METHOD FOR SELECTI VELY REMOVI NG COATI NGS FROM METAL SUBSTRATES BACKGROUND
“. [ 0001] The present invention is generally directed to methods of renobving
a coating froma substrate. Mre particularly, the invention relates to

t he renoval of coatings poor in alumnum (A) content froma netal
substrate, e.g., a superalloy conponent. [ 0002] A variety of
coatings are used to provide oxidation resistance and thermal barrier
properties NETHON FORISEIRSTIVEIChREMOVINGECOATINGS RROMMETAS, Coat i ngs.
currently used on conponents of gas turbi ne hot sections, such as bl ades,
nozzl es, conbustors, and transitPEBSIRAEES generally belong to one of two
cl asses, diffusion coatings or overlay coatings. State-of-the-art

di ffusion coatings are generally formed of aluminide-type alloys, such as
ni ckel - KiRgsNp! at i num al um ni de, or nickel -platinum al um ni de.

[ 0003] erlay coatings typically have the conposition MCrAl (X), where M
Is an elenent fromthe group consisting of Ni, Co, Fe, and conbi nations

t her eof and [0001] The mresameitventionmis leengraliy pdirotedi ot nethod$ of refhayingi a2 Hf

Ti, Zr C, .and copbi natjons ther ffusion c t|ng arefo d by
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the artic o formt coating by high tenperature diffusion.
cont r astcompeeeintay coatings are generally deposited intact, wt hout
reaction with t he underlying substrate [0004] When gas turbines are

servi ced, tecti.ve oat usu nus r eV
component s O FhuichE oE 85 4inR? 6 ot s efpd AR Fec ARG
subst r athrridrgreperlies?b nidid aﬁﬁﬂésl 85 ak uibiritl éhptrelcofiponidrts]l Cudtingycurtemelysi ng
t he corrponents In a strippin solution. A variety of stri ppi_.ng techni ques

are cur rused py comppnents of gag futbingdipt srytigns.fsueloag bl e@ozatescmbtﬁw
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alloys, such as nickel-aluminide, platinum-aluminide, or nickel-platinum-aluminide.

[0003] Overlay coatings typically have the eomposition MCrAl(X), where M is
an element from the group consisting of Ni, Co, Fe, and combinations thereof, and X is
an element from the group consisting of Y, Ta, Si, Hf, Ti, Zr, B, C, and combinations
thereof. Diffusion coatings are formed by depositing constituent components of the
coating on the article and reacting those components with elements from the underlying
substrate of the article to form the coating by high temperature diffusion. In contrast,
overlay coatings are generally deposited intact, without reaction with the underlying
substrate. '

[0004] When gas turbines are serviced, the protective coatings usually must be
removed from various components to permit inspection and possible repair of the
underlying substrate. Removal of the coatings is typically carried out by immersing the -
components m a stripping solution. A variety of stripping techniques are currently
available for removing different types of coatings from metal substrates. The techniques
usually must exhibit a considerable amount of selectivity to remove only intended

materials, while generally preserving the components’ desired structures.



[(0005] Met hods have been previously described for selectively renoving

Al - based coatings by contacting the coating with an aqueous conposition
whi ch conprises an acid having the fornmula 11"AF6. Usually, A is selected
froamthe group consisting of Si, Ge, Ti, Zr, A, and Go; and x is 1-6.
These net hods have generally been effective in selectively renoving

Al - based overlay coatings and diffusion coatings fromsubstrate materi al s.

[0006] It h Oﬁfﬁgﬂoggq,gné ZReh thtediotdly Alesafibedofilri seipstively hrelmesing Hdt  about
12% Al by 1'g can have better high tenperature (for exanple in the
2000- 2B43d Eoatims dey)contaciing theccosting &thy #p AgHEOUT EYPRSIPRI WEHRFIRBLES wi t h

hi gher Al content, resultj i e eéVFrE th AHohBign ot Bi | ess
t han a%ﬁ?‘g%QWﬁ@ao@WéF%{g‘%ﬁgidém& ‘f&ggg(rﬂg%toa | @gs,g%ho ver, agrvg hi ghl y
resi st ant 14 o7t hg SRl 661 dndex 3¢ NiMPTheseTRiethods hdes geremlly bérmvelfedtiveibut an
ef fective Seléctive stripping process to rgnpve,these.Ajigoor Q téngs,
non- sekdettively remdvargs Alrbasedbevarlalyi captiaas and dhffusion, SpINngs LY ﬂ'ﬁ’ﬁ-gggl ective
aci ds or aggressive nmechani cal methods, both of which can cause damage to
‘the suB®¥T™8%. To reduce the risk of damaging the substrate during the
process of coating removal, what is needed is an effective nmethod for
sel ectively rp6UBY R Hhken POenizeatthngeCrAlE) tcoetingsbeith dese thagaberRY2%00064a]
In a first aspect, there is provided a nethod of renpyi 0986
al umi nuahbyomeightroam ave better higg temperature (for example in the 2000°-2100° F. range)
creep and stress rupture resistance than those with higher Al content, resulting in more
use of McrAl(X) coatings with less than about 12% Al by weight. These Al-poor
coatings, however, are highly resistant to the selective stripping methods described
above. Without an effective selective stripping process to remove these Al-poor coatings,
non-selective methods must be relied on, such as very strong non-selective acids or
aggressive mechanical methods, both of which can cause damage to the substrate. To
reduce the risk of damaging the substrate during the process of coating removal, what is
needed 1s an effecti‘;re method for selectively removing Al-poor coatings from the

substrate.

SUMMARY

[0006a] In a first aspect, there is provided a method of removing an aluminum-containing

overlay coating from a substrate of a gas turbine component, the overlay coating having an

aluminum content of less than 12% by weight and being highly resistant to selective stripping,
the method comprising:

removing the component from a gas turbine after operation of the gas turbine and after

growth of a protective alumina scale on an exposed outer surface of the overlay coating;

diffusing aluminum into the overlay coating to form an aluminum-infused overlay coating
having an increased aluminum level in at least an outer surface thereof. the increased
aluminum level being sufficient to render the aluminum-infused overlay coating removable

by selective stripping;: and then



overlay coating froma substrate of a gas turbine conponent, the overlay
coating having an alum num content of |ess than 12% by wei ght and bei ng
highly resistant to selective stripping, the nmethod conprising: renoving
t he conponent froma gas turbine after operation of the gas turbine and
after gromh of a protective alum na scale on an exposed outer surface of
the overlay coating; diffusing alumnuminto the overlay coating to form
an al um numinfused overlay coating having an increased alum num|evel in
at | edtagHng theequies ynifacenfithealeninuinhénfubal @a%RY c34tHF RHIMah gg,féoupel ng

suffic render the alum numinfused overlay coating renovabl e by
sel ective s ?‘%Pﬁ%fer%qveéﬂﬁalywm‘éﬁf%&Yeﬁ'@y Fﬂ*@lft&ﬁ‘/@n the gubstoate, dlie adveous

al un rrompiosition ésthaligg htayast 054 b Whid Haﬁﬂ%ﬁﬁl{ggt{,?lgtcgg}gﬁgi%}]' on‘é%r (ﬁ)%r renove the
Subs )

al um nu&r n I%;S]ed overl;g/ coating fromt

conposFEi B ihbeiRgireiested fromake gromp cotisistingad i, Gaviingy, et @4 uhd@x RAF6, and
precubsis) {o%,. sai d acid, A being selected fromthe group consisting of Si,
Ge. Ti. Zr, A, and Ga. and x being 1 to 6.

BRIEF DESCRIPTION

[0007] Embodiments of the present invention solve the aforementioned

challenges through a method for selectively rc:movihg a coating from a substrate in which
aluminum is diffused into the coating.

[0008] The coating is brought into contact with an aqueous composition including
at least one of an acid having the formula H,AFs, and precursors to the acid. A is selected
from the group consisting of Si, Ge, Ti, Zr, Al, and Ga, and x is 1-6.

