DI FFUSI ON COATI NG PROCESS BACKGROUND OF THE | NVENTION (1) FIELD OF THE

| NVENTI ON The present invention relates to processes for formng diffusion
coatings. More particularly, this invention relates to a process and

mat eri al capable of locally producing a diffusion coating on limted
surface regions of a substrate. (2) DESCRI PTI ON OF THE RELATED ART The

operating environnment wthy } i is both thermally and
chem cally hostile. Signi ﬁ%ﬁ?%%%%ﬁ%ﬁﬁ enperature capabilities
have been achi eved through the devel opnent of iron, nickel and cobalt-base

superal | oys and through the use of oxidation-resistant environmental
coatings. Alum numcontaining coatings, particularly diffusion alum nide

coat i ngs, f i as environnmental coatings on the
ext er nal Bﬁ@ﬁ&%l%&%ﬁ@@s turbi ne engine conponents. Al um nide
coatings are generally fornmed by a diffusion process such as pack

cement at i(PN FOELIY WIOTHRTRSENTION ni zi ng (VPA) techni ques, or by diffusing
al um num ?]eposi ted by chem cal vapor deposition (CVvD) or slurry coating.

Al um ni de_coatings contain MA1 internetallic (where Mis the base materi al
of the disseresank Inveppe gelates Np, proeessesr forefprming didfusionscastings: iMorer net al | i ¢

phases f et e iLn trat r.ior al.ym ni zi ng.
Pl at i nur’n?) éﬂqﬁ%aﬁ?{’ﬁé I@k?rﬁtgkdﬁ#%ss it(gna gg%{:t% ?Sﬁégé frﬁgtfﬁglr C@&h&af’hqﬁ‘f&% i num
al um nd  predueinged diffhsios ceatitgpindinmitadsurface eglonk boA sibdtrtalee MAI phase as a
result of plating platinumon the substrate prior to the alum niding step.

Duri ng hi,gh I e ln ajr, these alum nide coatings forma
protecti \9%) %ﬁ%ﬁ@iﬁ%ﬁﬁmﬂﬁﬁh that inhibits further oxidation
of the coating and the underlying substrate. Slurries used to form

al umi ni dehe CORIratRBS eAARIMMAL Aitiah UL J34 MuBOMEI &ihgine BN bbilOkgARAEy Aiander, and

are directly applied to the surface to be alumnized. Al um niZi ng occurs

as a resghemgshlly bastileg Signeficrohpdvaanes inrhigh tempeyatinti capabjliienbayshieses or

vacuum t g Reved through the developmént of 1ron, nickel and cobalt-base superalloys and
through the use of oxidation-resistant environmental coatings. Aluminum-containing
coatings, particularly diffusion aluminide coatings, have found widespread use as
environmental coatings on the external and internal surfaces of gas turbine engine
components. Aluminide coatings are generally formed by a diffusion process such as
pack cementation or vapor phase aluminizing (VPA) techniques, or by diffusing
aluminum deposited by chemical vapor deposition (CVD) or slurry coating.
Aluminide coatings contain MAI intermetallic (where M is the base material of the
substrate, typically Ni, Co, or Fe), as well as other intermetallic phases formed by
metals present in the substrate prior to aluminizing. Platinum aluminide (PtAl)
diffusion coatings further contain platinum aluminide intermetallics and platinum in
solution in the MAI phase as a result of plating platinum on the substrate prior to the
aluminiding step. During high temperature exposure in air, these aluminide coatings
form a protective aluminum oxide (alumina) scale that inhibits further oxidation of the

coating and the underlying substrate.

Slurries used to form aluminide coatings contain an aluminum powder in an inorganic
binder, and are directly applied to the surface to be aluminized. Aluminizing occurs

as a result of heating the component in a non-oxidizing atmosphere or vacuum to a
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| tenperature that is maintained for a duration sufficient to nelt the
al um num powder and diffuse the nolten alumnuminto the surface. As
described in U S. Patent No. 6,444,054, slurry coatings may contain a
carrier (activator), such as an alkali nmetal halide, which vaporizes and
reacts with the al um num powder to forma volatile alum num halide, which

then rea th qnmponent rface..to farmithe alumnide coating. The

arount - orenparete GebRIBARGRe Tee BEROE s PG el Mhbiupl BEEY: e
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led to the surface. The difficulty of consistently producing

of slurry appl ) | ] ]
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coati ng SATHEREEYaBlin S HORGRL Syl e HAGHNGE i Yo tBln o Phidiel | 0
cont r ast ahonishmr kafidpy whiek sk, repats it den@mipphettsuaface toVRAmpthe ahssiakiear e

wi dely used. to_coat broad surfage regions of airfoils and_ other gas

turbi ne AN TR S slupyappYed Brust brovery garefiliy conirofled hpeaysg thegs of

uni for m iycekdie s theBEéEﬂtiB% ﬁﬁdh%ﬁﬁile ﬂaﬂﬁ%?ssﬁ%})l 1354130 t}ﬁg%!?ﬁogxh of ing the

surface of a conponent w an alum nu e gas med by reacting an
act i vat orappleedgto, tha swefaceo n"Therdidficuiykefl conssteatly lpaddudimyg diffusibn aluminide

