5 January 2005 1 PROCESS FOR APPLYI NG AN ALUM NUM CONTAI NI NG LRATRNGO0SSI NG
AN71 NORGANI C SLURRY M X FIELD OF THE I NVENTI ON This invention relates to

t he application of an al um num containing coating on a surface, and in
particular, to the application of such a coating froman al um num

- cont ai ni ng sl ur PRCAMSS ROTe APAL M@ IAN ALUACRE MICQRINGABNENG 6DAd THOr f oi | .

BACKGROUND COF THE |'NVENTI i ot (jet) engine, air is
drawn into the front of t%Sbﬁﬁmﬁqégg’%ﬁlgg@?&{%wg&ghaft-m)unt ed
conpressor, and m xed with fuel. The m xture is burned, and the hot _
exhaust gases are passed through a turbine nounted on the sane shaft. The
fl ow of conmbustEiom OFaRHE INVBNTI@ENt ur bi ne by i npi ngenent agai nst an airfoil
section of the turbine blades and vanes, which turns the shaft and provides

power to the conpressor and fan. | n a nore conplex. version.of the gas
t ur bi ne engi ne, thiﬁlsé%’ﬁﬁ?‘ﬁ’s@ Fesé‘hﬁmép?‘}?cﬁhmb?rg@s%‘f"ém{lﬂﬁ?flﬁém%%Oaﬁ%%%? ed on
one shaft, ang shigcel aft ANehri@r, Br8S spfIRatidl & fieh arcGatiipuféadnaiuming@par at e
shaft. In any event, the hot exhaust %ases flow fromthe back of the

engi ne, drivi nepthiningrshingvateihe exeine! sporaka e gas trhmestaler t he conbustion
and exhaust gases, the nore efficient is the operation of the jet engine.

There is thusB%ng@ﬁg@Nﬂ/gFtﬁ{Erm\sﬁq@m conbustion and exhaust gas

tenperatures. -The maxi mum tenperature of the conmbustion gases is normally
limted by the materials used to fabricate the turbine vanes and turbine
bl ades of the tur bima aircgafogas\itibion (eREnBiae, B0 Bip Hadeat ¢iihs sgane. | n

current engi nes prteps%dtbgrabgt{;,ﬁ_gg@n@ ngdﬁ(?preé%la%é fnfag%d ggﬂeﬁégf TCkelmpased

S
super al | oys, HPERRY Spet ate eratfurés o out 1900- 2150F.
Many appr oachesmbéved bigeivt esiedst gasésnce pased thneigb pandinengourdedoar hewpwe | inmits

of the airfoil portions of turbine ﬁl aﬂ S, and vanes to tgei r curr.en
| evel's. For exfplde f].(OPi"eOfCS DO EFHIE E‘?B’fa%ﬁeel%ys’in%n%fn f E‘égaglzﬁgaerl aﬁﬁ?‘?&ri al's
thensel ves havgiBgenthi: ARKIAY BlddesANE vars Watlitiefuyhs e ot bl frocidtd uwer ecthai ques
have been devel oped to take advantage of_ oriented . :
compressor and fan. In a more complex version of the gas turbine engine, the
compressor and a high pressure turbine are mounted on one shaft, and the fan and low
pressure turbine are mounted on a separate shaft. In any event, the hot exhaust gases

flow from the back of the engine, driving it and the aircraft forwardly.

The hotter the combustion and exhaust gases, the more efficient is the operation
of the jet engine. There is thus an incentive to raise the combustion and exhaust gas
temperatures. The maximum temperature of the combustion gases is normally limited
by the materials used to fabricate the turbine vanes and turbine blades of the turbine,
upon which the hot combustion gases impinge. In current engines, the turbine vanes and
blades are made of nickel-based superalloys, and can operate at temperatures of up (o

about 1900-2150°F.

Many approaches have been used to increase the operating temperature limits of
the airfoil portions of turbine blades and vanes to their current fevels. For example, the
composition and processing of the base materials themselves have been improved, and

a variety of solidification techniques have been developed to take advantage of oriented



1 5 January 2005 grain structures and single-crystal structur&sanubyxiosa
cooling techniques may al so be used. In one technique, internal cooling
passages are present in the interior of the turbine airfoil. Air is forced
t hrrough the cooling passages and out openings at the external surface of
the airfoil, eeipiiwgdsead singleomydHeriwes.i or of the airfoil and, in sone
cases, providing a boundary |ayer of cooler air at the surface of the

airfoil. The surfa 1091fc05n?g t{ea{nﬁ] V%QQJBJ{Q@%%Q&@&H hpﬁenﬂf&}oﬁ

with a diffusion um ni de coat ich oxidizes to a um num o |de
protective scadiseagehate prageinbint ge lntamrh@frth@mrumt |aafmbf Atrhe fmrn@cietmfalghshw f aces.

A nunb f f | yi.
conting are kHGURE TERARIAN Gt AR e it et B bis L pp e

al um ni di ng, a0 tAORYRE bﬂh@a@f@utaa@ hﬁl's@tﬂ@@asesTb@ﬁﬂhrWdﬂﬂ@di?&ybﬁMﬁzobf@ﬁ
drawback that they al so coat other exposed surfaces. Surfaces which are not

to be coated aialthesiEace pede BEOYr ot ect ed by nmasking, but nasking nmay not be
practical in many circunstances. In another technique, a slurry coating

contai ni ng a Sour ogy oAbk @AM AR <sCRIDARGHE BrolcbecARAl £t he

internal surface. urry coating is chemwcal reacted to deposit
al um num on t hlgmimdecntihg,sihittacadiz@ taran pluggatm ngldh aptechize sahleathat@gkibithat t he

spatial extenf, of, %ﬂgaat%l rf'tf? [B{t&%ﬁt ﬁ%f?de@g A8kt bal Vf\e%l%‘ﬁes fo?‘afjﬁgmg‘%he

specific areas Stic ernal surfaces. exi

coati ng technhmu@ﬁdhﬁw&mumﬁnﬂk&wbam@znéhﬁymnﬁmﬂME@yﬂmuﬂdﬁsmkﬁbkgmumn
contanm nation on t lee in the form of deconp05| on by guct Ther e
i § therefore ¥PREE SFB ypid {i&pt avVea rpécalé‘i‘?c%q‘teﬁe ﬁ&EPfPF‘ﬁ@ ve the

al um num cont gLQb NG (ER L LS SR ot%@teékbéaéeg s@f:eas sHfnRNLhREER noPﬁere'cﬁériE@r Iy
the internal surfaces of articles such as gas turbine airfoil

present i nvenmigpgrorhigiinhgs| Heprotagted hi aeksking rivht msltlh@mapm@t/bqje@ctrl@ll i v@any
advant ages. QBLEEH%H RY OF THE | NVENTI ON The present invention provides a
slurry-based approach for coating surfaces of

In another technique, a slurry coating containing a source of aluminum and other
components is applied to the internal surface. The slurry coating is chemically reacted
to deposit aluminum on the internal surface. Slurry coating has the advantage that the
spatial extent of the aluminum-containing coating may be limited to specific areas such
as the internal surfaces. However, existing slurry coating techniques have the drawback
they may leave undesirable contamination on the blade in the form of decompeosition by-

products.