[0009] These and other advantages and features will be more readily understood
from the following detailed description of embodiments of the mmvention that is provided

in connection with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
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BRr EF DESCRI PTI ON [ 0007] Enbodi nents of the present invention solve
' the-aforenentioned chal | enges through a method for selectively renpving a
coating froma substrate in which alumnumis diffused into the coating.

[ 0008]
i ncl udi

The coating is brought into contact with an aqueous conpositi
ng at | east one of an acid having the fornmula H AF6, and prec

to the acid. Ais selected fromthe group consisting of Si, Ge, Ti,

A, and Ga, apghiofFIS. 1-8. an illustrafi®00%]a dleaieandppind eystenly eorstrgetsd amd

features will be nore readily understood fromthe foll ow ng detail ed

descri ptacesrdafcesyifion emghpdiment affte INKGRYAN. on t hat

with th
[ 0010]
constru

e acconpanying draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
%@dp‘ﬁ-‘éﬁ Iﬁﬁd&iﬂ"fﬁsﬁat ion of a selective stripping system
c '

accordance with an enbodi nent of the invention.

[0011] As described above, aluminum-poor coatings, for example those having
the composition MCrAl(X), where M is an element from the group consisting of Ni, Co,
Fe, and combinations thereof, and X is an element from the group consisting of Y, Ta, 5i,
Hf, Ti, Zr, B, C, and combinations thereof, and where an Al content is less than about
12% by weight, are highly resistant to known selective stripping methods. By diffusing
additional Al into the Al-poor coating, however, the Al-poor coating can be made
removable by selective stripping. '

[0012] In one embodiment, Al is diffused into the Al-poor coating by treating the
Al-poor coating with a slurry which inciudes colloidal silica and particles of an
aluminum-based powder. The term "colloidal silica” is meant to embrace any dispersion
of fine particles of silica in a medium of water or another solvent. Dispersions of
colloidal silica are available from various chemical manufacturers, in either acidic or
basic form. Moreover, various shapes of silica particles can be used, e.g., spherical,
hollow, porous, rod, plate, flake, or fibrous, as well as amorphous silica powder.
Spherical silica particles are often utilized. The particles usually have an average particle

size in the range of about 10 nanometers to about 100 nanometers.

[0013] The amount of colloidal silica present in the composition depends on
various factors. The factors include, for example: the amount of aluminum-based powder
being used; and the presence and amount of an organic stabilizer, as described below.
Processing conditions are also a consideration, e.g., how the shury is formed and applied
to the coating. Usually, the colloidal silica is present at about 5% by weight to about 20%
by weight, based on silica solids as a percentage of the entire composition. In some
embodiments, the amount is in the range of about 10% by weight to about 15% by
weight.
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DETAI LED DESCRI PTI ON [ 0011] As described above, al um num poor :
-, coatings, for exanple those having the conposition MCrAl (X), where Mis an
el enent fromthe group consisting of Ni, Co, Fe, and conbi nations thereof,
and X is an elenent fromthe group consisting of Y, Ta, Si, H, Ti, Zr, B,
C, and conbi nations thereof, and where an Al content is |ess than about

12% by weight, are highly resistant to known sel ective stripping nethods.
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This powder serves as the source of alumnumdiffused into the coating.
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inthe formof a wre, e.g., wre nesh. [ 0015] A variety of standard

sizes of alun based, powder particles, can be used. The size of the
powder parti cI0BL61R5 |usefé§€w&ow seyBIm-paged growdes ¢ defaned s e whish
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Moreover, those skilled in the art understand that aluminum-based powder may also
contain various other elements and other materials at impurity levels, e.g., less than about
1% by weight. Techniques for preparing powders formed from any combination of the

optional elements described above are also well-known in the art.

[0017] The composition of the aluminum-based powder and the composition of

the slurry depend in large part on the amount of aluminum needed for application to the



[ 0016] As used herein, an "al um num based powder" is defined as one which
v contains at |east about 75% by wei ght alum num based on total el enents
present. For exanple, the powder nmay contain at |east one platinum group
metal, such as platinum palladium ruthenium rhodium osmum and
iridium Rare earth netals are also possible, e.g., |anthanides such as

| ant hanum cerium and erbium Elenments which are chemcally simlar to
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[ 0017] Tadgustadnpositi on of the al um num based powder and the conposition of
the slurry depend in large part on the anmount of al um num needed for

application t coating. The.L anpunt of. aluminumin the slurry is often
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el enent & AT AR tefpags olaboyt 1 Ce Py Sreight 3o abontdage beweighst i cs. Exanpl es

i nclude the platinumgroup netals; rare earth nmetals (as well as Sc and

Y); iron, chrioi2e)s GRAAL leasB thd fotiikR dAABED AT iRe QurkiRMIdifideS are
al so sonetinmes present. .
loys may also contain one or more other elements which impart a variety of desired

characteristics. Examples include the platinum group metals; rare carth metals (as well as

Sc and Y); iron, chromium, cobalt, and the like. Minor amounts of impurities are also
sometimes present.

[0021] In another embodiment, the siurry includes an organic stabilizer in
addition to the colloidal silica and the aluminum (or aluminum-silicon) component. The
stabilizer is an orga_nic compound which contains at least two hydroxyl groups. In other
embodiments, the stabilizer contains at least three hydroxyl groups. Stabilizers which are
water-miscible are also sometimes utilized, although this is often not a crifical

requirement. Moreover, a combination of two or more organic compounds could be used

as the stabilizer.



[0021] In another enbodinent, the slurry includes an organic stabilizer in
addition to the colloidal silica and the alum num (or alum numsilicon)
conponent. The stabilizer is an organic conpound which contains at |east
two hydroxyl groups. In other enbodinents, the stabilizer contains at

| east three hydroxyl groups. Stabilizers which are water-m scible are also
sonetines utilized, although this is often not a critical requirenent.
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al umi nungs amplosg, Wateesaluble detivatives of gngfof these spuppwndn ape plse knewn in ke

SPeCt {1 Cot SONTLANE LUSPHILE. BLRRIEREAS, Sl or 2 Ndobificl AEALRE bl
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glycerols and dihydroxy alcohols like the glycols are often utilized as the organic
stabilizer.

[0024] The amount of the organic stabilizer which should be used depends on
various factors. The factors include: the specific type of stabilizer present; the hydroxyl
content of the stabilizer; its water-miscibility; the effect of the stabilizer on the viscosity
of the shurry composition; the amount of aluminum present in the sturry composition; the

particle size of the aluminum; the surface-to-volume ratio of the aluminum particles; the



[ 0025] In sone enbodi ments, the organic stabilizer is present i.n an anount
. sufficient to chemcally stabilize the al um numor alum numsilicon
conmponent during contact with water or any other aqueous conponents. The
term"chem-cally stabilize" is used herein to indicate that the slurry
remai ns substantially free of undesirable chem cal reactions. These are
reacti ons which would increase the viscosity and/or the tenperature of the
conposi tdnesifit YedhinAfue SREER] Brepaieeths. shitpf, SMafPli@ntiunaE aR$BE mpsicaases in
tenperature or viscosity are those which could prevent the slurry

conposi twhich frayrbelpeésant indhd slyrrygpmpesition t he substrate, e.g., by spraying.
Usual Iy, the anmount of organic stabilizer present in the slurry

Yoo amin | zer present | y
o om0k KGR aBmaRe dhe okl AR s A RRE D B0l
enbodi megifficiedt dhemaally Sstabiiesd the. Sdmbmver ghimiemalitish cHbdponyntAwglY -

