12 January 2007 PROCESS FOR A BETA- PHASE NI CKEL ALUM NI DE RLAY. COATI NG
FIELD OF THE I NVENTION This invention relates to protectivel8¥ePr§0%yst ens
for conponents exposed to high tenperatures, such as the hostile thernal
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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DESCRIPTION OF THE RELATED ART

Components of the turbine, combustor and augmentor sections of gas turbine engines
are often protected by a metailic 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 MCrAIX overlay coatings (where M is iron, cobalt and/or
' nickel, and X is yitrium or another rare earth element). The aluminum content of
these materials provides for the slow growth of a strong adherent and continuous
aluminum oxide fayer (alumina scale) at elevated temperatures, which protects the
coating 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 MCrAIX 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 alum num Notabl e exanpl es of beta-phase Ni Al coating materjals are
di scl osed in comonl y-assigned U.S. Patent Nos. 5,975, 852 tbﬂ?ﬁ‘{j“é’?%ﬁmet

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 el enment (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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stai nl ess steel shot peening medi
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 preseﬁce 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
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been used. However, Ni Al overlay coatings peened in this manner have_ been
found to forman iron-containing spinel scale that can pr figna 07

spal lation of a ceramc 2 12 January 2007 coating deposited on the
coatings. BRI EF SUMMARY COF THE | NVENTI ON One aspect of the present

i nvention provides a process for inproving the oxidation resistance of an
overlay coating, the process conprising the steps of: depositing the

over| ay eemigrigposited oBifkepeling® a substrate, the overlay coating being
deposited so as to be characterized by as-deposited grains that define
as-deposited grain boundaries that intersect the outer surface of the
overlay coating, at |east sone of the as-deposited grain boundaries being
open at the outer surface of the overlay coating; peening the overlay
coat i ng BRIRF SUPAMARYI IOk BHRENVENTIORd of a conposition containing nicke
and al um num and then heating the overlay coating to a tenperature
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coat i ng.re@ﬁfﬂnh@bfﬁﬁ@%@lhy@6atﬁ1@§th@’pﬁﬁ>@§§cdrﬂpf@ﬁigitﬁ@sté{vébﬂ des the process as
defined above, wherein the conposition of the particul ate nedia conprises

a netallic soJid solution _and contains yttrium and further conprising the
steps of 9gostingithe oveilay onting on aruriapsef 2 sebstmatey thersieday geatimgrhsingind

coarser gaoki i : r : r y 0. and
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i nvention.provides .t he prqcess as defined abpve, further conprising the
steps of O%I@Soas“‘r P feH e uegawathemg 61 3t pier Ay facs i tﬁ@ XEIa% or m a

t her nal &fﬁlﬁh%,ﬁ‘r coating system and then subjecting the thernmal barrier
coating sysfemto an elevated tenperature to form an oxi de scal e between
the overlay coating and the ceram c coating, the oxide scal e being

subst antPeshing thecev@taysenatig. with a particulate media formed of a composition

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.

Another aspect of the present invention provides the process as defined above,
wherein the composition of the particulate media comprises a metallic solid solution
and contains yttrium, and further comprising the steps of producing the particulate
media to have relative finer and coarser particles, using the coarser particles in the
peening step, and plasma spraying the finer particles on a second substrate to form a

NiCrAlY coating on the second substrate.

A further aspect of the present invention provides the process as defined above,
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.

Disclosed  is a process for forming an overlay
' 3




Di sclosed is a process for formng an overlay 3 12 January 2007 coating
that is suitable for use as a bond coat for a thermal barri@fa¥eatZ0ny
(TBC), .a particular exanple of which are overlay coatings forned of

bet a-phase NNAl  internetallic. Disclosed further is a nmethod of nodifying
the grain structure of an overlay coating in order to inprove the
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grain boundaries exposed at the outer surface of the overlay coating, at least some of
which can be open to the outer surface of the overlay coating. The overlay coating
can be 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 fto 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
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12 January 2007 the overlay coating is inproved. According to a preferred
enbodi nent of the invention, when the overlay coating is g’&ﬂ]”%’é‘ﬁé@ﬂo an
el evated tenperature, an oxide scale forns on the surface of the overlay
coating that is substantially free of deleterious spinel, particularly
iron- containing spinel. For this reason, the conposition used to formthe
peeni ng nmedia preferably contains nickel and alum num but is essentially
free of Biceverdrscoadngisimpreved) that coul d contaminate the overlay coating
and thereafter forma non-protective spinel scale (e.g., spinel containing
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DESCRI PT] THE, DRAW.N igure 1 is a perspegtiyve view of a.high
pressur elr%}rt%:tncé’uﬁl ‘éf’&]@mlﬁ%ﬁg%g rfag cﬁ”&‘?&)@@-é@%ﬁﬁg fm AR ALeFTLYG gn of a
TBC systq&mmcﬂeqwg%a@ﬂlen eh@mis FEIR, PLadroRfthELbItHA doatifpdufgRy esent s

