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
a (2) DESCRIPTION OF THE RELATED ART

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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1 temperature that is maintained for a duration sufficient to melt the aluminum powder 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 thicknesg of fheesulting alyminids, coating = progartional to (e amopintef sturty, applied to the
surface. Thé éjlﬁli‘cdﬁy 0 conssienffﬁ/ pro&ucmg ITfusIon aluminide coaffings Of URiform fhickness has
discourageadhd fiisee ahslursitqrabessesomicotinpemdnts. thAt récpaiidal iery/ ihifteandifusion coating

and/or hav licated geometries, such as turbine blades. In contrast to slurry processes, pack
cementatioh g Vo A PSS ey e o i P BB ARAL B o otter
gas turbind@nginevharin papentssbachusscof thelr dinlinhtmiosm qeatigstof fanfoemvtilitkness. Both of

these progesses denerally ental ieacting.he,sufaceof acompenentith an aluminum halide gas
formed by reac{mg an activator (e.g., an ammonium o alkai metal hande) with an
aluminum-cmstiagnirithsaurocenidohd i mateslald Impstdkeceme nsatitdl yorooeHed Hbmaemhienum halide

gas is produced by heating a powder mixtyre comprising the, source material, acti r, and an inert
filler such %Hsl(%rf%%eoc? a Sr%?ﬁ%%l%éﬁ Pr%lr%lglﬁeﬁ?s% & ovyggrl%nﬁkl%%?e%orﬁﬁ%gn%a tgiﬁ‘rc}/ then packed
and pressegipirdutedttieescdaeporiBng tb fibettpatdd;caltstantlic pibéucom phffesandysamider mixture are
heated to g emperalhe, sufficiantdo.aparize e acivaior, the actialg eats il e, source
material to form the volatiie aluminum hall e, whic tHen reacts at the con?fod)nen surface to form an
aluminide coatiegeiscintrasttopackeproossses, iifivsiprocesses and/catiod cutwiihaied source
material (eggU 20 r@é 7@{}%% u%]]glgl%ggsput of contact with the surface to be aluminized.

In contrast to shurry 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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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, 2 such as physical vapor deposition (PVD). The above-noted processes for
depositing diffusion coatings have limjtations that make them less than ideal for, producing localized

diffusion cOStrfsP 6T ARSE S RTHEPET SdAt 1oL BF ARRKEPPEI L SFEE S Ao EE&ing

conventiodgiirepRr RhAGsesaREheakin ReMeRtaiaNHIREEHSRS, IeXIeRslveinaskingisdegyied to prevent
coating deposition on those surfaces that do not require coating. Whijle the slurry process is capable

of producitf§IbEasi R HUEOR AL I RTRAERIA: tCTHRCINGSF Lorit SHVE EERORISS of the
coating ustigpThEResIisia; Signiteanteipwapek, pRiticulatly ibte coatipgisida beriuned on surface
areas with complex shapes. Approaches have been proposed for overcoming the 3{ bovie shortcomings,

including TRERRESIPASCRE hEMLRA ARSI, SRS ISRORORe R FYTE SRS, reen
strength, with tbguiasiéihiag thenapesttensiia -delasoiates duing lprocessingciayigldaigaatings of

variable quality. U.S, Patent No. 6,110,262 to Kircher et al..proposes a localized cementation process
that uses GPgHARS SHHEHS S SO S B Lo e il R84 g AP B art to be
coated. Hawayeluthesuse: of gxfianeqliswbindingnaganisi¢dn deaddaineansiste noyrnizdha coating

ired of the binding agents to maintain the strength of the mixture

process becaégse the cor}ﬁsion {equ}ﬁr _ . ' !
may also SRS HBRNEE AR &0 ?Pge%apors. Other potential drawbacks include carbide formation
or the introduction of other impurities into the coating during decomposition of an organic binder, and
environmekpakisshes ifthetorgapioismieforomtainsraria thedtus sehveiotsugts asclodiope, toluene,
ete. the use of pack cementation 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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} 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 unifonn 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. 3 The invention is generally a cementation process that is