[0026] As nmentioned above, the slurry is usually aqueous, |n other words,
it i ncl uesach withguater eraanyi ethersgauepuy eompaoneats; The {ggme chemicglly stahdizgpdi um i n

which th || ol dal._+sili j j: . 1 " s"
ot eors (oot st AfingRatd R, 8 oRiek PRufthaP AR S0 Ay 00 Wi cAtHiRAY
conponenfesctiting. Tidse are tehctingBviddb adultbincfeasethe lvisessityaded/idr 186 teroperhtnee

vol atil e conponents are water. Thus, a limted anmount of other |iquids may
be used 9 thedspmpesitonite Hoageepiable devalpnton sxample unapesptable mcreagesyither

| i qui ds y i o WoTal el JE=E ﬁgg;{, i B

car bon a%(%ar}r)s I'n toﬁg&%oaéllﬁ%ﬁgﬁs]é suc asdgﬁeﬂ%“ﬁé‘?ew%?%’g at e‘?‘ﬁ?ﬁ{%‘%\% bon

. sol vent seaily appitddhoe theesthitpdte, e. Sebe spriagingoUswual iyathieiamauat of engrnie stabilizer
conposition w.l] depend on various, factors, . su . the evaporat| rate
requi r edPHRFAL iy the SBEBTROMPOSTIORHR N6 SHttegt ﬂb\ﬂtfﬁ@ymgfﬁ% EQ%%MQ& of
the car fbv%reghe'ba&éa%rﬁﬁtaem t bPheSomipokitio. Infh&hdddhents,HE rafleddi 11ty
of additives and ot her conponents in the carrier; the "dispersability" of
powder s about RS% by wieight ta dbmut 25Yiterweighbi | ity to wet the coating and
nodi fy the rheology of the slurry; as well as handling requirenents, cost

requirenments, nvi ronnent al / safet y _concern Those Qrdi nary skill
in the art ‘cak@g] thﬁJé"W@s Oé{ﬁ’p p Wésc}lg}“ﬁ}yeﬁq‘&?ﬁj% f)fhgﬁ %VXS’ 1%
consi der jeghded ﬁ%ﬂluf@&iﬁérswhiph is primh@R2Whterd HQ., #EOMBEIuT inl whidh thecedlldids

~enployed is usually the m ni mum amount sufficient to keep the sol|d
conponensidicofis pfien dispesed. iAs wied deeneinolaquepnsl irefry oo geraPostigY inhwhichejel

may be used 1.0 MSt o the. ul SCoSi t Lurey, P i

t echni quiea%s%b&"?%iésf 9“% yoled eu‘%"r“gyﬁ/“[ngﬁﬁs € St %.S"‘gg %%(r?g?gi’@g’t %Qﬁ?sltqui d
carrier whdit S098THf the &oRkidd EordPGadhYs e iveHiér. Thus) BAlthited0menht WEiogiYr Hiafidshe
entire slurry. ) [0028] A variety of other conpgnent g&/ E_e used in
the sl ur may bepased Gr admivvrgrwithéhg wa%van-h%@xaafpl%smﬁ;e 5 fng
and cer agj h i -1 L S St dhd | :

t hi ckeni %ﬁﬁglgn?%@%ia@%gp gg%l% ,15%%1:‘ ;P%%@J an 2-4 g%\rﬁl?g%t th Elhglé gl\gég?f}g%iﬁ

ant i - f oasudigasgmiol, Hhlogelett&l hpdrasdrbon zelvents enphddtieertexampls. fSekiction ©f aand

| ubricants., In general, the addjtives are used at a Iexﬁel in the range of

about 0. DaYicBlar @ composHen Wlodgnspd @ Yamous facterd, FHEh: 3 e PYROTHION he
entire s i i FOF (R RBATE With the sHyC the! difect bfitheXcatrderas ed
on coll Oﬁé?&gﬁeﬁggng% t eenal um numsilicon aISI oy, tehere arecno critical
st eps i ntipe edhesiony of htkestlurnyyto Goesshstraserakheb selnblility ofqedditivest asdnotber
used, and the shearing viscosity.can be gdjusted by dition of the Liquid
carrier. RIRPAGIHD %cms%e@?eﬁ‘e?efé&ﬁﬁ% hﬁm&%&éﬂ t PBEM DS PEur e,
or at tenpeiAtyngs HP chRirdPedd nflify meerhgapgy%mﬁe AR MALET abdHahdiRig
other technique. Mxing is carried’out until” the resul'ting slurry is

uni f or m r&pdreacinis, icosisrequirgments candbenyironinenialsafety snopcerosial hase af ddinatst er
the primary ingredients.haye been m xed, although this will depend.in part
on the natll i e aenaeleed M most apbropiie Sirmiep FopRT X conARHE HErS | ze
an organifgetsisabi | i zer in conjunction with the al um num based powder and
the colloidal silica, certain blending sequences are usually utilized. For
exanple, the organic stabilizer is usually first mxed with the

al um num based powder, prior to any significant contact between the

al um num based powder and the aqueous carrier. Alimted portion of the
colloidal silica, e.g., one-half or | ess of the fornul ated anount, may

al so be included at this tinme (and added slowy), to enhance the shear
characteristics of the m xture. The initial contact between the stabilizer

and the alum num in the absence of a substantial amount of any aqueous
conponent, greatly increases the stability of this type of slurry.




[ 0031] The remaining portion of the colloidal silica is then added and

- thoroughly nmixed into the blend. The other optional additives can al so be
added at this time. In some instances, it nmay be desirable to wait for a
period of tinme, e.g., up to about 24 hours or nore, prior to adding the
remai ning colloidal silica. This waiting period may enhance the "wetting"
of the alumna with the stabilizer, but does not always appear to be

necessary. T { ndhe.art can detern ne the.effect of the
W1 ting bert ogOan i bl b Chorleh Brbfeya T Do B bt o
Bl endi ngsufeipsirta kidpethe 86161 asmpiaratsiofele ey en susf;])ension. [RRAks drbgtes gfaHence

di scussed apove is applicable for slurries which utilize the organic

st abi | i 7188t levehaebe uendHeradiest e viseosity of the slurry, densndingrosdhe technimy be

possi bl I . rLery. i-ngrnedi ent s,are _m xe

t oget he?“sfgg‘? 3?’%?@%1%@3%?#5%0%%%3@ i%er?glqgetgﬁ\ggﬁdt iR T SRERESG AR SHent
and the 308h bgivetidht $0 dboud 70%Bydwishtofenesitad skerym ni m zed. However, the
process should be nonitored very closely for the occurrence of sudden

i ncreases in eratyre and/ or viscosity. . [0033] The slurry can be
applied to th@%% ivﬁﬁefw%&th?mf&mpeafs Wh‘?\ﬁf@ég[ﬁiﬁféw-ihﬁo&f pEthem areThe

slurry cggl i:n- t EsikaP 3y Welo) r - PO d. rol|ed,
or spun-coatng?j@%nlﬁo t eog(?gtl ng, ?’ké(;gre‘gg% %?Pes&%?’gy‘?‘ég%ﬁflﬁg%yo :“g‘rg t he
easi est example oipdsy addidved are thickenimy dgentsedispersdntsg defddctilantssantiFbétling

viscosity of the.slurry can,kbe, readil.y. adjusted for rayin ~varyin

. amouRRERr A LA A6 oricE Pt A el ansr B Ca e Bh] LRASHRS, n he

cart. AnyimSgdnaisl KB ahefivee ki 4dad o8 horld Be:hélfhﬁgeb&e?bdg%!dﬂ 99 WBBHo OF
ravity-fed nodels; and the

aut onat ed spray gun nodels, air-spray and g ]
| i ke. Adthest hg¥hby weightabased on drwsighfuof theentiraghinye. g., for pressure and

slurry volune) can readily be made to satisfy the needs of a specific

sl urry-sprayi t 1.0 . 003 he slurry can,.be applied, gs one

| ayer, or in 'ﬂ@?ﬂ%‘f‘?"%‘%@“%ﬂ&% ﬁ‘]elslwgtr‘?é gﬁrﬁp?ﬁ@sgﬁ‘@ ?’é‘h %ed to
del i ver dimimieskiliesh all®y Mherfar@he! RABAD siépstilPreRainkMHe stufry2CoRVRRnAl

| ayers is used, a heat treatnment can be perforned after each |ayer is

deposi t dlending sg@pmentean hecysd.aandothe shearing viscosisy cambo néiusted by addigionl urry.