al um num cont ai ni ng.,source. (donpr) .material . In pack cenentation

pr oces eSO & b‘ﬂlfﬁ%tﬁ{ﬂ‘flﬁé ﬁ%f)sd}sgo'ﬁﬂ%%u&%edu 9 C_ﬁﬁgwgw%%@ﬂ i xt ur e
conpri si REmipbentd tHat Pediie e by, uifornV@tRbion 2B8HBN addI6F hadd bdiBflicaieah as
calcined alum na. The ingredients of the powder m xture are conbi ned and

t hen paclésemaliigs.Frelsaeiyrbing blades- t he conmponent to be treated, after which
t he conponent and powder mixture are heated to a tenperature sufficient to

vaporize Y ' Cl VAT u terial to
formthe I{I/gﬁlatﬁa %F {eo %'P%EOE%QEQ&%%%%I}%E&[ %@n re EQéeQ%tS%?$é’?£eygﬁ%§nent
surface to charbroad satfare risthas edaditfoils ahd ottentgaasirbine qide pogsessgs, VPA
pr ocesse%aare carried out with the source nateri a an al um num

I

[ | . d.
alloy) p e Q\lt thelgs abiltyr too forp cRatings of ppderzn ttHCEée%&?uBPm pEdhese

processes generally entail reacting the surface of a component with an aluminum

halide gas formed by reacting an activator {(e.g., an ammonium or alkali metal halide)
with an aluminum-containing source (donor) material. In pack cementation
processes, the aluminum halide gas is produced by heating a powder mixture
comprising the source material, activator, and an inert filler such as calcined alumina.
The ingredients of the powder mixture are combined and then packed and pressed
around the component to be treated, after which the component and powder mixture
are heated to a temperature sufficient to vaporize the activator. The activator reacts
with the source material to form the volatile aluminum halide, which then reacts at the
component surface to form an aluminide coating. In contrast to pack processes, VPA
processes are carried out with the source material (e.g., an aluminum alloy) placed out

of contact with the surface to be aluminized.

There are occasions when only a localized region of a component requires coating.
For exarple, if the tip of an airfoil has undergone repair (e.g., following return from
service), only the repaired tip surface requires recoating. Another example is when
one or more surface regions of a “new-make” airfoil (e.g., prior to installation and
operation in an engine) remain uncoated following a line-of-sight coating process,
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There are occasions when only a localized region of a conponent requires
coating. For exanple, if the tip of an airfoil has undergone repair (e.g.,
following return from service), only the repaired tip surface requires
recoati ng. Another exanple is when one or nore surface regions of a

"new nmake" airfoil (e.g., prior to installation and operation in an

engi ne) ' f ] I Be-of -si ght, coatin r,ocess, 2 such
2 physi CPE copIRRAT ke RRoMOB ol B Bl R R GGk Bl i8Rl

deposi t i rdiffudiord costings leeatlimygsidngvibal maké ahdroNesst thah id@H efol ResadcRps t han

I deal for, producing |ocalized diffusion coatings, For exanple, in order to
coat | ocdpcaliged difisioggoairgsotFoy exagplsoeprden i Gogt lsahaneromaionsafe phase
and pack t p ensj.ve 1.0g. ir pr event
coat| ng denpenbt wAe PLARERRTR  vdpKt Pnlel ollF SELR el B BERLBS PV

t he sl ur rextepsive essking i< sgabbd toprepem doatinggddpositibn nadhoseaatfastg shavidohout

maski ng, the di.fficulty .contrqQlling the thickness of the coafing using
slurries 1ot rﬁq‘gﬁeg?ﬁalnpganﬁhaka&)ﬁa@wy P ot éPIP%k? Piﬂ’i%d‘t%& f%@ll;eél to be
formed onoagitsH AERATRARINY e GRERNIG oSERARSHin PR ARKAGS dir%g@ CQQE@ proposed
for overcomng the above Shortcom ngs, including the use of pac

cenment at ivsmgtshpass isHosignificant smakbackpesstiofledyn ifthe eoatimgyis tobe frreed onst r engt h,
with the result thag t he tapes tend to del am nate during processing to
yield c¢ H‘ﬁ%?gagefgfw ?Q%F}é &ity. U S Patent No. 6,110,262 to Kircher
et al. proposes a localized cenmentation process that uses organic binders
and sol veAyipsodches hiitedbarntpipose@ FBNbRir AMinp AMEl @b Sveaddttdsirigh SinpRlingt 0 be
coated. However, the use of extraneous binding agents can lead to

i nconsi sttBnBse Phpackecrsariiag t‘}ﬂ%cé@%@%éﬂ%}éta@ﬁ%ogﬁhb&‘f%‘ﬁwﬂ@ﬁ@?@d of the
bi ndi ng gg&% | ' e . o .create a
barrier t% ot IZ’ %g%??é ngé%@gg})atrt?&e %&)E}Sgég%g g%lta%gﬁ?atgﬁ gﬁg‘%ﬁ{(@%}@ ﬁbd)élglgarbi de

f or mat i orvoatngstdfevariable eplalityi od.SofPawhhdlo. 6)1P0L62 ite Kiichéwoettdhepropadesag duri ng
deconposi.ti f an_ organic bjnder, and. environnental issues if the

itian
organi c bf é‘?doﬁ%ﬂ?“é?t%‘ RYOREss dRafdises ougpirehipders guf sqivenfs dp sratan eyene,

etc. cementation powders against the part to be coated. However, the use of extraneous

“binding agents can lead to inconsistency in the coating process because the cohesion
required of the binding agents to maintain the strength of the mixture may also create
a barrier to the coating vapors. Other potential drawbacks include carbide formation
or the introduction of other impurities into the coating during decomposition of an
organic binder, and environmental issues if the organic binder contains a hazardous

solvent, such as acetone, toluene, etc.

