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 ng?ilap}e?s%dtbgfabér{éﬁ-ég{m@ At reRbAYRS fn?x%%d ggtﬂefu f Meckelmbased

super al | oys, can operate nperaturés o about 1900- 2150F.
Many appr oachesmbéved bigeivt esiedst gasésnce pased thneigb pandinengourdedoar hewpwe | inmits
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section of the turbine blades and vanes, which turns the shaft and provides power to the
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



conposi tion and processing of the base materials thensel ves hayaubse1005

i nproved, and a variety of solidification techniques have been devel oped
to take advantage of oriented 1 5 January 2005 grain structures and
sirngle-crystal structures. Physical cooling techniques nmay al so be used. In
one t echni que gréithttereias aag singlsgrysyds8egiess.are present in the interior of
the turbine airfoil. Ar is forced through the cooling passages and out

openi ngs at the exf’l‘fy’é{&?ilcoggﬁgf@&ﬁicﬂgs %%ealéciﬁefd%&dnlngﬁ@&‘!ﬂni eﬁﬁ%?na[é oQm t he

interior of the air and,” i n sone cases, providing a boundary |ayer of
cool er air avassémes sur prageet of the hetendr diothe furine agtnif adegs dbreedhthroughahnal
cool i ng passages. may be protected with a diffusi.on | um.ni de coati ng,

Wi ch oxt d 7oL R R ARt b5t ol dbfuling SR oL MR R ERREb P e ¢ her
oxi dation of the thoinerdabf GrEERACSd, iAssHEREEs, plovidagbuesy Qer bt ng the
internal diffusion alum nide coating are known, including chem cal vapor
deposition, wapohe pifse obthgairMildi ng, and above-t he- pack techni ques. These
approaches have the drawback that they al so coat other exposed surfaces.

Surfaces which ar eTH@éurt‘aQes%?ﬂféQﬁt%ﬁ%l cddB¥g E&E@r%feé ﬁ@fb@&o%@ﬁ%@headdiﬁ%iws ki ng,
but masking may not be practical 1n many " circunstances. |In another

t echni que, a slumimge cwding. nehicoeridizes tngn alugouse exige pedtestiive sasicathal iokihdy
conponents is.a i ot in rfa Iy i i

choni cal 1y 1 oARPBLb el s IR Fhobchaf shiobls B TR s
Cloat i ng has t figerad] \daMisagenlimiaidetdoetingsqrakha@ln, éxdielitg cferdidi® vapor deposition,

al um num contai ni ng coating nmay be linmted to specifjc areas such s the

i nternal surf 05 P w,gméx@f&%%ﬁ@e-gema? teelaaﬂeﬁgtfb@e AP Ebes Feksdis he

drawback they. @mByklieaney YRCESH bRk &psRptarAath i@ WhichardofffeicBate form
of deconposition by- products. There is therefore a need for an inproved

approach to tmey eepainasihegprofcted by masking.doh naslking gag oat bhpocing! dpeeny i c
areas of surfaﬁﬁﬁmmﬂaﬁticularly the interna

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



surfaces of articles such as gas turbine airfoils. The present 4 A008n
fulfills this need, and further provides rel ated advant ages. BRI EF SUMVARY
OF THE | NVENTI ON The present invention provides a slurry-based approach for
coating surfaces of articles with an alum numcontaining coating. It is
particularly well 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 turbine blades and vanes. The present approach has the
advant ageghe aftermahvenfizdes el artitlas,r such omt thagnferod essfases @i diet pasnades ywithihe

slurry is fornul.ated to facilitate the reppval of residual, exgess coating
ater | al * PDRPAR G ke s e gt vess” EBa PTeTEn aPBRE el RGEBHEISRS 1 o

one aspectofOforvBftidial Shitty-toMBRl pRikesstd CAGdItRNRITYVide Quy R Rfhu@lieq G921 1 NG
conprising the steps of. ‘providing an article having an article surface to

be coat edacibtata/thdremgoval o6 stsidvgl, skeass poatmgpnatsiial fram thetufagesofollawiey the er
conponent co ri sédw wat er and an inorganic gel forner, a source of
al um num ARG OEH di spersant, applying the coating slurry to the

article surfaceicchfifhedd b adeti GOtht PReseRBVEEonS e Ys AdVIdRE Bhnbihel ®f
surface to renove the water therefrom and thereafter heating the article

surface wicoptingheomiprising deasieny ofl providing eneaticlechavorgramrarticle surface to be

o m num SR8 B a8 SRR SRR b RS bBRID

and nost RoRipeEEAp! Water Bﬂd?taﬁrihbﬁ%aﬁicageloﬂbnﬁel?%n&&ﬂéé 8f Glainul @nd Ot bXide
slurry is applied to the article surface and thereafter dried on the

article suidpasant apmlpnedke ednsing ahwrer tottheasiclersurfate) shereafter diyidg fhaepating

0 12120 XSGR SHEL AHGERL KOS BeSTH Plel o ke Bl
nost pref efald Yuffienwahané didAcohBRCkIURE aRAkh 35Rm(dr AninhM-Rhufanih@r a
time of fromabout 2 to about 48 hours. The heating, described in the above
met hod, i §oating bonded to the article surface.

