylamine
\"_- ((C;Hs)k:N; TEA), tetramethylammonium hydroxide ((CH3)sNOH; TMAH), énd
mixtures thereof. The contact time can range from about 20 minutes to about 4 hours,
although longer or shorter times may be selected depending on the properties of the

particular caustic, coating and base metal.

The caustic may be in the form of a molten salt, but usually is present as an aqueous
Solution comprising from about 10% to about 50%, typically from about 15% to about
30%, more typically from about 17% to about 25%, of caustic, by weight of the
composition. The caustic solution usually has a temperature of from about 60°C to
about 100°C, typically from about 65°C to about 90°C, more typically frbm about
70°C to about 85°C.
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two (or nore) stripping conpositions, in sequence. The first conposition
.may quickly : renmove sonme of the alum nide coating. The second (or
subsequent) stripping conposition may then renove the remai ning al um nide
coating nore slowy, with Ilittle or no pitting or attack on the substrate
except for the possible occurrence of wuniformcorrosion, as discussed

previously.. T aII each strippi o sition is prese i n the form of
D Eut et Tid ERfRsotutiohoy e arbhed e 180 Aol Hy o SOhHayD A 2
tenper at ur @sscHB MARY, th8 SubkBRY iis Qgﬂcal B/ 8)th@Yed ¥h a bakhqzﬂfih@eéi@ﬂé E8ifion.t NE
substrate is imersed in a first Dath maintained at a tenperature in the
range of fHoeneatobediment theapbstrate 2Clowdred into therbrathising 4 switablebmcke for about
3 and abou hou Al t er nsi ng and act wifh.a caust ol uti on
Goaor i boq el o hlieCh pRlSBNRRLT AR PGk etdreute SHERE) fal Rt rs
al so 13 naised abneshodt tﬁetsemmahﬂéreﬂleruésﬁed AnGesioh e ahekdd. 4GHeo about
12C, with an ImTEI’SI on tinme between about 3 and about 4 hours. Additional

strippi ng “Augtifs sphgtion Bé typjeally peitatesh @hietiancantin cuitls dhe submtrage s dn ioped
above, the,spihi je varij enpve t he
degraded coat| ngéﬁtlt’n ano Hérg&lé%‘g%lg%ﬂg &ﬁ%ﬁaé‘%l en{n%i‘Je a%%%’%%ea ta Onmat hod
for sel ectsuckbydeseribad stpve mapbeisdedi de coat i ng fromat |east one internal
surface of a metal -based substrate, conprising the follow ng steps: (a)
cont act i ngA tdagstilsdlatch Qichtdkade%éﬂﬂ%drﬁdo%%é)haﬁﬂ RARAUS pr&trdat,| QBarC QFPr i Si ng
from about 10% to_about 50% g‘ght of the solution, 'of caustic at a

t enper at urtlemoye oxids fiesp the GD@alt'@ﬂS Substag® Eripo to faontect Bitt the stappibgut 4

Aours; (b)) e t ] | east one

(ot ppi o “SESSESh; o SieBbidRER: He NS BRLER, § o do Hea R iowBlE acia

by wei ght oxdddsifone drpabitidtepriorto and afterphajoufaet Wb s suli@m@ os@itfa. f or at
| east about 2 hours to degrade the coating_, w thout dama e substrate;

(c) cont act THYINENHER d% teRighligt prowidlod hsow sesk ﬁlevxﬁat“ﬁtl‘éﬁﬂ‘éd’& stma@mmm
conpri si NGyerdih RO ol?eg%{%l @Qﬁﬂeaé@o{?s é)%évé[’é% %Latﬁﬁc 5%(8@(? Léﬁl i, of

caustic at a te erat rom about out rom about
20 m nut ey 4 BhGUL tﬂ@%a?mg(ﬁr%)rp% RMBGH0 Lohl el bR %Sy Yo PHRMCIERE

the substrate to remove any residual aluminide particles, oxides, or abrasive particles.
If desired, the substrate can then be re-coated with any suitable material. For example,
platinum-aluminide protective coatings for engine parts can again be applied to the

surface of a superalloy substrate.

In some embodiments of the invention, the substrate surface may be contacted with
two (or more) stripping compositions, in sequence. The first composition may quickly
remove some of the aluminide coating. The second (or subsequent) stripping
composition may then remove the remaining aluminide coating more slowly, with
little or no pitting or attack on the substrate except for the possible occurrence of

uniform corrosion, as discussed previously.

