PROCESS FOR A BETA- PHASE NI CKEL ALUM NI DE OVERLAY COATI NG FI ELD OF THE

| NVENTI ON This invention relates to protective coating systens for
conponent s exposed to high tenperatures, such as the hostile thermnal
environment of a gas turbine engine. More particularly, this invention is
directed to a beta-phase nickel alumnide overlay coating and to a process
for nodifying the grain structure of the coating to inprove its oxidation
resi stance and pronote the formation of a protective oxide scale on the
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ART Conponents of the turbine, ustor sections of gas
turbine engines are often protected by a netallic environnental coating
and/or a thermal barrier coating (TBC), the latter of which is typically a
cerami c material bonded to the conponent surface with a netallic bond

coat. Coati | ve been w dely enployed as environnental
coati ngs a%@?fi@@‘f%{@g diffusion alum nide coatings and Mo Al X
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containing intérmetallic phases, the NI Al beta phase is an internetallic

conpound that exists for nickel-alum num conpositions containing about 30
to about 60 atomic 1

DESCRIPTION OF THE RELATED ART

Components of the turbine, combustor and augmentor sections of gas turbine engines
are often protected by a metallic environmental coating and/or a thermal barrier
coating (TBC), the latter of which is typically a ceramic material bonded to the
component surface with a metallic bond coat. Coating materials that have been
widely employed as environmental coatings and bond coats include diffusion
aluminide coatings and MCrAlX overlay coatings (where M is iron, cobalt and/or
nickel, and X is yttrium or another rare earth element). The aluminum content of
these materials provides for the slow growth of a strong adherent and continuous
aluminum oxide layer (alumina scale) at elevated temperatures, which protects the
coafing and its underlying substrate from oxidation and hot corrosion. When the
coating serves as a bond coat for a TBC, the alumina scale also chemically bonds the

ceramic topcoat to the bond coat.

Other types of environmental coatings and bond coats that have been proposed
include beta-phase nickel aluminide (NiAl) overlay coatings. In contrast to the
aforementioned MCrAlX overlay coatings, which are metallic solid solutions
containing intermetallic phases, the NiAl beta phase is an intermetallic compound that

exists for nickel-aluminum compositions containing about 30 to about 60 atomic
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percent al um num Notabl e exanpl es of beta-phase Ni Al coating materials are
di scl osed in commonl y-assigned U. S. Patent Nos. 5,975,852 to Nagaraj et

al., 6,291,084 to Darolia et al., 6,153,313 to Rigney et al., and

6, 255,001 to Darolia. These N Al conpositions, which preferably contain a
reactive elenment (such as zirconium and/or hafnium and/or other alloying
constituents (such as chromun), have been shown to inprove the adhesion
of a ceramic TBC, thereby increasing the spallation resistance of the TBC.
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coating is deposited by methods that produce a generally columnar grain structure,
e.g., physical vapor deposition (PVD) techniques, with the result that open grain
boundaries are typically present at the coating surface, with the grains physically
separated thereby being referred to as leaders. For NiAl coatings of the type taught by
the aforementioned U.S. Patent Nos. 6,153,313, 6,255,001 and 6,291,084, leaders are
characterized by both a physical separation and chemical differences, and has been
associated with reduced oxidation and spallation resistance as a result of providing a
pathway for oxidation. To reduce the presence of deleterious leaders, Spitsberg et al.
recrystallize the NiAl coating during or after deposition, resulting in the formation of
new surface grain boundaries. Recrystallization is achieved by depositing the coating
on a substrate maintained at a sufficiently high temperature so that recrystallization

occurs during deposition, or by cold or warm working the coating surface and then

heat treating the coating at a temperature sufficient to cause recrystallization.