The inorganic gel former is preferably a swelling clay such as a montmorillonite
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



preferably acconplished by heating to a tenperature of from dbbutiary200F
(920C) to about 2100F (1150C) for a tinme of fromabout 1 to about 16
hours, in an inert or reducing atnosphere. Optionally but desirably, the
excess coating material is thereafter renoved fromthe article surface.
Accordi ng to another aspect of the present invention, there is provided a
nmet hod of coating, conprising the steps of: providing a gas turbine
airfoil having an internal passage to be coated; providing a coating
slurry corgyi Bidrgbeatonitetclaye and maxtyres thaseof, & soppon efalugmym, shaligewatieatorand a

clay sel egt. fr h r.qQu onsi.sting. of .a hectorite 3 5 Janu 2005
clay and S dm SR BRGRSR SRR B, Rint APt 15 Y Wil m PR PR o
hal i de actirbaieodirfoilptitrédfcp iR thé BOIHRlIrARP HeN@tdg faSalk F Be YWaky to
the internal passage of the gas turbine airfoil; thereafter "drying the
coating sltéPmg srol ke remees el wptas therfonn; theafesheatingthe gas hurbioe |ainfeil

renove the, . r t hereafter heat.ing the.gas turbine ai,rfaqjl
Wth the SallPiHE ool SRy Theld ¢ e b AEAIR-SNEnRRE, ol RS Rb b
bonded t o iftbmal ipatsagall Pesgagtirbihe tAiFolaand UhEeAReratdmdiing oRBs Ldvatigafl t er

renovi ng excess coating material fromthe internal passage of the gas
turbi ne aimateial frompihedptemna] passagenfdhegasipipinariefpilf oi | of a gas turbine

bl ade or vane. i Ffoid | | i ternal ges
ther ot hr ough. - e “2tde BRIt an Birfoi (it b URMONAME bilvisl OB RETRE e
coating shitfoily is hvkovangith iihietra gab@gbd tiestethtoughs Thgestqf of pplydid intlyebe The
source of alum numis preferably alum num a chorm umalum numalloy, a
cobal t - al @fsoRtished By injscting thaiconting sy anteanddiiling the iéemal passagamidhe oy
an alunigﬁﬂﬁganadiun1alloy, an al um num manganese all oy, or m xtures

t her eof . e halide activator, when used, is preferably Al F3, NH4F, A d 3,
NHAC , Crd 3, Th€lsdurcblaChlumifetli? préfaabls,al@hmtim, Grdhdrmivin-aludineR 3llbhes eof
The oxide dispersant is_preferably alum na, _but other oxides such as
yttria, zF?‘@itrﬁlH{n“E’rW oY, andtmEmalmigwg #liRY.ukss tReH wpmunygglloy, an

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



3a 5 January 2005 be used. Preferably, the source of al um nurhJasusy@®0about
| to about 50 percent by weight of the total weight of the source of

alum num the halide activator, and the oxide dispersant; the halide
activator is fromabout 0.5 to about 10 percent by weight of the total

wei ght of thebsowdce of alum num the halide activator, and the oxide

di spersant; and the oxide dispersant is fromabout 50 to about 99 percent
by wei ght of the tgt } I
activator, and the?&y@i&&%g&g@%ﬂa@ﬂﬂwgﬁ%ﬁcﬁn é’l?gg)r%}, %glg&?&eggt%

al um num i s aof eeadotal ateitit l’mtﬂmheai;dume dsfaa/lummuabohﬁ heﬁ@iepﬁﬁ@a&m anthyhanexidht
cobal t, bal ance al um pum  present g an armsoo{]%%f from about 28 to bout 35

wei ght per cenfiISB?fS%“ﬁéh? Blide agidyagads Bemahaut oW 10er6rh We‘ﬁhfeOfH fide

activator, %tal%%h?& 1HSsoice BP&I&?Iﬁhm M@ﬁﬁhd%ra@tfv%f@téh& theloRRic B@béSkR,@Rd | vat or
is Al F3, present an anount of from about 4 to about UQifptercent b WEI ght

of the total vheioghte didpetshe ishomebowsB0 tahont %umrcemhby waighoef thetota) atei and
the oxide di SBgrlth@seanQEur(ieh F ?lgﬁg{ugnar}he hgl? Qc{?{\{%¥ n% thg m[e Qﬁ&saht “R’[(S’%POU'[ 6

percent by wei & %at’er " an I norgani c gel
farnmer. The sgwf@aalga,fthaédumemammmﬁﬂm halcobledt-alaminual abloy hamig sthet Hkpalesnt

di spersant together constitute from about 30 to abo ercent. b i ght
of Lhe mi xt ur BY WiEht FPAE dplapesa BB AT Fife Gt QL o BPUASARARR Fo
_halide acti vatQf.h: fiknk Bﬁh@i‘dtﬁ@"ve@ﬁ PR 38He otq{lh}ﬁfnuﬁleﬁﬁe%ﬁﬁ@e Afidatad ¥ant ages

of the present 1| Favention wll be apparent fromt following nore detail ed
description ofhetoheie;drseéreanﬁ eMO&tmmf@fﬂbe,rthe h‘c’thdkéﬁlvﬂii@f @@‘H}zhrﬁ’&sﬁlﬁhn ARRAHE he
aeconpanying d n i i pl es
of the i nvenf’f ﬁﬁ %?Bt Eom é ?%één?tr? w‘%} lg\rllﬁlt}sl%loé Wevfeél,p%Pllprg:r%5 {agd to

this preferr edlumm@dhmme aBRlafdr, -DESERMPTY @be@énﬂH&eDwmﬂGEelFﬁogwres 1is a

erspective view of a turbine bl ade
P P from about 1 to about 6 percent by weight of the total weight of the water and the