‘Typically, each stripping composition is present in the form of a bath in which the
substrate is immersed. Contact times and bath temperatures' may vary, as described
previously. In one embodiment, the substrate is imniersed in a first bath maintained at
~ atemperature in the range of from about 4°C to about 12°C, with an immersion time
between about 3 and about 4 hours. After rinsing and contact with a caustic solution

as described above, the substrate is then immersed in a second bath, typically also
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conprising fromabout 20%to about 40%nitric acid, by weight of the
conposition.at a tenperature |ess than about 20C for at |east about 2
hours to degrade the coating w thout damagi ng the substrate; and (e)
contacting the surface of the substrate with an aqueous sol ution conpri sing
from about 10% to about 50%4 by weight of the solution, of caustic at a

: . 0! for . of 4
e o S e RO A IR MRS PR S ¢
one enbodimmésiontthfe batwih absutl Liridodbous 4duta s Addgiahilystagpib@ ks wiayl € i n

contact wth the substrate. The caustic solution typically conprises from
about 159B% BsedpBut areeften ynnegessary; cAs dgsaribgd,ahpwe:tha ubsrgicagap thendy, py

wei ght OfsuBJE‘E%eﬁ;} R bild Hps Hald &'%l{ﬁéhggmﬁ%&ﬁ%aﬁﬁg‘pm assi um hydroxi de. The

tenperature o caustic solution Is y“from about 65C to about

S0C 0 AR LB e AR R ,

caustic solutron con e su or a me rangln

to about Ruhididsiceating Gaah abflest @pe infdnaAnsirfa ) , ofan dnétalobased Gubstefle,n nut es
to about 1 hpur,thtﬁ%?plilcally from about 25 to about 35 minutes, in step (c).

| n anot h&CTgMsEHE OWIAg Si¥B¥'hod of the invention is used to selectively
remove the alumnide coating fromthe internal shank and root surfaces of
a hi gh- pr(@kssureentasting e swifangeof thp subdieatk wWithr a1 aqueghs spigtion compeisingade

typi cal | yg | i [ ggihon. se..surfaces often qperat | ow t he
uot e 1 aBoth £0% B BT DR S BT B SpBRE of it ABE By i <
makes t heyfdoarhid G000 &S abiGit TB0°E oy HOaPitdUL @ té @bdulad hofy;, mati on of m nute
=cracks in the coating that can spread to the substrate and lead to a netal

" fatigue gpy blc%ﬁ&cfig# kY Rirfabd oPIR ABREAS wath 4th&ust BYE BibBide dolifpoBitiedi ni de

coating i's conplet renoved fromthe internal shank surfaces, but not
removed foomprising framh abauti20pntosbant 404k diteixweidnby weight af the optmpositioh,eat

protective _coati s desired., Jhi:s can b c@'eve i rsing. t he
Purb ne. SRSt P RS BT B 2006 8 ABOR Y bR e Wete P S Hipb ever of
t he shankyifit d@Ragihg thasubbtagde. This avoids the need for nasking the
airfoil portions of the blade where the alum nide coating is desired. Since

the strigpi nGopRd itfhd QRfdce ISR salstiafd AithVal YqleBUs LEIMEH dbtpBisingun! i ke
m xtures of hydrochloric acid and nitric acid Ich are typically heated
t o i ncr edtnen abeutsh0%h ppabapt 50%, by weight of the solution, of caustic at a temperature

of from about 60°C to about 100°C for from about 20 minutes to about 2 hours;

(d)  contacting the surface of the substrate with at least one stripping composition
comprising from about 20% to about 40% nitric acid, by weight of the composition, at

- a temperature less than about 20°C for at least about 2 hours to degrade the coating
without damaging the substrate; and

(e) contacting the surface of the substrate with an aqueous solution comprising
from about 10% to about 50%, by weight of the solution, of caustic at a temperature
of from about 60°C to about 100°C for from about 1 to about 4 hours to remove the
degraded ceoating without damaging the substrate.

In one embodiment, the caustic solution is ultrasonically agitated while in contact
with the substrate. The caustic solution typically comprises from about 15% to about
30%, more typically from about 17% to about 25%, by weight of the composition, of
caustic, such as potassium hydroxide. The temperature of the caustic solution is
usually from about 65°C to about 90°C, typically from about 70°C to about 85°C. In
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rate,” acid fumes are not produced that can attack unmasked areas of the
.arrfoil interzpal and external surfaces. In another aspect, the invention
relates to a turbine engine part having a netal -based substrate and an

al um ni de coating on at |east one surface thereof, at |east a portion of
whi ch coating has been selectively renoved fromat |east one surface of the

substrate b t hod ,conpr.i Si .the follqow ng steps: (.a) contacting the
surface Ofoqe%eénalg G fhe ‘%Bftﬁ: %ﬁqgﬁl%g?mﬁ)‘ﬂ%%ﬁ ?“i%ﬂﬁit?l g"fc*b ) TApgIP from -
conpri si NgabbuPMsak abdut 200hdues aPQkh ofgt%é"{az[%ﬁ ( ,gzg% f#ﬂ% B IO mPlatds16

conposition, at a tenperature |ess than or at |east about 2
hours to cibgphbboyr,typicelly ifiemn alwiut A5 ta alebar @G imrigutesyén stepéd)r at e; and (b)
renovi ng the degraded coating without damagi ng the substrate. In sone
enmbodi nentls,anathet embodimept thd mothod of fe: iaventioni isl eseiaatstleotivody rdde@r the

sel ecti vel renmoved from at .l eastf one syrface of the substrate by using
t he above %’é‘[’%‘geo%?gng ﬁ@%@ﬁé&‘ﬁﬂﬁ@%&fﬁﬂ@y%t&mfw RE2 byhoRrssroREdIng aust i cs
and procestidy Ty WHahk PBStioA oS tﬂéﬁﬁﬁih%@ac%t%?;g;@alpﬂg% @gﬁ sﬁ‘ésgqgéioﬂfwﬁogg