particularly Vel SRt 5t GiffGREHAIAMRTRIE So it J8 REdsykdheet sateds atings can be

produced foyihe BIERSES SualiAgChsaise CRAUAIIHINS RIO6Ess filallsanbingriRaidiculate donor
material containing a coatir%% element, a dissolved activator, and a particulate filler to form an

adhesive R EREGHTg S iR 0 TR SABIREo ndREHEF CFh e A th S S ARAFESEIdSplied to a

surface ofdhercompenerbaniwhish aslitiisierneanlindiissdaritesstantbihatPMpanenide heated to a
temperatl;ﬁﬁ %ng%?nt to vaporize and react the activator with the coating element of the donor

material, Wi AReSHIR 8RBT BRYS D AangRlsmdvtlephls ENSIRIENF por Réacts at the

surface offiesbampenerd (0 tgpndbeaslesited:diffeviancCcoatitdsantainingitie soatingisiement.
According to a preferred aspect of the invention, the adhesive mixture dges not require or contain

extraneouBiEAY 55 ERTs Bt er ARG R (GiRd AmBEr 2lG GRS ThE J3RARErocess.

Instead, thadrveatias soakestsaiptirnasiivataethat i3 capahieahserngrecBbivAsmyhen dissolved,
and is consumed (reacted) during the diffusion coating process so as not to interfere with the diffusion
R

coating proLE¥LVFREPSY SRR TRUIss IR IFACH A MEIPRh i Pt lURR SHHARS IS a paste-like

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

According to a preferred aspect of the invention, the adhesive mixture does not
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

4



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 pr_oces?es, whijch are typically limited to forming diffusion coatings over large

surface ardbaH0l FRIHOPIHBSRACIR) B SoMFIMPEPHRD dp eI eI SRR tHE & action, even if

advanced irgsidigiechniguesare empiayest 4 benganting erageshetdhispitiuentierg] also an

improvement over slurry processes which, though capahle of forming coatings, on localized surface
regions, af8 SERTHeE S HrARP ARG AR %ﬁ%ﬁ@%ﬂ%@?&%ﬁ\mﬂﬁmﬁ& Fﬁ’gﬁlaé’é'ﬁ‘?@ﬁ%ﬁ such as the

area undefoid@iHgilaplattosnsagie theatinLviyeet, banairfiolely weveohtheseaduaniages, the
invention is Bseful in circums z%{lces where it is desirable to aluminize a surface of a component that

t
has been FUBSHARENEURTAF SN0 aaRRER'E M usion coating on surface regions of a component that

remain uncoated following a line-of-sight coating process, or are likely to be uncoated during a
subsequeliithne «fsightcdativgpagee <. Bith enebjevisvant tad bartagep et thisdifventidre will be better
appreciatetg)ﬁrom th t&?ﬂ%"%{@ Igllettlailed description. BRIEF DESCRIPTION OF THE DRAWINGS

Figure lisa Scanned Image o an'adhesive paste mixture applied to a surface of a component for

producing a diffusion coating in 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

BRIEF DESCRIPTION OF THE DRAWINGS

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



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 compon \éﬁ%cha drffu ion coa gbclf e&gt \}g) tectt onenéfrom its hostile
operatlng e ure’ Ega SEEIhED % ROWir “gtt%{ &St n&as }%lfﬁfr‘g applied to the
unders|demutfaeemfathtﬂ&rmoﬁﬂib@ﬂeprm%&yrﬂtﬂeﬁéﬂﬁﬂf& tagiep{mifaih byrhavéd). According to
the invention, the e mixture cgntains a dissolv tivator a ne or more s capable of
being reac eéhwnh ffie surtl%rce tgor(t%nrmg gbprotec Ve difftigion co coqajtlr{:g bﬁle e‘rfgblngdﬁ‘rsmn aluminide
coating. Tdemgistste ymikéupagorefasably kas hemal!emblelpor@ﬁtehaydrmﬂwmlts itedpgditation by hand
or another rPethod loas rface to be coat Becgt fdhe5|v mayeﬁabﬁ rf%rf]s d'stency the
paste mixture can be serectiveny Onefleoe Hid & ere BaiZeu°'Suiface rearons ofa component
e.g., the whdensidepjatforin guiffaoe ofdiféukiéiT dﬂnnimdadnommmgl-‘ogwe;énttoﬂprml;auﬂriﬁesron aluminide
coating one sentlall ong}/ r]H E rf%% regic onsf,3 t% thé%gltgg paﬁ‘te m|>§ture was a lt?d The paste
mixture cah b6 ap irec componen surface; or optlona y can be app ied Over a coating
on the coapg»direénhmatface tbeichrapamdleatfade posipecplityncum bayempled owadncwctc(hﬂngo about 0.3