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



Figure 2 is an enlarged schematic sectional view through the ¥{A#Br¥&%Pade
of Figure 1, taken on fines 2-2; and Figure 3 is a block flow di agram of
an approach for preparing an internally 4 5 January 2005 coated gas turbine
airfoil. DETAILED DESCRI PTI ON OF THE | NVENTI ON Figure | depicts a conponent
article of a gwstedgiviurneaiddihe such as a turbine blade or turbine vane,
and in this illustration a turbine blade 20. The turbine blade 20 is

f d of j [ I i ckel -b
ormed of any m@%‘jﬁ%g@%ﬁgféﬁz@%@ﬁ% REgfgHRb! Y a nicke ase

superal l oy. The tu udes an airfoil section 22 agai nst
whi ch the flow of hot exhaust gas is directed. (The turbine vane has a
si m | ar appear ance Ligwre édpmds atcompbrenpetitiend atgaaiurfio¢ Engisesich ena tbrbine

typically inclydes other end struct.ure to support irfoi.l. turbine
bl e 20" i 5 i 26t Bt ash MGl U a8, 36 b padiefhiht
extends downviagdof kiyOspetabR ndtériadithit @ freddiehlf P IRBEDad sbhll@N ThReurbie bi ne

disk. A platform 26 extends |ongitudinally outwardly fromthe area where
the airfoil 223d§ 30dpHudestas ainkel SqgborAigaiddt Whchniaior of bt srbiushgaspassages
extend t hroughy; i [ t jL:.0i i J i 8 in
The surface o TRe sl v F ol TS iF ¢ AR obpconce RIRSEA b RO EP | 2

di rect ed t hr osgionhutityrfietyatchplas stigesnd drucetumesuppret themapéil)t The twbint he

airfoil 22. i~rfoil may, be described as havi,ng a, root .end 3

2 acent o t MECs G0t didenB] TR BIELPSEaR) AR P Pridiuss o
from t he ‘dovetdaivhwadily frog iteenidoil 32 and @iggids ddionah tatibieniidknro patfoinnes
airfoil 22, showi ng one of the internal passages 34 extending through an
interior of tK&teadsepgiudmslly phiwvardly dvagnfhepaeasupe theaaigd 24rs joipes i9he

ai rf of | sur f ageycf oA niel B il BeARs EXLAT kiR fiRblor S iAGRi, of the

metallic portion of the airfol ffusion afum nide protective’ region

40 is present cading meopemngydfah tai spffadel of Sherdichg22. IBuringhrervitief 4 fiow oficativgri ni de
I's Tormed by deRof!dld9n BluAhd M S Q&M e QR M rature of the airfoit 22.
The airfoil 22 may be described as having a root end 30 adjacent to the dovetail 24, and

an oppositely disposed tip end 32 remote from the dovetatl 24.

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



onto the internal airfoil surface 36, so that a body of the af fqnonty 2095
serves as a substrate 42. The aluminumis interdiffused with the materi al
of the substrate 42 to formthe alum numenriched protective region 40

| ying below the internal airfoil surface 36. The diffusion alum nide
protective region 40 has a conposition wth the alum num concentration

hi ghest near the internal airfoil surface 36, and decreasing al um num
concentration with increasing distance into the substrate 42 fromthe

i nt ernal db rbout| 0.0G5inch ¢abo®6 0.00h27 db Ahans iOdH 2Ztrajrihicld SVpemtxised & 4 digghon 40

is typically fromabhqut 0.0005 5 5 January 2005 taq about Q. 005 inch (about
0° 00157 el S e, e A e Sa e cRion ot TR e

oxi di zi ng saftd T\RMzes loBrilaUTkMY REREAENGHinh 008 BL1,ONGrbREETRheak " f oi |
surface BGS oxi di zes tz(e)sformzfl1 hi ghly adher enltn al um n%zoifpée (A12031)e

pr ot ect i véhegdraalirfoil marfioet3ér imblibiting fud Hlowing fuctbe3exidativm drnagegReavtive

sl owi ng further, oxi dat.ion e.. Reactive nd. nobl.e al um ni de- mogdi f yi ng
el ements <08 Hm&%e ﬂ&?‘mlﬁ T Og?fgﬁ%n?lﬁ%e%tsfl?}f ﬁﬁﬁa’g’f‘}m’c@ﬁ‘)@w’t Ay S_‘lﬁ?ﬂ%/al um
tungst en, yimlivademimund, NGAEHUER, MdlyHBAMA) K@RRh! rGBRAN, UBbaltP cifdium, and

pal | adium and conbi nati ons thereof, may optionally be present in the
di f f usi on piatimimiand pallsdbun.i sl cembiontions. thepohveay aptiwelly i begpesat insthe

di scussed ¢ .appliged.to the ternal.airfoil surface 38 is not . used
on”the. + ncuior iipipBRRn ek 201K B ot o3 1" Gip S tonh iy

al so be prgplestiedhe @ienkl GHHR sdrfhde 385k hot @ed ORhe ARPHhAAG oIl HrRicOBECL I ve
coating 44 overlies and contacts the external airfoil surface 38. The

protective coating 44 has_.a protective |layer 46 overlying and contacting
the external ditFrstemad girfabwirige 3§paynleg kprofestadagrd Figgrg % ilfsenies ang y

f ormed of | ' Wart I L 1.00; , the
ag?I@héH. U bﬁﬂe&iv‘g MBoRkiRle 44 Vveils e chfthels P 9§ﬂefaia‘? agfc)m g&%‘d&é%.