A particular technique disclosed by Spitsberg et al. for cold or warm working the
coating surface is shot peening. In practice, stainless steel shot peening media has
been used. However, NiAl overlay coatings peened in this manner have been found
to form an iron-containing spinel scale that can promote the spallation of a ceramic

2



A particular techni que disclosed by Spitsberg et al. for cold or warm
working the coating surface is shot peening. In practice, stainless steel
shot peening nedia has been used. However, N Al overlay coatings peened in
this manner have been found to forman iron-containing spinel scale that
can pronote the spallation of a ceramc 2 coating deposited on the
coatings. BRI EF SUMMARY OF THE | NVENTI ON The present invention generally
provi des a process for formng an overlay coating that is suitable for use
as a bond cafing &positdd @ MBLodtdgEl er coating (TBC), a particular exanple
of which are overlay coatings formed of beta-phase NI Al internetallic. The
I nvention further provides a nethod of nodifying the grain structure of an
overlay coating in order to inprove the oxidation resistance of the
coating and the spallation resistance of any TBC deposited on the overl ay
coat i ng. CM§§ﬁ§w§ ARYSOPTHEMWVENTYIGRL | on are deposited by nethods that
produce a generally columar grain structure in which grains, and
therefore grain boundaries, extend through the bond coat, from the outer
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sufficient to cauSe the overlay Toating to recrys
the outer surface of the bond coat to the surface of the substrate on which the bond

coat is deposited. Furthermore, some of these grain boundaries are open at the bond

coat surface.

According to a first aspect of the invention, the oxidation resistance of an overlay
coating of a type described above and the spallation resistance of a TBC deposited on
the overlay coating can be mmproved by modifying the microstructure of the overlay
coating. The overlay coating is first deposited on a substrate surface to have as-
deposited grains that define as-deposited grain boundaries exposed at the outer
surface of the overlay coating, at least some of which are open to the outer surface of
the overlay coating. The overlay coating is then peened with a particulate media
formed of a composition containing nickel and aluminum, followed by heating the
overlay coating to a temperature sufficient to cause the overlay coating to recrystallize
and form new grain boundaries that, though exposed at the outer surface of the
overlay coating, are not open to the outer surface. In accordance with the
aforementioned U.S. Patent Application Serial No. 10/248,056 to Spitsberg et al., the
new grain boundaries exposed at the surface of the recrystallized overlay coating are
significantly less susceptible to accelerated oxidation than are the original grain

boundaries of the as-deposited overlay coating, such that the oxidation resistance of



and form new grain boundaries that, though exposed at the outer surface of
the overlay coating, are not open to the outer surface. In accordance with
the aforenentioned U S. Patent Application Serial No. 10/248,056 to
Spitsberg et al., the new grain boundaries exposed at the surface of the
recrystallized overlay coating are significantly |ess susceptible to

accel erated oxidation than are the original grain boundaries of the
as-deposited overlay coating, such that the oxidation resistance of 3 the
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processed in _accordance with thi's i nvent| on.
resistance of the ceramic coating is significantly improved.

Other objects and advantages of this invention will be better appreciated from the

following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a perspective view of a high pressure turbine blade.

Figure 2 is a cross-sectional representation of a TBC system on a surface region of the
blade of Figure 1, and represents the condition of a beta-phase NiAl overlay bond coat

that has been processed in accordance with this invention.

Figure 3 is a cross-sectional representation of an NiAl overlay bond coat of the TBC

system shown in Figure 2, but in the as-deposited condition.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally applicable to components that operate within
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Figure 3 is a cross-sectional representation of an Ni Al overlay bond coat
of the TBC systemshown in Figure 2, but in the as-deposited condition.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention is generally
applicable to conponents that operate within 4 environnents characterized
by relatively high tenperatures, and are therefore subjected to severe
thermal stresses and thermal cycling. Notable exanples of such conponents
i nclude the high and | ow pressure turbine nozzles and bl ades, shrouds,
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Represented in Figure 2 is a thermal barrier coating (TBC) system 20 that includes an
overlay bond coat 24 and a thermal-insulating ceramic layer 26, or TBC, on a
superalloy substrate 22 that is typically the base material of the blade 10 in Figure 1.
Suitable materials for the substrate 22 (and therefore the blade 10) include equiaxed,
directionally-solidified and single-crystal mickel and cobalt-base superalloys. The
bond coat 24 adheres the ceramic layer 26 to the substrate 22 through the growth of an
oxide scale 28 when the bond coat 24 is exposed to an oxidizing atmosphere, such as
during high temperature exposures in air and during deposition of the ceramic layer
26. As shown, the ceramic layer 26 has a strain-tolerant grain structure of columnar
grains 30 achieved by depositing the ceramic layer 26 using physical vapor deposition
(PVD) techniques known in the art, such as electron beam physical vapor deposition
(EBPVD). A preferred material for the ceramic layer 26 is an yitria-stabilized
zirconia (XYSZ), a preferred composition being about 4 to about 8 weight percent
yttria, though other ceramic materials could be used, such as ytiria, nonstabilized
zirconia, or zirconia stabilized by magnesia, ceria, scandia or other oxides. The
ceramic layer 26 is deposited to a thickness that is sufficient to provide the required