mils (2.5 to agout 7.5 mrcrometers)sth ck) to f ma Iatrn alurnrnld réPtAl drffg oating. The
COmMponen an ciectro 051 UL
activator is prleera an ammoniu alide, more r era ammonru ﬁde Rl 4Cl), which is

soluble intwabeuafid smhe(@rﬁdb@gmis@dpmwfdne@alm}othtyto)f thdomctivatarmnnwvatemavidids the need for

.a solvent Epar& )s é’ﬁtes%'z?g anlalggardous or

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



detrimental to the coating process. Other potentially suitable activators include ammonium bromide
(NH4Br), ammonium iodide (NH4l), ammonium fluoride (NH4F) ammonium bifluoride (NH4HF2),
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. Suitgble compositions, for the d aterial wiuste end on,the particular .type of diffusion
coating dé)sq}%%%rWi?ﬁdno%%%qé gza?ﬁ)pl%sogg?%%rm?t&%Al, e’ﬁﬂrgn%r 'e{'glbgfﬁglIg)alsst.e Sﬁiﬁ% e inert fillers
include aleorinaifdsl PO I)cigtitipaf¥ 203 pbonc Griia abdnd)s sifitlae(SIDRfpetervidie, dbnor Sriaterial and filler
are preferably | ovxf.'der form, with suitable particle si being in.asange of.abqut 37 to about 250
micrometéar%?(lr%rgraéﬁpr% earé]t‘ﬂrﬁoéb%l&feﬁ 'l]:cP 3‘6@1%’1 %iéﬁrg?ﬁ:’e é)r(gl gGéeﬁn/egrgﬂyﬂhlgeﬁrr{iofﬁts of the
individual jngrdelientd sisad ahdosahtabld2damwalersizes for the ingredients are influenced by the
resultant coating thickness and green strength desired for the paste mixture. With this in mind,

suitable pasie MXUHER R GOMATISE, HMEIBNLARTEEARAPRHICLD AhoytLQ%%elile agtivator

powder, about about 30% of a donor material powder, about 30 to about 70% of an inert filler 6
powder, antt&ibdhly Hried dbhoveBrsevibeaioxenidiuatraidirt paste Haddine2 cohtbeigasnby weight

percent, ahout.2 to hout6%. 1 NG ACHVRIGH PUHBARPU Bl ARl 20% cliR fopRlmaterial

powder, about 40 to about 60% of an inert filler powder, and about 22 to about 32% water. After

applicatiorsttengdiof to ths Biffneienaceritiig rbebescriisad e migtapsrupt efcto®l ik to evaporate
the solvenf(waten ja thg Raste,leaving friqlidcementsdkeagk shat inuelfadhared @ihe

component surface and has excellent green strength. For this purpose, a conventional oven heated to
a temperat@rePonaposEe tocaiiatied 20Ce sarkiiy. RGN BRIAMIOR BEiREAEEEN formed in

the 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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component surface contacted by the pack by performing a diffusion heat treatment. Suitable
treatments include temperatures of about 800 to about 1150C held for durations of about 0.5 to about
6 hours in a non-oxidizing atmosphere, 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 mixture. As a result,
extraneous binding agents are not necessary or desirable, particularly since such binding agents may

interfere wijth the coating ,process, or may. he difficult to remove fr e component surface at the end
of the. prone T LD S R TS o TG e T g B GG daction, and s

entirely cofistimeib gl urdng e ¢ adiing pfoeessgisopascaat tiasithsegbemt!y posa ghpahtent. } During an
mvestlgatlglqln%%%gllrgg Eg ethl%inventlon a past r’rlnxture Waz%é)é%)ared \%th the fozlilrcl)wgglg}gredlents