In view of the above, there is an ongoing need for processes capable of depositing a

diffusion coating of uniform thickness on localized surface regions of a component.

BRIEF SUMMARY OF THE INVENTION

The present invention is a diffusion process capable of locally depositing a diffusion
coating of uniform thickness. The process makes use of an adhesive mixture
containing a binding agent that is consumed as part of the deposition process, so as

not to negatively affect the quality and uniformity of the resulting coating.
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In view of the above, there is an ongoing need for processes capabl e of
depositing a diffusion coating of uniformthickness on |ocalized surface
regi ons of a conponent. BRI EF SUMVARY OF THE | NVENTI ON The present
invention is a diffusion process capable of |ocally depositing a diffusion
coating of uniformthickness. The process nmakes use of an adhesive m xture

cont ai ni bl _npdi | S..consuned..as. part. qf .t he,deposi.tion
process, n%g%ggéﬂ?%gp ngggeﬁ-gﬁ a%lim\%e eig;t%g?? é’(r:(fce't;%tehagtf’a?#lg}ﬁ%r%wﬁﬂiﬁu@F '?ry of the
resul ti ndoeoiagidiffusich altiridy €satings) theigh fer &ydey ofl c6LMRH LAl bOPro@h@gess t hat
Is particularly well suited for farmng diffusion alum nide coatings,

t hough ot%?{ & PIRsESs, grchoasshirpgideceoatipgs. pFlripiosess amjails maixiteor pagiculatech as
chrom de ' . : ent al ] % | cul at mat eri al
cont ai ni riongt el colfyRiegP AR richo Hishih &) RANAIE AL panBRAlG T
filler tdilleortonfomm adradbesree mixture Baviay anfgrmatiler malidadle caisisemby.e The

consi stency. .The, adhesive, mxture |s applied to a surface of the conponent
on whi ch agﬁ Y& aKigre lsc@%Pﬁ’iefT Oi%sﬁ%%‘ier%’g, CafRIPHEDE SRpEehta Affusioft ed to a

t enper at Wostisik eGheANind Be CBRPOAZE is l?éagedrtgQQ%mﬁé}ﬁuﬁéédfﬁ@iEﬂtrto"é‘a%&iiehe

coating el enent of t_he donor material, thereby formng a reactive vapor of
t he coat iang resdceine activaldrewitle tictcouting/elguentrod dot donat niateial dherelnefonhinghe

conponent, to formthe desir.ed diffusjion coating containjn he ating

ol enont . SASRAME AR 0 Belifk pltment SpRCe e Al iRt s offfes  ve
m xture d:@ﬁl‘%;oﬂa{t to foR@Uthé Qg@ﬂed@ﬁﬂlsﬂjrﬂco_%ﬁh% BGRSmathe bt g 3GRLE OF Ot her
materials that are otherwise extrinsic to the coating process. |nstead,

t he invention_nmakes use of an activator that is capable of serving as a
bi nder wHEROHRS & vebrefaarsd aspeetonds theemventiare ttbel pdhesivenguixthee degsf Refsi on

coati 19 BLAGE°5. S0u8 Aol AL e DAL LSLN, SORIRPT 0052
past e- | i legtrinsixttethatoating prodess. dinstead, thomventiorsmbked ysaok am xbeividr theg
Surt 1 ool anEen SLISIALN L0, DSH Ly NGDALLG, oF, Lhe, Component, prLor Lo (he
the sol e BRI haBRR pdcbitaBlas Wol 3l ifetBfe VD ERIdYBuFod4ifg process. The

adhesive mixture of dissolved activator and particulate materials is a paste-like

material that, if dried, forms a solid pack exhibiting sufficient green strength to permit

handling of the component prior to the diffusion process. As such, the dissolved

activator is capable of being the sole binding constituent within the adhesive mixture,

and the adhesive mixture does not contain extraneous binding agents of the type that

have previously led to inconsistencies in diffusion coating processes. As a result, the

process of this invention is capable of consistently producing diffusion coatings of

uniform thickness.

In view of the above, the present invention also overcomes shortcomings of other
diffusion coating techniques, such as conventional pack, CVD, and VPA processes,
which are typically limited to forming diffusion coatings over large surface areas as a
result of the difficulty of controlling the spatial extent of the coating reaction, even if
advanced masking techniques are employed. The coating process of this invention is
also an improvement over slurry processes which, though capable of forming coatings
on localized surface regions, are ill-suited to provide uniform coatings on regions with
complicated geometry, such as the area under an airfoil platform and the tip cavity of
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and the adhesive m xture does not contain extraneous binding agents of the
type that have previously led to inconsistencies in diffusion coating
processes. As a result, the process of this invention is capable of
consistently producing diffusion coatings of uniformthickness. In view of
t he above, the present invention also overconmes shortcom ngs of other

or ocessee ol SR P YRAE Rey-pERs B HORIRRG RS R urdtes Mbregs over

| ar ge surif Raksigddam deminizd Laitfice of a th@peidnt tiavhisbeeh et oslweélbad he
spatial extent of the coating reaction, even if advanced maskin

t echni queR dgpesitendfiggien coating Qnomirfapgyragrone o 3 compopgns thahgemain gpcgated al so an
| I OV eERflo B %Jn%rdfy%@ﬁ QRARE HroE Nor. L1y GBPED \GcBlted ALfIREG, COAL ! ndS

on localized s ace redgrons, a Zsui provi uni formtoati ngs on
regi ons subiequediinkiof-aightcappmppiocgss. such as the area under an airfoil
platformand the tip cavity of 4 an airfoil. In view of these advantages,