thermal protection for the underlying substrate 22 and blade 10, generally on the order
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26. As shown, the ceramc |layer 26 has a strain-tolerant grain structure of
columar grains 30 achieved by depositing the ceram c |ayer 26 using
physi cal vapor deposition (PVD) techniques known in the art, such as

el ectron beam physi cal vapor deposition (EBPVD). A preferred material for
the ceramic layer 26 is an yttria-stabilized zirconia (YSZ), a preferred
conposition being about 4 to about 8 weight percent yttria, though other
ceramic materials could be used, such as yttria, nonstabilized zirconia,
or zirconi grabaRifsid a6 oI RAASHefrs CErNi @, scandia or other oxides. The
ceramic layer 26 is deposited to a thickness that is sufficient to provide
the required thermal protection for the underlying substrate 22 and bl ade
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overlay coatings formed of beta-phase NIAl internetallic are pr elperred and
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I nvention %ﬁ]?pl?lostoaluminum to form the oxide scale 28 (i.e., an alumina scale), though

thicknesses of about 10 to about 125 micrometers are believed to be acceptable.

While overlay coatings formed of beta-phase NiAl intermetallic are preferred and
discussed below in reference to this invention, the teachings of this invention are also
believed to be applicable to overlay coatings formed of other materials capable of

providing environmental protection in hostile environments, such as MCrAIX.

The bond coat 24 is represented in Figure 2 as having been deposited and processed in
accordance with this invention so that grain boundaries 34 that intersect the surface 36
of the bond coat 24 are substantially closed (adjacent grains 32 are not physically
separated by spaces), and any precipitates 40 within the bond coat 24 are located
primarily within the grains 32 of the bond coat 24, and largely absent from the grain
boundaries 34. In contrast, Figure 3 represents the overlay bond coat 24 as it would
appear if deposited and processed in accordance with conventional practice, e.g., in an
as-deposited condition without any additional treatment. The type of microstructure
represented in Figure 3 may be observed in NiAl overlay coatings deposited by PVD,
including EBPVD, sputtering and directed vapor deposition (DVD). In Figure 3, the
bond coat 24 is characterized by grains 42 that extend through the bond coat 24, from
the surface 36 of the bond coat 24 to the surface 38 of the substrate 22, such that the
6



believed to be applicable to overlay coatings forned of other materials
capabl e of providing environnental protection in hostile environnents,
such as MCrAl X. The bond coat 24 is represented in Figure 2 as having been
deposited and processed in accordance with this invention so that grain
boundaries 34 that intersect the surface 36 of the bond coat 24 are
substantially closed (adjacent grains 32 are not physically separated by
spaces), and any precipitates 40 within the bond coat 24 are | ocated
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represented in Figure 3, the grains 42 have grain boundaries 44 that
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in Figure 3, with the result that a TBC (the ceram c |ayer 26 in Figure 2)
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spallation resistance of a TBC deposited on the bond coat, can be achieved by
eliminating grain boundaries 44 that are open to the coating surface 36 and contain
precipitates 40, particularly Zr-rich precipitates. In accordance with the teachings of
Spitsberg et al., an equiaxed NiAl overlay bond coat of the type represented in Figure
2 can be achieved through bulk recrystallization of the bond coat during or following
coating deposition, resulting in the elimination or “healing” of the leader grain
boundaries 44 represented in Figure 3. For example, high deposition (substrate)
temperatures on the order of about 1200°C and greater have been shown to cause bulk
recrystallization during deposition with fewer open grain boundaries, yielding a bond
coat similar to the bond coat 24 of Figure 2. Alternatively, improvements in oxidation
resistance of a NiAl overlay coating can be achieved with coatings deposited at lower
substrate temperatures, but then caused to recrystallize by appropriate post-deposition
processing. For example, recrystallization can be induced by a surface mechanical
treatment (e.g., peening) that introduces cold working into the bond coat, so that at
least the surface if not the entire overlay coating undergoes recrystallization when