There is therefore a need for an improved approach to the depositing of
aluminum-containing coatings on specific areas of surfaces, particularly the internal
surfaces of articles such as gas turbine airfoils. The present invention fulfills this need,

and further provides related advantages.
BRIEF SUMMARY OF THE INVENTION

The present invention provides a slurry-based approach for coating surfaces of

articles with an aluminum-containing coating. It is particularly well suited for coating



articles with an al um numcontaining coating. It is particul atfapugg3005
suited for coating 2 5 January 2005 the internal surfaces of articles, such
as the internal surfaces of the passages within hollow airfoils of gas
turbi ne bl ades and vanes. The present approach has the advantages of
conventional slurry-coating processes. Additionally, the slurry is
formulated to facilitate the renpoval of residual, excess coating materi al
fromthe surfaces following the coating procedure. According to one aspect
of the prdbenmteinal smifiaen,oft diticles,i sichrasvihdddteanaiestufacesodf theopdssaggs omitlini si ng
t he steps ,of. pr.qvidi an,article havin article surface to._be coated,
provi di ng BRURBEAS & & Aprblin hiFasSionq vanch | be Persatt ABProgeh hisk the grpBases
conpri si NgyMedrentidiil Aurkes ARl Br&@ésesﬁ.ohﬁﬁirtionﬁlﬁoﬂl%cﬁuﬁ?_ Al Widied gpd an
oxi de dispersant, applyi'ng the coating slurry to the article surface;

t her eaf t erfadhtataifie réneoad af resgluak leweasy contingheatarisli fodre tisusurfices folowanmthe t he
wat er therefro and thereafter heating the article surface with the dried
coating slcﬁ?ttlggr%rﬂg? % to form an al um num cont ai ni ng coating bonded to
the article sur{@efiing B ohd @RBNGLCthE PreskR BBEntich, ML & AN A SHBhbaRE Cl ay
such as a nontnorillonite clay, and nost preferably a hectorite clay or a
bent oni t e coptiE camprignatthe gteps wft praviding pp| drtidet mvinge amrariide sudfaced tcbeand

thereaftercogtri ed on,the artj.cle,surface to renove the . water. thereform The
step of dYTSl PIOVIinE s splife S| SOOI, 5 BUFIHy Ynd CBRET SGTPRMry on
the arti C|c@m§)bi§ﬂ‘n%\0\$atbpaﬁd taf RS FeRhier %eloffon{lélorﬁl aRse ot 8RminBRC)anl Qrabart 950F
(510C), nost preferably from about 180F (8.C)C) to about 250F (120C), in air,
for a ti rkspefsafty applyipeihe coating b to4Be asiglessurfipes thergaftergiryide shor ¢oatig i n

t he above thod,, is,. preferably accopplished by heating to.a {enperature
ot om aSuED Oy gBuRy g ® YeBbi B, ety id etehnr hFREGRF abou
1 to aboutartile BOtfice, with tB& drie@doalhg sTBHUMcRSnAoNRSRNG QluntRitRdatdidinPut

desirably, the excess coating material is thereafter renoved fromthe
article s@pitingdonded torthe agidosufaseher aspect of the present invention,

there is provi . -1 of coati conprid.sing the,steps of: proyiding
a gas turbine gl%g fllg‘.’fgg%g%gln@ﬂgﬁf I rﬁrgﬁgdglly as eihng c?ay stieh %5 BPottmioronite
clay, and most preferably a hectorite clay or a bentonite clay. The coating slurry is

applied to the article surface and thereafter dried on the article surface to remove the
water thereform. The step of drying is preferably accomplished by heating the coating
slurry on the article surface to a temperature of from about 180°F (80°C) to about 950°F
(510°C), most preferably from about 180°F (80°C) to about 250°F (120°C), in air, for a
time of from about 2 to about 48 hours. The heating, described in the above method, is
preferably accomplished by heating to a temperature of from about 1700°F (920°C) to
about 2100°F (1150°C) for a time of from about 1 to about 16 hours, in an inert or
reducing atmosphere. Optionally but desirably, the excess coating material is thereafter
removed from the article surface.

According to another aspect of the present invention, there is provided a method
of coating, comprising the steps of: providing a gas turbine airfoil having an internal
passage to be coated; providing a coating slurry comprising a mixture of a carrier

component comprising water and a clay selected from the group consisting of a hectorite



passage to be coated; providing a coating slurry conprising & hanxanyr2¢06f a
carrier conponent conprising water and a clay selected fromthe group
consisting of a hectorite 3 5 January 2005 clay and a bentonite clay, and
m xtures thereof, a source of alum num a halide activator, and an oxide
di spersant; applying the coating slurry to the internal passage of the. gas
turbine airfoil; thereafter drying the coating slurry on the internal
passage of the gas turbine airfoil to renove the water thereform

t her eaf t ercldyemdiafpntonitesiay, and piixiuregithdredf] a sourcd of Alomiwan, sbplisleactivatether eon

to forman_al um num,cont ai.ni ng..coating bonded to the internal sage of
t he gas tElP giaﬁr‘:leoxéler oPr? m&h?@ﬂ&%?ﬁ? Pgﬁt‘%ﬂm rli% ﬂé‘?d:“é%‘?&c%aﬁfifgﬁ BEF i al
from the itivbafengtfoflg Sfeagtcpldriing tBasodtibphili®y @i’ fhel interdd) §addalob Wrahb Sgﬁs
preferably an airfoil of a gas turbine blade or vane. |In one case, the

ai rfoil i dukigiel arfoilite Hempve fieatvatern therfenn; thereaftpr beaging tre gas twhinefaitdpib yi ng
may be a 8[‘}?” gy inghe coating slurry. into.and fill.i t he

i nt ernal %@ssagee&gﬁg% Elérﬂygtlp ?I%é égf ea%(‘ﬁlﬁ}nclzlg %lfcoéllt%ﬁ]inﬁu‘fﬁ]a?%g K rtg[}ﬁfl

al um num ime@lb patsape alfuiliengd® airbiay , aifoilC ahd | ther@hfidf Fumbhvadd @Xeesd coating
titaniumalum num alloy, an iron-alum numallaoy, an alum num vanadi um

al | oy, anmaterial Aiom thenitsrnak passagesf thogasisbing aifoilher eof . The hal i de
activator, whe [ | B3, : , W ord 2,
Na Fer 2, REtie B B ARl ik b Yo ST o il €

i s preferahfyl & usilow, with Uhtetiah grasoged tiferatiffughs THE tdtép of def)l%@? 2ayChe om a,
and hafnia, and, m xtures thereof, may 3a_ 5 January 2005 be used.

Pr ef er abl $econydishen by dnissting thaicaating dusry dnoapdfilling the tnal mesagerfdhe by
wei ght of e total weight of the source of aluminum the halide
activator, and the oxide dispersant; the halide activator is from about
0.5 to about 1Q@hpsowreabfbumvirighs pafferuble alubinain, wedhohfhived-akluftnsawlieeg, Hf

al um num thai ?r]al i de acﬁi vator, and the oxi de dispersant; and the oxide

di sper santobalt-glpmnub oo 031 lapnmrralugynye; elay, 1 irngHEmirm peloyot 21t

wei ght aluminum-vanadium alloy, an aluminum-manganese alloy, or mixtures thereof. The
halide activator, when used, is preferably A1Fs;, NH,F, A1C13, NH4C1, CrCl3, CrCl,, NaCl,
FeCls, FeCl;, CrF,, CrFs, or mixtures thereof. The oxide dispersant is preferably alumina,

but other oxides such as yttria, zirconid, chromia, and hafnia, and mixtures thereof, may