di ffusion um nide may be a sinple diffusion alunmnide o ype
di scussed Tdapretestivegoaizngridihdy @progéctive $ayen4a buerlyinglend verttacting the pktatiahum

g e e
pref erabl yrafr dbhelayMampositiogrpeWhéheusedy diendiftigion’ Muhdhide inayabes hosibdpiard
term of aﬁ%ffgs?orn a ur\lll?nri. & (tJIy th(e)ftype discussed earlier, or a modified diffusion aluminide such
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



families of overlay protective layers 46 that may be enpl oyed ¥asuary 2005
environnental coatings or bond coats in thermal barrier coating systens.
In this and other forms, Mrefers to nickel, cobalt, iron, and

conbi nations thereof. In sone of these protective coatings, the chrom um
may be omtted. The X denotes el enents such as hafnium zirconium
yttrium tantalum rhenium ruthenium palladium platinum silicon,
titanium boron, carbon, and conbinations thereof. Specific conpositions
are known doptairieg fiom atgmind to akewtpl Zeweight pMIcait Xpreberpgdyiftano aboutictoudept 8 or

exanmple, N d {r\lilpil , i |.i st.ing,of. exanpl | S, not be

t aken as M%ﬁ%c&ﬂh% F 5@%&’?@/‘% ay%r‘ g Iiagel%lﬁg%ﬁ %Bbc%@ye%qlﬁ@@gwi %‘bg%out

0. 010 i nchn¢lab@uabodt. 0.01@ 1n¢lo (zbloati 0.00762 34 cabput Di02E4 chvcthigk @thet bpeeableayer s
46 are general.l no in.the art. jonally,. a ceranic | ayer 48 overlies
and cont aﬁ@ﬁéaﬁ?ﬁg&ay\}’& Y959 &F " R%%‘ th_& Jhoccqragyyla ‘}gsprﬁ?eé‘ﬁetﬁﬁbl y
yttri a- st ghbtebtnedar 4608 térmedhinCRntBokh &R ANodih©X Wikerbtherelid RURFamid M er
containing fromabout 2 to about 12 weight percent, preferably fromabout 3

to about &3 RieseRhihsiaptostye lager 4f istermed @xibgnd cqaté ceramic | ayer 48 is
typically fromabout 0.003 inch to about 0.010 inch (about 0.00762 to

about 0.0254 C'ﬁgﬁrgiﬁﬁepigshﬁrpr&@ﬁéétbb oa%rﬁ%&cﬂgﬁgr@h@ﬁeﬁfﬁ?&h Sefl, as
wel | . Wen there is no ceranmic |ayer 48 present, tl protective layer 46
i s termed agirle énprovisiedenemprat 684 inntis cashean aitfeil settionn22 enelrie fduagldn the s

present, té:%gi&rb%&c%g(}{.g?laqxl%g Afpks termed a "bond coat”. Figure 3 depicts

a preferr appr oac practicing the present nethod. An article is
provided, nuneral 60, in this case an airfoil section 22 such as found in
the turbine blAadeatihq shurryns aravided nememh@2. Ahe cattingyslatryringluiss peavieded,
numer al

OB U ORGP 5 P Phogn SRR 8 B
former. Aisorgddic aiebdoime! A shiallhhsio@itdofC @rbklehnd Complatdle WI4AHI diganic
compound such asd glﬂzhaallsca(l)nhgll }r;r(%ymal? ebcrsn mxi?(dd V‘\)nvi%hhtl;[ehv?f t\g? ttoe raidt i% gxlfad o;'a?in the
evapor at i f§TPAR co ¥ © a p g
water in a later step. The inorganic gel former is preferably a swelling clay, more
preferably a montmorillonite clay, and most preferably a hectorite clay or a bentonite
clay. Hectorite clay is the most efficient gel former, as it absorbs up to about 24 times
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
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water in a later step. The inorganic gel forner is preferably #nga4%07g
clay, nore preferably a nontnorillonite clay, and nost preferably a
hectorite clay or a bentonite clay. Hectorite clay is the nost efficient
gel- former, as it absorbs up to about 24 tines their initial weight of

wat er, and i sageomplshed dsiiga higntleni drehighl-pyed mixies buchlas acbisvengorbhaabaotd 16
tinmes its |n|t|a4 wei ght of water. Hectorite clay is a NaMgLi-silicate
clay, with p¥FEdeEl es typically in the formof eiongated platelets that are
nom nal |y about 0.8 by about 0.08 by about 0.001 microneters in

di mensi ons. The nogtsqidet esiiett iddludedta posiciidtisburct beapmesentopapRiigach is
Bent oneR AD clay, which is a hectorite clay avail able from Rheox, Inc.

H ght st own, NRWdBEssk ishidmagiiyator.pd aanosestersd ixideriigpersenim @RS XNEIEHENS aftay  be
used, DUt i1 fefindd hdA; < SORRRR ERAMHARE dRaRLng é;ge‘b?o&de%aiswa sBd fify 1 esul't

that the BentoneR étte tlsett Ing-properties and Is
better gel fonsme:ﬂudediinmheam&@ompmmt Rn3ke smrq@roeffamnnmdn fslmgfsrabllyehnmmume cI ay

is a NaAl My-siljcate c]a art cl es. caI he. f orm of square
bl at el ot 5 et PR o REo G e R Rgge

m croneters i I%xﬁhlﬁﬁﬂﬁhpﬂﬁay, éﬂlﬁumﬂﬂﬁﬁl%ﬂacﬁu:ﬁ%lloi Qh mhxh&n@ﬁa%ﬁfe&bénbyf $rom
about 1 to about 6 (npst fﬁreferabl 4) percent b ht of the total

wei ght of t hemiggitrey thansarl. theoaHoiyaiRre 2 @rharve%@}ouy ﬁfhzercqnhby yaighecagalt: f or mer
is mxed. wt t (o