[ i.s useful. in ci

t he inve on r tances wh it is desirabhle to

bl i £ DB GHEG ETB TR, THAT ARG b Be belt g M ERE G R as 1o
deposit aofbdinddeRNed aickiplo@n surface regions of a conponent that renain
uncoated followi ng a |ine-of-sight coating process, or are likely to be

uncoated during a subsequent line-of-sight coating process. Qher objects
and advantages of this invention will be better appreciated fromthe
foll owi ng detail ed description. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1

is a scarmg@ ﬁgggRﬁj W??E‘ YR AR m xture applied to a surface of a
conmponent orl—J pro ucifl;lIgmaégi usi on ?g§§i ng in accordance with this
invention. Figures 2, 3 and 4 are scanned m crograph i mages of coatings
f or med wilipuradhisi scennghshagend fxdnuadissiof phite niixpee aplied tore Hirfuce of b
DETAI LED DESCRI PTI ON .THE I NVENTI ON The present .inyention is particularly
appl | cabl BTRENEY TR BB CaFah e aRFaace with this tnvention.

Figures 2, 3 and 4 are scanned micrograph images of coatings formed with adhesive

paste mixtures of the type shown in Figure 1.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is particularly applicable to components that operate within
thermally and chemically hostile environments, and are therefore subjected to
oxidation, hot corrosion and thermal degradation. Examples of such components
include the high and low pressure turbine nozzles, blades and shrouds of gas turbine
engines. While the advantages of this invention will be described with reference to
gas turbine engine hardware, the teachings of the invention are generally applicable to
any component on which a diffusion coating is desired to protect the component from

its hostile operating environment.

Figure 1 is a scanned image showing an adhesive paste mixture applied to the
underside surface of a platform of a high pressure turbine (HPT) blade (airfoil
removed). According to the invention, the paste mixture contains a dissolved

activator and one or more powders capable of being reacted with the surface to form a
5



thermally and chem cally hostile environnments, and are therefore subjected
to oxidation, hot corrosion and thermal degradation. Exanples of such
conponents include the high and | ow pressure turbine nozzles, blades and
shrouds of gas turbine engines. Wile the advantages of this invention
will be described with reference to gas turbine engine hardware, the

teachi ngs_of the.i.nvention are general l,y..appli.cabl.e to ..any.conpopnent on
whi oh a GFRPERTORERBER soging Pslrhll % SHBFRRAEHEe eBnine e i ts
hosti |l e apehidé bfgerBblyihag afRiMeablEicatkiRenkyithatDeHAANAE doplivaGeh BYRNIdE an
adhesive paste m xture applied to the underside surface of aﬁ‘gel atformof a

hi gh presgother mgthed do (Hsumfags tdbe(edateadoi |Becpesspoldls. adhesive dnaliabls t he

i nventio . ) ' . (i Y r,an ne or
or o poud e fEaRE I ol ke S B M1ty BRME o ekl R A<
pr ot ect i \serfaée fegivho of € campdirgent, preefthe abderside Piatfbts isorface! dfMheHETE Wkt i Nng. The

paste mxture preferably has a mall eabl e consistency that permts its
appl i cat iSBAVByN {agiHe ds to é‘ﬂ'&’t Retiffugion syminidg cepting el epssniidllicorly dhoseBecause

of its a LoV I : 'esﬁnﬁi?ﬁr’ h t ' I GG

sel ecti vgpgﬁ%p% |et%l tgn (gldhh%ﬁg%{to o)éa‘?f%sz%gmg'u??{ay e éréelgf ons o b:f
conponentappkedydirectlfido thedmnpodentphefbdey onoptiorfalyg eawbe thicdver basting shown i n
Figure 1, tpo forma diffusion alumnpide. coating.on essentiall |y those
surface OGRS RETPOIRhFFICEUCR 28 B e pdmas R LI BT (Rribs bt 1 xt ur e
can be 3pRb&R®. HiiRGE SHotaBoliES GABRAREN) Ritk] &F form®d R@Hﬁﬁrﬁ@ﬁhﬁw&an be
applied over a coating on the conponent 'surface, such as an

el ect r oddpidy) didtesioplcaatingam | ayer (e.g., about 0.1 to about 0.3 nmils (2.5
to about 7.5 mcrometers) thick) to forma platinumalumnide (PtAl)

diffusio ] . i - r abl oni um hal, i de. nore
preferab ml %gl%ﬁ%ﬁh%d #ﬁ?@@&&é 8351% W%P?{aﬁ\g}\ﬁi c‘%e %gggrgﬁ%'ngn?wu%@l@dg nd
somrewhat (NJICDsehfrhds sdlnkledn altdrlant Yombwhitehygasstbpiat The isolublitg of €¢0i ds t he
need for a.solvent that is potentially hazardous or detrinental to the

coating pFoWYsIn BakEraveslsethei aacyfos (i selbed Bat rsy Retspiallyn bpggerous or

detrimental to the coating process. Other potentially suitable activators include