3a



of the source of alum num the halide activator, and the oxi delagbapeilant .
Most preferably, the source of alumnumis a cobalt-al um num al l-oy having
about 50 percent by weight cobalt, balance alum num present in an anmount
of ‘from about 28 to about 35 wei ght percent of the total weight of the
source of alubenssty the halide activator, and the oxide dispersant. Mst
preferably, the halide activator is A F3, present in an anmount of from

about 4 to about 68‘%?%%)%{ Ehet% Lr[r%ve& g} lﬁ&mtlmo %d)% ng&tso%%ﬁgﬁ%@‘%gg wge of

al um num the hali e OxXil I'sper sant ani c gel
former is fremirboul veidho oﬁblwﬁouﬁcepﬁ?ﬂ&mtnuby tlwehzghib wfivatbe andttiad omde ght  of

the water and the inorganic gel fa rce of alu hal i de
activator, andispHenéxhe hdﬁla%tb‘@f;%é% fo"t”(?@%?tn)esr AYt S Reresnt %%e%bb?ﬁﬁ%o to

about 70 perceph Ry ghY‘ﬁi't ouR:ta of f1GmIHutl ﬂ&&ﬁahdafacﬁda%rcaaa [He@kide A¥PaaARtnd t he
source of alumnum® the halide activator, and the oxide dispersant. O her

features and dohvaitealimpsrsadt it fn@npb@séﬂtto aone?q paserninby fweight ofghaioshtveighbm t he
fol l ow ng m)r\%f et ?Olﬁllé‘%g%tg% i{ﬁ@n tHQ 1de. pc%vgtrogfaef\lr tﬁg ?ustﬂg{@ﬁh% tl\ftt%?n In

conj unction
exanpl e, the prdfdrailpiessoafce ofhnenmrmvfeﬂstaucobalt-élrhmmmleyhﬁvmg\éaaunﬁemcann |s

not, however, limted to this B@referred enbodi nent BRI %E%P E
THE DRAW NGS by §iieht eobpls, balapes: PRI 3PP 28 AQURt of P 8‘1lt g e 2 is
-an enlarged S%%ﬂ?%ér%en%@isﬁlb ‘Rﬂﬁlwng}@Wfﬁ@@%@oﬁﬂﬁnhUﬁlbth@%aM@Mvﬁﬁr afed gur e

1, taken on fin gure is a block flow di agram of an approach
for prepari ngtfw@xndntdapcraﬂnlt yl\MstS’erembi&rti}re bajigs actiyatoris AJBS Praseiimen #ReUnd; | .
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of a gas turb suc ur br or turbBine vane, and in
this illustratliugingn ti kilide abdvace, 22Q.théltvéd¢ disfxirsaat. bTtedeqi@onic gel fooneresl of

? 3¥ blog:r abl e ?;g}rlegt;oﬁt 1 t(? lélit)oultSG I:E)e;c%];ate E)? Qs/le}/gh?op Ith%ktgtlal \t?).%Isg ¢ of hE r“?a!ttleroz}ﬁd till_c-*r:] €

inorganic gel former. The source of aluminum, the halide activator, and the oxide
dispersant together constitute from about 30 to about 70 percent by weight of the mixture

of the carrier component, the source of aluminum, the halide activator, and the oxide

dispersant.

Other features and advantages of the present invention will be apparent from the
following more detailed description of the preferred embodiment, taken in conjunction
with the accompanying drawings, which illustrate, by way of example, the principles of

the invention. The scope of the invention is not, however, limited to this preferred

embodiment.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of a turbine blade;

Figure 2 is an enlarged schematic sectional view through the turbine blade of

Figure 1, taken on lines 2-2; and

Figure 3 is a block flow diagram of an approach for preparing an internally



bl ade 20 includes an airfoil section 22 agai nst which the f 1 oW e R00S
exhaust, gas is directed. (The turbine vane has a sim |l ar appearance in
respect to the pertinent airfoil section, but typically includes other end
structure to support the airfoil.) The turbine blade 20 is nounted to a

t ur bi ne di sk (w9eted skrowinejridil. dovet ai | 24 which extends downwardly from
the airfoil 22 and engages a slot on the turbine disk. A platform 26

ext ends Iongitbﬁ&gﬁkﬁyngggﬁﬁggﬁégf?ﬁhqﬁgﬁﬁhqéthere the airfoil 22 is

joined to the dovetal er of internal passages extend through
the interior of the airfoil 22, ending in openings 28 in the surface of
the airfoil 22. Dudigwe $demite e compicnhurtitleadelgenturbiaé engise dich est édbinhr ough

e kel DRSRARER O LT AL TREL M LS AR Wi T

dovetail 24, gogheddfa@PiRtubleghaterthl RO Qebfdrhtily @ ARk Dabeiipérelldy OMfe tliBine
dovetail 24. Figure 2 is a longitudinal section through the airfoil 22,

showi ng one oflddse?l ipplpdss fa)ainiell seqfers 23 gt aridsnige tlororlghet shaust easiler  of
now ng ons o0 | 5” ! an .
the airtol iredB® ITHESNDRE vRA é%u?lgal‘}laﬁ?e’éra?& in %%%%l?b ttrﬁe:eﬂehﬂn{é:th% :ﬁﬂ'n‘(i:ace

36, and there 1s also an external air surtace

portion of theedionfitlty@ally Anatides athienendadtmniurd Wesuppart the kirfel. ) dhe ombid® i s
present at the,internal ajrfoil surface 6, The diffusi. al,uninide is
Pormed by depdldP gt Sioudleh s n il 57 mol Sredlithrt bOUt02s Rt Pl
airfoil surfacewd@ardofréhaie arfdiDeY araf erlghees aistol 0h thed@rbSRINGS Aglatosubstrat e
42. The alum numis interdhffused wth the material of the substrate 42 to

formthe al usiot Rsiety sritedyifng Hegrenvaoe B HEoBeldn iR iorber nal
airfoil surfagg,38; 24Thenudlhed: bR géggggeg gﬂ@ndqmtﬁggthwﬁeﬁ&gh%_aﬁ%u@?l a

conposition wth the alum num concentration hi ghéest near e interna

ai rfoil surfaecedi@sin epaingieifrie dwisngacsl aftierninieil b ldemgsatvicona w kf ¢asbingasi ng

di stance into_the,substfrat 2.fromthe internal ajrfoil surface.36. The
i 11 usi on al ui SRR SbBb (Lo G PR B ol by BEl 6 G005 5
January 2005 tTheafrgail 220m&0% deneibed abitningQ.rO0 2T 30 adjadamutt tHe. ddIALC P, ahdri ck.
When exposed to a hj h-.tengera1$%f oxid'zinqﬁfnvironnent, t he
aIuninun}enriéﬁ83MF§%V5ﬁP%? fipnend i ekt frap tiegavetad gt ace 36 oxi di zes to

forma highly adherent alum num oxi de (A1203) protective scale at
Figure 2 s a longitudinal section through the airfoil 22, showing one of the

internal passages 34 extending through an interior of the airfoil 22. The internal passage
34 has an internal airfoil surface 36, and there is also an external airfoil surface 38 of the

metallic portion of the airfoil 22.

A diffusion aluminide protective region 40 is present at the internal airfoil surface
36. The diffusion aluminide is formed by depositing an aluminum-containing coating
onto the internal airfoil surface 36, so that a body of the airfoil 22 serves as a substrate
42. The aluminum is interdiffused with the material of the substrate 42 to form the
aluminum-enriched protective region 40 lying below the internal airfoil surface 36. The
diffusion aluminide protective region 40 has a composition with the aluminum
concentration highest near the internal airfoil surface 36, and decreasing aluminum
concentration with increasing distance into the substrate 42 from the internal airfoil

surface 36. The diffusion aluminide protective region 40 is typically from about 0.0005