(amounts are approximate T&f%ccéi%%féd‘ﬂ Tl.ér%]nNII-TIl Fafuld 05921“81 aluminum alloy powder 4

g fine A12B3 gowdenfpariicie 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 LSOMMGIOBRIGIANIASR TALAUBEANIAL G APHERG RIERt RELCERLAARI I @pOU! 35 weight

percent aluminum, the balance carbon, nickel, iron, manganese, chromium, and other incidental

impurities distiHedprepenatish be thbipastenablerr@otideNWaC ppswlierihab dissolgeales the distilled
water, and{{1e, alyminum %'H%yré’s%‘ﬁﬂ%r dﬁé\‘ﬁd@}%‘ﬁ%‘ﬁ&@»‘g@ﬁ‘{!ﬁ 2iade$.4h YRR RGeS The

resulting powder mixture was then a o the NH4CI aqueous
solution, which the resulting mixture underwent thorough mixing until the paste could

be easily worked with a spatula and fingers. The paste was then applied to the
underside surface of a platform of an 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):



solution, which the resulting mixture underwent thorough mixing until the paste could be easily worked
with a spatula and fingers. The paste was then applied to the underside surface of a platform of an
HPT blade formed of the nickel-base superalloy commercially known as Rene N5 (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% EIf, 0.05% C, 0.004% B, 0.01% Y, the balance nickel and incidental impurities). Prior to
application gf the. paste mixture, the blade was degreased in isopropyl alcohol for a few minutes while
subject ton&ﬁr%sgﬂﬁﬁfggg@é, 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 & gJsragd {bieknkss of about 0.5 to about 1 cm. The paste was then dried at about 82C
for about two hours and at about 120C for an additional two hours, yielding a hard, adherent pack with

good greensHiaRgi-NRBD Y. iRihe aPsence Lbthg N4l hinder, paste mixtures formed by mixing

the powders with water easily crumbled after drying. The blade then underwent a diffusion heat
treatment at about 1975F (about 1080C). for, about six _hours, after which the pack material was readily

removablet§ SR5058 T PL WA ATl ED A e SIFSEY on which the paste had been

applied. A micrograph of the aluminide coating is shown in Figure 2 and evidences that a good
quality coatihg of usifddaOthpoknisfabelt S7Zanabmmélarsivoas Pidducedneven though the paste
was not applied to the surface to have a carefully controlled uniform thickness. During a second

investigatig, apahierpagie Hﬂﬁﬁm{{ﬂﬁf&%’%‘?ﬁ ¥ he Jelqyvingngredisnis@pagrys are
approximate): 8 10 cc distilled H20 1.6 g NH4C1(granular) 4 g aluminum alloy powder(56% Cr - 44%

Al by weigBtjferent 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



4 g fine A1203 powder (particle size: less than 45 micrometers) 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 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

dentical HET blads After drving (e Rasie the blade. tndeent a- diffusionsneat fieajment as in the
previous mvestllbatlor?f ylefalng e diffusion aluminide coafing Shown in |gu‘?e ¥and having a uniform
thickness afkalmbign6y ahigroPictexsofnathilditvasiightion)d paisidMiktuibweassftepared with the

following ingredients .(amounts are,appraxi ~3.5 cc distilled H2Q..1.6 g NHAC1 powder (granular)
6.8 0 of M PeRL s b e R T AN AERY G e Ato03
powder (pairtiniasizedlabs thimmaBimiciometel®)yl7 (patatsesixt 2B puwdiert@paktle $ixe: about 45 to

about 150 micrometers) This paste differed from.the previous.paste as t of having a small
B aition o e B e B e g B o e
The 4% clayxmiseyvasiitiag ensepasatSigtbyadissphdd goaoth e giarsab D hettdeitmdldsigdommercially
available as B nig)nﬁ A})g from Elemgntis Fciealt' %ind datsolut' oflggouh?\%l%c f water H20 and
about 0.5 TN AR s drandt s pelere Hite Mdhioh of MGy hich 3 Bt 1S ontion,
The solid pbivtigrsvofzisiuraind andittyeradtenisimde ndrsattoyd (paricte sivecasod uthdSgtmabout 150
strength of the resulting hard pack, thereby improving manufacturability. The blade
was then diffusion treated as before, yielding the diffusion aluminide coating shown
in Figure 4 as having a uniform thickness of about 67 micrometers. In addition to
volatilization of the NH4Cl activator, the clay decomposed during the diffusion heat