January 2005 %é%ngﬁ%l}ﬁﬁxﬁsrﬁéndﬂﬁétgﬁéﬁ 121% C&?Hs ég:{ b%% ﬂ Qﬁgéede‘gﬁmpglg?& OZ}'cuach as a
conventi onal lmbidsediohdr iflalsefidently mghéezylel @boutS68f et hynedightes the spiadsder ed
source of alum nu optj onal owdere | ide activ nd..a powder ed
oxi e di sper SaPoRni e e BeunBEMATERY, DB netit, REbe LB e huu i huRent
even though tlblqaref@ﬁécgamc belusd eeMBurdeSofabiamituns Ghdydb@peksedtsini Hekidded in
the carrier conponent.) The source of alumnumis preferably alumnum a

chr oni um al urﬁomﬁﬁtramrb@nd becpusp Hethalifie RtaiAT aids gythe éu‘{SF‘MHF R hiEm
al'loy, an irgfnakdiil PYAR! bO¥ceRRoM g ThittyRY aRadhu® Rkl QY wABn used, is

al um num manganese al |l oy, or
preferably AlF,, NH,F, AICL, NH,CI, CrCl,, CrCl,, NaCl, FeCl,, FeCl,, CrF,, CrF;, or
mixtures thereof. AlF, is preferred. The oxide dispersaﬁt is preferably aluminum oxide,
ALQ,, 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



m xtures thereof. A cobalt-aluninumalloy having about 50 perT&uapiZO8si ght
cobalt, balance alumnum is preferred. The coating may be acconpli shed

wi thout the use of a halide activator if a sufficiently high |evel (about
50-80 percent by weight of the solids conponent) of the source of alum num
is used. However, the use of the halide activator is preferred, both
because the source of alum numnay be present in a smaller concentration
and because the halide activator aids in the subsequent cleaning step to
facilitat eveight ofctheieibl oixteg of die conen cgnpoest; it souifdwmﬂﬂ;hmnhana(ﬂna hadider ,

when used, Al.E3, N Al Cl 3

Foa 2. Fadovaihi iR bytadtitotrsdlt e Sures’of P apymm, o6 nitigF st Gtror g

oxi de di sypthe saite dispopsaaf afeahixyd ad)gﬁﬂhd"n‘umaolmﬁlﬁar arfll (Rel ;th@ls@hdzst Hfipoehdigs
such as yttl‘lﬁ zirconi.a, chrom an fnia qay i nstead be used. The
pref erred "HES I%tf’ilée‘i‘?‘lm?rﬁ’é’“g’BPf’lﬁiy @H SHatilf.r om about 150 nesh to about

325 nesh. The source of alum numis preferably fromabout 1 to about 50,

nore prefer abI YThe d&ﬁﬂh%b@lﬁty ig applaadalaqu& alt el QAR BF iMERe haRkedal ROHL th30,
percent by ght of the total ht of the source of alum num the

hal i de acthr ffSﬁi caS&dﬂl@F%ﬁl@éJ&f%lsaPE tofhe interpal alrfaal ﬁ@!ﬁa@&ﬁﬁ\ﬂtﬁﬁhﬁlﬂt%ﬂﬁlr om
about 0.5 J,6:3B048k &, 1Py & Ri&h&] ﬂﬁb%h% lﬁe}lﬁp t:ﬂl mu;f %
ght source of

preferably about 5, percent by wel t he t wel ght o
al um num PUR®-hal i de activator, and the oxide d| sper sant; and the oxide
di spersant is from about 50 to about 99 percent by wei ght of the total

o ot | " S el O Lo fhe, M3 Ss BRELY ARl BB A 5Kl ed

di spersant. The carri sol’l s conponent "are
t oget her tcasd, dhendryieg stapadé ngy asdomplighedlbg eating eheooatingnslmuynont the datdle de

activator, d the oxide dispersan to t he e from ahout 30 to
Sbout 70, SHEE® Is B RERy e sh o goopb ATk I gbentsIsodh it RBE therime o
t he tot al 5rms¢men@ffoﬂdl@mea>m(m alﬁﬁﬁmoféeiﬁoutﬁbﬁhoﬁ&w[fh@ d@inngleuzap&lates thae

hal i de acti vat 2 and the oxide dispersant. The source of "al um num the

hal i de act&&h t efrating ARy dEm el SpMEhot anp@paTakied aibyeh e alqoRokmay
bl ender, %@Qd&&?ﬁ‘) th8 it 9 hdShE QVRRIRAIYn. The evaporation aid 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.



m xed into the carrier cohponent by hand with a spatul a. The X®aNg8Purry
Is applied to the article-surface of interest, nuneral 64. In the

preferred case where the slurry is applied to the internal airfoil surfaces
36 of the internal passages 34, the slurry is injected into the internal
passages 34 with a syringe and a punp. The coating slurry applied to the
surface is dried, nuneral 66. In a preferred case, the drying step 66 is
acconpl i shed by heating the coating slurry on the article surface to a

t enper ature of 4&6 r@ﬂﬁt@ef%@ﬁr?%dmﬂw gudece besguse @irabeptspHlpercanto€) in

air, for ahd bfiginflfsoliAPPavaReds redcied. PIROMEIAAS iHeAIIES unrEiGed kB8 o ENBRRRL €S
the water a&?ﬁ&g%&pa&én slurry. A small anmount, of an evaporation aid such
HEthed

as al cohol@® SxideediRareant.tand the remainiag dpeneaticgel former. This

evapor at i Qﬂc@kdc@atﬂlgofrﬂét@ﬁalc QPpREGEMy réB@VddNIniAeR] M CTHL Seflidfall Nst he
dried coating. The dried coating slurry is heated to deposit an

al um num GEFRTPIFNRY ERMTHRY Mo wterpad nastagscly Slowing vath highepressureeginpr 68.