5



the internal airfoil surface 36, inhibiting and sl ow ng furt hefanygiyddOdon
damage. Reactive and noble al um nide-nodifying el enments such as haf ni um
zirconium yttrium silicon, titanium tantalum tungsten, nolybdenum
rheni um ruthenium cobalt, chromum platinum and palladium and

conbi nati ons thereof, may optionally be present in the diffusion alum nide
protective region 40. An overlay coating such as discussed next and
applied to the external airfoil surface 38 is not used on the internal

ai rfoil suefehoe BG5S ifikk (ghoue ORI 2Aite Alpiut 02T arop (86, Iilicmbamsed ts bighet ed,

and Figure 2 il]Justrates one approach. A protective coating.44 oqverl]jes
2nd cont aceEPrRRRERFalTE SfropGRR: 4 uptnbh S Bebhat e ety ae
has a protsaahée/ss ba¥REs HOfoRK AHi YD AdRPEnCARhAGH Hddd NE,ON EbRAive Rhfl#i |
surface 38. The protective layer 46 is preferably formed of a diffusion

al uni ni de theointernaleineil syrfaseBHvoihititing avhsnwingelibrthehexiditidnudinmpe aR eattine de

may be a sinpl I ffusion um ni de of the e di scussed eatlier, or a
m)éi fied &P&F‘l&@%ﬂ“‘&ﬂ%ﬁ?‘%&?@ﬁcﬂmw Suslh A F‘%’E‘F‘Hn&’l HFRORTR., YIaTHR, SHEAY ngs
are known tithhide tafthlufi) " tuhBfert; 25101y deRith € HRGium P rethesitinY Scdvak e chrohfiumyien

used, the overlay protective coating is preferably of the MCr Al X typé. The
t er m nol oglatinnmy, Angt" palkadanghard hembinatéonn théreof; tmayo optaonally i tet presént ifighe | i es

of overl ay; teg'l.vela rs. 46 tha be, enpl pyed as envi ronnment al
coati ngs 36(1)@&8061”% coa esprIX Cﬁﬁee’ﬁgﬁn %%’Y%Y‘?r@ga%iaﬁ SV BT I IR a0
ot her for pplidd to@heéderhsl aiffbit keifacedBUR hbs usell Of thARErA ARSI ALIPRS 36her eof .
In sonme of these protective coatings, the chromummy be omtted. The X

denotes el enents such as.  hafnium zirconium ttri g@(gt antal um rheni um

rut heni um pal ITAgicgiemab pifqihtiiiace 3P masralsq be prefasiad, igure 2 Hiusates gpey

conbi nat i r b di A j :
oxanpl a5 aPP AT Brotece oulies GRTRRAICS oAl Softalts P el hRFIPUGENE, /1
but this Thepretegjivefcoatagrt bas a protestive dayise 46 akertying ahd nontaciing thikexternal

D et S bl A0 o 4R8B4 L 5P S BB

known in bhenaoterla@ptompesition. Wheerawilc theayiffusith almtihidesmapdbeantiagle the

BRI R e I N R RS L
as a platinum aluminide. Such coatings are known in the art for the case of external
protective layers 46. When used, the overlay protective coating is preferably of the
MCrAlIX type. The terminology “MCrAIX” is a shorthand term of art for a variety of
families of overlay protective layers 46 that may be employed as environmental coatings
or bond coats in thermal barrier coating systems. In this and other forms, M refers to
nickel, cobalt, iron, and combinations thereof. In some of these protective coatings, the
chromium may be omitted. The X denotes elements such as hafnium, zirconium,
yttrium, tantalum, rhenium, ruthenium, palladium, platinum, silicon, titanium, boron,
carbon, and combinations thereof. Specific compositions are known in the art. Some
examples of MCrAlX compositions include, for example, NiAlCrZr and NiAlZr, but this
listing of examples is not to be taken as limiting. The protective layer 46 is from about
0.0005 to about 0.010 inch (about 0.00127 to about 0.0254cm) thick. Such protective
layers 46 are generally known in the art.

Optionally, a ceramic layer 48 overlies and contacts the protective layer 46. The

 ceramic layer 48 is preferably yttria-stabilized zirconia, which is zirconium oxide



containing fromabout 2 to about 12 weight percent, preferablyJanam2206ut 3
to about 8 weight percent, of yttriumoxide. The ceramc |ayer 48 is
typically fromabout 0.003 inch to about 0.010 inch (about 0.00762 to
about 0.0254 cn) thick. Oher operable ceramc materials nay be used as
wel | . When there is no ceramc |ayer 48 present, the protective |ayer 46
Is ternmed an "environnental coating”. When there is a ceramc |ayer 48
present, the protective layer 46 is terned a "bond coat". Figure 3 depicts
a pref er r cgnigpprd dom shnut griacbpet Bgweight pereesnprefirehiydioniabouirX focdbeut 8

provi ded, y 4 TS najirfoil s I on. 2 ch as f I n
the tur bpﬁ%@ﬁ}?&gﬁﬁ&%ﬂﬁﬁﬁﬁ{ﬂmﬁ@%ﬁ[l'l'%ece\%%naxec?laxercggisl tﬁ'glcsaﬁgff? i‘r@o ﬁ'@gpged,
nuner al 6dnchThe aboat ©.690 shelr (aboun O100063 ta abaut ) HC54 cpilpthidntOthadogerablst ur e
of powders. The carctier cqnmponent inc es._water and an . inorganic gel
Formmor. A CSEHE mtestal g b e ﬁﬁweilnhyﬂ%h%@ﬂéw SR lﬁéero‘{%arﬁﬁe@t the
conmpound - Sectas 1aferal(Cie Mermada ‘RAVIbABEhtN dotihde WidrEthetelis 3l drdnfic layer
evaporat i n% t he v?ter in alater step. The inorganic gel former is

pr ef er abl YoPreswa): fheRyotectye layer 49 is terated aaihoyd go#ont nori | | onite clay, and

nost preferably a hectorite clay or a bentonite clay. Hectorite clay is

the nost effi Cigfire 38 Hehitls"E Toref@ed LanBRSOK 35 0 t '}Wﬁ their
initial weight o r\?vat ef‘?l and 1. ?efagrﬁr ed to_r ggaﬁglgl(?lg?@gcqrg%& | c%d a%gor bs
up to abowtticla s pioyided; pamene] ODain thed edse aof aivfail sectianed? enélt es &ivay inghe

NaMyLi - si L ] riicles typically in the formof elongated
pl at el ets%g%e%égdg%#ooﬁ%%ﬁryﬂgeb‘éabg 0.8 by about 0.08 by about 0.001

m cronmeters in dinmensions. The nost preferred clay for use with the
present appr oadh cossin@esiomy eRpaDidedappmetsl 6B. The aohting slniryancbdss avairdeabl e
from Rheox. lnc., Hight.stown,. NJ., BenfoneR.MA clay, als vai l abl e from
Rhoox, | neompalin apd SRREMRERE powdps” The SRS oiuitberd REKS Rt Ealomer AD
clay, withndrbmic eglifornidratA tshall BaseeneRaARskllyaynda6mbREdIvoddille SREddid ng
properties and is a better gel former. In the second class of preferred

clays, beSPBRPYM Bichyasi & alopbol ey Spmixgd avith Hip, walet o gt 1 evaperating gheal | y
in the formefinsauaee s&?at’[ﬁb?ﬁﬁr Rt gé}rﬁnﬁefwﬁ}éfé/raﬁlgﬁytsu%n&gfbgzragggi&}re 0.8

by about 0.001 microneters in dinmensions. The Inorganic ge S
pr ef er abl prefereblyad swontmorildonitsoelay,anfrmest preferablnial hectatite phaycema bbgtoniés ght

of the t OEﬁB{. ﬂ%.btgme (gﬁy IlJ]&xev}ﬁ(Bs? reff%lg'ltt g@? f(gnqaoeg‘,ggsnf.t %b%:i“ S {119 rtfgr%BOutmetimes
their initial weight of water, and is preferred to bentonite clay, which absorbs up to about
16 times its initial weight of water. Hectorite clay is a NaMgLi-silicate clay, with
particles tjpically in the form of elongated platelets that are nominally about 0.8 by about
0.08 by about 0.001 micrometers in dimensions. The most preferred clay for use with
the present approach is Bentone® AD clay, which is a hectorite clay available from
Rheox, Inc., Hightstown, NJ. Bentone® MA clay, also available from Rheox, Inc., may
be used, but it is slightly coarser than the Bentone® AD clay, with the result that the
Bentone™ AD clay has better antisettling properties and is a better gel former. In the
second class of preferred clays, bentonite clay is a NaAlMg-silicate clay, with particles
typically in the form of square platelets that are nominally about 0.8 by about 0.8 by

about 0.001 micrometers in dimensions.