the condition of a beta-phase Ni'Al overlay bond coat "that has been
pr ocessedining awbsraperidighiantperatine exawsioni dfithe pveilasecating isdntendessassect i onal

repr esen i f |LAL. over] ay. coat .of the TBC system shown in

i gur o 2 ophf Bl o] SlieRKREMEBRATRE: Auchifs b6l BBV T

| NVENTI ddafihg apd €feattramieveatih®nt dlévageinempblayurapil dlakibstahtinlgofgosent s t hat
operate wi,thin é}elé#éanuary 2007 . _environnents characterized by relatively

~hi gh t enficht ul”e. neg af pRY rsigificant apmsuat cEdping! sedler berspalafion stresses
and t her gkt ol o i cerNAI AL EN S EATY €5iflanily Shproved.

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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conponents include the high and | ow pressure turbine nozzles and bl ades,
shrouds, conbustor |iners and augnmentor hardware of gas turdrHEYeRET nes.
An exanple of a high pressure turbine blade 10 is shown in Figure 1. The
bl ade 10 generally includes an airfoil 12 against which hot conbustion
gases are directed during operation of the gas turbine engine, and whose
surface is therefore subjected to severe attack by oxidation, corrosion
and erosion. The airfoil 12 is anchored to a turbine disk (not shown) wth

a dovetail red on root. secti.on 16.qQf the bl ade 1Q. Cooling holes 18
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subst r at e 2821eH { 2 jagaingtsyhach hot combuptier 2#aes ere directstl during bperdbont 0f the Fi gur e

1. Suitabhe b badise. S nd.therefore the hlade 10)
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cobal t - baosidetipnr eirtasicn. anfiheositronThe eiitfoi24 2ag hasiRsed fea ¢abRARM diskt @yRr 26 to
t he substrate oxi de scal e 28 when the bond

22.1t h h,th h of
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coat 24 il &% . 0 b heiblads |
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_ as a straln- erant grain structure of
- col umar therbledes1BoWhdleiten astyatygadenfakis tinventidh evilt be desceibbdiyvith referésse ng

physi cal yapor .depositio PV, t echni ques known jn the art, such as

el ectron oegl?ﬁ P sPEeﬁfm?/gB%ﬁ“ed@)ﬁgﬁéﬁﬁi g‘i‘f’q’"( EEpUge l e deahings paflfial for
the cerammohiiebre feldrallaplicibla t5! A borhithen? oh CPRLR shYeifironfheRtaf o I e

conposition bein out to about 8 weight percent yttria, though other

a
cerani c neRIENEH %H%w@nbmanb@usedsqpmta@ thye ¢componemidinan itbehviramhent.i r coni a,
or zirconia stabilized by magnesia, ceria, scandia or other oxides. The

oA Bl A e b 2 2
10, generetdriaydsoridheostrZietnd a thermal-insulating ceramic layer 26, or TBC, on a
superalioy 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 nickel 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 vapdr 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 ytiria-stabilized
zirconia (YSZ), a preferred composition being about 4 to about 8 weight percent
yttria, though other ceramic materials could be used, such as yttria, 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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5 12 January 2007 of about 75 to about 300 m croneters. As an overl ay
coating, little interdiffusion occurs between the bond coat!?2amRF%he
substrate 22 during deposition as well as any subsequent heat treatnents or
thermal excursions. According to a preferred aspect of the invention, the
bond coat 24 is. fornulated in accordance with any one of comonl y-assi gned
U S. Patent Nos. 6,153,313 to Rigney et al., 6,255,001 to Darolia, and
6,291,084 to Darolia et al., and is therefore a beta-phase N Al