Thi s heat ihjh-pieSiard fnBin@fwsted! y acconplished at a tenperature of from
about 1700F to about 2100F (about 925C to about 1150C) for a time of from

about 1 to about 16, hours, in an jnert (e.g argon) or_reducing (e.qg.,
hydr ogen) at no<PReptBer qaalings ﬁqecarp@hng ‘H’éé"rr?lam-)ln ﬁg%f’ésﬁ‘éfcfhﬁégﬁﬁ?t aigfQil.gat i on
by resi duabatirgxy@hrasamhd ovatisg 44104 thkHniah Batriel Sost ma,lytbét §p1ﬂ|feﬂf &k ?ﬂe It 0

as stainless steel,

wap the article.i.n nickel fqil, or other foil su

tool st eel®*teruahAlfathsur erﬁgcz\élp’-%&?é’l%ﬂﬁ’é?%f’l ﬁgbﬁlﬁiﬁ%@f EHfeIn3t 6RATE THAY s
prot ect i obe ubéd, tafid Step T2 nhdyofolib@Ppredededbtibe BotBufient Rith sRP 68aRPheipsefdfrediuced
by the source qf alum num a &ét he haIPi.de %gt i vator. The al um nuH} cont(ﬁl ni ng
vapor  deBRPREh BRote SRl Jistraled 40 FEAgTe e (A DhRlervF CoMing Af Aydemattehg
The coat edvaljihgladi contddiag ehb taiteriglohigfilt urfReME. eTRE hadthétRe ddingespl t of
the heatin ce wi.th the al um.lpum cont ai ni ng

| ayer 40. ;i egﬁhgn%ﬁ%%‘ﬁti‘%ﬁlagfg% :Jtﬁlgjg?pzfgiré‘l;da&@topg}et ?’ggqnﬁla?ﬁfoé gifacssdd The o t he
subst r at e pAdediveilagert 48 i prdiférallySiseff B8. MErAIX type. The protective layer 46 is
deposited by any operable technique, such as physical vapor deposition (e.g., sputtering,
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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5 January 2005 Additionally, there is a residue on the surfacel®BE¥z998
only about 5-10 percent of the original solids powler is reacted. The
resi due includes unreacted source of alum num and halide activator, the
oxi de di spersant, and the remaining inorganic gel former. This excess
coating material is preferably renmoved, nunmeral 70. The renoval is
acconpl i shed, even when in an internal passage, by blowing with

hi gh-pressure. air _ar. _hi gh-pressure running water. Any other coatjngs are
appl i od, MR 99de s EDEEL A AU CORBFHCo b 4 Pergent dOARRIEN Sfich as

the coati MenfvhedrAp ¢lhgrintlatbirvas Sfrepaad.i ABoWRY0 RArE MR} nRibHe \ET theh@lids

external airfoil surface 3 Any operabl e process for the sel ected external
coating m&yMPRReT s g‘é‘?‘ﬂﬁ gq Pprepnt yW‘F"&ﬁT 8&/,‘51%?) rBEETeCOBRONSB! MY dRikEtht
W th step téfthdrnThEopli®f evaseidjectlPineReh: WMIOHE8! poshibds oSthel hibdi1E A agh n

Figure 2, the protectjve cating .44 is deposited overlying and contacting
thg ext er r?éffss‘ﬂ}ig tarhie Rl ?Sacc}ge:‘?g?ml?h‘@erﬁr%?%éﬁd\ﬂ@ the angg’ discussetabygsdy he

protecti V‘ﬂr):'iﬁgelﬁ aﬁﬁatdmsi(]gs@lnqlm) thS!ez«ﬁXlE&fs%dAlﬁé')g{uInl@iih wﬁég%ﬁeatﬁgﬁij?ﬁ Qe
rotective . la i ef er IS of.the e, The protectiv
Fayer 46 &bouﬁi@%(ﬁﬁ)é‘ér %élo‘éﬁy%g%g?aéﬁlgéiq‘%’&‘i’?ﬁ i“ﬁﬁﬁébogh%ﬁ()]a]sl M&OQ%W #@hor
deposi t i oand eh@alungiPurht@htehg, as Bdsuadi & BEGop & REirbMBtRE BMtheDEoARLS Was
spray. The _praqtective |ayer 46 is preferably from about 0.0005 to about
0. 010 incﬁb‘?‘gg%dfelémﬁ’i%t'to about 0.0254 cn), nost preferably from about
0.002 to about 0.007 inch (about 0.00508 to about 0.0178 cm), thick. The
overl ay prot ecin uesecaral exegnpsipt the nakappruakh de Sn the fiek raxfinpld a3 folthSved,

d ited ove ' and, cont.act i the pratective | ayer.46. The ceramc
ayer a5 FRoemp bl IR <BPGHAREHRn Py o B 3oltes Sasminent HavincHeneq QuBaE B 00762
to about Qef2ftbfchg mitthiccdad th@séatmgeﬁijekﬂésb 13@raalommt15®r_.1&fél5 (0.0038 i(&np W2thien)
thick. (Figure 2 .is.not dr scal e. e ceramc. layer I'S

prefer aE)I §9§‘7t ﬁ}el gluminig, g0 g\ém?%?l&eoﬁ?aéfn A ‘?‘gezr?i Pewsht l!?ﬁ{"eﬁ&iala@ ¥5Mbi ni ng
f rom aboutp@oach ialpeaferrdd® dwe t@ihie hixgiet eiiningh ebeeatdnthé e@itingbout 3 to about
8 weight percent, of yttriumoxide. Oher operable ceramc materials may be

Eﬁ;gi C:IS \\//\ﬁlpl)r Al ttotgrlBl bf ba%ogte H93! ﬁl% pqgss%{y tl?rglenléaellagest %&:efl]g nggpea’re l[")%rhﬂl%ge
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