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



micrometers) were premixed and then mixed thoroughly into the NH4C1-clay-water mixture, resulting
in a paste that was applied to another identical HPT blade and dried in essentially the same manner
as before. The addition of the clay, which was about 1% by weight based on dry materials, was
observed to have increased the green strength of the resulting hard pack, thereby improving
manufacturability. The blade was then diffusion treated as before, yielding the diffusion aluminide
coating shown .in Figure 4 lglavrn form h|c é bout 67 micro rs. In_ addition to
volatilization' SFgat W4CI el ay%% %‘I%s\slg{f r|n IYﬁ{eoﬁﬁﬁggl ﬁ}‘fea‘l’ ?rq-:‘a]fhent making
post-diffusiombli@atioig ra&leasyea&imioranﬁa&thdnmtmrezscofsrheg.ynemﬂﬁcabedn r¥Rgithiid
investigation 0 successfull pI ed to caV| I form under ides of a variety of
other HPT%daC% (a)‘r(r)rrrseaogﬁgjenesy IB Jdha“s whrc e%eﬁ%) ﬁ%tfeat%th p?é V¥8 yield a two-
phase PtAhohﬁumm(e%tim@talPhohdo mheﬂm‘&mmlwatﬁd@pmddéﬂ]@j‘)tbdﬁzmmmoe uib@m blades had
undergone lin ht ¢ a rocesses t eposit verla ts on ther irfoils. The use
of the paste 8}%} His |cr’1q\1/en génhﬁg 3%' othave gade?rlarﬁelﬁ%'\éa(fré??ec (%F%méié' ex%t?rcr(d ond %ats.
Accordinglinvitigipnaseaatialiertmhondyistithelb iowepaitinntarly 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
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10 investigations. Furthermore, the preferred NH4CI activator could be used in combination with other
ammonium halide activators, e.g., NH4Br and/or NE41, Or such activators could be used in place of
the preferred NH4CI activator. Other known activators (e.g., metal halide activators such as A1F3 and
CrCI3) could alsa@haltw®d in combination with the ammonium halide activator(s). Accordingly, the
scope of the invention is to be limited only by the following claims. 11 CLAIMS: 1. A process of
forming a diffusion coating on a component, the process comprising the steps of: mixing a particulate
donor material confairirijasetrathipanndentdEivsietivenaiingissor ednmwovearst, thadbeopesticulate filler to
form an adhesive gaigpdadng s fgrmable, malleable consistency, wherein the adhesive mixture
does not contain an extraneous binder and the donor material and the filler within the adhesive

mixture are cohePd 3SR INAHR T RS SR IR SV ABPR d GIAL S BRI AR RF& 8%t least one
surface of the corigruhertt;indmyiteg, thred sdpesivdate Xilee taffernthenaptilying stepticereminve the water

from the adhesive i A IDSKRPYIAIA 80! A AHRCLIRIR IS 178906 rface of the

component; and heating thé component to a temperature sufficient to vaporize and react the activator
with the coating SRMWRNES! SHEINEREE RiBSHATD fornderedeatrsialapertbe thitecuaiiy tBRment, the

reactive vapor reagtieghat ifigratlapsteme=sudroef the wesapeaentitadarm a diffusion coating
containing the coating, element. 2. A process of forming a diffusion.coating on a component, the
process compris?ﬁé]?ﬁ%gs eepaé@hﬁswe RIS 20 At fdist 6he Slitacs of(fhe cofmponent;

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 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.