sufficiently heated to drive the recrystallization process. In each case, improved

oxidation and spallation resistance are attributed at least in part to the fewer number
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al lowi ng for accel erated oxidation through the coating thickness. On this
basis, inproved oxidation resistance of an N Al overlay bond coat, and
therefore the spallation resistance of a TBC deposited on the bond coat,
can be achieved by elimnating grain boundaries 44 that are open to the
coating surface 36 and contain precipitates 40, particularly Zr-rich
precipitates. In accordance with the teachings of Spitsberg et al., an
equi axed Ni Al overlay bond coat of the type represented in Figure 2 can be

achi eved t fHﬂwgﬁpim&s%%&ﬁwy%rlﬁﬂkaﬁitﬁés inhﬁ Zp—g?&aﬁlﬁ?% NP4 é’d&ﬂ;@f that

following coating deposition, resulting in the elimnation or eal 1 ng" of
t he | eader dgceiiate thp grain dpvnstarigel of therresystalided hod geat €FigureF2)r assoommpatad,  hi gh

deposi tion ubst r.at.e t enper.at ures .on e order .of t 1200C_and

gr eat er ha\}é%%ee%glgﬂo w’?rlf‘rcggﬂgi’o Aees p &ﬁ f@?‘i’ﬁ@ﬁﬁ%ﬁg%‘%f’?@?@gﬂ&i tion
wi th fewer 3zpen grain boundaries, yielding a bond coat simlar to the bond
coat 24 of Figure 2. Alternatively, inprovenents in oxidation resistance
of a Ni Al overlay coating can be achieved with coatings deposited at | ower

substrat e tlBrifeln¥esiigation kadingrHefhisdgeentione it gey ghseriedi thet MAlabandogeeatsat e

post - deposi.f.i LI 3 . i | can: |.hduced
by a surfa eb%‘o&eﬁg{ﬁ}i}@g@é{l% 3 lﬁé?] %%?lgpégﬁcm{ﬁ@ge{#%é@%dh%{% Iv%" %P’lly oe%ﬁlc?g@eézsol d
wor ki ng i ntthart desited ogidatian andsspallatién sesistanea s OntekeminatibAof sudh spetimidae, entire
overlay coatin ndergpes recrystalljzation when_ suffjciently heated to
drive the r‘feé’ff\_gsﬁ‘gg‘?‘i ggﬁeﬁﬁ‘} g\%&%%??“ nS%@ @%&é@}g‘ﬁrﬁ&)o‘%@éﬁm%kﬁmﬁ?lﬁ’on and
spal l ation ﬂaﬁ?du?&@ni?&;—@élﬁaiﬁﬁfgrs?ﬁi&s‘fgﬁﬂér th&R§lpha BruRdhd sdafs AL id GG, founber 7

of precipitates (particularly Zr-ri precipltates 1n a Zr-containing N Al
coating) t haemotgeasibesioe of lrecegamaicncoatiogd s ssgentrallpeoneatipaslalie peedingond

coat (Figure 2). a are tqQ t.he original, columar grain boungari es of

t he as-depc??ﬂ%&?iiﬁil%g%bﬁﬂg%ﬁﬁ ‘YIQT Y8 &> feel Ei%r‘#% erﬁfg’élplgd’éff BHnt1%¥&di ng to
thi's i nventth@tizell tthatabe @REREXted RASt NaNhabOREntERAMaSed MEOTEISRAdBbalshe
post - deposition peening technique descril bed above may exhibit | ess than

desired oxivdith poal ameusisaif|iepn;, smichethen diffused imbp thx airfaras 06 theoponguasiats
speci mens, during subsequent processing, including the post-peening heat treatment. As a result,
following TBC deposition and subjecting the coating system to an elevated
temperature, the oxide scale that grew on the surfaces of the bond coats became
contaminated with iron from the peening media, leading to the formation of a scale
comprising iron-containing spinel-type oxides (e.g., Fe,Os;, Fe;O4) that are not

adherent to the bond coats.