h r replacrng a wo

present invention is directed to a netho n or damaged
al um ni de sedagasngfien aperate dslovorthe shicfikete-tuittla tnaisaionbaagdrans of dhe,

conti ng. 1AM eb el d 15 Biicel the i) SpRINE e A0eoRGOn S S ace of
t he subst ffaingatibintof néifute®fdiks Gie %baﬁﬂgodwgcaﬁ%g&qa itd thRRubGRAP A SleRPtd 4 OM

about 20%to about 40%nnitric acid, by weight of the conposition, at a
t enper at uretaldatizuaand Weda failpec Inene aspace o thedprantion, th@lr;]‘)tmmd' wledegtingle t he

.coating | L .ng - ._and (b emving th egraded

{coating V\nﬂt k«g&gﬁfeteﬁ%%é\;r% %ﬂg @%E@tﬁ@t ghan%ns&"%’f’%s} ng‘?tyﬁeﬁ‘ljws& ,{ﬂq;ﬁ éﬁ%m ni de
coating t airfdikinsatndland exferdah surFaves ivhatecthe pestbitivauatidgOis dRERIAY i THds bhie new
al um ni de_ coatin re known in the art. For ~—exanple, various thermal spray
t echni que®®@§ GB%’ g}‘rﬂpgg‘?@éﬂg the turpingilade in thenstepping gempesition anlyne to
Exanpl es i | RS- - [ ARS) . and
i g vel on o YAELH R BERPRRRE S i THae Plits RARRSRERfor ik G

the airfoil portions of the blade where the aluminide coating is desired. Since the

stripping composition is used at relatively low temperatures, unlike mixtures of
hydrochloric acid and nifric acid which are typically heated to increase the stripping
rate, acid fumes are not produced that can attack unmasked areas of the airfoil interral

and external surfaces.

In another aspect, the invention relates to a turbine engine part having a metal-based
substrate and an aluminide coating on at least one surface thereof, at least a portion of
(- ‘which coating has been selectively removed from at least one surface of the substrate

by a method comprising the following steps:

(a) contacting the surface of the substrate with at least one stripping oompoéiﬁon
comprising from about 20% to about 40% nitric acid, by weight of the composition, at
a temperature less than about 20°C for at least about 2 hours to degrade the coating
without damaging the substrate; and

(b)  removing the degraded coating without damaging the substrate.

In some embodiments, at least a portion of the aluminide coating has been selectively

removed from at least one surface of the substrate by using the above method and
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as well, such as sputtering and physical vapor deposition (PVD), e.g.,

el ectron beam physical vapor deposition (EB-PVD). Various techniques are
al so known for applying diffusion coatings, e.g., noble netal- al um nide
coatings such as platinumalum nide or palladium-alumnide. As an exanple
in the case of platinumalumnide, platinumcan initially be el ectropl ated
onto the SLi?%I rate, using P-salt, Q.salt, ot o'itillgfr sui t.abl e pl ati num

el ect ropl STFAYE LY SHEPIE, COBRUTNNT. Lauphiost el ArogesHiien 9o ng A8

di f f usi ongédegBéEEbotet h al um num vapor to formthe platinumal um ni de
coating. The follow ng exanples illustrate sone enbodi nents of this

I nvention ﬂgkpé ildﬁ@{h? |0 jon on its
scope. Inﬁnﬁgltelé%grgf%t:dgs, rggﬁ?t es 6%%%%&mg€agl%0§h%§@isa§ uidlngH {vglﬁﬂbﬂ&ne bl ade
t hat had Jamagedsaldnfinide sating iore at deadt omensweface alf gametalibdzed esubsigitee. The
turbi ne bl ades .wef.e de. froma single crystal nickel-based superall oy,
desi gnat efPTprIsINGthe B¥PBene(r) N5. The turbine bl ades were coated
ext ernal | ébWi th a platinumal um nide bond_coating and an EB-PVD

16
yt t ri a- st dbiselestively remayingthe slumigidecanting fromdpe swface of the substeateBY @ur f aces
of the tughj bhad r a .t Q- ' -0l | Exanpl e
1 A sanpl %@3& i\}\lfgs&?tr‘a\ggt(gdﬁia%c%‘g%gwﬁg%% gé %ﬁggg%%ﬁglﬁgﬂgﬁﬁﬁfip' e
st eps. Fi cabprisitiefromhaboat20% fo sbomt 40%atifricqicih by 3gdete 9 thestompositioucat by gri t
blasting with alum num oxjde. The blade was then injected wth the
. comer ci aft YAt ag‘P‘éfs?tq gofpf A gﬁtﬁﬁc’ﬁt%g‘%‘ﬁ&?é@g‘%ﬁ TEAMRg hol es
and i nt ergah lﬁa&ﬁﬁ% 7 6] ki T=N | 3 WeloJtTals) t EQing THEh&Itade was
_.then irmerse% in abath forﬁnseﬂﬁeﬂ'é%m@ggﬁfgo %E%V\g?%ﬁ%d)d mxgu&r}ghof nitric
(_acid and ¢rmagiipthe submtiate; affhe bat h was mai ntained at a tenperature of
about '170- 190F (about 77-88C). After about 2 to 4 hours, the blade was

renoved @)dpplyhgechdwaloolinidé agatingtte the sihfac®bfhit isslsdtiate) resin was renoved
fromthe internal surfaces by exposing the blade to a tenperature of about