The inorganic gel former is preferably from about 1 to about 6 (most preferably
4) percent by weight of the total weight of the water and the inorganic gel former. The

inorganic gel former is mixed with the water to form the carrier component. Mixing is

5



inorganic gel former is mxed. with the water to formthe cartiaspary 2005
conponent. Mxing is 7 5 January 2005 acconplished using a high-shear or

hi gh- speed m xer, such as a conventional household blender. A "solids"
conponent includes a powdered source of alum num optionally a powdered
hal i de acti vaﬁfmbmpmhﬁd asipoatigli-gtetanotihilth- gespaixeg siich af Thesentiiongl legsewoids are
termed the ' SO|I s" conponent, even though the inorganic gel forner is also
a solid and P&n eFrcl uded in the carrier conponent.) The source of al um num
is preferably aluminum a chrom umalum num all oy, a cobalt-al um num

alloy, a titani Umz@“btfﬂd@ﬂﬂdxﬂgbdn@%m@ﬁﬁcsiarp@ﬂfd@ie!d@bﬁl‘défbﬁhlhﬁﬂnunﬁrbptlonally a

al um num vanadi um al | oy, an al um num manganese al | oy m xt ures thereof.
A cobal t - al unPHAeral hadile Aeiaieg 288 GurOvSier é}xef@rﬁlspépsawe|(§hﬁseda$fa¢ﬁnts afal ance
al um num is T thgut use of
 Mali de act P aRE (pids EppARht Bita TRt ORI, L3 pithells ol sal T P,
wei ght of t heissigliddd in thonermﬂe:nmpomu the sareed atnimlnu v prefanably alis@dum,
However, the use of th hall actl ?r P is referred, both because the
sour ce of al uhTHERH R BRI Bt oot upiappelloy. iiagird B ARy e ause

the halide acfénatinugi zﬂﬁ)y &h ARinEMDSASHIRN 116, @A Al EnSh Sfinkshesd Ayl ot at e
the renoval of excess coafli ng material. The hal i de_activator, when used, is

preferably AlFEBurghereoln dopabaltiyapumefley baving @Ogt SONersent e epizht mbeit3,
C&rF2, OFs3, Otgalﬁn@?: NS, 543%@9&1 13% 3%1@ Ipart)ﬁ;fe ol 1sﬂ_&ﬁvﬂﬁugﬁe%e$&%rsant

i's preferabl um num oxi es suc ttria
zirconia, chrtﬁtﬂmaaotaat&tr tfazfsnffazienﬂyhlghéetveb(db@& 508 erceilitty wrigtof tfedohd;sh si ze

f h lid b 150 h
Sourne of bl e mReC nd Pulk B AR it T et Bo e oL B Taid e abr

from about 28 t;@ef@h@mtbo% bandsdTeet skl 6 alohynuabordy BO pregedtciani shylivei ght
of the total grht of the source of alum num the halide activator, and
the oxi de di si9epugdation gklbechiise fhydhatids payiigF alrlglqﬁhsmﬁswpt geaningostemut 10,

nore prefer abfhylhta'fé)ﬂ% RNl 8 §:QeRROMIngbnatadid, MBS tllalﬁ)(feeafcﬁ(/ﬁgrl Wh@}?gkgd 5&

percent by weight of the total weight of the source of al am num the
hal i de acti valfc)ﬂerabmlFE e LaxAdd,, M%ﬁblcs@hICr%NaChé“e@kl H@lﬁlﬁsliheﬂs?amf is

from about 30 %E?rﬁof %?Fﬁse }grg d blyhe oxuﬁ}}hspersa Pseprcgfgrtagﬂy a‘l’u\eniliguhr;'t ogifde,t he

X
source of al Uln
A1203, but other oxides such as yttria, zirconia, chromia, and hafnia may instead be used.

The preferred mesh size of the solids component is from about 150 mesh to about 325
mesh. The source of aluminum is preferably from about 1 to about 50, more preferably
from about 28 to about 35 and most preferably about 30, percent by weight of the total
weight of the source of aluminum, the halide activator, and the oxide dispersant; the
halide activator is from about 0.5 fo about 10, more preferably from about 2 to about 6
and most preferably about 5, percent by weight of the total weight of the source of
aluminum, the halide activator, and the oxide dispersant; and the oxide dispersant is from
about 50 to about 99 percent by weight of the total weight of the source of aluminum, the

halide activator, and the oxide dispersant.

The carrier component and the solids component are mixed together to form the
coating slurry. The source of aluminum, the halide activator, and the oxide dispersant

taken together are from about 30 to about 70, most preferably about 40, percent by



hal i de activator, and the oxide dispersant. The carrier conpoh&uag#0fhe
sol i ds conponent are m xed together to formthe <coating slurry. The source
of alum num the halide activator, and the oxide dispersant taken together
are fromabout 30 to about 70, nost preferably about 40, percent by 8 5
January 2005 wei ght of the total m xture of the carrier conmponent, the
source of alum num the halide activator, and the oxide dispersant. The
source of alum num the halide activator, and the oxide dispersant are

m xed t ogev¢ight ofithe tashlontidure oftiee ¢dmder ¢amporsol, ittessonorpafiadurhinus, the haidlei nt o

the carri . o) .hand with spatul a. The coafi slurry is applied
Lot he. ar Ul QR A BN IAD. PheBRl: BpaliinSRokie e dbfitaiof 428
wher e t he the wxide disperqapt brednixed tibgethartis ranisiendir) 4 thess thi 361ty dfntinehtig

i nt er nal assages, 34, .the slurry is injected into the internal passages 34
with a sy Wﬁallgﬂgheaca%?frf‘ﬂmp?ﬁ@t)c(’é’é??ﬂjé’lﬁﬁ whPlapplied to the surface is
dried, numeral 66.

In a preferred case, the drying step 66 is acconplished

by heating the Tiea¢datifig Shufyliy applidde tBé bittdi@surfiet bR gRededt, Auingppeuatithe of
from about 180F to about 950F (about 80C to about 510C) in air, for a tine
of from adBeferTsd ceseaphsse theglupiis appherbtodhy internal aiffoyl sudaces B6 of W iaterasl t he
coating sl sl : i i ] : y
be- added r{He fat T quRf Hip@le Mo RHERALRLI Biveiled RLWRNS sPhER aha 7
evapor at ePutinpl etely, |leaving no organic residue in the dried coating.
The dried coating slurry is heated to deposit an al um num cont ai ni ng

rof or abl y acconts) A SRty abPfecilo U Sorral T iea umdhdl 5r6°h pPBREP ' °
ﬁlOOF (abease, 916 dryiog abepubs 11 5G0Omplished by thenting the cominglxbutiy bnt mfab@uﬁ 16
ours, in an.inert (e.qg., ar or redyci . 0. nopYdr ogen), at mosphere.
The arti clsgrr}?%e egitg@Bg@?‘hﬁ 6’?%%@&13865%@#}%&%@&&9&9 E)@P‘@&%%QI o 8%en
and wat er 51070 incHif, if$i0a tifik S Fo@Pabdt I o okt 88 MRdrd ThW@RPink& apbilatesl tBei N
nickel foil, or_  _other fojl such as stainless steel, tool steel, tantalum

or ni ckel YHaEOkEsE ARGl A Smel amguplokan evaperafipp piktuchits alghehingy
heating stgRddéNortht Wallid GRINhE POt The bPagdtAINGES evaporates completely,

leaving no organic residue in the dried coating.

The dried coating slurry is heated to deposit an aluminum-containing coating
onto the surface of the article, numeral 68. This heating step is preferably accomplished
at a temperature of from about 1700°F to about 2100°F (about 925°C to about 1150°C)
for a time of from about 1 to about 16 hours, in an inert (e.g., argon) or reducing (e.g.,
hydrogen) atmosphere. The article is desirably protected against oxidation by residual
oxygen and water vapor during this step. 1t is preferred to wrap the article in nickel foil, or
other foil such as stainless steel, tool steel, tantalum, or nickel-base superalloy metal, to
provide this protection. In this heating step, an aluminum-containing vapor is produced
by the source of aluminum and the halide activator. The aluminum-containing vapor
deposits on the surface, leaving the alaminum-containing coating. The coated article is

thereafier cooled to room temperature.