Based on the above, the present invention makes use of peening media whose
composition is selected to be chemically compatible with the bond coat material and
essentially free of deleterious spinel-forming elements, i.e., elements whose oxides, in
contrast to slow-growing protective alumina (AlyOs), is not “protective” in that they
allow for relatively rapid diffusion of oxygen. An example of a deleterious spinel-
forming element of particular concern with this invention is iron. In view of the
above requirements, media compositions containing nickel and aluminum are well
suited for peening overlay coatings containing nickel and aluminum, such as the beta-
phase NiAl(X) overlay coatings (where X is zirconium, hafnium, chromium and/or
another element) disclosed in the aforementioned patents to Rigney et al., Darolia,
and Darolia et al. Particularly suitable compositions for the peening media include
beta-phase N1AICrZr intermetallic and NiCrAlY, the latter of which is an MCrAlX
8



It was further observed that the oxide scale (28 in Figure 2) contained
spinels, particularly iron-containing spinels, rather than al pha-al um na
scale that is known to pronote adhesion of a ceramc coating. As is
general ly conventional, the peening operation had been perfornmed with
stainless steel shot as the peening nedia. It was theorized that the
stai nl ess steel shot may have contam nated the Ni Al bond coats wth snall
amounts of iron, which then diffused into the surfaces of the bond coats

during subsgaipefitioR hesERthPast k&fddﬁdémomé‘mapé&aﬁﬁgseﬁimnfa%hts%ﬁ?h638”t . AS

a result, followng TBC deposition and subjecting”the coating systemto an
el evat ed tspstpms.at The cotripesitrngdef SedlralY heowdprewsah te Herrs uplhagesprafed he
bond coats becane ont am nat ith.iron fromt eni di.a,, | eading
Co"t he t or T aE A poaRs At bPRY Y aireoR B g PP B S Bbmox dos
(e.g., Fe2QRemka§Qd) avdidicomtamimon FHURLLORat BodiiAE RO REInfcabShetBPned On the

above, the present invention nmakes use of peening nedia whose conposition

i s sel ect edNiNCHaE. cNeGiIAJY| pyvdes mppaticlen erenilsh of saffindend stisngthnande fracthreand

essenti al | [ 0 lieteri . Sspinel -form el ts, J..e.,, €lLenments
whose oxi dégéghlg gss E:oo(ﬁ%gl?lgs etrgﬂlglr%wcﬁlﬁg{ﬂsﬁﬁe 6!}%?58%5?3@6 aqoﬁhf‘%%l( Wi@ﬁ'g) s
not " pr ot eckisimegratifig bhdinphdie YPovaletuf fHRrbetLpladst WAY(X)ainthoditiohs! sbedntoof
oxygen. An exanple of a deleterious spinel- forming el ement of particular

concern wi AR fhescoatipg i ofnthissinversion qrg hardey, team NHEATXpand forelhisi reaspant s,
medi a conpgsiJi t Al | : I R I ' fjor
peeni ng ngﬁs}a?f?@gegﬁér@g@h@g %%P{nicﬁr%hﬁgg%grgﬁgﬁ?d r}gﬁmd%f%ugn@ lgeugﬁH%% t eg bet a-
phase N Al (Wngqrecdsses stmisn toghogented o producz iMCoRiYU (8.g.h MiGiAIY]) polrders um
and/ or anqiher elenent) disclosed in the aforenentjoned patents tq R gney
et al., Da&lﬁ‘i glﬁ?ma Sravipgispesiin  Byrthesprs, thy camppsition ofin )SIL‘Z&WB%W fTons for

the peeni NG Aegli ddifdduast tHRelivt AR Nl ofl iF?)‘reéﬁﬁ{r?‘Pé,Wh‘é ARGk & ALY,
the latter of which is an MCrAl X" 8 conposition used in the past to form
envi r onmentaiimissey ¢angse wtdroddchoeaaius, fzircoMBO, etoy,stanrte, adied it enplodlicdi ons of

NECr ALY pouder SitsR il P mm}lae!.tr%rsgp f;hséprrnggigdfor the particular composition of the

amounts to tailor the che

coating 24, as well as to increase the hardness of the media.