Af t t | deh) -0 . . : | i ed, dditi |,
A e 995 A R S5 A o BB
nat er i al & téhjseratiresainite abOUNGON Cs, el tusifid € hot Witer bR br bihePfetRiidud Migtidd Ons

w |l depend jn part _on the identity of the volatile conponents in the
slurry. lﬂﬁﬂ@F@ﬁHF ) g sgye Aniferny i radditivenmentioned ahevs,if used,

mi nut es,arétusﬁaﬂ)‘?%&édaﬁﬂéretﬂeg%%]ﬂga{ 30 GHes IR0 e8P fixed, CfBOME o ity

&
Longer heating tinmes can co ower heating tenperatures, and
Vi ce verdepend in part on the nature of the additive.

-

[0030] For embodiments which utilize an organic stabilizer in conjunction with
the aluminum-based powder and the colloidal silica, certain blending sequences are
usually utilized. For example, the organic stabilizer is usually first mixed with the
aluminum-based powder, prior to any significant contact between the aluminum-based
powder and the aqueous carrier. A limited portion of the colloidal silica, e.g., one-half or
less of the formulated amount, may also be included at this time (and added slowly), to
enhance the shear characteristics of the mixture. The initial contact between the stabilizer
and the aluminum, in the absence of a substantial amount of any aqueous component,

greatly increases the stability of this type of slurry.



[ 0035] The dried slurry is then heated to a tenperature sufficient to

. diffuse the alumnuminto the desired portion of the coating, i e., into
the entire surface, or some portion thereof. The tenperature required for
this alumnizing step will depend on various factors, including: the
conposition of the coating and the substrate; the specific conposition and
t hi ckness of the slurry; and the desired depth of enhanced al um num
concentrati Orpeoﬁz%elrxmaiaﬁl idrfists et cONBRIARSHES S| theaddeil and ieorvagide of
about 650 C. "to about 1100 C., with other enbodinents utilizing a

t enper atmired bito thsdhiendTbeothepoptionat adBvas, canplsoderadderbatthis tae. SrPé"%‘Fs 0

hi gh enough to .conpl.etel y .renove. an r i 6..cO u I rgsent
it I A TR A SR g e ik
carri ed ;i $¥or3h Mg e YefiinihEEd1VidH §ilicd. This wiktiig prgiodmaynentrance the a
vacuum or under argon gas. 0036 time required for the

The
di ff usi Swetibgl' of teeasinmna with Ithftfé&[-iﬁéﬁfoauﬁm ngt 2lp9s ABRSAR FOsbYREGEFTANE |

above. ner al. .the time wll. 0 s ' 8
nour s, 11108 ge1F gt R AR MmN oebOP P ik bdtod o s8R, O
very gengfidiut SXddPerifneftati GBIEmiing enferdicreb are Bidesdibied abraut 650 C.
held there for a period of time, and then increased in steps to about to

R L
Those. G stehiTikE el B [phofestor Ry (iohgheditats ey pBpOLTS

. pack- al UFdrnixainply, ifviallloflike ptitneryt mgsetians atehmixedstogether wpidlntthen adverse
e S Gt it O3 bR MR e gices: =
fescr 1 b K S e T e e [ Lo make the

coat i ng suddew infrrensky/inderspereiufs andéorrviiggesiyy process t hat advant ageously does
not interact negatively with the substrate. Hereby, the art is

significantly ited in that cps re re ' t L £ e of
conmponents i s[(ﬁﬁgf gé@’.“yﬁ?g b&aPPﬁ%‘f f?gt%ﬁrcf}%%nggfgV%E%togﬁ?cﬁfgﬁ%mgtﬁﬂéﬁe
new y al 4ve . TheUReRy 64bd ﬂﬁa—b&_ﬁ,dﬂhﬁi—bﬁdte&eﬂ?wd, sprayed,[ $a2s(], réibedgueous
conposition is enployed to selectively strip the newy al um num i nfysed

coating $pumredabesd enib hercpating, Terexampis PPrAYOPRIGEE 4 Q#ﬁnf%? ST VAN BPHENt s

i ncl ud i d havi f ormul & H: A6 . ' j d
Fom ¢ hotrey Lo AR it 6 oGO Inb'yf G0y Ol ek PR Sreadiy Aottt
IS a quapld dpYayih@Bylvdr9ing, theashollr ¢f ligtid eatriey uséd. Gprayitpedripivertteisivedls of

this type are available commercially, or can prepared w.t hout undue
ef fort. knownrip therigddiAmynipsay g%fgcpqgghwﬁm@%gg’p Sﬂﬁgﬁ%ma\"@%% ® In

ot her embodi H2 S ' guN 1 - t] PRt alihanehss

r ef erreda}ltc?%e%ss}\?ﬂg\% E‘g)‘riréelg’ﬂ%s%};({?f g'gd gﬁ% g?f %‘lggla Ig’l Aélfa(r:lﬁ gg?%ﬂ]

"f1 uor osiid aricusapid gunasetlingh éxaf for pressidel anidshagy Wiume) can rf@iiFdie Padeior sor s
to the HAF6 acid may al so be ysed. As. used herein, a "precursor” refers to
any conpé&eifdy e rpeddipf »Fp R SPIRNEIPPERHOBe conbined to formthe acid
or its dianion AF6-2, or which can be transforned into the acid or its

di ani on under t Lok iRd%as bAS 1AL, &NinOhultipid layesl hitiple
catal ysts, ano[b?%g Wf%l.ﬁ&?ﬂéﬁ?,%fqg‘?p exanpl e, ?’ﬁ{é acid can beyfe%knedﬁipn situ
in a readiyens nmuyssmhetimes be fopef togdadiver ithe desiredt snaernt wof alypiaem 4@ himay
be a netal sal an.inorganic salkt,. or. an organi [ ' t :

di ani on i@aﬁ‘%hgﬁlsF?e%%{}%ﬁm ﬁdﬁ?ﬁll’i TR Hﬁ&&eggrg e]ge ?%%ﬂt% eaisb(g&: ‘qu&hg%%ﬁés Na,
N K afﬁégéﬂi't*eﬂ, 85 alldratd $eMbEATAhS Fblatile SotfPorftscoftiaiskirBL W fenTthe fuln
salt. Dissbciation of the salts in an aqueous solution yields the acjd. In

t he case thicki®Si dfathe slurhbembesnt applipd, sthadditienal, eptionghhe) dgaimeniIody pe.

[ 0040] Those skilled in the art e famli i

whi ch catﬁ‘@?‘i‘éﬂtf &%%erm]@giimm@ epﬁisalﬁgea%iﬁ eoﬁgggg%&pggf%ﬁ%ﬁ'. or ?
exanpl e, {HaghES ABitAs WAl MRFerdingiattlodthetibéntite of theonlatile eomponents in the
silicon-containing compound with a fluorine-containing conpound. An

exanpl e of a silicon-containing conmpound is Si 02, while an exanple of a
fl uori ne-contai ni ng conpound is hydrofluoric acid (i.e., agueous hydrogen
fluoride). 9




[ 0041] When used as a single acid, the H'AF6 acid is effective for

" renobving the coatings described above, wi thout adversely affecting the
substrate. Usually, the level of acid enployed will depend on various
factors such as the conposition and anount of coating being renoved, the
| ocation of the coating material on a substrate, the type of substrate,
the thermal history of the substrate and coating (e.g., the level of

i nt er di fditgy ORN, extiiflab P BEMNBUR MY S8buk e mEMNS foR kot 312]?eﬂnﬁﬂ1t5§,< ppged to

the treatnment conposition, the time and tenperature used for treatnent,
and t he smaprare yn dhe range i apoirh 88 Cutth apout 200° CJ DoHRF Heatinge timnesl ant he

