DIFFUSION COATING PROCESS BACKGROUND OF THE INVENTION (1) FIELD OF THE
INVENTION The present invention relates to processes for forming diffusion coatings. More
particularly, this invention relates to a process and material capable of locally producing a diffusion
coating on limited surface regions of a substrate. (2) DESCRIPTION OF THE RELATED ART The
operating environment within a gas turbine engine is both thermally and chemically hostile. Significant

advances in high temperature cggﬁl@ %?&gjs%elg{&(g%%@%grough the development of iron, nickel
and cobalt-base superalloys an 0 gﬁb e Uus idation-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 alugiignerMBANeshmgrasrea R Aiffising aluminum deposited by chemical vapor

deposition (CVD) or slurry coating. Aluminide coatings contain MAI intermetallic (where M is the base
material of the_substrate, t icaIIPVr Ni, Co, or Fe), as well as other intermetallic phases formed by

metals prééérﬁ%&ﬂe%g % 1c}p:r’{)oéﬁhminizing. Platinum aluminide (PtAl) diffusion coatings

further contain platinum aluminide intermetallics and platinum in solution in the MAI phase as a result
of plating platimuescan thecstibstratet@rios tprtvessahuminitingiste pli Duwiog bighitgmpevattere exposure in

air, these aluminide coatings form a protective aluminum oxide (alumina le that inhibits further
oxidation 8f %Celﬂ%{)?gtir%glsar?a‘f nétlﬁﬂdle%g?}l%sgt%souk?st%?g?ﬁluarﬁges%é%a% ?8 r%bcgur%tﬁ]ri & c%atings contain
an aluminprodvewger difidisi imorganig drinteitedsdrére: dingothy applkelsteathe surface to be aluminized.

Aluminizing occurs as a result of heating the component in a non-oxidizing atmosphere or vacuum to

al temp%@tgggwwmg%@Mficient to melt the aluminum powder

The operating environment within a gas turbine engine is both thermally and
chemnically hostile. Significant advances in high temperature capabilities have been
achieved through the development of iron, 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 alumimde 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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and diffuse the molten aluminum into the surface. As described in U.S. Patent No. 6,444,054, slurry
coatings may contain a carrier (activator), such as an alkali metal halide, which vaporizes and reacts
with the aluminum powder to form a volatile aluminum halide, which then reacts at the component
surface to form the aluminide coating. The amount of slurry applied must be very carefully controlled
because the thickness of the resulting aluminide coating is proportional to the amount of slurry

applied to e surface The.difficyinyof eansistently progucing diffusion aluminide coatings of uniform
thickness hasp(ﬁscouraged the use ot 5 urry processes on components that requwé)a very uniform
diffusion ceadintiférsd/dichavétaoniplicated igeothetriefcsuchastschingl btadeS. Fecontkast to slurry

processes mentation and VPA processes are Wigel u e(gr‘ to coat bro urface regions of
Bitois an Py e T AR eI e G R 20T o Ho AR of unitorm
thickness. IBditepfithede vppocessesd erecal lywethtah ¢ edotimgithe sewfdae tof foxxnnaposietitavith an

aluminum SAIde SR RN AREInA AL ARl g A Aol er gl maighalide) vt
an alumlnum-conl%alnlng source (donor) material. In pack cementation processes,Lfﬁle aliminum halide
gas is prodwetdgdy Featingua poivdden mixelied consphsingriheascutbe costieldiall betmatothand an inert
filler such gs alcinec# umina... Theingredients of the powder. mixture are combin nd then packed
and prossl R e A e L P R AR Ta e e are
heated to apiphwderatinessufficient be vafionity the@ottot] T hedetivet ol fisacts alithithéesource

material tocgnar{n the \@Igﬁl%gﬁ@ﬂﬂ}@s@lﬁg, \élirsnch thergi r%ﬁlgt%saet tQF §om or}gnésgurface to form an

aluminide Coating, In contrast to pac processes?%?l\geprocesses are carried OUt with the source
material (ecgmponatumihamicaiioy) placedwufoshotiffasbwithvthesarfdce trbe aumlnized. There are