i nt ennet aldfag?%h&tt?%ym%ﬂ%& meggs or nore additional alloying

constituents where Zi rconium hafnium chrom um and/ or
anot her el enent disclosed in the af orenenti oned patents). For exanple, the
bond coat A®4n megrlayorohdng),litile irediffizides@ent betabaithe 3% tcdatabatid $Q%0

al um num aﬁ% &é%to about 1.2%zirconium optionally up to about 15%
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“formthe cfmrndéats@ahac@&d@mqeew;thammbmnorﬁacmad)my asdifedgl.S. tlhate:k n¥sses of

ovorl ny oSS Iat Kifky ol oEE S PR B mORe. 4 &2t o Sarahe chploredr od and
di scussed idgleffored Bepi- Pne%e QGAL %ttemc‘ialh@\fﬁ‘dafmagﬁcton&i?ﬁ o f%? Hor9sd@liord

I nvention are al so i eved be appl i cabl o overlay coati ngs a?or med of
‘ot her mat élex¥ng C@&?iﬂﬂ!ﬂﬂéﬁ‘ leAlﬁib\M’lwmQ( mvucmmnhaﬂmmm,mmcmmmm and/ohosti | e

2 havi ng e SRR RIS i i wBedliorR bapt dar e orine A s ent | on

so that graimykopnigid ﬁ@n&élpérb@ﬁ dbBEEIEE &S abdie 660 frdamuiD ab&Itotf‘,% tpond coat
24 are substantlally cl os acent grains 32 are not physically
separ at edatkﬂll S e%l}'con&% amo ECIIRJN @beut 46%wrhroiniumhend dhel belsace 24 are

| ted | t 2 of t bond |

absent 1 r Say e ALy et R i BE AR SO mRlom s & Vb e s bre%o?df@é%rmg? the

over| ay bNial bmﬂtcdhﬂ 24stoi grotsotithe mﬂﬁﬂﬁﬁg siuBstﬁh@@leahﬂq)raﬁde I@fl%@%@@éﬂ i
condi tion

accor dance W(Ly fnventlonal practice, .g., in an as-deposite
wi t hout afRpP AN (o fare Hie, oXide SpgzlpeZ&)(l i em@umm@tssrﬁb), 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 MCrAlX.

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 thé surface 38 of the substrate 22, such that the
6




represented in Figure 3 nmay be observed in NN Al overlay coatings deposited
by PVD, including EBPVD, sputtering and directed vapor depbsiiyasniObvp) .
In Figure 3, the bond coat 24 is characterized by grains 42 that extend

t hrough 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 12 January 2007 grains 42
are generally columar with a |larger aspect ratio than the grains 32
depicted in Figure 2. As also represented in Figure 3, the grains 42 have
grai n boundar i 44 that intersect the surface 36 of the bond coat 24. The
grain bourd&Pf g@ﬁ%ﬁﬂﬁ%ﬂy cgimigg g 2prgep peck 1gtie fhandbngrains ¢ depictedce 36 to
define gr ahSgfe2! ol als®YeppGehRll T8 Higurd $8E Liins & éé"gfm '

decorated w t%ﬂpreci pi tatepg 20 forn%eggrdu’?‘?néﬁéréspos?%l o) o@?ﬁ@eggﬁd coat
24 as woulthatrinfstseet the swifadee3pottherbord obatl4. cBiné grajin bamdaries 49manyearft ai n

ot her al | Q. constityents wthin the N Al terial . As discussed .in the
0 S pat e pEEE B RSP bokstrtics 3015 Oue Gotg BB RO AEd | he

m crost r uctdatersdar) sHodgh asrbeﬁi_ggdbeera&dnﬁmrﬁﬂe@; 8t 36 8l AuAng egiobfﬁent han the
m crostructure depicted in F{;Zlijure 3, wit tﬁe result that a TBC (the

cerani c | &fdke bend peptr4as avarld desplisfrom dhe preshecehof dircamintm 2Hafhisummr e
resi st ant . I ' i NG,. .1 ,tsberg.et al., oxidation occurs
via the grcgﬁaﬁﬁgglﬁ%l%gdﬁ Q%cé%ﬁg{eg{ﬁﬁgpﬂ%aﬁmyaiﬁ%l al l owi ng for accel erated