The result of the heating step 68 is the article surface with the aluminum-
containing layer 40. The aluminum-containing layer 40 partially interdiffuses into the

substrate 42 during the heating step 68.



by the source of aluninum and the halide activator. The al umn{#&y#08p ni ng
vapor deposits on the surface, |eaving the alum num contai ning coating.
The coated article is thereafter cooled to roomtenperature. The result of
the heating step 68 is the article surface with the al um num contai ning

| ayer 40. The al um numcontaining |layer 40 partially interdiffuses into the
substrate 42 during the heating step 68. 9 5 January 2005 Additionally,

there is a residue. on the surface, because onlg about 5-10 percent of the
original soli dg‘*%%%}eﬂh thereds a gesidueryethe suifargebeause Y abemtdald pRIcaB@f ce of

al uni num tﬁé\@h 4l sdBd AFdW IRt OFeacled STIRefiBUE IRARIS Affeactd SodrBS of ATRIMINDY
I norgani c g h| S excess coati ngthmat erial is preferably renoved,

r ey .
nuner al 7@“31"ﬁ i ¢ aFfy@Lor. the oxidecdpsrranhamd the ssmainwg inpreanicisel &rpisr. Dassage,

by bl owi ngxwdsk h chtdig- Bﬁzﬁ@ﬁaﬂr 8s apfef&ﬁblgh'rélﬁoﬁdesﬁﬁ&h&a[ uml MeheNSefloval Ay
ot her coatings are. applied, nuneral he case of the turbine airfoil,

a coati ngosqiupished.1qyen ep lﬁge‘lﬂléﬂteé?ald’aﬁ%?’r@ blpgyipg éYlﬂbB'ﬂlrmassﬁﬁyalb@r
appl i ed oWggh-pressurertingingabated. rfoi | surface 38. Any operable process for the
sel ected exter nal coatl ng may be used, and step 72 may foll ow, precede or

be concurrent In th referre ap roach whose result
illustrated in ?‘ atlflﬁ%a'ﬁr EE‘ElW?@a& Ag thecase ofdhe dwbus a"ff()’éﬁ yi ng

and cont acbatig Mw &Xﬂlerdib@hn@kmf(ﬁ'l 4 tBaHnhRBeTRS codtitgy ﬂfa@tl%ih?pdﬁadc&%&ltﬂé) 44
i ncl udes the er, 46 de S|tedototh ernal airfoil
surface 3@ %f EHI‘E@&F?? PEOCESS éﬂéﬁoﬁ‘fqt%c{ EFteHRk CRRHNEI RAY y pe.
The pr ot ebtivyel, hay step 46 mary follepopidcadk, BVb@BGho@ﬁ%ﬁta\bitB stef GRNILIHG préfuebd as
physi cal or dwgom t| ﬁ % 3 te'} cathodic are, el ectron beam
or ther naﬁplgfﬁ?%ly W?efeﬁ Se fuStrated 4y Ficur §hepP’§’f“°é5Pé{Blc93tFl‘r&)ﬂ4 i, Benpsiterd 0005
from about 0. 0% To sbour B Q‘a%%*‘%ﬂ"am“%“f%%é%ésm ot 0 oA e

rom abou abou i nc ou ou
thick. Th&COUEs TG HIPIGEtENs Pa\ygr ééa‘i?‘fﬂ‘?é‘g‘?aﬁ};b)f’mﬁn el ?‘t?lﬁ@\[ ﬂﬂ'gg I swdacee?&int ]ée | ayer
48, depoerdtadweweyéryztmgs pfwexﬁmlsvt RCH Mg MISAPX QY& TIE phat¥@iveMayer THE is

ceram c I 4 referably. from bo 03 to abo t 0.010 i nch (about
0. 00762 t Hﬁ‘? bba@é perg tech%lnque, suc as liI)EIYSlCES vapor deposftjion (e.g sputtermg,(

cathodic arc, electron beam) or thermal spray. The protective layer 46 is preferably from
about 0.0005 to about 0.010 inch (about 0.00127 to about 0.0254 cm), most preferably
from about 0.002 to about 0.007 inch (about 0.00508 to about 0.0178 cm), thick.

The overlay protective coating optionally includes the ceramic layer 48,
deposited overlying and contacting the protective layer 46. The ceramic layer 48 is
preferably from about 0.003 to about 0.010 inch (about 0.00762 to about 0.0254 cm)
thick, most preferably about 0.005 inch (0.0127 cm) thick. (Figure 2 is not drawn to
scale.) The ceramic layer 48 is preferably yttria-stabilized zirconia, which is zirconium
oxide containing from about 2 to about 12 weight percent, preferably from about 3 to
about 8 weight percent, of yttrium oxide. Other operable ceramic materials may be used
as well. It may be deposited by any operable technique, such as physical vapor

deposition or thermal spray.
The present approach has been reduced to practice.

In a first example, a solids component a mixture of about 20 parts by weight of a
cobalt-50 weight percent aluminum alloy, about 5 parts by weight of AlF;, balance
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thick, most preferably about 0.005 inch (0.0127 cm) thick. (FG@PEYZ003 not
drawmn to scale.) The ceramic layer 48 is preferably yttria-stabilized
zirconia, which is zirconium oxide containing fromabout 2 to about 12

wei ght percent, preferably fromabout 3 to about 8 weight percent, of
yttrium oxide. OQther operable ceramc materials may be used as well. It
may be deposited by any operabl e techni que, such as physical vapor

deposition.or. thermgl spray. The present approach has been reduced to
pr gct i ce. fynigum, ?@Bﬁ é@?grﬁi%@re‘g AR O8R! abakt % pereemi by Weight 96

parts by \mingie® Q&DaclaﬁQb&biteﬁQvaWrglgﬁrcheAﬁ@lﬂt 4@3@5&& MMl gHe Yol MBAMNIdS

arts by weight of AIF3, balance 1 anuary, 2005 al um num oxi de was

Br epar eé. Cﬂ“’%ﬁ?‘?‘q?eqnﬁc BPRTe n&tpe’@rema Bu‘f’elgﬂbéfégﬁtcaﬂgprm%‘?’@?ﬂneﬁ‘f WepR AR AD

clay in wabgthernaSheredpauie tvas Alfdtcd 4P @id sntddaMBhsaidesods tHeeais@llt &F high

conmponent and al%ot 6@6§er n\tﬂgg& wei ght of the ﬁarrler onponent were

m xed t odETHEF. ur%l’ﬂee St ﬁ’gﬁ' sy e heecesspdom; the manngs diaeussedsabayesbny “the

aih rfoils Qﬁ')aih'g@ﬂﬂ airpastessli;nFE(ab%mtﬂo;e) _tfblag@ilou_@hﬁldtahﬁdcgoﬂ' lig %wf@gegg%@?sqdzh n

t he manner, di e, rying,jp air a abou or

nour o and CHHE S0 N oy istsn s Casinginiclais v sbatich 09 B mehiBAPSTS e

coating t lahd kite slhmiasm aloatent, lasO@ddsutddCin (he -6 37 hiGhetedNdf (RECAHHHB] RUEN

cont ent, a@%‘ﬂq Sur. in the top 5 mcroneters of the coating, was about 16
t.

wei ght pef &R BECBhd exanpl e, the sanme approach as in the first
exanpl e was followed, except that the cobalt-alumnumalloy in the solids
conponent was imarsasebetampslbotht s3fe pproachtas ah thdErstiokhmpR: @8l fdlievedoat i ng

t hi ckness was. Q. 0015 jnches .(0.00381 ¢m)..In this case, the al um nu
cont ent OFXQWER@gg}Gi b%@?ﬁg‘ﬂﬂt“%ﬁ% %ﬁ%ﬁﬂb%&%@%@ WA ISERSTHLC BBy Yhch i s
pr ef er r ed perdenet dfthé Méxthieginertheboutin @glﬁbklmb ek 0015 h%:ﬁé@w.ﬂ(ﬂmﬂ dn). o Biis ﬁf
about 175 hig ressure turbine blades were prepared. t hese approaches
and vari af;‘riisgngwtpﬂé@é%lfm\mp{e&{ Pﬁéhes 8??2’6’5 wes ¢ tg%v&’ﬁ’c 1Rt the %P nt
approach apmromdt is prefemedyidub to the hi glien hlymdmen cheteEtBd bbdting. of the invention
does not require such an understanding, it is

A total of about 175 high pressure turbine blades were prepared by these

approaches and variations thereof.