Qp_(;al_sions g‘ékcéfnne&”elé’ ?1;]89%"6%9&% ?argigsf_a component requ_ires coating. For gxam_ple, if the tip of_ an
airfoil has tindergoné 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
installationtAg@ntrast to siurry processes, pack cementation and VPA processes are widely used

to coat broad surface regions of airfoils and other gas turbine engine components
because of their ability to form coatings of uniform thickness. Both of these
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 matenal, 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 confrast 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 example, 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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operation in an engine) remain uncoated following a line-of-sight coating process, 2 such as physical
vapor deposition (PVD). The above-noted processes for depositing diffusion coatings have limitations
that make them less than ideal for producing localized diffusion coatings. For example, in order to
coat local surface regions of a component using conventional vapor phase and pack cementation
processes, extensive masking is required to prevent coating deposition on those surfaces that do not
require coating. While the slurry process is_capable of producing localized coatings without masking,

the difficulfyGr EoRtEHTtG TARAHISRAELOBIRE Boatifg O i SEqSeSs SRy oRPEH Moback,

particularlyiifiispecating s thbe iaimeadan wuifagaararsvithcompledshapesh@pipaches have
been proposed for gvercoming the ahove shortcomings, includiniothe use of pack cementation tapes.

However, SGeHHEL YROR ASURNGEryIBWEPEEHC SN, Wit thirabatrtAgk &' ea5eY fond to

delaminatediyiigRroegssingote, yigleh Aoatipgs ginmbabiriqyabty. thfematont Mesdskis), 262 to
Kircher et al. proposes a localized cementation process that uses organic bigderstgnd solvents to

contain thEX CERMER BRI RS Er TRerb SR8 < C At 08¢ SHd6Es BRI franeous
binding agents«andeashithincongisiensy knihe Gaating nrocepsitecausa theiaghreigivaequired of the

binding agents to maintain the strength of the mixture may also create a barrjer to the coating vapors.
Other pot&RHMETWHAKSTHeElIBE BBt roBr AR E et Rt ShdhSriBhfs into the
coating durigedecerapasitisiaifiamtarganicchinstet candignyimanmenial issuesdifthearganic binder
contains a hazardous sg|vent, such as acetone, toluene, etc. } In view of the above, there is an
ongoing n%'é%éﬁg"raﬁ%%&’s‘ §% Blg%??fepositing a diffusion coating of uniform thickness on localized
surface regions of a component. BRIEF SUMMARY OF THE INVENTION The present invention is a
diffusion piggesscbapible dfckotalyrdegbditingvardiffusigrihcodtinvg shemifonmgsickrndsdnghe process

m_akes usﬁlgfl?s@ %9%%%1’9’&%@%%?% tapes. However, such tapes often have very low green
strength, with the result that the tapes tend to delaminate during processing to yield
coatings of variable quality. U.S. Patent No. 6,110,262 to Kircher et al. proposes a
localized cementation process that uses organic binders and solvents to contain the
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, ete.

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 1s 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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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. 3 The invention is generally a cementation
process that is particularly well suited for forming diffusion aluminide coatings, though other types of
coatings can be produced by the process, such as chromide coatings. The process entails mixing a
particulate donor material containing a coating element, a dissolved activator, and a particulate filler
to form an adhesive mixture having a formable, malleable consistency. The adhesive mixture is

applied to PEURLHIER tHeSSBRPoREnt SrENAIR P EfES dh2 L sanrg rikeivall sHded¥omponent is
heated to gigmpardtusesuiicienitocsanaszaehanshredet e acivatandthiiacQatime-etement of the

donor ma@rial, thereby forming a reactive vapor of the coating element, The reactive vapor reacts at

the surfac®ofthB ¥ESHTpSHEhE R ISP IRccaalies dIMGREACESREREEO MLTHIE G th eadiisg element.

Accordingdsharpieieried-aapesingl ihaimvenilemdite adhesivednixivegoasinobderuitr:or contain
extraneOLIJ‘{slé Pindin agents qr other materials that are otherwise extrinsic to the coating process.