ammonium bromide (NH4Br), ammonium iodide (NH,)), ammonium fluoride (NH4F)

ammeonium bifluoride (NH4HF;), which are also soluble in water. The activator is
preferably in granular form to promote the ease with which it is dissolved. The other
constituents of the paste mixture include a particulate donor material for the diffusion
coating and an inert filler material that prevents sintering of the donor material
particles. Suitable compositions for the donor material will depend on the particular
type of diffusion coating desired, with notable examples being CrAl, CoAl, FeAl, and
TiAl alloys. Suitable inert fillers include alumina (AlOs), yttria (Y,0;3), zirconia
(Zr0y), silica (Si0y), etc. The donor material and filler are preferably in a powder
form, with suitable particle sizes being in a range of about 37 to about 250
micrometers, more preferably about 45 to about 150 micrometers. Generally, the
amounts of the individual ingredients used and suitable particle sizes for the
ingredients are influenced by the resultant coating thickness and green strength
desired for the paste mixture. With this in mind, suitable paste mixtures can
comprise, by weight percent, about 1 to about 10% of the activator powder, about 5 to

about 30% of a donor material powder, about 30 to about 70% of an inert filler
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ammoni um brom de (NH4Br) , amoni um i odi de (NH41) , ammoni um fl uori de
(NH4F) ammoni um bi fl uoride (NH4HF2) , which are also soluble in water. The
activator is preferably in granular formto pronote the ease with which it
is dissolved. The other constituents of the paste m xture include a
particul ate donor material for the diffusion coating and an inert filler

Compost t Fnaeh OB FBOG B M CAuclP, Bbe oliiet QoR il BiotRed BB b ire (Ypeor

di f f usi Ol’d:ompﬁfs&s[l'gy defdht petcemti iBdunt@themt ﬁxfﬁmheicth%tdﬂ?po@fdé& aboli®o, FeAl,
and TiA _allo Suitable inert fillers include aIumna(A1203 yttria

(Y2C8), 2Pp¢ a 0 (azﬂemr méterlﬁl:aowé?rozyout 44 to 2l Yo aminsH Bllerand
filler ar %WHFIEEIE ué%b c@ Vg%&orm with suitable particle sizes being
out

in a range m cronmeters, nore preferably about 45
to about 150 m croneters. Generally, the anounts of the individual

i ngr edi edifter eppticativd buti prady E) feer dlifﬁlbiens¢cmésg frpocesd)ethe i pagteentixdntesisar e

i nfl uenced he.resul t ant atin ss and reen strength deS| red
or 1o BRPEbl iR v ey Soeht (AGD 1S 1% it AR TGRSt c an
conpr i se,hke»pa\eﬁltaat isPRER Hahere@ O Uhe %oh@oﬁaﬁt&nf%@e/%ﬁ& HaE‘eeX@&IénY%E &h powder,
about 5 to "about 30% of a donor material powder, about 30 to about 70% of

an i nert sirppgtier Fer tbmose,ampmmwnamvm@muo 2 3npanatesr of apowtciOetopr ef er r ed

paste m r by percen out .2 to bou 6%.0f the
act i vat oﬁ’%‘%mﬁ%@%% "&%e toA\A@E% 2335}‘“8?‘56‘ "8%‘ ‘Srrgi‘eé‘r é , about
40 to abeuinpbRdit @fxrf@db ¢or@dcted by tHRrpack Mydsdformith @laqmsm%ﬁhéa@ ti2R@bnt. 32%
water. After application but prior to the diffusion coati n% process, the

paste m uiiplle|tecatigerss dneluds, tempesiuies valivet $08 toneboyb|WERTC bl &r) in the
paste, | gy egsafgauult@sct@ra%eﬁtﬂms npg%ntotz@mhg ﬁdsbggfg%ﬁﬁgsapohhe

conponent surface and has excel ['ent "green p pose, a
convent i ¢gmait), tsdredoeapkdict 0 a t enperat ure of about 80 to about 120C is
suitable. A diffusion alum nide coating is then formed in the conponent

surface %thnai 1car9[ fb Q/ture o eai(r:ni?enl%%nq }Ie%rsén OP gn gctldvlagofr lélss theqmt]cis ng agtern??t ment.
the paste mixture. As a result, extraneous binding agents are not necessary or
desirable, particularly since such binding agents may interfere with the coating
process or may be difficult to remove from the component surface at the end of the
process. In contrast, the activator-binder of this invention promotes the coating
reaction, and is entirely consumed during the coating process so as not to

subsequently pose a problem.

During an investigation leading to this invention, a paste mixture was prepared with

the following ingredients (amounts are approximate):

10 cc distilled H,O

1.6 g NH4Cl (granular)

5.4 g aluminum alloy powder

4 g fine Al,O3; powder (particle size: less than 45 micrometers)

15.6 g coarse Al,O3 powder (particle size: about 45 to about 150 micrometers)
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Suitable treatnents include tenperatures of about 800 to about 1150C held
for durations of about 0.5 to about 6 hours in a non-oxidizing atnosphere,
such as argon (inert), H2 (reducing), etc. A significant feature of the
invention is the use of an activator as the binding agent for the paste

m xture. As a result, extraneous binding agents are not necessary or

desi r abl particularly since such .bindin ent s Lnterfere with the
coating e%lre 32%%%1 u%lrﬁ{?gf Ot‘)”éleﬂﬁ:faﬁwg%?lfe'ta 0?@%“3@@{%@%‘3{%%5 &t as_ur face
at the ergADfllbPeonfirdee sBout! 60 GRiiht dtcent BemAGh MafuPr3sbivBigR! pefcehthi S