Becanse recrystallization is expected to be dependent on peening intensity, a
sufficient peening intensity is believed to be critical to achieving improved oxidation
resistance by way of recrystallization. For this reason, the peening media must be in
the form of particles of a size to achieve sufficiently intense peening, preferably at
least about 400 micrometers in diameter, such as on the order of about 600
micrometers in diameter. The shot peening process itself should preferably achieve
full surface coverage and an intensity of at least 4A. Following peening, the coating
is heat treated at a temperature of at least about 900°C, such as about 980°C to about
1100°C for a duration of about 0.5 to about 4 hours in an inert or otherwise low-
oxygen atmosphere (e.g., a vacuum on the order of about 10” to 10 Torr (about

1.3x107 to about 1.3x10” mbar), to drive the recrystallization process.

According to one aspect of the invention, the peening media can be obtained as a by-

product of processes used to form NiCrAlY powders that are plasma sprayed to form

environmental coatings and bond coats for TBC. Under manufacturing conditions for

powders intended to be plasma sprayed, the particle size distributions are controlled to

produce particles of a relative fine size for plasma spraying, e.g., typically on the
9



envi ronnment al coatings and TBC bond coats are controlled and sufficiently
simlar in chemstry to avoid contam nation of an overlay coating 24
formed of beta-phase N A CZr. NiCrAlY powder particles are al so of
sufficient strength and fracture toughness to apply the required
conpressi ve stresses to the coating 24 without disintegrating on inpact.
Powders of the beta-phase N Al (X) conpositions used to formthe coating 24
of this invention are harder than NiCrAlY, and for this reason may be
preferred rgdiaocf %oﬁth 2 70CRRENY+2P ShidfdnersN A\ Qohfsef affhc?sn WEVEHE\%HNV ed

usi ng processes simlar to those used to produce MCrAl e.g., NCAY)
powders f cproghbcsd rand Qbmyatmmdep@suetstr@mn Fihet precase of thet hresand ipastion én of a

Ni Al (X) po ified for the shot peening._operation. For
excanpl b, "o MBS BF oF Bilesst iR B tis SotoRCIRn T ARaiRe e SDAETh um
etc., can be added in controlled amounts to tailor the chem stry of the

media for tWailpahé imihen aanbesi téseAbed it hemscTat pRfler?dt e@bodiRlcht, 85id O
i ncrease the hardness of the nedia. Because recr%m{alllzatlon i s expect ed

to be deperfPeAEnbiabedar fgms soeldshe gdopted byieng thiklesk ingbe mrth gThameferssithey i s
belleved t ﬁ@k; Hﬁﬁq resi stance by way
recr yst%l le?ez(gqtlii%%] 15noitsﬁcl?§é Ir%}é]zﬁits@gc’h t eﬁg%lﬁwngél&m a4 must be in the

forn1of particles of a size to achieve sufficiently intense peening,
preferably at |east about 400 microneters in dianeter, such as on the
order of about 600 mcroneters in dianeter. The shot peening process
itself should preferably achieve full surface coverage and an intensity of
at | east 4A. Follow ng peening, the coating is heat treated at a
tenperature of at |east about 900C, such as about 980C to about 1100C for
a duration of about 0.5 to about 4 hours in an inert or otherw se | ow
oxygen at nosphere (e.g., a vacuumon the order of about 10"3 to 10-5 Torr
(about 1.3x10-3 to about 1.3x10-5 nbar), to drive the recrystallization
process. According to one aspect of the invention, the peening nedia can be
obtained as a by- product of processes used to formN CrAY powders that
are plasma sprayed to form environnental coatings and bond coats for TBC
Under manufacturing conditions for
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powders intended to be plasnma sprayed, the particle size distributions are
controlled to produce particles of a relative fine size for plasna
spraying, e.g., typically on the 9 order of about -270 nesh (+25

m cronmeters). A coarser fraction is inevitably produced and elimnated in
a waste stream The process of the present invention is able to nake use
of at least a portion of this coarse fraction in the peening operation.
Wil e the invention has been described in terns of a preferred enbodi nent,
it is apparegiehat other forms coul d be adopted by one skilled in the
art. Therefore, the scope of the inventionis to be l[imted only by the
following clainms. 10 CLAIMS: 1. A process for inproving the oxidation