Instead, thE fvEn RS MAKED ERY Ok UG DA Had e aeniaabieabls irpsistearsihdelhen dissolved,

and is congiined:(iaagiad) id wjngdisaecdiffusigneanting: KessTHeR am NRLiehintetferaiwith the diffusion
coating process. The adhesive mixture of dissolved activator and particulate materials is a paste-like

material 2P RECTOFhS N Or P pRRR it el ATl G R HETS [PeYARP™8ndling of the

componenhprieidolibedifusipniiaaessatsestichciite tifsAyack ActvainriseBpaimpibeing the sole
binding constituent"\é\{lggiﬁn%tt,hg(gf adhesive mixture, and the adhesive mixture does not contain

extraneou® By SRR Hae tav%r@‘\%b‘é‘?y"?é’&”féq?%ﬁﬁ%@%ﬂgi@gqﬁﬁf%sion coating

processesofareull, fthe, progessalditissivention isceapakiesaheensisigrtbrpaducing diffusion
coatings of uniform thickness. In view of the above, the present invention also overcomes

shortcomings 2iahah difysien.epaling teshiduEs, Seh as conyeniional agk, GYO and VA
processes, wnic re typica Iy Imited to formlng Iffusion coatings over large surface areas as a
require or contain exfraneous binding agents or other materials that are otherwise
extrinsic to the coating process. Instead, the invention makes use of an activator that
is capable of serving as a binder when dissolved, and is consumed (reacted) during the
diffusion coating process so as not to interfere with the diffusion coating 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
handlmg 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 ﬁresent 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
resuit 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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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 4 an airfoil. In view of these advantages, the invention is useful in
circumstances where it is desirabll%o aluminize a surface of a component that has heen repaired, as

well as toIFOSH - a BiETH Loty Grag s B BYiEMLosr 'S R o SHEWATABRTAR fiGoated

following atlipeRirsigbtcantingRrosessaes ara ikalydadae tacnaied diripgiadsubsaeguent line-of-sight
coating process. Other gbjects and advantages of this invention will be better alg reciated from the

following dBSRAFESHITHHT. BRIEE PR TRINOE T FREPRAW NG SEYN A ¥ scanned
image of ap1adiiagive Hastefmidtyrecappliegrte@asusiace:olikesompoaenidostpioduing a diffusion
coating in accordance with, this invention. Figures 2, 3 and 4 are scanned micrograph images of
coatings fﬁpﬁhsg hiRg éﬂfg’tﬁé’&é‘lmﬂflﬁﬁ' of the type shown in Figure 1. DETAILED
DESCRIPTION OF THE INVENTION The present invention is particularly applicable to components
that operafétivwithibyethe rmdllydsuack glanoi dily hostile envindn hkehtsicargareitiedefona stibjected to
oxidation, Eﬁ’f (\:)\glr,lroai&gi% %ftarslgr.rgiacl)rgegradation. Examples of such components include the high and
low pressure frbine nozz es, Siddes 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 pastgmpitserappliedtotheendRIsieogace of a platform of a high pressure turbine
(HPT) blade (airfoil

Figure 1 is a scanned image of an adhesive paste mixture applied to a surface of a

component for producing a diffusion coating i accordance with this invention.

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



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 protective diffusion coating,
preferably a diffusion aluminide coating. The paste mixture preferably has a malleable consistency
that permits its application by hand or another method to a surface to be coated. Because of its
adhesive malleable consistency, the paste mixture can be selectively applied and adhered to localized
surface re i?ns.of a,cam onent,t.e. y th%u?r%)?ersi%e %atfor surfaghe of t{le HP lblade shown in
Figure 1, ToXSrh, % tidish SaHTEaR" EAERY ch SOUSIRLIR BRI oS8 Wik ract 1o &iHE to which the
paste mixtuitewaprafiplisly. Heher pasiie ablix itmesGambe tlap pliech dir @sthppdithecoom jendnirsurface, or
optionally can be applied over a coating on the compogent surface, such as an el tr}g)]deposited
ot AEPTE SRR 1 RSl B R BBt Bl SRS MG form a
platinum ahsnisteaey(FhAlpasttu sibnaeating behelactivalpragpiefesad lydr@dmwokicutizedlide, more
preferably ammonium chloride NH4Ct:I , Whtiﬁh is soluble in water aqgcgorpﬁg\% ,P)é%l; scopic. The