H AF6 acid_li t _i.n the agueous conpeosition at a level in the range
of about _@s%foiﬁg%%&ea %m&?ﬁ@%gefﬂﬂafl &Césvé’i‘ﬁas nolarity. Usually, the

level is in the range of about 0.2 Mto about 3.5 M In the case of

H2Si F6, the cogs)Theddasligy$ tien hdatdd® 4 angRrathreadi@iticdt 3 dffuse aRout

2.2 M The amounts of H'AF6 acid and of other conponents descri bed bel ow

can be rau@anun aeip the desineg noiay of the eontingf Fecinte theentire surface, ©5raoBsi t i ons

on coati . f Str . 43]. T a 0

conposi tlé ongﬁar@&g%fhtlgl%nr%g{b%f%aﬂgt }%ﬁ%g%afa‘. tﬂiu%n%]?&é]g%l%‘? rg:t:}e.peg%ill‘i‘i&jnf’%ﬁl?;i%li(“'tni on to
the "privaxiopn$ fagom, intlnding: thehempeeitioh dffthe ackddinigl Mdahe saistrate MRS spdelic
enhances the renoval of coating fromless accessi ble areas of the

subst r at @IREAsIHOR, @dfhigkaess PTHRE sBiryp pndrthe esiged; dapgh ebephansed aluymisuwme

enbodi Ll -eA O 3 -0f RN, pur e
vater, TarseeRen Sy IRTGREIR SRRoRP bR Ak Sl 858, CT0EC

© than t heabphit { 160°§lirweitinather gmiodditolats ptilizipye tamipekature of abduh 800T'QRG abteiter i al .
Thus, i &ge c?ﬁe of H2Si F6, th a%gé{i onal acid be one having a pH of
| ess t hatr byt B9se demperatures fr@ofﬁaq FRRREh: (ppeamplptelye FAROVERIIL ATEH8ED as
the addi ¢dn@siitind@ehitn b NSLBi Bkl i [ ﬁgﬁm 4 ting
exanpl esédi ncl ugg phosagehgrre?%lﬁ’a%lk'a, niltzgiﬁgﬁ(ae%%%p%h ur:fgls%%il%?t y r(I%% loric
aci d, hyehndid eaorigdoutdiyanyrseaveiientriechrigie e.ghylgafinglincamoveh, inscedduamaai d,
perchloric, acid hosphor ous aci d, phosphinic acid, alkyl sulfonic acids
(e.qg., q% &é’ﬂlg%)ni c acid), and m xtures of any of the foregoing. Those
"skilled in the art can select the nost appropriate additional acid, based

. on observed e[(fOSSLTN@ﬂil@S&ecﬁﬁ@dQ‘bﬁ&& dﬁﬁ‘ﬁiiéﬁﬁeat&‘éﬁli’neﬁﬁwﬂllﬁéﬁélﬁidniﬁﬂny of

conpatibility with the primary acid, cost, and environnenta

consi dertheifaeters daserlpdesbove. Hererallyothedime vellzange frayn Beowt SPdmimutes to a

salt), ' e.in r r t he. pr.imar cid.. I n sone
ool ) SR E R AR e ] T BAGR SRAP B & B8l AsPP e
group cogsierdl ieRgngit, the esplepitiee aaldbe fHidedite ab&it&5050), held therdGbfla period

hydr ochl otr I.C aci(fi hydrofl uoric acid, and m xtures thereof. |n other
of time, and then ‘increased in steps to about to 850° C. Alternatively, the temperature

)

"

)

could ipitially be raised to a threshold temperature like 650° C., and then raised
continuously, e.g., 1° C. per minute, to reach a temperature of about 850° C. in 200
minutes. Those skilled in the general art (e.g., those who work in the area of pack-
aluminizing) will be able to select the most appropriate time-temperature regimen for a
given coating and slurry. The process as described above is highly effective in diffusing
aluminum into a pre-existing coating. Diffusing aluminum into the Al-poor coating as
described increases the Al-content of the coating sufficiently to make the coating
removable by a specific stripping process that advantageously does not interact
negatively with the substrate. Hereby, the art is significantly benefited in that costs are
reduced and the service life of components is increased. The stripping process to be

utilized with the newly aluminum infused coating is detailed below.

10



enbodi nents (e.g., when the primary acid is H2S1F6), the additional acid

« may be phosphoric acid. [ 0045] The anount of additional acid enployed
wi |l depend on the identity of the primary acid, and on many of the
factors set forth above. Usually, the additional acid is present in the
conposition at a level of about 0.1 Mto about 20 M In sone enbodi nents
(e.g., in the case of phosphoric acid), the range is fromabout 0.5 Mto
about 5 M FUO03BrAwragnemishesmpaditioh nie némplopel tel eselebveld dittip othel nawelyd at a
| evel of ,about 2 to about 4 M _Longer treatnent tinmes and/or_ higher

t r eat merfVIEEREE A5de COFHE érSHbéh%ainSW:- ITBReAduEQtise pampesition: foEi 9meand

Vi ce ver SRR : Jeo| r Il ot rm nost
appr opr iez]f?[g)dlﬁgéglg for %Fﬁg%glggﬁvﬁlg‘%g*e fggfﬁgl-a H"?ﬁ:& Fb%o%hg; amqf&:sglijésﬁ?ed
conposi tfram thegroiyp consibéing af Bo3e, dtiher, Addaidt Ga Ghesbbsehipse isvequantiey frety of
functio n.limting,ex | es of these ditives are jnhibitors

di spers gﬁiosé\’bagﬁ A2 B@h‘%&‘y %&E‘I Lig ﬁd\dﬁﬁé‘ﬁ]@é&gﬂéf@iﬁ REF %‘@é‘ﬁfP@,c"H’é‘P‘i’fG@HYH ants,
stabl |1 291 gun B blepafh withight AR Sefft) dndnic LABSUAYAR! e 1085 1,81F 641 Nary
skill in the art are famliar with specific types of such additives, and
with ef flBArFy ard etibred. flor othieei embtiments, delifal & ofilized. iThe bist-orenfioned he
conposition.i,s. a relatively weak acid |ike gcetic acid, nentioned. above.
Such a MHEERfL Teishgd tp &Y SRl PP 9 -%Sy@fyﬁrqfhlemﬁﬁcm Qé@}l‘aquﬂw%one
conposi tdcplY, addMhexaffuci@giidiaRtigi n sone instances, e.g., to decrease a
potential for pitting of the substrate surface. [ 0047] Vari ous
techni ques can be used to treat the article with the aqueous conposition.

' For exanpl e, H0R38Idtrecursars clanthee Fadis i aridunsyy alsor by aedsi Al wied bemiod ti on,
usi ng var,| W r .Slngl e spra n, coul.d be .e ed.
Al t er nat ip\&;%“fls,o}a ?iér%gé Sﬁygungg%%%éﬁoypu%e P@%%@cgrctaf]cqeem lﬂf‘n%{ ass

al ongsi diermrthé fvidogils diasioh AT 0br @hith chd be Mahdforied ihfolthe asifl o8 ¥ Banid
anot her al ternative enmbodi nent, the cqating renoval conposition could be

. | )
pour ed deler fe3etive eandrtions ong. WsACHAROfibpdt, peithipr. Aatalisey and the like.GBusy | n
o o BELAEAE. hé a3 bEKfimlel th BB ISk AL OF Lhe RAUSOUS

conposi tion. rsiron 1n this manner (1n any type of vessel) often
permts the greatest degree of contact between the aqueous conposition and
t he coating wt03®] As obeillugiration tiesiprebamser map be b innetal sald, fpinbrdaaigmeatabr e

w || depend on y of the factors .descgriped above, such as fhe type of
coat i ng Fefigguie \Péaz’hl%lhﬁwt Bit§ I?Igpﬁé’cgﬂ@ﬁ' Neprppnifiag expmpies anglade,
Usual 'y, sali§8r B3t Nal 19, KBlaAd MHTSYs HelidsoPSREE Sl el ﬁﬁ:ﬂi’t
roomterrsper at ur%’e_ 1?’0 1é%ut 1007C. "while The su ’sst%?ﬂé?seﬁggatléﬁ_ rsed therein.
| n ot hersalinDissociatinnsof thésaltsanparagnerus solutivaividds the deiil nint the caserofdSiFsabout
45 C. to about. 90 € .The i rsion ti vary considerably, but is
usual |y ?ﬁoﬁvﬁ@eP*aﬁﬁgé”‘B&‘%%emi‘ OWilﬁrﬁ?%' about 72 hours, and in sone
enbodi ments, from about 1 hour to about 20 hours. Longer inmersion tines
may conpensat poioT Theveaskilbal th HRRer2é WiHiar Niﬂﬁmerw&:gﬁ&mdb Renibgt h
(or after contact of the coating by any technique nentioned above), the
subst r at @upe they%neemryt)ﬁﬂx&%wtgwm aqueowp icemnpesitien. Foy csamplei H29Easan

convent i QnalmAQdint Lie By ¢ GaiBn ot tsﬁfi&%—c%%?a%iﬁg compound with a fluorine-

containing compound. An example of a silicon-containing compound is SiC,, while an

example of a fluorine-containing compound is hydrofluoric acid (i.e., aqueous hydrogen

fluoride).