1100F ( abpethnik@d ol Qﬁ%lidnghﬂ!ér néw dhimilide CUAAACGre ThGw®%h ehdalrt, SWdrace of
t he bl ade was _then, |i %él y grit blasted w th 220-nmesh al um num oxi de
parti cl esexgmple, jragiguy thergpl spray ttechniqygs wan heaeropioyad dor theidepgsitiondf. The

above proGgsRy SHMEY B AL Hlal S aCath 'Pifkald §Bh¢ WP§3‘ta‘frr P8ma spray
- (APS), and high velocity oxy-fuel (HVOF). Other deposition techniques can be used
as well, such as sputtering and physical vapor deposition (PVD), e.g., electron beam

- physical vapor deposition (EB-PVD).

Various techniques are also known for applying diffusion coatings, e.g., noble metal-
aluminide coatings such as platinum-aluminide or palladium=aluminide. As an
example in the case of platinum-aluminide, platinum can initially be electroplated
onto the substrate, using P-salt, Q-salt, or other suitable platinum electropiating
solutions. In a second step, the platinum layer is diffusion-treated with aluminum

vapor to form the platinum—alﬁminide coating,

The following examples illustrate some embodiments of this invention, but should not
be construed to be any sort of limitation on its scope. In the examples, each test
sample was a high-pressure turbine blade that had been used for some time in a
commercial gas turbine engine. The turbine blades were made from a single crystal
. nickel-based superalloy, designated by the trade name René® N5. The turbine blades

- were coated externally with a platinum-aluminide bond coating and an EB-PVD
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surfaces of the blade, but not fromthe internal surfaces. Exanple 2 A

. sanpl e bl ade+was treated using a process of the invention to renove the
alum nide coating froma portion of its internal surfaces w thout danagi ng
the external platinumalum nide bond coat. The process invol ved
pre-treating and activating the surface to be stripped, followed by

I mrer si on qf. the. t .l Ltric aci lutio t.o de de t.he

coati ng. " AnerRIRAL A et Blokick for b S st suBaT U B EEYRS  crove
t he degr addalles oatd agtedwith b sihpte alvddhidglcadtihgf rom the trailing edge cooling
circuit of the blade was renoved by grinding to provide better access to

t he inter Blamptopl i ng passages of the blade. The bl ade surfaces were then
pre-treated and activated by immersion in an aqueous bath conprising about

197610 25% Kiehbie BladeSyltfehted LGRS Rt O IR LARRI s Baft dioT 2

hours wth ultrasonic agitation. ter “ rinsing -1roni zed wat’er, the
bl ade . r ootthcxmd! dhmiek opeting waserggedsively aresoived bongritchlagtinips vl A0Airuny
weight) nitric i nd _abgut .0. 3%, ( b ight) Activol(r) 16 wetting
agent, mai’ d&i n@ﬁe g%a%ﬁé” @5&1‘*{‘&8‘8%‘1%@% ‘9’?‘8%“33".1@_ F%Sl%t?}ltcsfgéﬁtﬁﬂ@ t he
coat i ng Wiésipws pFacerdhd BodIi FoIBs id@ferndll f36agkh ROkl the Sheflficdl U wat er,

the blade 17 was returned to the KOH bath for an additional 25-35 T nutes,
with ultrselytiee Thgiblade was then immersedtine bt fomied fomtd 60:5ar(Hy vesight) i vat e

the surfa bl ade . ngd shan [ ain i.nmmersed in the cold
e e ol RO 5 en@Rfodt BA8. H8 Baf AR mail B myBbeifiot

Wi t hout daffEtgiug¢70-h80FUaBoULTTERS°E).t AfteF dbdRt Do 4 RoBR; the WMESHasWeindied t he
~bl ade was returned to_the KOH bath for 2 hours with ultrasonic agitation

-to renoved@hEngimedd tap ataterg. Tho Blagtienl® tspinceasrasmnyiel dramythe drtomel t he

al um ni-de SRR | ggﬂ T; | I ye o root and
shank pOI’?I ontsEté g? e%ﬁe glgeﬂlém&eﬁ%%ﬁaggﬁ?‘%{%gé%%&gclt@gr%:f eat%ﬁét agséi]?%tlal and
on t he al bourinde abofirnaeg. dhetedaeenal tserfac ofahe beadt erasahersligitBeas Wlhsted he

e blade.. I n contrast to Example 1,.the Frocess avoi ded

i rfoil 1 ft , _the.
the (r)\'eedp%.rl&l?%'&geﬁlﬂeékmﬁm REide peicieg ot @aypssPesolabophed-BP agi(abauiph-gv ent
them fr omp hedpent?) OahedbYe g%de&s ﬂ%‘i&v‘eﬁltﬁé g}(@@i&{%&ﬁ@%%ﬂ%ﬁ}%ﬁ&%ﬂ# of a

hi gh-tenperature stripping Step that can se ne
gener at e swfages ofitbs blaflacbyi mot frem theiniendesudhcal t er nat i ng