11



deposition or thermal spray. The present approach has been r el {Rwant P03
practice. In a first exanple, a solids conponent a m xture of about 20
parts by weight of a cobalt-50 weight percent alum num alloy, about 5
parts by wei ght of AlIF3, balance 10 5 January 2005 al um num oxi de was
prepared. A ca&hipderistionpoherthe ethersblidiararefrreddmsuspsnsiseiag Hie codtingBbmyoneR AD
clay in water ) u 0. parts by weight,of the,sol.ids. -
conmponent and a%%& ][P d @g gl;rglgfrgcs %@%9~b§heﬁ%?f§ Pé Brg]am%.( HQOE%F Srulltlen f%éogh%% ﬁ%lnfg% e

m xed toget hérgredidne Teaté ofylaydas thepdiidondl bendf thdnelay piveyupalatpassagely of the
airfoils of hi gh Brgssure turbi ne bl ades. The airfoils were processed in
the manner di SEHEBHINMEFEP i doghapopgnic fpatgrial, ashievargmergtsemplesaey it 24
hours and heayjJpg i 898N E : : : e
coating thi ckng;gg v?glg Iﬁgﬁﬁ%ut Oetg%iﬁlg%%g ﬁf%%ﬁ%%%%ﬁ@%@abgé;& C?ﬁ%%%ﬁ%ﬂm
content, as meatnpydizenthe Abminm & thd sueeef eusinin tourcioamionigle, wasing ébout 16

exanpl ¢ was. 1 ofeB el RERRES PR Sl GBS e SRR 55 PRSIl 1 ds
conponent was THgr&aseh ik whathayiBerePelkeedt thopartifieor ¥bmplifeblanthd drehc oat i ng
t hi ckness was 0. 0015 inches (0.00381.cm. In this case, the alum num _
content of th&UHat H@‘V/\H@.a&%‘ﬁh?y ymiganyeids; apg St incigepse 9F dus andegimhioach i s
preferred, dueri®idBeudal I thertidhimosant ent of the coating. A total of
about 175 high pressure turbine blades were prepared by these approaches
and variations thereof Wile the source of the advantages of the present
approach are not kABbarehirmaticelar eraadinens Atithe freyeatinar kb bpm desaibed eddt#b ent i on
does not. T Ui Guiistt SNUMAARLA! ARALY thoalrfeatichs 28! dRYRIEI A bhhG N Of
the difficultie th prior slurry-coating techniques 1s the “organic

gel - form ng nedteut dbmrtingdibni the sfist @kducapy of feénengani Accgelinglyoriwiimgntiat eri al s
are present to i.nt ai.n t he sour ce of acll %ml num the halide activator, and
the oxide di SBéJ]O rp[e limited except as by the appended claims, :
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in suspension in the carrier conponent. The organic corrponentssjar%l?/rypzrogauce

conbustion 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 renoval after the heating reaction step. The reaction
products may al so undesirably contam nate the coating. The present
approach achi eves the gel-formng function using an inorganic material,
preferably the hectorite clay or the bentonite clay. The use of an organic
gel - fornopapgs: suspendi ng agent is not within the scope of the present
invention. In the present approach, the inorganic clay in the carrier
conponent produces the gel 11 5 January 2005 characteristics, so that the
ot her sol hds apembfiod dtedalinl, TeRpPiRRgRe d%eddhs: coating slurry is applied
to the article surface, There are no organic vapors resulting fromthe

gel -forming i ngredPEdIng AR afticle bavipg ) artide sHEfagrItn b eprtEdbenef i t t hat
clay gives up water pidingaohling QUFW%Mﬁ%irgfé/hﬁb&u%&pa E41RBr E'G}ﬁﬁoﬁéht
organic material, achievi nrg %e_— conplete and faster drying. The

nor e- conpl et e EPIRIRIAEVEHEORN @R Brorganie pghioymele & somptaoialemingen. a0 #esi dual
wat er oxi di zes okide ddpgrsaym i n the source of alum numto al um num oxi de,
causing its sinteri nlgl ang inhibiti nlgyt he final renoval of the excess
coating material af PRPYINGdNe SORUNGFHUITY i lhearticle sugfage: theeaflgt er may t her eby
lead to the partial dginghenioatieg Bluagidmigeadrtitlb surfeetd endve! ths watert he _
airfoil by al u%n oXi dda and, the incidence of this undesirable effect is
reduced with t r%frp%eﬂ'? g’ﬁ €h. Al t hough a particul ar enbodi nent of the
invention has been Hestirg thedrtidle deifacd with thie ptisdosmgasiurny thesédrtd form
various nodifications and nhancerTFnt% rra% f)oghrradel wi t.hout departing from
the spirit and?lE8aNYY-CNaINRG GoaRng bondeq iaihg dricle sHfa¢dyention s not

to be limted except as by the appended clains. 12 5 January 2005

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.
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CLAIM5: 1 A nmethod of coating, conprising the steps of: pr ovi%{ar?ﬁalgnzoos

article having an article surface to be coated, providing a coating slurry
conprising a mxture of a carrier conponent conprising water and an
inorganic gel former, a source of alum num and an oxide dispersant;
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 slurry
thereon to form an al um num contai ning coating bonded to the article

surface. 9. Théhepair of caatingiohgnpnelchckaims 1\ib&r whareimthecstapiofigrydngir ry

further includ | i Lyvator. 3. The nmethod of coating, of claim?2,
wherein the so'ﬁ?lggg%p%a%tgﬁioﬁﬁ%%gq Elreo atlg%gﬁl{ryloqtgle%@ﬂ? Sgﬁa%%foc%nt by
vei ght of the fefipdratird @hfforafabble 18T (86°Cf to aboUDHAR (54 0€C i laidfor a
activator, and the oxide dispersant; the halide activator s from about

0.5 to about 1npef tremtahnut ddp @houbss haerst ot al wei ght of the source of

al um num the halide activator, and the oxide dispersant; and the oxide

di spersant is fromabout 50 to about 99 percent by weight of the total

wei ght of 7.t he Braimethaf ofalocating efreny bae loébiathes 4¢d Bywherein thedstepef oxi de

di spersant. 4. The nethod of coat]j of claiml1, 2 or 3, including an

addi tional st e'be,at'ggt'%?lugﬁ%tg’essi%?)otggﬂ@&tthﬁ&,ﬂ"#f Slﬂr@ﬁ?\ﬁvlﬁbt@@@%‘x@gﬁgi ng
material fromdiey Hdrés & a BHbESRire df frd, ' any one of
clainms 1 to 4, lmr el n thea ste% o?ureapp{l @F%Bg?%{tﬁzﬁggfe(sgczt@ﬁ%j @?ae%fugf i njecting
t he coating sl2MQWFi(ht&°6nfore maalf fpasskags 1ab dboat 8 hoaldsein an inert or

reducing atmosphere.