a0 CSYULTACE TEZICHS 0L 4 CO O1cHn . e ungdersige platio SUT.
solubility OF th&° ALtvAtor iR Water avords tie Need for a solvent that s potentially hazardous or

detrimentshdeovtha déigting pracdéssnQthigffpotentibbiyi sidtablend@eg wat ors énchitle oatprianitim bromide
(NH4Br), gmc%nriur? iosdj;ge Né—{#&ieamn@gniu)@ fluoride Nll-14é:) mmor}iéjm.bi[ﬂugréde BNH4HF2),
which are also Softbie in water The Actvator |sm|3rg erd Rﬁ% granula?r orm 10 L|5rromacl) ethe ease with
which it isagjdsaivid:cilhecofhecocgnstituentstafcthe pasteaixtcre tncipdBed pacticutateidgnor material
for the diffusjon coating and an inert filler material that prevents.sintering of the donor.material
partcles. S0 TR R R To Bl oAb FaLSH e o AT S o P bR of ciffusion
coating désisbduinith motables exarhpies’ BeingGniddieGoAll HoAL &ndh Tiplkalhoys aBuitable inert fillers
include altfpﬁq?éﬁﬂo:%)d&%tria (Y203), zirconia (ZrO2), silica (SiO2), etc. The donor material and filler
bly

-are prefer na B%l\(/)v%er glr‘cﬁrn 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
The activator 1s preferably an ammomium halide, more preferably ammonium chloride

(NH4C1), which is soluble in water and somewhat hygroscopic. The solubility of the
activator in water avoids the need for a solvent that is potentially hazardous or
detrimental to the coating process. Other potentially suitable activators include
ammonium bromide (NH4Br), ammonium 1odide (NH4I), ammonium fluoride (NH4F)
ammonium 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 (AlyO;), yttria (Y;03), zirconia
(Zr0y), silica (Si0,), ete. 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 inflaenced by the resultant coating thickness and green strength
desired for the paste muxture. 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



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 6 powder, and about 17 to about 37% water. A more preferred paste mixture comprises, by
weight percent, about 2 1o abqut 6% of the agtivator powder, about 8 to_about 20%.0f a donor material
powder, about 7o t%néb%%?%oﬂ/?o ar?%r?&tf?l’ré)? gg\gvegér,%‘n A %Lﬁrﬁémt‘f)eab%aust%f%x\};\?ar?er. After
applicatiordmipipsinr by thei ghffpsroantoaing processit thie pdste miktuteripopréferaiyidiied to evaporate
the solvent(watepin e baste; eauing 3 soliscemant e pagk nabis, vl adhered;ip.ine
componenat Surface afd has excéﬂenflgrepen sefréngﬂm For this purpose, a conventional oven heated to
a temperaporedef, atnduth80ttd2 ababb 2P dsvatitable. A diffusion aluminide coating is then formed in
the component surface contacted by the pack by performing a diffusion heat treatment. Suitable

reatment el IRMRSTAICH Q2RO W SWHRAROUL Q%ﬂa%lé%stOEhg}gégigmmg%t 0.5 to about

6 hours in a non-oxidizing atmosphere, such as argon (inert), H2 (reducing), etc. A significant feature

of the invepribnablhérigdeotarpattieaior sdvert birmipy adeamisiciieasnge silithesmasta result,
extraneoug:Hinding AEENLS L8 QLGS HERIFARIE sRFIEURHY RINCE Q4R LIding agents may

interfere with the coating process or may be difficult to remove from the component surface at the end
of the progiessstin dswthastpnpoaetivatsrBinteRbe thisheriedtior promayrthel eébathgl feaction, and is

entirely cofisymad heing e SORINGPIGERRSHC ATAAGER SURSEIUSTE:ROREARgRIeH]. } During an
investigation leading to this invention, a paste mixture was prepared with the following ingredients
(amounts 8PEIRPRRBXITERSE contacted by the pack by performing a diffusion heat treatment.

Suitable treatments include temperatures of about 800 to about 1150°C held for
durations of about 0.5 to about 6 hours in a non-oxidizing atmosphere, such as argon

(inert), H, (reducing), etc.