Example 2

A sample blade was treated using a process of the invention to remove the aluminide
- coating from a portion of its internal surfaces without damaging the external
platinum-aluminide bond coat. The process involved pre-treating and activating the

surface to be stripped, followed by immersion of the part in a cold nitric acid solution

r//'—-‘\ .

to degrade the coating, and then immersion in hot potassium hydroxide solution to
remove the degraded coating. First, the root plate from the trailing edge cooling
circuit of the blade was removed by grinding to provide better access to the internal
cooling passages of the blade. The blade surfaces were then pre-treated and activated
by immersion in an aqueous bath comprising about 15% to 25% KOH (by weight)
maintained at 160-180°F (about 71-82°C) for 2 hours with ultrasonic agitation. After
rinsing in de-ionized water, the blade root and shank were immersed in a solution
comprising 30% (by weight) nitric acid and about 0.3% (by weight) Activol® 1658
wetting agent, maintained at 45-55°F (about 7-13°C), for 3.5- hours to degrade the

coating without damaging the substrate. After rinsing in de-ionized water, the blade
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cycles of exposure to hot KOH, rinse, cold nitric acid, rinse, and hot KOH
- €an be repeated a nunber of times to ensure conplete renoval of the

al um nide coating from the root and shank portions of the blade. Exanple 3
A sanpl e bl ade was treated using another process of the invention to renove
the alumnide coating froma portion of its internal surfaces w thout

damagi ng ¢t ar pa | um nj de. bo t.. The process invol ved

| mer sion 0 r’?ﬁ%ﬁ%agbt lthermﬁ%lﬁ(ijaflﬁrl t@i%ﬁilqnép?g?%?%ﬁu% g’b‘gr ﬁ'gsqnhce

coati ng aagitdtiofno iréMeves therdeigtadbd Coatip! AFSeLiRiine HR bl eacs O ITHe ibMlel Bof €NMOVE

t he degrade(ij coating. First, the root plate fromthe traili ngwedge cool i ng
circuit ofnd ghank wae again igwmsieed 1y ther eoldiinigicr acig rsolutiva fosct.$ dousctess to

the inter [ 2988« L ade . k were
i mrer sed P?érg&g@lbtf?}%on %rrprl §%§@8&?Rﬁ§$géﬂg§?@”€ V J\E/\‘eﬂl%tgﬁﬁ%lg%%a bout

0. 3% ( byiomedhwaterAdhe blakl¢ rwas retBnetetot the K @gebdth foR2MoRird edthadltrdsonftOF
(about 2-4Q),, for 5 hourg to. degrade the coating w thout danmagi ng the
substrat e®& Bﬁow&ﬁeaﬁm COgf%er, the bl ade was i mmersed in an
aqueous so] ution conprising about 15%to 25% KOH (by weight) naintained at
160- 180F {heabrvemrogsserompletely empved fherpluminidecenting feyn tthe intemaloandeove

the degra £ NG _ S _ l.et el,y .enpved t he
al um ni deg%grél]t(‘illO sﬁ%ﬁf’] r o%‘]tgﬁgg@r??‘ g%%%kpﬁ Ogﬁg Se%ﬁé?ﬁgﬁ%%rs%}q 3%%%‘%?% Poot and
shank por thedvase mictal laad phatle alumihide vealingob it intdrhgicindosxtérsl uefacesdtt al and
on the al ym ni dle cQati and external surfaces of the

_ : quegﬁqgit he i nternal Sl
airfoil pt ArEil rartipme °. thequiraseiofixample | fhepregesotvoidedibe perdgh  the
process difl pikind 36 InfdEintiTadvitled oF 88K BIRAL 10°hiePert Shieln! Ao bRHR Bodeahd 1 he

nitric acid solttion was nai ntained at a tower tenperat rous
enmbodi mengrit mktidlés, snd rlsentvioadedhe @sdhefa highstenipeedureHarippiog stephthst can

di scl osure, shaul d not be deened to he.a ligjtation on the scope of the
i nvent i on?%tacff\?‘&eo enrt aleffls?lﬁa%mﬁﬁ@i fomest %ﬁyrocga%wv% aligrppting
al ter nat i yefes HExPEAIE 16 DoP ROH, Sitdel bW Aiftid B MihselMahll Bt KASRLA WY from

the spirit and scope of the clained invention. ~ 19 O ains
repeated a number of times to ensure complete removal of the aluminide coating from

the root and shank portions of the blade.