12



dissolving an activator in water to form an activator solution; mixing 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 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 adhesige mixkdeestesiierapplyaisiende emaveitheosatgr fio shpsadhgsive mixture

and thereby for(r:n a Sc?rUe—Q ngcg adh&rljg.% et% %hgngt tlf?gStr gggssur%cr?spft e o emgogent; and heating the
component to a Pen?peré‘ture SUTICIent 16 Vaporize aRd react the - activator with the coating element of

the donor matedisstviogmaa reastivinevaponofithe deditagatbvatt, ithavpdictiveforpopPeacting at the

at least one sugageafine.spmeraneahiagfesmpiffusion coating containing the coating element. 12
3. A process for forming a diffusion aluminide coating on a su erallolya component of a gas turbine

. t .
engine, the pro8¥¥9e o prRIdiAY ke L8R5 6@*%@@ iR e fe 24 BREB AR AR HERE activator in

water to form afillenmiomuachalite wontaéning solution; mixing a particulate donor material containing

aluminum and & parliciateo JNeE 1 auna a e WieLRIIGHMINIRG L0n BAEeL AR aana the

ammonium halide-containing solution to form an adhesive mixture having a formable, malleable
consistency, théodorist RAERAEamtbtHE fillay Ratrin iR abike MR BARIrECBEIFIE UM ERSd solely by the
at least one disgehvethagtviatemapying thenadheshehsiviiraitoue Rasy oorssetfacegf the

component; by the at least one dissolved activator;

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 haiide 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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| 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 compofien}in-aadnRUpaIRAUCNaRENAsERaFate AdsmBaRIIE i adyeld for a duration
sufficient to vaporize and react the at last one %?Tﬁoiﬁgl alide activator with the aluminum of the
e

dorior material tG {8RRCER AR RRAH FAfd& v um 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 gmateri i i chosen, fr. [ cansisting of CrAl,
CoAl, FeAl, and T?K?aﬁgf/éggggg %‘?@%@@%ﬁ%@%@% %%,%ﬁéﬁﬁﬁe%g é%sc?gﬁg ammonium
halide activator EOEHRSSERFONE e GUPEEASYEREFSTINIMCT IRFRBIPRIFAL, NHAF, and NHAHF2. 6.
A process according to claim 3, wherein the adhesive mixture is prepared to further contain a metal
halide activator. 7. pfocess a\ccordigfg1 tq claim Wkﬁngi[q Iﬁg a h%si\ée mitxtur% IS prqpared to further
contain clay. 13 8. / Pr crgggse%cac‘%?alrn’g oefafin' W Srein the eaetlr% srpéf) l'|[§epeorﬁ§'rrr}10ed at a
temperature of atrust 8O MdALMESSTEMPEINY e mroRlEsg aterding to claim 3, wherein the at least
one surface of the component constitutes a limited surface portion of the component. 10. A process
according to claim 3, wherein the adhesive mixture dges not have a uniform thickness following the

applying step. 11.'Aiprécéé%cﬁﬁﬁo?&ﬁiﬁq‘&%lHﬁﬁf%h%r&ﬁ?%%mﬂgﬁﬁiﬁuFB"ngre 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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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. 14 DIFFUSION COATING PROCESS ABSTRACT OF
THE DISCLOSURE A process capable of depositing a diffusion coating of uniform thickness on
localized surface regions of a component. 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 resufﬁﬁ%&bi@}ﬁﬁ%%%&%% 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 a surface of the
component, and the component is heated to a temperature sufficient to vaporize and react the

activator with 4 aeetipg-alemeniei teg figigor material, thereby forming a reactive vapor of the

coating element. The reactive vapor reacts at the surface of the component to form a diffusion coating

containing the coating element. (No Suitable Figure) 15
A process capable of depositing a diffusion coating of uniform thickness on localized

surface regions of a component. The process makes use of an adhesive mixture
containing a binding agent that is consumed as f)art of the deposition process so as not
to negatively affect the quality and uniformity of the resulting coating. 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 a surface of the
component, and the compenent is heated to a temperature sufficient to vaporize and
react the activator with the coating element of the donor material, thereby forming a
reactive vapor of the coating element. The reactive vapor reacts at the surface of the

component to form a diffusion coating containing the coating element.

(No Suitable Figure)
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