A significant feature of the invention is the use of an activator as the binding agent for
the paste muxture. 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.

o

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

the following ingredients (amounts are approximate):

10cc distiil@d H.O

1.6 g NH,4Cl1 (granular)

5.4 g aluminum alloy powder

4 g fine AlL,O; powder (particle size: less than 45 micrometers)

15.6 g coarse Al,O; powder (particle size: about 45 to about 150 micrometers)
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10 cc distilled H20 1.6 g NH4CI (granular) 5.4 g aluminum alloy powder 4 g fine A1203 powder
(particle size: less than 45 micrometers) 15.6 g coarse A1203 powder (particle size: about 45 to about
150 micrometers) 7 The aluminum alloy powder (particle size: about 45 to about 150 micrometers)
was a TiAl alloy containing about 60 weight percent titanium, about 35 weight percent aluminum, the
balance carbon, nickel, iron, manganese, chromium, and other incidental impurities. In the preparation

of the paste mixture, the NHACI wiér s dissolyed in the distilled water, and the aluminum alloy
power e LA BIE IS R et e A Bt AT e BB Al b was then
added to theslN HUGH aquaisgsabeiio romvelxih e cesulli nganiiduratmderivent fhorperghrmixing until the

paste coulq be easHyl_ Wo%kﬁd with a§$atula Ogﬁtfg](%?rs. Theaﬁgssée was then a%%e%ﬁ? the underside

surface ofaauf)ﬁlé%Pm ofan DI5de orme he nickel-base sup%ra?lrcr)lf/u%lOmmermaﬁ{/ known as

Rene N5 (mondimadlcempasison of, by weight, about 7.5% Co, 7.0% Cr, 6.5% Ta, 6.2% Al, 5.0% W,
3.0%Re, 1.5% Mo, 0.15% EIf, 0.05% C, 0.004% B, 0.01% Y, the balance nickel and incidental

impurities), Prigr 9%?35?&'{8&@{%%@ GRASISMIULE. ReIBIS WAR degreasednisqprapy! alcohol for

a few minutes while subject to ultrasonic energy, and then dried. The area to be coated with the
paste wasdissi i@ rtarosppaddihg dumimtiim diakieopuades srethmsigdavilwitie dvorgstdernef paste was

then appliggz\@iétg)gvﬁg%wqaﬁg AR AMEIARRIAEKARS SN ARAMED 240 ARAME heme T 1, PARIe was then

dried at about ¢ for about two hours and at about 120C for an additional two hours, yielding a hard,
adherent pabkwitgodd thyresshnamgtriusotad ey wientbaabsshcetohthe Hhe phstrderuisaste mixtures

formed by, mixing, the Rovders, Wt WaIer %ﬁ?i%%é%@b"?ﬁé‘ aLAryng-dde Ql?ﬂ@dthﬁnﬂlﬂé‘derwem a

diffusion heat treatment at about 1975F (about 1080C) for about six hours, after which the pack

material weékdrsgidiysvetis\abteriattogpo et ap HPT blade formed of the nickel-base superalloy

commercially known as René NS (nominal composition of, by weight, about 7.5%
Co, 7.0% Cr, 6.5% Ta, 6.2% Al 5.0% W, 3.0%Re, 1.5% Mo, 0.15% HI, 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 I 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 strength. 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 1s 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 mvestigation, another paste mixture was prepared with the following

ingredients (amounts are approximate):



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): 8 10 cc distilled H20 1.6 g
NH4C1(gr§§ularg). %ﬁlﬁg@um alloy powder (56% Cr - 44% Al by weight) 4 g fine A1203 powder
(particle si FeSE S icrometers) 1.7 g coarse A1203 powder (particle size: about 45 to about
150 micrometers) The above mixture primarily differed from the previous mixture as a result of using a
different aliingpdiridferamsseerial. The purpose of using the Cr-Al alloy (particle size: about 45 to
about 150 micrometers) was to form a coating with higher aluminum content. The paste was prepared

as describg%gggﬂﬁlmr;gggygoi@g@,s@g@g@ram%ml(%g%igﬂtjdentical HPT blade. After drying the

paste, the blade underwent a diffusion heat treatment as in the previous investigation, yielding the
diffusion alumjnide coating shown in Figure 3 and having.a uniform thickness of about 67

micrometefs? (14 tHA RS ARBHCLe Sl FRndi B SRS with the following ingredients

(amounts are approximate): 3.5 cc distilled H20 1.6 g NH4C1 powder (granular) } 6.8 g of 4%
hectorite cléygwixatsg Alythipowdetl (papoidsr¢56961THS 9ok By Wweightindtgriine A1203 powder
(particle size: less than 45 micrometers)