I nvention_ pronotes the coating reaction, and is entirely consuned during

t he coat idHigRwe dbe Ralancs prasbon, onickelp SEQ emengangsess echiomitsm| and qtheri ng an

i nvesti gaf i: ' to this invention, a paste m xture was prepared with
the foll g%\%@%%ﬁ%ﬂ‘éﬁ?eeshts (amounts are approximate): 10 cc distilled H20

1.6 g NH4Cl(granular ) 5.4 g alum num alloy powder 4 g fine A1203 powder
(parti cl dnghe erefaegont dfathedpastd arixtort ahes WHE Gpoyvdes awssedidshdad inpchader
(particle.size: about 45 to about 150 microneters) 7.The alum num all oy
powder (&éﬁiﬁﬁ eteh 304 G e HORBORIon S6S HEE Nathethe Woegrades off Al al | oy
cont ai ni g, APEMdR T L3h1LRE HEREEr hix@e Wi thaPRided 3 eIt REEGRN!
al um num the bal ance car bongbni ckrel , Iron, manganese, chrom’agl%] and ot her
i nci dent ablutiopuwhich g resultingrmiyivepadetwenhthofoughenipagtuntihibetpaste coulde NH4C1

powder s dissolved. in.the distil]led watgr, and the alum.n al,l oy powder
e xed ety SRR, 4 el ind et B nflE Wl dnf SRS Bisveter
m xture waderside Rudsidas alMatfdith oNITET HHIR FonedSHH tHE hRRel-WilE SihdlRyr esul ti ng
m xture underwent thorough m xing until the paste could be easi Io¥ wor ked
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with a spammesciahy kpowyap KengHed igalypesnpaseipnagip b egeigl, eheut 7.5
Co, 7.0% Cr, 6.5% Ta, 6.2% Al, 5.0% W, 3.0%Re, 1.5% Mo, 0.15% Hf, 0.05% C,
0.004% B, 0.01% Y, the balance nickel and incidental impurities). Prior to
application of the paste mixture, the blade was degreased in isopropyl alcohol for a
few minutes while subject to ultrasonic energy, and then dried. The area to be coated
with the paste was first wet by spreading a thin film of the paste on the surface with a
brush. The paste was then applied with a spatula to an average thickness of about 0.5
to about 1 cm. The paste was then dried at about 82°C for about two hours and at
about 120°C for an additional two hours, yielding a hard, adherent pack with good
green sirength. Notably, in the absence of the NH4Cl binder, paste mixtures formed

by mixing the powders with water easily crumbled after drying.

The blade then underwent a diffusion heat treatment at about 1975°F (about 1080°C)
for about six hours, after which the pack material was readily removable to expose in
a diffusion aluminide coating in the surface on which the paste had been applied. A
micrograph of the aluminide coating is shown in Figure 2 and evidences that a good
quality coating of uniform thickness (about 57 micrometers) was produced, even
though the paste was not applied to the surface to have a carefully controlled uniform
thickness.

During a second investigation, another paste mixture was prepared with the following

ingredients (amounts are approximate):



undersi de surface of a platformof an HPT blade fornmed of the nickel-base
superalloy commercially known as Rene N5 (nom nal conposition of, by

wei ght, about 7.5% Co, 7.0% Cr, 6.5% Ta, 6.2%Al, 5. 0% W 3.0%e, 1.5% M,
0.15% Hf, 0.05% C, 0.004%B, 0.01%Y, the balance nickel and incidental
inpurities). Prior to application of the paste m xture, the bl ade was
degreased,q 0. J§: al cohol for a few mnutes while subject to
uItrasonidlcdéelndelég@,a%nd then dried. The area to be coated wth the paste
was first wet by spreading a thin filmof the paste on the surface with a
brush. Thiet pd&H L] \(@smiladn applied with a spatula to an average thickness of
about 0.5 to about 1 cm The paste was then dried at about 82C for about

two hours, and at ahout 120 r.an additional two hours, yielding a hard,
adher ent Ap%gﬁm%“’clﬂag%aowéfi’g@%ﬂ'ﬁrr'élﬁdg%&E’Wéﬂ?lt&, in the absence of the
NHACL bi nder, paste mxtures fornmed by mxing the powders with water

easi |y craghhedl 0 tiwdef paktttle SHS 10k a0 4haR-mdskyent a diffusion heat
treatment at about 1975F (about 1080C) for about six hours, after which

the pack material was readily renpvable to expose in a diffusion alum nide
coat i ng i § ¢parsg il Qe Bowderpartieic size: Bwst 45 taabopb ) mispothetdrs) A ni cr ogr aph of

the alum nide coating is shown in Figure 2 and evidences that a good

qual ity t 3 j : . j . pr.oduced,
dven | nogrdBfe Rt BRI BRSO RO T bl AR O OFT
cont r ol | efifferent dnnmmitnhidokeremsteriBlir Thg parpeee ofi dsing Wes Crgdt dlloy, (pantieteher paste

m xture was pre ed with_the follown i.ngredi ents .(anounts are
appr oxi nat4) Bb%ﬁ)% t?:ﬁb‘l}’it&é m‘@&mF@@SAﬂE% 9 f?ﬁ%ﬂﬁ‘(%‘ﬂ’&ﬁﬂﬁ’al?lﬁhe%ﬂ‘ﬁméywm num
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size: less than 45 m croneters) g coarse Al2Q3 owder Si ze:
about 45 appliehtsuen idmtindlciBhetlades) After drying the paste, the blade underwent a

diffusion heat treatment as in the previous investigation, yielding the diffusion
aluminide coating shown in Figure 3 and having a uniform thickness of about 67

micrometers.