[0041] When used as a single acid, the H;AF; acid is effective for removing the
coatings described above, without adversely affecting the substrate. Usually, the level of
acid employed will depend on various factors such as the composition and amount of

coating being removed, the location of the coating maierial on a substrate, the type of
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[ 0049] One enbodi ment i ncl udes an el ectrochenical stri ppi ng systemto

. accelerate renoval of the coating fromthe substrate. FIG 1 schematically

illustrates such a system 10, which includes an electrolyte bath
receptacle 12. The bath contains electrolyte 14, e.g., an agueous
conposition of H AF6, along with one or nore of the other additives
descri bed previously. The electrolyte bath receptacle 12 is fornmed of any
sui t abl i LR - i .t h V..Qf: 1t h atd). cRIRENgnt s.
The shagsggﬁlagé’cg%aam ty ofﬁltsﬁgyrée%g%% a%ﬂ%g%é arr%i]y (\:/Ogﬁny}é a@'&%’r c}? 9ﬁg to t?e
appl i catinterdiffasioh)pige ehhibljee bgoelitindiesubiirats is beag apbiddcioetht [tyeatment
accommodate the el ectrodes and electro*yte 14. The electioche i cal,.

stri ppi fgTRPstion, Be timeg and ippsraien ussiion seatment. and dhe ARl &cibe e inTwo
el ectrod@g.ioh6 and 18, are depicted in FIG 1. The number of el ectrodes
w il vary, 3ependi ng on various factors, such as the size and shape of the
article being treated. Each el ectrode, 16 and 18, is forned with an
appropri at e Joo#dtingentmt, theHehR{ acylirsguedent i the equeehie compasitiorf ated selt o

f t i.cl 20, Th | ect 16 d 18 [ 1
on. con it RS 1 APEHLE RS GG aboVnT MeghBE M REPEREE ROl Carg: Fepp! ng
process.jevel is inl §85Rhed 6T Mdut 0.2 MOto WHb N5 SM. AnbheStdst RiTeH, GiX, ! iR

el ectrochemical stripping system 10, is disposed in the recep acle 12. The
arti cl e @océrdratipn Iwe@&n indhe ranige pf ehone OSoMutb tahowtris2 M. Theramahtst oGt | ngs

descri bed.preyvipusly. The articl L s di sposed..betwe t he el ectr,odes 16
ona 16 Ay b e coptbheifv dSertbed heldh £ad B B T RBEA i Ssrd

bet ween éﬁh@t@tﬁﬁmﬂ%ﬂﬁsﬁi&ﬁsﬁo@dﬁﬁﬁ&&ﬁoﬁ&mﬁ%sﬁsﬁﬁ surfaces of the
article 20. The electrolyte 14 is delivered to the receptacle 12 in

amounts sufficient to subnerge parts of the article 20 and_ el ectrodes 16
and 18. |f a L9843} Bhe squegps eorapesitionamay pontaig aj leashonpgdditignal add: i-onitof a

t ur bi ne " NOL: o1 b r etoN rg. ept
bbove 't HARTRANG the iy dGia, ARkt o8 bld MO Rugitial aBE i Bl et P
be physithalkmonaséf doatimgafoinoleshiactedsiblecareheof the sibstdatk that faty phere to

al ternatc'iv Is to mnim z? the electric field over this portion 22, for
exanpl e, @;e“r%dqfft?? Agidinsolntien dn same smbodinents, dhe additigral aeil hagna POk | ons

22 that BLthg aBSutei.qu}g%%'_ﬂ&@kﬂ ¥k ehdd e}tgo%@ B{Jﬁﬁgﬁ%@ %%fdgg%eg B he

el ectrolyte 14. power supply ésta an electric .
field i nwhich ielwss thancthe i fin ire imapirh of shesprirmary Tdvdd, devyathe ATk yndéridls

usual ly direct_ curre ), Wi.th a swifchipng-node.capapility. It _ is often
oper at ed %{‘hté‘e&?ﬁ?s“?;k&‘%go@éﬁpmnﬂrﬁ? F RS Qe RS & gﬁq{é?%ﬂ@%hﬂ‘?ent
over compgctions 26, 28 and 30, to the electrodes 16 and 18. The

el ectrodes 16 and 18 are connected to the negative termnals of the power

supply 24. The stripping of the coating fromarticle 20 conprises the
el ectrol yt e 1H0ddh¥arions wpehof aadsway ibagised aethel additionhl/acid, le4g.c ampiineral a

charge to.article 20, an der t.he action .of, the.electric.current ..he
coat P 78 SF i Geeinic, i, NORS il R5oR8 Blilif G, foif AT akid o <
define tdutfusicr idid)i I@ir6¢1A612€ heid, Byi®SiubAe ol hyardbeshieadid, AhasRiioacret er s
influence the rate of material renoval and thus, the _efficiency of the

st ri ppi rfepe aeldspercigrc apid Pherphoisxe apidapipsphintencid ratkyd selfonie aeids 6eis-»
geonetry.,. K RNV, ( e i ng
control Irélg?l, e: e%{ﬁ?(%lc};dt)’e%%ncen{ rg?%%gf&gofﬁ%gﬁﬁgbon%%gkﬁfegﬁgéﬁgﬁ

agi t at i oselecpitive ersi appropiide adiditioadl scibebaved wnt stsepiet i effeeti et andlodrt r odes
16 and 18, and tenperature of the electrolyte 14. Those who are famliar
with el eFioBRETR 368V E%%;cﬁalwawﬁmwubéhww%ﬁm gt eniitoRmety of
the Stri ORMrRRHE WbRloSetAlibdr e B td i Moy sRBALIE G sal), as actdifbed] The
stripping paraneters may vary over operational ranges?’ For @xanple, a DC
power sughuivg iRdrefarbhcegin they primayy Beidmim sbmacenbvelimenye dft thes freeniod,rihee”
nmeans a SﬁLg ut . measyrab %anl ue) to about, 30V, The e|ectrical. curc{ ent

i's sonet? 26Ky 1ts gde e (1B GERPPI EISESHIBg R oRRASPROTIG afida piirie st
el ectt 0dgnRRINAARY HyRiRhforicHaURY Hydrditofie da@ahd ARMES et St Uther

critical for this enbodi nent. The"di stance between the art
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and the el ectrodes 16 and 18 typically varies in a range fromabout 0.1
~inch (0.25 cm to about 10 inches (25.4 cnm. [ 0054] The tenperature
of the electrolyte 14 can be nmaintained up to about 100 C. In sone

enbodi nents, the tenperature i s maintained bel ow about 50 C, and in other
enbodi ments, the tenperature range is fromabout 5 C. to about 30 C.