Example 3

A sample blade was treated using another process of the invention to remove the
aluminide coating from a portion of its internal surfaces without damaging the
external platinum-aluminide bond coat. The process involved immersion of the part
'in a cold nitric acid solution to degrade the coating and then immersion in hot
potassium hydroxide solution to remove the degraded coating. First, the roof plate
from the trailing edge cooling circuit of the blade was removed by grinding to provide
better access to the internal cooling passages of the blade. The blade root and shank
were immersed in a solution comprising 30% nitric acid (by weight) and about 0.3%
(by weight) Activol® 1658 wetting agent, maintained at 35-40°F (about 2-4°C), for 5
hours to degrade the coating without damaging the substrate. After rinsing in tap -
water, the blade was immersed in an aqueous solution comprising about 15% to 25%
KOH (by weight) maintained at 160-180°F {about 71-82°C) for 2 hours with

ultrasonic agitation to remove the degraded coating.
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1. A nethod for selectively renoving an alum nide coating fromat |east one
- surface of. . a:.netal -based substrate, conprising the followng steps in
sequence: (a) contacting the surface of the substrate with an aqueous
solution conprising fromabout 10%to about 50% by weight of the
solution, of caustic at a tenperature of from about 60C. to about 100C

for from 1 to a t 4 hours; (b).contacti t he .surface of

t he subst ?@%Legb Wi ?R%acgk‘ﬁt g%% tmlalﬁge?els@- F?‘B%Y“ﬁ‘g'% &ﬁfﬂ’é’?f‘% %g%% %Ff &Fr’rﬁt om
about 20%dnd exkauAl 4RPAcBI bF itke afdtdmdmﬁaﬁleirpaﬁm@foftme WD S hligitdd 2
tenperature, |l ess A than about 20C. for at [east about 2 hours to gtagrade t he

coating wi on therhsergetahand gpghe gluminidgnepating oncthe\intemal hed extgrnatied

coating w : i I . thod of.claim1, erein
the. stri poriads SERREGHA pBor PG, Phosd dBEotPE Bliskn B SLdiondt 1 o
acid, by v pltessidid het usnthe HOH gretradtmdritasteppideddn Exaflphi TN aAd thaIEE N t he
stripping canppsition conptises fromabout 28%to about 32%nnitric acid,
by wei ght 3G SPHiElogsYasdusintagied afa lower teraPEI@WM®f claim 1, wherein the
stripping _conposition has a tenperature of from about OC. to about 15C. 5.
The net hod/@ioug | gnbpdimeniseptithist nvention Jivagbewansesiribedn Howevet,ethier at ur e

of from . .met hod of ., cl aim 1, .wherein the
“strippi ng%%g}r%%fséﬁhlog% ggﬁ#%g% %go gg%‘;y@?@oq St tge Sﬁ%ﬂei' 8%ﬂ’8fm¥m?flabout 4
hours to a@zoeriindy, hawions modifibetionst ddaptatibng | aidnalGrnatives &ay ddder & 6nedPi NY
conposi tion.contacts the sybstrate for a_perjod of fromabout 6 hours to
about 8 h flgd %‘%@?ﬁéﬂﬂﬁ%éwwﬂ&ﬁaﬁﬂlﬁpﬁm@mﬁ rétheclaimed myerlinmosi ti on
¢onprises from about 25%to about 35%nitric acid, by weight of the
conposition, and has a tenperature of fromabout 4C. to about 12C. 9. The
met hod of claim8, wherein the stripping conposition further conprises from
about 0.1 %to about 5% by weight of the conposition, of a wetting agent
selected fromthe group consisting of polyal kyl ene glycols, glycerol,
fatty acids, soaps, enulsifiers, and surfactants. 10. The method of claim
9, wherein the substrate is imersed in a bath of the stripping
conposition in step (b) for a period of fromabout 6 hours to about 8
hours.

et
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11. The method of claim1l, wherein the stripping conposition further
conprises fromabout 0.1%to about 5% by weight of the conposition, of a
wetting agent. 20 12. The nethod of claiml, wherein the substrate is
imrersed in a bath of the stripping__conposition in step (b). 13. The

met hod of claim 12, wherein the bat F#&Smintained at a tenperature of from
about O0C. to about 15C. while the substrate is immersed therein for a
period of from about 4 hours to about 10 hours. 14. A nethod for

sel ecti vel 4 matherd fon gelaetivelyureinovihg ancduihgdd cating froheatdeasboe sunfaee ofd

surf E -hased .supstyate, c rising the follow ng steps in
sequgﬁgtg% Q%SS?SCOS% a“fc?‘?%l n%l%%ﬁﬁ%%@gg%%g%s%%%er ate with an aqueous
sol utfapn cempictiff g suiface abae kubbBdte with aPauieoROutdA WalHRineOtorh Iﬂﬁoultooc

solutiaon, of caustic at a tenperature of from about 60C. to about

for frOmaRw 59 by Miseaht okithe seluton,(af caustistas & temperathee offrdm geow B0 Gigo
subst jof-h . i, ppi nposition conprising from about
20% t%b%g %)qjﬁt Eﬁgﬁntﬁndln???%utgg%&ﬁa%él%om%%gh%ﬁg >t he conposition, at a

t enpelbat ur@ntetisg thesanfacdoithe 2dstrafeavittdt Iba86he &hppihg 2oMpitord Q)Iﬂ[ﬁ@iﬁ’%je the
of the