The above mixture primarily differed from the previous mixture as a result of using a
different aluminum donor material. The purpose of using the Cr-Al alloy (particle
size: about 45 to about 150 micrometers) was to form a coating with higher aluminum
content. The paste was prepared as described above in the first investigation and
applied to an identical HPT blade. 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 ce distilled H,O

1.6 g NH4Cl 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,O4 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 NH4Cl activator was first dissolved in the

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



17 g coarse A1203 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
NHA4CI activator was first dissolved in the water. The 4% clay mix was made separately by dissolving
about 4 grams of 9 hectorite clay (commercially available as Bentone AD from Elementis Specialties)
in a solution of about 95.5 cc of water H20 and about 0.5 g NH40OH. About 6.8 grams of this premix

was then added o e NHACLaguRous splfion. T solig powlers of, luming and fhe aluminum
donor alloy fpaﬁlcle z{-:‘: about o'about 180 micrometers) were premixed an {fi&n ixed
thoroughly isstuthe NAGGktday-waterwatitlifeOresdltiheninteS pa dE 10&t. wabap @& dtananother

identical HRT, blade and dried in essentiall me manner as before. The addition of.the clay,
which wac LD TR by e uaasg SRl e ARG SRR R RSB 8 e reen
strength ofliheimesalihglvardpackithdreioy inljorovidpamiaifsicturabdity. Aheadlaldmitwbthen diffusion
treated as_befare, yielding the diffusion aluminide cqating shown in Ei s having a uniform
ckness YA e oo L A A St B R I iy
decomposetktuengshidiffusipase ttatreat maiicdtakingposiddiffiusiddRTcznitgrad dasy as before.
Paste mixtyres of.the. type descri in the third investigation w. IsQ, successtully, applied to tip
cavies a ) S B R S S S e 380 o whicn
had been pte-platedi ghithbpkatinamdoy yiedtea a0 wehads@ialdiffusive coatimydPilior goetie diffusion
coating pr fthis ion, § er i -sjght i ocesses to
cepos N e B e LB ot nave
detrimental &ffésrodi ffveipreteristrng bofudecgatidingdbedintflysitheapressede inveimipshisvoelieved to be
particularly gl shited J9r.56.1m COmBMARINIL NAYEU AR ears and et coatings whose
'ap‘plicatiozﬁvﬁ%n%d byc'zﬁaeir ne-o%—ag t (?epos%?ioon techniquerg E%.g._, EB-'PVD,(?O}l éflag(?na, etc.). The
cementation!pibcetisroplitic NWehtiontpraviddseadhztiew by osmitiuipeoteeliEdifushsatcoating can

be 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 mvention 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



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.qg.,
Al- Co alloi{é\) and dlfferen es of i |ner owd rs tg ?g]i%ogle descrjbed in €y 10in §st|gat|ons
Furthermo # gﬁ%)fesrred go?h/a r 85 A6HBAGSR Sthleﬁp nfhonium halide

activators cexgbxh&&éar\amlﬂ/omwﬁnﬁmmmhmwmmjcb@, usHJBR pia@eromm,pdieferred NHACI

activator. Oth n actl etal halide a tlvat h as A1F3 and CrClI3) could also be
used in com ﬁr?é: ISR Wity \iegtﬁmmggl%ﬁi niﬁa‘f’&e AGthats eﬁﬁ%&oﬁﬁ%}’ﬁt%‘e ‘?g&% ?ﬁzﬂa invention is
to be Ilmltead:m;otn/(mg follgulihgldaumsy b€ kddMS: AIF A 4ib Ca6Y;ptmlthulgosbdiffssian coating on a
component th cess. i:} rlsin the s RS of: mixi 19 2 partlculf%lte on r material ﬁ%étalnlng a
coating eIeme an activator “disSoREd Th wa e a%ﬁ"a tchIa STl ¢ o?n%cé)ﬁ %8h&%ve mixture
having a fbmaahtm inallbahiaicahsidtehe hathreinid el aidiesive 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; applying the adhesive mixture to at least one surface of the component;
drying the adhesive mixture after the applying step to remove the water from the adhesive mixture
and thereby form a solid pack adhering to the at least one surface of the component; and heating the
component to a temperature sufficient to vaporize and react the activator with the coating element of