[ 0055] The stripping tinme (i.e., the immersion time within the

el ectrol BN [ rgﬁp[? Tols hCh .l : e,k kection
of an ap%éwggri at Se\(t”El ?ﬁeﬁﬁﬁ’z It%ﬁ t #eyc{c?r&pggi%ls\é%b’opmt ﬁ%dlgg%gi arlcré&lgg.f?ﬁé)% :
r enoved;phasphesiclacils its microstructure, density, and thickness. The

el ectrochem cal stripping tinme may increase with higher density and

t hi cker coati ual | he,.Li wi.l | range from apout, 1 mnute_ to
about 36 hour@?‘?gn’icﬁ;’l @%’ﬁ@%‘%@%ﬁﬁ?‘gm i Vﬁilrﬁoeﬁﬁ?%gnﬁﬁlgmo theour s,
In sone ;{mﬂ@g 2185 bAD 68 $nank T thEPREGS Q8 fokiBibbve. IULbRG thaRagitishalaRabfs 10

m nutes to about 3 hours. [ 0056] Usually, the substrate Is a netallic
mat er i alpresest indbel compesition atradewd! lof aboutd leMstotabost M. it esmevbmbodiareats

primarily fornmed of tal or .net | | oys, .but whjch may al sq inc esorre.
non- net 4%1%"cmc ﬁpcg“ﬁeegf?.ﬁoﬁ‘ﬁ’g‘rqgf’iarﬁa‘bi ﬁ(be E%ﬁ?rdf &émbﬁ{’?r‘étt &SIM@“’WE‘?‘&W%M are
those WFthefifde! bher athbbdakhisOneiual e MdiS&l atiathtld RILL HCatHuPYPM to
consisting of iron, cobalt, nickel, alumnum chromum titanium and

mi xt ur esbal €M iLeakerdecatment simasraadfos highet reatienitempeiBturtemey sompknsate
0057) BF Yo E0ct bE BRI b BB ety B B SR B ot

are known for h tenperature perf ngt h,
creep r akidinimohe nvst girdminté RyeiSfod HeaddiitialcRid. 0Si on resi stance. The

superalloy is typically nickel-, cobalt-, or iron-based, although nickel -
and cobalt-b | | oys are favored for, hiq%g- performance_ applications. The
base el ement, i 26 Japeopsqompasitionanay inciuds vanensther additven bish sereenent

in the : ' kL. rat. I akal - . eral loyvs..incl ude
ot | oastt ety B B on sy | Bhintild o Blesd RUSHACRRY MBRS

group cahispestantsg sufactambm Ichelatity agintsyywaitingragants, deflogailis, stabllidetke antin
titanium  and iron. LlIlustrative cqbalt-base su _{alloys i ncl ude at._ | east

about 309" B%iaﬁﬁtafm' AR AeRtE 257059 CEGRERL 11y the Atk #E Tapdins with
consi st i PEcifit s 68 suctCiladNdMnd WD SHeRive TV LR T uid AhA:UMpidBRgANeSE,

carbon, and iron.
inhibitor for the composition is a relatively weak acid like acetic acid, mentioned above.
Such a material tends to lower the activity of the primary acid in the composition. This is

desirable in some instances, e.g., to decrease a potential for pitting of the subsirate
surface.

[0047] Various techniques can be used to treat the article with the aqueous
composition.- For example, the article can be continuously sprayed with the composition,
using various types of spray guns. A single spray gun could be employéd. Alternatively, a
line of guns could be used, and the article could pass alongside or through the line of

~ guns (or multiple lines of guns). In another alternative embodiment, the coating removal
composition could be poured over the article (and continuously recirculated).

[0048] In some embodiments, the article is immersed in a bath of the aqueous
composition. Immersion in this manner (in any type of vessel) often permits the greatest
degree of contact between the aqueous composition and the coating which is being

removed. Immersion time and bath temperature will depend on many of the factors
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- [0058] The actual configuration of a substrate may vary widely. As a
". general illustration, the substrate may be in the formof a houseware item
(e.g., cookware), or a printed circuit board substrate. In many

enbodi ments, superall oy substrates are in the formof a conbustor I|iners,
conbustor dones, shrouds, or airfoils. Airfoils, including buckets or

bl ades, and nozzl es or vanes, are typical substrat

] c s that are. st iiﬁ ed
accor di dgsaribed sbongi mishtas thr typp el ForiBgbesg Te‘l‘!‘i‘é“"iaﬁ?&l‘h‘i (ar agids) fl? gor
renmovi ng_coat ;ngs .f rom-t.h -ar
Carved Srf i ey G So bk € AR AAEE LA, B iahefBf R
r egi ons rosth fRAlpeSItie t@ aboit 100°000khile thelsabstratdNs inemerdsed ithereint Iotizas been

descri-bed in detail in connection with only a limted er_ of
enbodi memtbodiments; g icmperatyre Aymainteined ins s Gangerpfabpis’ ESBHPP%‘H % Grot
limted tq h.dise o'”m}%, r i LOHCHIuP 0
nodi fie eo%%%ﬁﬁoﬁ%??%n?@u%aer 0 W/??‘lk zl}'? iu()sﬁésl&}ﬂ tﬁg;'re g%llggnrbs, v
subst i t yhinQfts t6rabesiUTY Bhent arl inargesrenthedimadnid) droat ebautel Hewctol dwat 20ut
whi ch are comrensurate with the spirit and qu?ifgpe of, the invention

t

Addi t i orenrs, Lamses anmsrsios SMesF8aY FORRSISHe {9fe IRy Al SFmperotirese difter

describ LI1 kSt gglgfg a 'mki Hided

i ncl ude%gﬁoyhsjgﬁtél g]feb[%hﬂgqglgé%fbe %n%gﬁgﬁ%g%&%gfc}%ngl Yy, ﬂ%lel i nvention -
i S not tabobe), sthensubstrdté nis t wgichlly t iesetoiire gwatery whisk r alpe iroay dontain sotherl y
limted by the scope. of the appended clains. CLAIMS: 1. A nethod of

r emovi ngFoaNentional f’rﬁ%ﬁﬂ"&&ﬁ?&??ﬁ%ﬁ'e%arg@t'coati ng froma substrate of a gas
turbi ne conponent, the overlay coating having an al um num content of | ess
than 12% by Wejoghf 0 derlifdditiciti GBEMAES SirSt dirobRerhichle Gtripting t Sysppi n®, t he
met hod conprising: renoving the conponent froma gas turhine after:

oper at | caeceleratremyars! ofifhd porsing frpm theesubgiraas HGofl sshemasically ilmstrates sigha

scal e on an exposed.,outer,surface r at b ng. .. dd |

a1 arm nurf SEGET R0 S S 5o LE nebuERTLe b b ifine
coati ng Qamidiptean, ielpS ROERE0BS UBMPULTTILE W€ IH, A fdlohg adth ome otrdire oiithiece
thereof, the 1ncreased_al um numlevel being sufficient to. rﬁendg{iI %he

al umi nunether adslitives desaripd prviqusly. riawsleasiolyts hatbapespiaciie S 1 1oppPh gt ahd

t hen

suitable material which is non-reactive with any of the bath components. The shape and
capacity of the receptacle 12 may vary according to the application, as long as the
receptacle 12 is sized sufficiently to accommodate the electrodes and electrolyte 14. The
electrochemical stripping system of this invention includes at least one electrode. Two
electrodes, 16 and 18, are depicted in FIG. 1. The number of electrodes will vary,
depending on various factors, such as the size and shape of the article being treated. Each
electrode, 16 and 18, is formed with an appropriate geometry that is configured to direct
electrical fields to surfaces of a coated article 20. The electrodes 16 and 18 are generally

non-consumable and remain intact throughout the electrochemical stripping process.