In a third investigation, a paste mixture was prepared with the following ingredients

(amounts are approximate):

3.5 cc distilled H,0

1.6 g NH4Cl1 powder (granular)

6.8 g of 4% hectorite clay mix

4 g aluminum alloy powder (56% Cr - 44% Al by weight)

4 g fine Al,O3 powder (particle size: less than 45 micrometers)

17 g coarse Al,O3 powder (particle size: about 45 to about 150 micrometers)

This paste differed from the previous paste as a result of having a small addition of a
hectorite clay powder. As before, the NH,4Cl activator was first dissolved in the

water. The 4% clay mix was made separately by dissolving about 4 grams of



The above m xture prinmarily differed fromthe previous m xture as a result
of using a different alum num donor nmaterial. The purpose of using the
Cr-Al alloy (particle size: about 45 to about 150 microneters) was to form
a coating with higher alum num content. The paste was prepared as

descri bed above in the first investigation and applied to an identical HPT

bl ade. Af dr yi h : bl-ad i ff usi on h
(r oat renteagrr h o RNk Bl AgBeralt A5 rarmEnehls SR ROERR
al um ni de sob@idhioTGbSNDFS talofwgief 128 aiichboay05% RO, OABM 5.8 lkhass of

about 67 mcroneters. In a third investigation, a paste m xture was

pr epar ed Okithip prameix vs| they adder fg thegNBnt baqueawotpittiona r Eheaspbid dowdarsedt. 3.5 cc
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powder ( paictontdtes)svee: premicedt Amdnthéd miked tivehihdy) intd tig NERCEelap2E powder
(particle size: about, 45 to about 150 mcroneters) This paste differed from
the previfB¥BIHASTEINENS nagk ihat v appiedHy anotnidentiel P TdgHadr and dricdctorite
cl &y PO bsccfifIRERE e bifine MsHclor8C L BLARIONAT did £18), WhiSh Yo Gfloden L e
water. The 4% clay m x was nmade separately by disso ng about grans of 9
hect ori t d% Ibaywéigbirhasedi el Hyy anakirdabh veas asbsBent doena® ificreavcl teerendens
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alloy (particle size: about 45 to about” 150 mcroneters) were prem xed and
t hen m xed Figvoe duaghhiayingna yntferan Nidi@ess of alyoundl/ enicromstensr dn addgisnttong in a
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about treatment, making post-diffusion cleaning as easy as before.

Paste mixtures of the type described in the third investigation were also successfully
applied to tip cavities and platform undersides of a variety of other HPT blades
formed of René N5, one of which had been pre-plated with platinum to yield a two-
phase PtAl diffusion coating. Prior to the diffusion coating process of this invention,
these blades had undergone line-of-sight coating processes to deposit NiAl overlay
bond coats on their airfoils. The use of the paste of this invention did not have a
detrimental effect on the pre-existing bond coats. Accordingly, the present invention
is believed to be particularly well suited for use in combination with NiAl overlay
bond coats and other coatings whose application is limited by their line-of-sight
deposition techniques (e.g., EB-PVD, ion plasma, etc.). The cementation process of
this invention provides a method by which a protective diffusion coating can be
deposited on the non-line-of-sight regions that cannot easily be coated using PVD and
other line-of-sight coating processes, which often do not provide good coating

coverage to areas of complicated geometry and those that are shadowed.

While the invention has been described in terms of a preferred embodiment, it is

apparent that other forms could be adopted by one skilled in the art. For example, one

could use different ingredient percentages, different sources of alloy powder (e.g., Al-

Co alloys), and different types of inert powders than those described in the
10



1% by wei ght based on dry materials, was observed to have increased the
green strength of the resulting hard pack, thereby inproving

manuf acturability. The blade was then diffusion treated as before,
yielding the diffusion alum nide coating shown in Figure 4 as having a

uni form thi ckness of about 67 mcroneters. In addition to volatilization
of the N . Lva C 0 during the diffusion. heat
treat nen:iﬁ‘%rsr% %affrel"giglg'potsFt%E‘t f E%i %%y@?%g{ﬁ%g‘%@%%le%%‘va g B%'flgré‘? Lﬁg‘gtlél m Xt ures
of the typmbitasion i€l oihier tahendriirh chalidy estivgelts] ep., WHsBRsDosSWLESST ul |y
applied to tip, cavities and platformundersides of a varietg of other HPT

bl ades fBfhdIvatorseid ke usegri phce phtherpratgered BERC) petivetort &thew lmews! at i num
to yield.,a; 2 a - 1] | tA Lo i j on

coat i ng. Rricigs (R BRTBlad R AR AP nd Tty fid 6o B L

| i ne- of - shgibinationtwithytheranoaaisem abidd epusdtér(s)N Atcondiaglyathe seopslof drt s on
their aitfoiLs..Th% Ese of hg &gst of this invention did not have a