coati 1 th da i ng the substrate,; c) contacting the surface

subst %P%W‘%Bfaw a}%ﬁ%@@ nifge aeitoby weieht Péﬁhﬁgompﬁ-ﬁl% ¢ tepapgratyss lassout  50%
by wehgibok 204 f804tytdsp ' i 0C.
to about 100C for tfrgmébgggggﬁ%%énhg te%ﬁ%@g%gg}gﬁg&%%@éﬁ%&@gﬁaé%i ng
t he swdface of the substrate with at |east one stripping conposition

conprisin f rom about %to about 40%njtrjc acid, by weight of the
corrpo(laS ti ﬁ?lowgéﬁ? g‘?\%@‘fe _Cﬁf“éng_ @gﬁout?iﬁ%qg’é’_ﬁ S‘g’é@tef or at |east about 2
hour 9.t 0 dE@mEod Bﬁclﬁmq;\mgerwntm@étﬁp?ﬁg%ghﬁgsﬁihﬁc&ﬂ {s o abdidsddd
contacting the surface of the substrate w th an aqueous sol ution conprising
f r omaRBBILT> e ogic peidabioweighoof thp pompesifien.of t he sol ution, of caustic at a

t enpey at ur 6pC, . t bout 100C..for from about 1 to about 4
nour 1o r ebebR It BB 2 Eheinkfs SEPhine P SHiR G HETTs ForL et PEA0 15,
The mbbiuBR%hitdt aéid) Btwelphesfthe céhifositiist rate is inmrersed in a bath of the

stri pi)i ng .. conposition maintained at a tenperature of from about 0C. to
about# 15C. Theqnefhed obelaise byghergin thesteppiap composition has a temperature of from

about 0°C. to about 15°C.

5. The method of claim 4, wherein the stripping composition has a temperature of from
about 4°C. to about 12°C.

6. The method of claim 1, wherein the stripping composition contacts the substrate for a
period of from about 4 hours to about 10 hours.

7. The method of claim 6, wherein the stripping composition contacts the substrate for a

period of from about 6 hours to about 8 hours.

8. The method of claim 6, wherein the stripping composition comprises from about 25% to
about 35% nitric acid, by weight of the composition, and has a temperature of from about 4°C. to
about 12°C.,

0. The method of claim 8, wherein the stripping composition further comprises from about
0.1 % to about 5%, by weight of the composition, of a wetting agent selected from the group
consisting of polyalkylene glycols, glycerol, fatty acids, soaps, emulsifiers, and surfactants.

10.  The method of claim 9, wherein the substrate is immersed in a bath of the stripping
composition in step (b) for a period of from about 6 hours to about 8 hours.
‘11.  The method of claim 1, wherein the stripping composition further comprises from about

0.1% to about 5%, by weight of the composition, of a wetting agent.
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16. The method of claim 15, wherein the stripping conposition conprises
fromabout 25%to about 35% by weight, of nitric acid. 17. The nethod of
claim 16, wherein the substrate is inmersed in the bath of the stripping
conposj ti on, havj nﬂ ?]t&e erﬁt ure of from.about 4C, to about 12C. for from
about 13 t ol AbBthod of flapp I Whersinthe sybsiatejs immyrssdin ¢ bath of the stppingt hod of
cl ai ohfpostRifisiepi(e substrate is inmrersed in a bath of the caustic

sol ution having a tenperature of fromabout 70C. to about 85C. in each of
st epsli a) , Thenetad of elpim 12,1wh@einThebatk fihundintdfinel aiarteriBeratnteoffiom theutcaust i ¢

sol utj c [ f.r. about 15% to about .30% by L.ght, of tassi um
ydr cebasS BRI 3RS v RThE S Betrar iy ishe e sread ot pndtiod Gt e g Fhoi i ™
ul t r asboni t@hbyrsagi tated while in contact with the substrate. 21. The

met hod of claim 20, wherein the alum nide coating is selectively renoved
fromhhe Hrehotfor selpstivebsremrovingranghupinidsepating o atdeast ebaintep il sufanet hod

f or S(ﬁ{aelﬁ%t%iﬂﬁés\éd% %ieggorgﬁéﬁéjg‘legngﬁO%%e??ﬁbf romat |east one internal

surface a supera conpr PHREFol | owi ng steps in

sequeapemtfaingthnsumtzce oftheRebssate @itk a@hqiidd@s SalEdH @ngpriMidgdfréh BEUEIRYS
solutio cgﬁg/rising from about 10% to about 50% by weight of the
sol ut’P ROV e dYsyTightl the 3o af cAvstiont ¥ teppemtbe T o, abpyt ¢lSEuto abpghC,

for fropnt afewor?ihdlt DY Ssout @ Ut 4 hours, (b) contacting the surface of
the substrate wth at |east one Stripping conposition conprising from

about(bpewmtadingibeisurBsewfittiesilestatd with byleustiogb ttriphinhenposipos cbinptisingt a
temperature of from apout.QC .to about 15C for from about 4 hours to
about%% aﬁ%ﬁﬁg ;T {9 ag’]gbtr %@é nitHg a‘_(':lggw Wﬁlg&lﬁﬁ’%gﬁ GemaeHah Ah? i%e&fﬁ@ﬁ%&t e; and
(c) rRamAMioNg204E rdegnadeshoapahbng t&ﬁé@ﬁ%tb@%ﬁ&ﬁiglguﬁdﬁ?d&%glhgg{se bérute; | N€