the donor material to form a reactive

11



vapor of the coating element, the reactive vapor reacting at the at least one surface of the component
to form a diffusion coating containing the coating element. 2. A process of forming a diffusion coating
on a component, the process comprising the steps of: dissolving an activator in water to form an
activator solutionZ ity a particulate filler and a particulate donor material containing a coating
element with the activator solution to form an adhesive mixture having a formable, malleable
consistency, wherein the adhesive mixture does not contain an extraneous binder, and the donor
material and the filler AviiasaRe chdprging midiuecareesingrea soksly byngTs. dissalvemextivator;
applying the adhggi4grigihgurR epklepst one surface of the component; drying the adhesive mixture
after the applying step to remove th§ water from the adhesive mixture and thereby form a solid pack

adhering to the at T8 APRIHARE & B BGHR SIEPRNG h&aRTS RE BEMpBREST 18! temperature
sufficient to vapodizechrsd ieactitive andtavptotiwithetiddatiogrelenzeihtef then storerhaaterial to form a

reactive vapor ogttﬁ&ﬁgg@gﬁma@ttm@&g ,e\,\\/ﬁé}%rq%t' @%@@i@gggeﬁd%gg S\ rface of the

component to form a diffusion coating containing the coating element. . A process for forming a
diffusion aluminid@'¥85tAD BHARRYSrANSET IR PBRCINNGT A'giasildiAd enbiine viteiptoeess
comprising the smg&e@mw@@mammmmm&ga@gw@mr in water to form an

ammonium halide-c?ntal@ﬁ%gaaﬁlutlon' mlxmqoqa;??rtlcylate d%%rer&at%enal containjng aluminum and a

particulate filler {0 fofm=a POW S X d)éteu;r?nlxmg the ﬁg\!ﬁ/ S A e 2R R SR monium

halide-containingdyltiidie tadiiemiMeanixie sifer ifixtarsindstea forrerable fnallesibigconsistency, the
the adhesive mixture and thereby form a solid pack adhering to the at least
one surface of the cdmponent; and
heating the component to a temperature sufficient to vaporize and react the
activator with the coafing element of the donor material to form a reactive
vapor of the coating element, the reactive vapor reacting at the at isast one

surface of the component to form a diffusion coating containing the coating
element.

2. A process of forming a diffusion coating on a component, the process
comprising the steps of;
dissolving an activator in water to form an activator solution:
mixing a particulate filler and a particulate doner material containing a coating
element with the activator solution to form an adhesive mixture having a
formable, malleable consistency, wherein the adhesive mixture does not
coniain an extraneous binder, and the donor material and the filier within the
adhesive mixture are cohered solely by the dissolved activator;
applying the adhesive mixture o at least one surface of the component;
drying the adhesive mixture after the applying step to remove the water from
the adhesive mixture and thereby form a solid pack adhering to the at least
one surface of the component; and
heating the component to a iemperature sufficient to vaporize and react the
activator with the coating eilement of the donor material to form a reactive
vapor of the coating element, the reactive vapor reacting at the at {east one
surface of the component to form a diffusion coating containing the ceating

siement.
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donor material and the filler within the adhesive mixture being cohered solely by the at least one
dissolved activator; applying the adhesive mixture to at least one surface of the component; drying the
adhesive mixture to evaporate the water from the adhesive mixture and thereby form a solid pack that
adheres to the at least one surface of the component, the at least one ammonium halide activator
binding the donor material and the filler together within the solid pack; and then heating the