det ri mentRYenEPR B5ip b Oﬁ‘ﬁ%-fé JPHoWnB SlME0at s. Accordingly, the present
invention is believed to be particularly well suited for use in
conbination with N A overlay bond coats and other coatings whose
application is limted by their |ine-of-sight deposition techniques (e.g.,
EB-PVD, ion plasma, etc.). The cenentation process of this invention

provi des a nmethod by which a protective diffusion coating can be deposited
on the non-line-of-sight regions that cannot easily be coated using PVD and
ot her line-of-sight coating processes, which often do not provide good
coating coverage to areas of conplicated geonetry and those that are
shadowed. Wile the invention has been described in ternms of a preferred
enbodinment, it is apparent that other fornms could be adopted by one
skilled in the art. For exanple, one could use different ingredient

per cent ages, different sources of alloy powder (e.g., Al- Co alloys), and
different types of inert powders than those described in the 10

i nvestigations. Furthernore, the preferred NHACL activator could be used
in conbination with other anmoni um halide activators, e.g., NH4Br and/or
NH4l, or

11



such activators could be used in place of the preferred NHACL activator.
O her known activators (e.g., netal halide activators such as AlF 3 and
CrCl3 ) could also be used in conbination with the anmoni um hal i de
activator(s). Accordingly, the scope of the inventionis to be limted
only by the following clainms. 11 CLAIMS: 1. A process of formng a

di f fusi ortlg,ﬂ?ﬁé.ng on a conponent, the process conprising the steps of:

m xing a particul ate donor material containing a coating el enent, an
activator dissolved in a solvent, and a particulate filler to forman
adhesive m xture having a formable, malleable consistency; applying the
adhesive m xture to a surface of the conponent; and heating the conponent
to a tenperature Sl}{fici ent. 1o .vapo(éi.fﬁe and react the activator wth the
coating etement of “t HECERSSOMENg 2 diffusion FORLMSLTY 2 SRRpQRent, A% Progesst he
coating . emHEIAE thddisiogact i ve vapor reacting at the surface of the
conponent to fofma 'diffusion coating containing the coating elenent. 2. A
process according to claim11, further conprising the step of drying the
adhesi ve MHK®BU R epagtiqudste t danon ppitpriglg centaipingo ar eonting ¢lbmeriol ape activataym t he

dhesi - 7] h f |1 d k her i h f f
he. conp Gt 5 RO ehe BOE Rhat R gh8 e A0S Atele befnf i e

donor nuatfeimable, nadlBgsle saBistmed] um num al l oy, the coating elenent is

alum num and the diffusion coating is a diffusion alumnide coating. 4. A
process accor di o any one of the preceding clains, wherein the

act i vat o@m?lym@ﬁﬁg epiVE BIKHES 'igracﬁalﬁfa%ﬂ%ﬁ%g@?rﬁaowt; WU, NHABr, NH4L,
NHAF, and NH4HF2. 5. A process according to any one of the preceding

claims, wWearR fe thRposdh YERterhSeri@iuficient to vaporize and react the activator
with the coating element of the donor material to form a reactive vapor of the coating
element, the reactive vapor reacting at the surface of the component to form a

diffusion coating containing the coating element.

2. A process according to claim 1, further comprising the step of drying
the adhesive mixture after the applying step to remove the solvent from the adhesive

mixture and thereby form a solid pack adhering to the surface of the component.

3. A process according to claim 1 or claim 2, wherein the donor material
comprises an aluminum alloy, the coating element is aluminum, and the diffusion

coating is a diffusion aluminide coating.

4, A process according to any one of the preceding claims, wherein the
activator is chosen from the group consisting of NH,4Cl, NHBr, NH4I, NH,4F, and
NH;HF>.

5. A process according to any one of the preceding claims, wherein the

solvent is water.

6. A process according to any one of the preceding claims, wherein the
adhesive mixture does not contain an extraneous binder, and the donor material and

the filler within the adhesive mixture are cohered solely by the dissolved activator.

12



6. A process according to any one of the preceding clains, wherein the
adhesi ve m xture does not contain an extraneous binder, and the donor
material and the filler within the adhesive m xture are cohered solely by
t he di ssolved activator. 12 7. A process according to any one of the
precedi ng clains, wherein the conponent is a gas turbine engine conponent
formed of; a superal . g S or #j y.aQne g,fh ﬂf recedi ng
cl ai s, v?/herei n théig}s{olfﬁéa%d?oog 22‘gﬁ)eéﬂ o((r}rl?peoéfej{r}l]t@q]lrés&gﬂl%e%‘g e glfjer fah(%e regi on
t hat consbinpuohas isa gasmubiick engirfeaompoperttfvmedadf atdoperaldggponent . 9. A process
according to any one of the preceding clains, wherein the conponent is a

new nmake .conponent and the surface of the nponent constituytes limted
surface portion of 4 RECESHSNEHE 018y Wep?rg@‘éége"ég%rcg?lﬂ&f” CLeHY ne of the

pr ecedi ngnGh dttthe YWAIEpGIeR: is AGepALNRBIYG: 1ZEIh A IRGRuBOS LiANA sratdl fOrm
t hi ckness follow ng the applying step. 13

portion of the component.

9. A process according to any one of the preceding claims, wherein the
component is a new-make component and the surface of the component constitutes a

limited surface portion of the component.

10. A process according to any one of the preceding claims, wherein the

adhesive mixture does not have a uniform thickness following the applying step.
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