While the source of the advantages of the present approach are not known with
certainty and the operability of the invention does not require such an understanding, it is
believed that an origin of the difficulties with prior slurry-coating techniques is the
organic gel-forming materials used in the slurry. The organic gel-forming materials are
present to maintain the source of aluminum, the halide activator, and the oxide dispersant
in suspension in the carrier component. The organic components may produce
combustion by-product vapors during drying and/or heating, which can serve to retain
the reaction residues on the surface of the article to inhibit or prevent their removal after
the heating reaction step. The reaction products may also undesirably contaminate the

coating,

The present approach achieves the gel-forming function using an inorganic
material, preferably the hectorite clay or the bentonite clay. The use of an organic gel-
forming or suspending agent is not within the scope of the present invention. In the

present approach, the inorganic clay in the carrier component produces the gel
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believed that an origin of the difficulties with prior slurry2 ESReM
techniques is the organic gel-formng materials used in the slurry. The
organic gel-formng materials are present to maintain the source of

al umi num the halide activator, and the oxide dispersant in suspension in
the carrier cehgareistics, Tniaghgethisobbrrortaites imayppsoaas the coingubiivon

by- product va atln Q.retain
Che r oot i on Foag b ARl PCAE PO PR hnol s BT B B8 HhE an

t heir renoval im@fdddmt. Tﬂmlséleiaﬂaymgs the additionsl whe thal bigy gieatip alerPideetis My

al so undesirahly contam nat coat i n The present approach achi eves
the gel -forni Hkﬁ‘?&fﬁ%@%ﬁ St?gﬁﬁ’{j 85 A RERHS a&@ﬂ%ﬁ%\?ﬂ%ﬂ motgrramplesisng faske
hectorite clavnig. tihe nﬁﬁ@&&ﬁﬂlﬁt@elﬁhﬁ%angb%aﬂé?ﬁ hh1y AT s AR £us Oy regiéﬂfam ng or
suspendi ng agent 1s not within the scope of the present I|nvention.

present appr odeter oxidiges tho elyamiiuen mltbwsquwctolﬁelucmmn wraluoinporoeie, cpuumdgmes the
gel 11 5 Januar 2005, .char.acter. stics th th

retai ned in Slsfélpgﬁ% dmlégltl{l%é‘ t“f"rll%"agﬁ’sfglf‘er%/m?sé Coazlﬂﬁmagegaf%efﬁgreﬁ?%ncl e
surface. Ther errarpeeseﬁneca:rfmaema@qﬁae f&&d tol tAGpArti@dr cb@pRe) blb&kind ¢Tdhe

i ngredi ent. The us f clay has the additional benefit that clay gives up
water nore ea§¥9 Vg%a&s “h{j‘etaﬁéo by IR Ieeexids aad dheaacidence of s Bndesiadig al |
achi evi ng nor@ffgd@qggle@lgcgdwtﬁeaﬁrg&ﬁta gfo¥éthg. The nore-conplete elim nation
of water is highly desirable ecause any residual water oxidizes the

alum numin the source of alum numto alum num oxi de, causing its
sintering and i nhi {‘)WEQUI&Q apRGICRhembadaney af the invenéondias been deset eﬁgﬂ faiaibr i al

after the reaf‘otr'p%[:bos ! ]B&?d%l%?c\%ﬁlgils RALITE f\e@ttn(ﬁ{] alrﬁﬁyenlfl%ﬁ[&ﬁlg%s ltr?as’ I%S&J-'e

partial or conplete |ng 0 cool e air
al um num oxi dw;th@mdenahmgl froca ﬂheﬂmatmﬂstdmesf thlecha&nmcablfe:comlhfg@ctheumm&duced

with the present uI ar enbodi mrent of the
i nvent i onphaslsﬁl&%%(% fegﬁé%# ?F%%F%?Hpen ab’ﬁ}? poses of illustration,

various nodifications and enhancenents nmay be nmade w thout departing from
the spirit and scope of the invention. Accordingly, the invention 1is not
to be limted except as by the appended clains. 12
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5 January 2005 CLAIMS: 1 A nethod of coating, conprising the S{aélblgry%OOS

providing an article having an article surface to be coated, providing a
coating slurry conprising a mxture of a carrier conponent conprising

wat er and an inorganic gel former, a source of alum num and an oxide

di spersant; applying the coating slurry to the article surface; thereafter
drying the coating slurry on the article surface to renove the water
therefrom and thereafter heating the article surface with the dried
coating skypiMst hereon to form an al um num contai ni ng coating bonded to
the article surface. 2. The nethod of coating of claim1, wherein the
coating slurry further includes a halide activator. 3. The nethod of

coating of, cl au\mwathownzshth Q@Wﬁ)?lﬁfn@echefstéﬂs%f' numis from about | to
about 50 percent by t of"al éht of the source of alum num

we
the halide activat oP"OVéfﬁEB Pﬂ@”&%’ having apeartidasurfasr thbe rertedct i vator s
from about 0.5 to apeilididdaROEERGEIURY c\éﬁﬂ\pﬁm ﬁnﬁﬂ@ré&teﬂ&ar\”@f Sr%p&fleﬁthe

source of alum num. the halide activator, he oxi de di spersant; and

the oxide di sp@P%‘QHF'“QéNEft?@ﬁda%lﬁpf%"? geLBTer, GoapEre erAlUBNURS; it arbf t he
total wei ght obxideelissunsam; of al um nurn t he halide actl vator, and the oxide
di spersant. 4. The net hod &f coat i r]g ml, 2 or 3, |ncI udi ng an

addi tional step, affBPIYINgihe cpatng s 'ﬁ)é?ﬁ ﬁ’f?gamﬁ'ﬁ SUERES Hﬁre@ﬁ@éss coating
material fromthe adkjiing the c@atm@emrryﬁm fheearfidle Rofadd teepidveahefwaagy one of
clains 1 to 4 ein té{;ﬁ] of applying includes the step of injecting
the coating slﬁ}‘%f%ﬁ’?rﬂt%" € nal passage of the article. 13

heating the art!cle surface with the dried coating slurry thereon to form
an aluminum-containing coating bonded to the article surface.

2. The method of coating of claim 1, wherein the coating slurry further includes
a halide activator.

3. The method of coating of claim 2, wherein the source of aluminum is from
about 1 to about 50 percent by weight of the total weight of the source of
aluminum, the halide activator, and the oxide dispersant; the halide activator
is from about 0.5 to about 10 percent by weight of the total weight of the
source of aluminum, the halide activator, and the oxide dispersant; and
the oxide dispersant is from about 50 to about 99 percent by weight of the
total weight of the source of aluminum, the halide activator, and the oxide

dispersant.

4, The method of coating of claim 1, 2 or 3, including an additional step, after
the step of heating, of removing excess coating material from the article
surface.

5. The method of coating of any one of claims 1 to 4, wherein the step of

applying includes the step of
injecting the coating siurry into an internal passage of the article.