met hod of claim 22, wherein the stripping conpo I on conp rom about
28% t(8) contasting Ssuntace pEtha sulebtratendith e aguebss salvieon @niprivaresfesnishowt 1084 h of

h o]l [t havi f b . b
126, 5 50O 0% SR TRRBI O S o G RS of hiPBeok b Cin el ng o

wor n 1e0°dafsageth sdout2Mhteitedtabbgt Ohods; | east one surface of a netal-based
substrate, conprising the follow ng steps in sequence: (i) selectively
r emovhepriacting|thgsusiage ot g subrgrater with ahleast one sitippiol compositibs compesiby ()

COoNt &frh BGout 20% to about 40% nitric acid, by weight of the composition, at a temperature less
than about 20°C. for at least about 2 hours to degrade the coating without damaging the substrate;

El

and

(e) contacting the surface of the substrate with an aqueous solution comprising from about 10%
to about 50%, by weight of the solution, of caustic at a temperature of from about 60°C. to about
100°C. for from about 1 to about 4 hours to remove the degraded coating without damaging the
substrate.

15, The method of claim 14, wherein the substrate is immersed in a bath of the stripping
composition maintained at a temperature of from about 0°C. to about 15°C. in each of steps (b)
and (d).

16.  The method of claim 15, wherein the stripping composition comprises from about 25% to
about 35%, by weight, of nitric acid.

17. The method of claim 16, wherein the substrate is immersed in the bath of the stripping
composition having a temperature of from about 4°C. to about 12°C. for from about 3 to about 4
hours in each of steps (b) and (d).

18. The method of claim 17, wherein the substrate is immersed in a bath of the caustic

solution having a temperature of from about 70°C. to about 85°C. in each of steps (a), (c) and (e).
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the surface of the substrate with an agueous sol ution conprising from about
10% to about 50% by weight of the solution, of caustic at a tenperature
of from about 60C. to about 100C. for from about 20 mnutes to about 4
hours; (b) contacting the surface of the substrate with at |east one

strippin 0si ti conprising from about 20% to.abaut 40%nitric acid,
by werne SRURRR0b P RIoBRTRY wherdt he, Slshs Sebii G ot FR B8 bt Do S8 o
at | ex®h, mbatich? ohpotassitig hf@gkride the coating w thout damaging the
substrate; _and (c) renoving the degraded coating wi thout damaging the
subst$tht e T]afh@eéipﬂ)of shapn yPnghereindhe saustic mladotisattrasgnically sgitatedrwhideinof t he

subst : hod of claim 24, wherein the stripping conposition
conpr‘frozltéagzt ron@%ﬂ%&?ﬁ%%to about 32%nitric acid, and the substrate is

i mrerZled | Thembthbld 0btlainh 20,sWhdrpini the albaiiipids cbdtig iHsléctigelyaeinot@efamuhe Of
f romi%?e%llgl sﬁr?éceg ?)fgg? t—pr%szsgi'e ‘cftu(‘:‘)briml,c ]glg(rlré.about 6 hours to about 8 hours. 22

22, A method for selectively removing an aluminide coating from at least one internal surface

~of a superalloy substrate, comprising the following steps in sequence:
(a) contacting the surface of the substrate with an aqueous solution comprising from about 10%
to about 50%, by weight of the solution, of caustic at a temperature of from about 60°C. to about
100°C. for from about 20 minutes to about 4 hours,
(b) contacting the surface of the substrate with at least one stripping composition comprising
from about 25% to about 35% nitric acid, by weight of the composition, at a temperature of from
about 0°C. to about 15°C. for from about 4 hours to about 10 hours to degrade the coating
without damaging the substrate; and
(c) removing the degraded coating without damaging the substrate.
23. The method of claim 22, wherein the stripping composition comprises from about 28% to
about 32% nitric acid, and the substrate is immersed in a bath of the stripping composition having
é. temperature of from about 4°C. to about 12°C. for from about 6 hours to about 8 hours.

24, A method for replacing a worn or damaged aluminide coating on at least one surface of a
metal-based substrate, comprising the following steps in sequence:
(1) selectively removing the aluminide coating from the surface of the substrate by (a) contacting
the surface of the substrate with an aqueous solution comprising from about 10% to about 50%,
by weight of the solution, of caustic at a temperature of from about 60°C. to about 100°C. for
from about 20 minutes to about 4 hours; (b) contacting the surface of the substrate with at least
one stripping composition comprising from about 20% to about 40% nitric acid, by weight of the

- composition, at a temperature of less than about 20°C. for at least about 2 hours to degrade the
coating without damaging the substrate; and (c) removing the degraded coating without
damaging the substrate; and
(i1) applying a new aluminide coating to the surface of the substrate.
25.  The method of claim 24, wherein the stripping composition comprises from about 28% to
about 32% nitric acid, and the substrate is immersed in a bath of the stripping composition having

a temperature of from about 4°C. to about 12°C. for from about 6 hours to about 8 hours.
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