resi st ance lofA grpcgssdior ayproviagithgpxiditonpesistencs ofenmyeilay srgtingghe pepsssof
depositing the .overlay coating on a surface of a substrate, the overlay
coating beicélgn%nglélgéﬂéﬁ%eepcfogb as to be characterized by as-deposited grains
that define as-deposited grain boundaries that intersect the outer surface
of the overdepysitimpthenyerlay coftingtonso sl faceloftaheibadateleho viveital efating thmgndari es
bei ng open at the outer surface of the overlay coating; peening the
overlay codepesiiedisprasaiophs ehasanterzed hydrsadepesitesyergms dhaly i asrdpposited
cont ai ni ng JAji: 0 I td to a
Ferpor at ur & o e B T O O e O Mol Bty S B3 S and

f or m new grodiithe bodembaited graith houraiagen being pean tb tHehautausuefacs of filkec evafay t he
overlay coating. 2. The process according to claim1, wherein the heating
step corrpric%t eating the overlay coating to a tenperature of at |east
900C. 3. The process according to claiml or claim2, wherein the overlay

coating is pedfihgahé | dveley aophas aviti @kBArtiBhlu fiedR FoHned "X 8! ddnfposition

containing nickel and aluminum; and then

heating the overlay coating to a temperature sufficient to cause the overlay coating to
recrystallize and form new grain boundaries that are not open to the outer surface of

the overlay coating.

2. The process according to claim 1, wherein the heating step comprises heating the

overlay coating to a temperature of at least 900°C.

3. The process according to claim 1 or claim 2, wherein the overlay coating is

primarily beta-phase nickel aluminide intermetallic.

4. The process according to any one of the preceding claims, wherein the as-

deposited grain boundaries contain more precipitates than the new grain boundaries.

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

coating contains at least one of zirconium and hafnium.

6. The process according to claim 5, wherein the composition of the particulate media

is an intermetallic and contains at least one of zirconium and hafnium.

7. The process according to any one of the preceding claims, wherein the

composition of the particulate media is substantially free of iron.
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4. The process according to any one of the preceding clains, wherein the
as- deposited grain boundaries contain nore precipitates than the new grain
boundaries. 5. The process according to any one of the preceding clains,
wherein the overlay coating contains at |east one of zirconium and hafnium
6. The process according to claim5, wherein the conposition of the

particulate nedia is an internetallic and contains at |east one of
zirconium and hafnium 7. The process according to any one of the preceding
claims, whey eipd gﬁoce(:?@%@&tﬁdgoﬁb Qlnyt Bfe RAT tHeC Plab@ingedhins, Swhetbiat artial Iy
free of iron. 11 8 The process according to any one of the preceding
cl ai ms, whepsipasitipe of Brpadsividteomedfa qomprises ¢ mstdlhe eolideshilutiancandrdogtagnsa
metallic sqljid solution and contains yttrium 9. The process according to
cl aim 8, f PP conprising the steps of producing the particulate nedia
to have relative finer and coarser particles, using the coarser particles
in the peeri NThéprPessadtdondinpSiecisipl 8y fungiet bemprisiey tHeadtépscdfosroditiggy gRcond
substrate to forma N.CrALY coating on the second substrate. 10. The
process acdrtisuE meedimyo e Jelafivie fncscadi mprear aparsles. Lpsing the 6AFEFSi ng
the steps . depashti ; 1 j t NM1.Goal | forma
t hermal ba (ra?tlec?& @o%%i%@é%?ﬁ]%grfg&?ﬁeﬁq%ﬁgf égiglﬁ%leP %ilzﬁ%e%eor%n%{%g%&é{rari er
coati ng sysubstrateotodorme b MNiGt ALY cdatinpendhdseeotidsubsetratean oxi de scal e bet ween
the overlay coating and the ceram c coating, the oxide scale being
substanti allloy "lfhre%?oc%];s g&:‘opdenllg tolazny one of the preceding claims, further comprising the

steps of depositing a ceramic coating on the overlay coating to form a thermal barrier

coating system, and then subjecting the thermal barrier coating system to an elevated

temperature to form an oxide scale between the overlay coating and the ceramic

coating, the oxide scale being substantially free of spinel.
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