13



5 January 2005 6. The nethod of coating of any one of clains 5;LJatn(l:)la%',2005
wherein the step of drying includes the step of heating the coating slurry
on the article surface to a tenperature of from about 180F (80C) to about
950F (510C) in air, for a tine of fromabout 2 to about 48 hours. 7. The
met hod of coating of any one of clains 1 to 6, wherein the step of heating
i ncludes the step of heating the article surface with the dried coating
slurry thereon to a tenperature of from about 1700F (920C) to about 2100F
(1150C) for a tinme of fromabout 1 to about 16 hours, in an inert or

reduci ng @t nosphemethal ofgaatingoheay ene ob slaimg 146 Sawheraire thef stepaff deying to 7,
wherein the argi r LS...an.internal passage of the artjcle. 9. The
met hod of coat'bhgbg?ﬁ%n%}géﬁgh%t'@ g}er%)apnggi , %atgfaé Cl?ﬁﬂﬁ??\% ni c gel
former is a cl@mpetiturelbEfromidnadt P80°FABLPCRoHboat Y50 Fe5ah°C) ididiidr & © 9,
wherein the inorganic gel fornmer is a nontnorillonite clay. 11. The net hod
of coating of #HAG obfiemabat Ziteabput 48 Bouksher ei n t he i norganic gel forner
is selected fromthe group consisting of a hectorite clay and a bentonite
clay, and m xtures thereof. 12. The nethod of coating of any one of clains

1 to 11, Wwher eThe nethabofraatiog of ahyonawfciaéns ¢lte 6f whefalothet dtep gf oup
consi sting of i al um num al l oy, a cobalt-al um um all oy,

alax_n‘i anT a %hr mu , J .
a titani umal U'?ﬁ nginciydes thesier phheating f ﬁgfﬁledﬁll' e With the fresieratindadi um
al l oy, an_al ungj Wtﬁ@ﬁé&%eéeem@%lfaagﬁ oaﬂen{%qﬁuﬂp?éoimgzp% ty'dbapy January

2005 13. The method of coating y one of clains o} )1 erein the

hal i de acti vat2t00°F ¢1t¥I°€¢ farch fimenaf frioen gvauid toaheus16 hguist indi-Berii4F,
Al d 3, NHC, C,d.3 FrCI%I NaCl, Fed 2r Fed 3, CrF2, CrF3, and m xtures
t her eof . reducing aimospHere.

8. The method of coating of any one of claims 1 to 7, wherein the article surface

is an internal passage of the article.

9. The method of coating of any one of claims 1 to 8, wherein the inorganic gel
former is a clay.

10.  The method of coating of any one of claims 1 to 9, wherein the inorganic gel

former is a montmorillonite clay.

11.  The method of coating of any one of claims 1 to 8, wherein the inorganic gel
former is selected from the group consisting of a hectorite clay and a
bentonite clay, and mixtures thereof.

12.  The method of coating of any one of claims 1 to 11, wherein the source of
aluminum is selected from the group consisting of aluminum, a chromium-
aluminum alloy, a cobalt-alumium alloy, a titanium-aluminium alloy, an iron-
aluminum alloy, an aluminum-vanadium alloy, an aluminum-manganese

alloy, and mixtures thereof.

14



14. The met hod of coating of any one of clainms 1 to 13, wher el HFPAY 2997 de
di spersant is selected fromthe group consisting of alum na, yttria,
zirconia, chroma, and hafnia, and m xtures thereof. 15. The nethod of
coating of any one of clains 1 to 14, wherein the inorganic gel former is
fromabout | to about 6 percent by weight of the total weight of the water
and the inorganic gel fornmer. 16. The nethod of coating of any one of
clains 2 to 15, wherein the source of alumnum the halide activator, and
t he oxide dispersant together are fromabout 30 to about 70 percent by

wei ght of 1¥:he M&matiodsf cogting af anyeanecdigaime 2tto 12hwhersbuthedatifie attivatanum
the halide actj L de. di a 1 T coati ng
of any one of fg?égife%edf%{ﬂgthﬁfg? O%%%}Sﬁhiﬁ?@?ﬂ%réxﬁa’ ?{ﬁ-l éggtd??g‘r(gllfcr%
airfoil. 18. TNeChEehbd asis Edat Crfg. arfd minurestheredf. cl ains 1 to 17, wherein
the alum numcontaining coating has a thickness of from about 0.0005 inch
(10 pm to about 0.005 inch (130 pm. 19. A nmethod of coating, conprising
the stepslbf. Praweiodylfgogng efanyione ohrlainas 1 tthiiwhprein theoxideal passage to
be coated; prguhsH 1 i L8l I ; arrier
conponent con%fgﬁ)és}%}g Iﬁgﬁg?@gg%nzkﬁg%uggﬁg% E@ﬁ%&m{ﬁ%’gﬁ&%@%ﬁ sting
of a hectori t echremig; anfdaiiaandinixiusesihaseof.and mi xt ures thereof, a source
of alum num a halide activator, and an oxi de dispersant; 15 5 January
2005 appl }/i ng the coating slurry to the internal passage of the gas turbine
airfoil; 1&nhertg fr@.thqsirfgfﬁgmtma@ apuenagr ehims § toid4: wWhaeiein theriadropaisgsle of

o b rer e ; (
the gas turbl ngmaef JE(?tdlm \%B?tﬁtr f X L&@?péf‘@éff%}/%@%ﬁ Jrefe t&tgﬁq&%gﬁnt}(gﬁh@eat' ng

the gas turbine airfoil ) coating slurry thereon to
al um num cont ##EhAtHsinogaiedddarmas. t he i nternal passage of the gas
tur bi ne

16.  The method of coating of any one of claims 2 to 15, wherein the source of
aluminum, the halide activator, and the oxide dispersant together are from about
30 to about 70 percent by weight of the mixture of the carrier comp'onent, the
source of aluminum, the halide activator, and the oxide dispersant.

17. The method of coating of any one of claims 1 to 16, wherein the article is a gas
turbine airfoil.

18.  The method of coating of any one of claims 1 to 17, wherein the
aluminum-containing coating has a thickness of from about 0.0005 inch (10
um) to about 0.005 inch (130 um).

19. A method of coating, comprising the steps of:
providing a gas turbine airfoil having an internal passage to be coated:
providing a coating slurry comprising a mixture of a carrier component
comprising water and a clay selected from the group consisting of a hectorite
clay and a bentonite clay, and mixtures thereof, a source of aluminum, a

halide activator, and an oxide dispersant;

15



airfoil; and thereafter renoving excess coating materi al frorr? {%@aﬁ,ﬁ(’é’?nm
passage of the gas turbine airfoil. 16 PROCESS FOR APPLYI NG AN

ALUM NUM CONTAI NI NG COATI NG USI NG AN | NORGANI C SLURRY M X ABSTRACT OF THE
DI SCLOSURE An internal passage of an article such as a gas turbine airfoil
is coated wwth an alum num containing coating. To acconplish this coating
process, a coating slurry of a mxture of a carrier conponent of water and
a hectorite clay or a bentonite clay, together with a solids conponent of
a source of alum num _a halide activator, and an oxide dispersant, is
prepared. The @BRYINGGhecoating slurmy o thesintarpakinassage ef the gasdudinpaielli he  gas
t ur bi ne atHdreafterand dried. The gas turbine airfoil and the applied coating
slurry are heated to form an al um num containing coating bonded to the

i nternal passaf®inghegaatiggsiurgyon e internalipasszag ekibe gesttunbinenaitieif faal i s
removed f rgfibidthealatef itrefréthethRpdafRrssage.

heating the gas turbine airfoil with the coating slurry thereon to form an

aluminum-containing coating bonded to the internal passage of the gas turbine
airfoil; and thereafter

removing excess coating material from the internal passage of the gas
turbine airfoil.
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