[0050] The article 20, which is to be stripped by the eiectrochemical stripping
system 10, is disposed in the receptacle 12. The article 20 is at least partially covered
with one or more of the coatings described previously. The article 20 is disposed between
the electrodes 16 and 18, and positioned so that an electric field can be established
between the electrodes 16 and 18 and the selected coated surfaces of the article 20. The
electrolyte 14 is delivered to the receptacle 12 in amounts sufficient to submerge parts of
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contacting the outer surface of the alum numinfused overlay coating with
. an aqueous conposition to renove the alum numinfused overlay coating from
the substrate, the aqueous conposition including at |east one of an acid
having the fornula 11"AF6, and precursors to said acid, A being selected
fromthe group consisting of Si, Ge, Ti, Zr, Al, and Ga, and x being 1 to
6. 2. The nethod according to claiml, wherein the netallic material is a
super al kigyarticld 20Hnd ebeztrodes &6 and d8.f a portibm2enof therkrsiclsi 20, eige dapdHbnt i s

not ‘i nstal] ed . t ur bi f he diffusj
Cont act FAREOBOEH Rrbisd CoRBOTEY R FECAN GOPEIE: B oS EY By RSV "°
super al h?éflte{ééi é{?glfé;nagc@%}éq 40 1eRRALdyPRRSShrEsP2 2t bophysidily Hrekedsdiod

accordi ng ther conpriSing:” after the contacting step and
renoval asto shieldahe eieotrin field uAchirtbereatemyativeds inminitdpothetdesiaheld-wiea

Al - poor over | i '
P this port?o% fZ?afEnI' ggan?&e,t }Ff‘ 0 1i§rtmrga © 18&&0%3 of URALEN 16 s 15" 9He
portions 22 that are to be electrochemically stripped should be submerged in the
electrolyte 14.

[0051] A power supply 24 establishes an electric field in the electrochemical
stripping system. The power supply 24 is usually direct current (DC), with a switching-
mode capability. It is often operated in the constant potential mode. Power supply 24
carries current over connections 26, 28 and 30, to the electrodes 16 and 18. The
electrodes 16 and 18 are connected to the negative terminals of the power supply 24. The
stripping of the coating from article 20 comprises the electrolyte 14 reacting with the
coating. The electrolyte 14 carries a charge to article 20, and under the action of the
eleciric current, the coating is stripped from the article 20. |

[0052] Various parameters define the stripping characteristics for this
embodiment. These parameters influence the rate of material rernbval and thus, the
efficiency of the siripping process. Non-limiting, exemplary parameters are: electrode
geometry, power supply voltage or current (dependent on parameters being controlled),
electrolyte concentrations, solvent composition, use of agitation, processing  time,
distance between the article 20 and electrodes 16 and 18, and temperature of the
electrolyte 14. Those who are familiar with electrochemical machining techniques would

be familiar with many of the stripping parameters which relate to this embodiment.

[0053] The stripping parameters may vary over operational ranges. For example,
a DC power supply 24 voltage may vary from- a trace voltage (the term "trace" means a
small but measurable value) to about 30V. The electrical current is sometimes pulsed, to
allow charged ionic byproducts to leave the electrode boundary layers. However, pulsed
power application is not critical for this embodiment. The distance between the article 20
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installing the conponent on a gas turbine so that the conponent is

" protected by the second Al -poor overlay coating and not the

al um num i nfused overlay coating or a diffusion- alum nided overl ay
coating.- METHOD FOR SELECTI VELY REMOVI NG COATI NGS FROM METAL SUBSTRATES

ABSTRACT Disclosed is a nmethod for selectively renbving a coating
froma substrate. Alumnumis diffused into the coating. The coating is
cont act edd\wé He@fodesiUeansd 18 Iyt vagiRs g it T bbdv@ @SHt in6l €0.25 cai) téci d

havi ng the fornula HAF6, and precursors to the acid, A being selected
from t hebguioWinepsd2sficmg of Si, Ge, Ti, zr, A, and Ga, and x being 1-6.
The coating being renoved is often an McrAl (X) material. The substrate is

a metal, usuetbé%] a[‘h%%%fv@lja{tﬂé( of the electrolyte 14 can be maintained up to about 100°
C. In some embodiments, the temperature is maintained below about 50° C, and in other

embodiments, the temperature range is from about 5° C, to about 30° C.

[0055] The stripping time (i.e., the immersion time within the electrolyte) may
vary considerably. Factors which influence the selection of an appropriate time include
the composition of the coating being removed; as well as its microstructure, density, and
thickness. The electrochemical stripping time may increase with higher density and
thicker coatings. Usually, the time will range from about 1 minute to about 36 hours, and
in some cases, from about 5 minutes to about 8 hours. In some other instances, the

immersion time is in the range of about 10 minutes to about 3 hours.

[0056] Usually, the substrate is a metallic material. As used herein, "metallic”
refers to substrates which are primarily formed of metal or metal alloys, but which may
also include some non-metallic components. Non-limiting examples of metallic materials
are those which comprise at least one element selected from the group consisting of iron,
cobalt, nickel, aluminum, chromium, titanium, and mixtures which include any of the

foregoing (e.g., stainless steel).

[0057] Very often, the metallic material is a superalloy. Such materials are known
for high-temperature performance, in terms of tensile strength, creep resistance, oxidation
resistance, and corrosion resistance. The superalloy is 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 greatest element in
the superalloy by weight. Illustrative nickel-base superalloys include at least about 40 %
Ni by weight, and at least one component from the group consisting of cobalt, chromium,
aluminum, tungsten, molybdenum, titanium, and iron. Hlustrative cobalt-base superalloys
include at least about 30% Co by weight, and at least one component from the group

consisting of nickel, chromium, tungsten, molybdenum, tantalum, manganese, carbon,

and iron.
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‘ (Fi‘gure 1)

[0058] The actual configuration of a substrate may vary widely. As a general
illustration, the substrate may be in the form of a houseware item (¢.g., cookware), or a
printed circuit board substrate. In many embodiments, superalloy substrates are in the
form of a combustor liners, combustor domes, shrouds, or airfoils. Airfoils, including
buckets or blades, and nozzles or vanes, are typical substrates that are stripped according
to embodiments of the invention. The invention is useful for removing coatings from the
flat areas of substrates, as well as from curved or irregular surfaces which may include

indentations, hollow regions, or holes (e.g., film cooling holes).

While the invention has been described in detail in connection with only a limited
number of embodiments, it should be readily understood that the invention is not limited
to such disclosed embodiments. Rather, the invention can be modified to -incoxporate any
number of variations, alterations, substitutions or equivalent arrangements not heretofore
described, but which are commensurate with the spirit and scope of the invention.
Additionally, while various embodiments of the invention have been described, it is to be
understood that aspects of the invention may include only some of the described
embodiments. Accordingly, the invention is not to be seen as limited by the foregoing

description, but is only limited by the scope of the appended claims.
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CLAIMS:

1. A method of removing an aluminum-containing overlay coating from a substrate of a gas
turbine component, the overlay coatirig having an aluminum content of less than 12% by
weight and being highly resistant to selective stripping, the method comprising:

removing the component from a gas turbine after operation of the gas turbine and after

growth of a protective alumina scale on an exposed outer surface of the overlay coating;

diffusing aluminum into the overlay coating to form an aluminum-infused overlay coating
having an increased aluminum level in at least an outer surfice thereof, the increased

aluminum level being sufficient to render the aluminum-infused overlay coating removable

by selective stripping; and then

contacting the outer surface of the aluminum-infused dverlay coating with an aqueous
composition to remove the aluminum-infused overlay coating from the substrate, the aqueous
composition including at least one of an acid having tl.ie formula HyAFs, and precursors to
said acid, A being selected from the group consisting ‘(:)f Si, Ge, Ti, Zr, Al, and Ga, and X

being 1to 6.

2. The method according to claim 1, wherein the metallic material is a superalloy.

3. The method according to claim 1, wherein the component is not installed on a gas turbine

after the diffusing step and before the contacting step.

4. The method according to claim 2, wherein the superalloy is nickel-based or cobalt-based

superalioy.
5. The method according to claim 3, further comprising:

after the contacting step and removal of the aluminum-infused overlay coating, depositing a

second Al-poor overlay coating on the substrate of the.component; and then

installing the component on a gas turbine so that the component is protected by the second

Al-poor overlay coating and not the aluminum-infused overlay coating or a diffusion-

aluminided overlay coating.
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