component in an mex Yrdeskicing asmasphereiffosoienpehaidee dhaing beldfeupedarafion sufficient to
vaporize and react the attIaPt on% taI[B.Ergyoéraliiquripmh ige ra%té\é%tgcr) r\¥/1vitrttlstzpe,[fj:‘uun,(’ueingmf,of the donor material
to form an alumimun halide \a/%or,uthe gItntingm hande vapor r aciir?g 5t the atleast one surface of
the component disfotving diffusish ahgnititieccatingalion prbeeios docoaiigtto EliMmas) wherein the

donor material carRRIMGES ARIAWBHLMRIyGhpsen from the group consisting of CrAl, CoAl, FeAl,
and TiAl alloys. 5. A process according to claim 3, wherein the at least one ammonium halide

activator is choS&N R BRSIGHRIS SR BINSAET I8N, SRHAPYHE ATAHF2. 6. A

process apcordfngrtmcftairn%pathweﬁmmeeadhesive mixtu.re is prepargd to .further. contain a metal
halide activator . f, QoPHRe BERACE AHUINAL LS. SanBr IR e Rhash e LR I prgpared to further

contain clay. 13 8. A"process according to claim 3, wherein the heating step is performed at a
temperature of EBBUEE0BHEEYBLBHTESORYING, A PRHREEiCactalERNISIERAIN S WhEr&in the at least
one surface of thengompensnimonsiifitasahimites sinéace poistior: okihg companesitil0. A process

according to Claw]tgéve\{ I(&-;:Era(?,ai,(n(__)tnhee ﬁéjs%?vsé\éea&}i&gygg does not have a uniform thickness following the
applying step.
applying the adhesive mixture to at least one surface of the component;
drying the adhesive mixiure to evaporate the water from the adhesive mixture
and thereby form a solid pack that adheres to the at least one surface of the
companeant, the at least one ammonium haiide activator binding the donor
material and the filler together within the solid pack; and then
heating the component in an inert or reducing atmosphere {o a temperature
that is held for a duration sufficient to vaporize and react the at fast one
ammonium halide activator with the aluminum of the donor material to form
an aluminum halide vapor, the aluminum halide vapor reacting at the at least

one surface of the component to form a diffusion aluminide coating.

4. A process according to claim 3, wherein the donor material comprises an
aluminum ailoy chosen from the group consisting of CrAl, CoAl, FeAl, and
TiAl alioys.

5. A process according fo claim 3, wherein the at least one ammonium
halide activator is chosen from the group consisting of NH,CI, NHBr, NH4l,

NH.F, and NHHE.

6. A process according to claim 3, wherein the adhesive mixture is

prepared to further contain a metal halide activator.

7. A process according to claim 3, wherein the adhesive mixiure is

prepared to further contain clay.
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11.A process according to claim 3, wherein the adhesive mixture is selectively applied and adhered
to the at least one surface of the component, and the heating step causes the diffusion aluminide
coating to form on essentially only the at least one surface to which the adhesive mixture was

selectively applieds 14 RUEEUSION GRATINGPRAGESS tABSIRAGTOR FHBMISCHOSURE A

process capable of depositing a diffusionccoatinqéof u {ﬁorgn thickness on localized surface regions of
a component. TREPPEEEILFEkRRAEE Y dn FuARYd HRtktdte 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.The Alocess, R DA% RCHEHIHE deRokieriarcantginio a coaling

element, a dissolved activator, and a particulate filler to form an adhesive mixture having a formable,
malleable consistenenTHcatHBLive ivtipd agrstiearten diracersp#etomponent, and the
component is heated to a temperature sufficient to vaporize and react the activator with the coating
element of the donpé n/%aterial therebg_ for[’nirxg.a ea%ti\r/e vapor f etlr;]eecoati,[ng eéement The reactive
vapor reacts at the'suf éjégcgtéﬁwgc%%rrﬁrﬁ ReRtto ot & diffusion coat'i\flgna%(n%af'inlﬁastﬁg coating
element. (No Sultaise Figjfme) fockness foliowing the applying step.

11. A process according to claim 3, wherein the adhesive mixture is
selectively applied and adhered to the at least one surface of the component,
and the heating step causes the diffusion aluminide coating to form on
essentially only the at least one surface to which the adhesive mixture was

selectively applied.
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