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.
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13 5 January 2005 6. The nethod of coating of any one of cl ai W™y £085
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 tinme 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 ncl udes 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 &#nosphemethel ofpeating ohay @te Jeiaimag tofl 2awhersirethefhatidapetivatort o 7,
wherein the ari ' | a 0 i . 9. The
net hod of coat%SnS% 'eg%eag{]oﬂw?fgﬁégr%@) ﬁhgilsﬁﬁsﬁf{)%gs'@?ﬁgﬂg&eﬁ’b%pg C?Q%‘r%@ﬁ’c gel
former is a cl¥gCl EeChTheClnfrifwgriusandonixiures tagreafny one of clains | to 9,
wherein the inorganic gel fornmer is a nontnorillonite clay. 11. The net hod
of coating of any one of clains | to 8, wherein the inorganic gel forner

is select & frbif meihogral gpatinarefiagyiong cbelaimnbia 63.ivhereindlye axidea bentonite
o 5 StV B S OB, N, S5 1 1

1 to 11, whereln the source l'u 'S se e group
consi sting of @hromig@nd hafiiarasnd rabdureg heieefim al | oy, a cobal t-al umi um al | oy,
a titaniumalum niumalloy, an iron- alum num alloy, an al um num vanadi um

al l oy, an al umi num manganese alloy, and m xtures thereof. 14 5 January
2005 15. The method of coating of any one of claims 1 to 14, wherein the inorganic gel

former is from about 1 to about 6 percent by weight of the total weight of the
water and the inorganic gel former.

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;
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13. The nmethod of coating of any one of clains 2 to 12, wher e? rﬁa“tuﬁ%/%?grsi de
activator is selected fromthe group consisting of AIF3, NH4F, AId 3,
NHACI, Cd3, Cd2, Nad, Fed2r Fed3, CF2, CF3, and m xtures thereof.
14. The met hod of coating of any one of clains 1 to 13, wherein the oxide
di spersant is selected fromthe group consisting of alumna, yttria,
zirconia, chroma, and hafnia, and m xtures thereof. 15. The nethod of
coating of any one of clainms 1 to 14, wherein the inorganic gel former is
fromabout | to a]b,out 6 percent by weight of the total weight of the water
and t he i nor gaAPRlYRI the GPating slyry ta ke iptarAdlpassage at thegasrtueine aifeilof
clains 2 tHerdsfterwherein the source of alumnum the halide activator, and

t he oxi de di spersant together are fromabout 30 to about 70 percent by
wei ght of the RGN cortipgslureron ke intenal passage althe ggg tebinss aigoilite num

t he hal i desrigle i water Bitdefrdif: Sretslfiedi spersant. 17. The nethod of coating
of any one of clains 1 to 16, wherein the article is a gas _turbine
airfoil. 18. THeatRg hegasituding aingil ithdhe ceatingsluay digrgon ta torman wher ei n
the al ungp oA hi i i f 0.0005 inch
(10 pm t%@ﬁt O.élog’ggicﬁ’gﬁﬁ g%?)d]%snt)ﬁh%g}?téﬁﬁﬁéﬁéggeﬁﬁ@%ggﬁg?iﬂgorrpri si ng
the stepsabiol; ndthemafipra gas turbine airfoil having an internal passage to
be coated; prahaling eRcdRaloalify Material R iﬁ%éﬂﬂali)a%ﬁ%é‘&ﬁh@f a8 carrier
conponent conprising water and a clay selected fromt gr our? consi sting
of a hect Bibipgairfdilay "and a bentonite clay, and nixtures thereof, a source
of alum num a halide activator, and an oxide dispersant; 15 5 January
2005 applying the coating slurry to the internal passage of the gas turbine
airfoil;
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thereafter drying the coating slurry on the internal passage %gantuﬁg‘%oa?ss
turbine airfoil to renove the water therefrom thereafter heating the gas
turbine airfoil with the coating slurry thereon to form an

al um num cont ai_ni ng coati ng bonded t i nt I f _the gas

turbine ai rféllRiQC[%?ﬁiF@%é\P%&fYtngg f’rf‘éﬁmha@“@c@@éggﬁ@%ﬁ% al fromthe
internal passage of the gagnctAtpyoRGANICEIIURAY MIRROCESS 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 with an al um num containing coating. To acconplish this coating
process, a ddmieCEQhr HYE DESCLONXEure of a carrier conponent of water and
a hectorite clay or a bentonite clay, together with a solids conponent of

a source of al umfumerd) hakdoder AtddiMat@h.as aRsk Afbincwiifsle(2d) BRedsawtth i s
prepared. The coéégﬁng sll%grfgi S appl)l ied to t@he i nternal passage of the gas

turbi ne ai r fapialurgingmebontethingTivetingast otagedsnplesh aliis eAting AFGCIS HeCARPpY $ledY coat i ng
oLy o N53as 0ol PN AUAUFLEANA 100500 08, bRt do he,
removed fronpgdiiger afitti Cdokids bah@mealof pass@agel aluminum, a halide activator, and an

oxide dispersant, is prepared. The coating slurry is applied to the internal passage of the

gas turbine airfoil.(22) and dried. The ‘gas turbine airfoil (22) and the applied coating

slurry are heated to form an aluminum-containing coating bonded to the internal passage

of the gas turbine airfoil (22). Excess coating material is removed from the article

internal passage.

Figure 3
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