oxi dation through the coating thickness. On this basis, inproved oxidation
resi st anc dsafiscassellit\theOWeS. Patenbapplicacion SeadldNG. NevBfqrse tb fSEitstﬁeﬁinﬂ alion
c

resi stance of .a TBC, dep si,té{i_on .the bond coat, can be achieved b
el iminati ﬁ& B?%’ngﬁﬁdg‘?ﬂ“é An Higye i mprenresiankdo cyadatig damrthee 36 and

contain  pligeRichat QepidRd iR dd-E 4! =l =Y o) - ordance
with the t_éa_chi r?gs o?pl Spilgg:g%drrgg’eﬁmél)m%{egé\ﬁg%ﬁ%aﬁ%dé?ﬁe%e ov%?#ﬁ?giond coat
of the typeFiganrysieposttdion the homdco? 24 dnmbes reiztany adspallatiosg hAduokding

recrystal foll.owi ng coating deposition,

resul ti ngltqI ﬁ;?i%shgr%eq?ra}; HgitdfblggiPB?C"%?%‘éigl elngfgai‘gi’o‘%qqéﬂ%‘_ﬂ\ﬁépné the gramsddndari es
Cempor af U me g O e o A B S e ARk ORER BBt o
cause bul knprpeest pxidation zasistencedaf ian gNofdpowirtaiyobond thatf ewe rthegefme ghai n
b oundari e?palIXtiioenl géspsgan%ebgfn g 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 gréin
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 infroduces 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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coat simlar to the bond coat 24 of Figure 2. Alternatively, inprovenents
in oxidation resistance of a Ni Al overlay coating can be achr@@BdORYt h
coatings deposited at | ower substrate tenperatures, but then caused to
recrystallize by appropriate post-deposition processing. For exanple,
recrystallization can be induced by a surface nechanical treatnent (e.g.
peeni ng) that introduces cold working into the bond coat, so that at | east
the surface if not the entire overlay coating undergoes recrystallization

when suffjciently heated to drive the recrystallizatiaon process. In each
case, irrprog‘\zpéyp%%'so@f’ﬁ“&’n agy LTI Preppiaies Bt <r-sontanmeNifilicoptirg)dietat | east

in part talcbhetd @eetain i Jagyani; SGlPht At

(particularly Zr ??E:h B?%gmgfszg%tglg I n gtﬁ%lrzgtgg%%daﬁ?lt ﬁjfglgﬁie%) aggg |pﬁ1§efl t hat
decorat e ttﬁéﬁ/fg@léglnalmm geain bbundades ef thy sis-akpaisited Nbahborzloatat (Figger e 2) as
conpared t the original columar grain boundaries of the as-deposited N Al
bond coat (Figure 3). In an investigation leading to this invention, it
was observed that Ni Al bond coats processed by the post-deposition peening

t echni que Inendnidsegatipoladiip Yo @b i VdntibRSE wdsFHae9E6S iR NidX IHdad icehs and
spal l ation resistance. On exam nation of such specinens, it was further

observed PREESIEASYIRT pest-deppsitiquiseningrtegmiquezipsartnd aborsomsy exlebis Jess
particul a ' | N l.nel s, h t han_al pha- al um na scal e t hat
P2 known it B GAREI AL INAS Soisafile) On PR RRLSS Gl ThBTnpeS
convent i offawps tfimthqrestsinvgd thgtethat dxide Basle REeNnPERiR PEdovaingd Spitiely, €SS
steel shot as %ﬂe .Igeeni ngﬁnrredi_a. It was theorized that the stainless steel
shot may R?ﬁ'&“ FUQRRBieang srinels. Apthsp Hanalphaselumingrscaladhat g kpewn 40 of i ron,
whi.ch t he | i 88ns RS - | sequent
processi n&@%ﬁ?ﬁ%@%ﬁ%kpostg%em ng é%?a}e?% t‘r’?%%?l.;t?%gﬂ;{ﬁl‘r‘ ggﬁrﬁﬁ)

f ol | owi ngomBatiateladsheeh parfamedswith astainleg stdvd slanak itgpayiigamedio. dhwad evat ed

. l.d I h f f the bond
bocame. . CORVIHT BRCHE RS Shel MO EPHGREE e NeAP 60%% ho.

FozCa,  Fo3tm) T nar Srucormo. St U ERRahe Y s or dPBofti bis (- 0-
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.¢., elements whose oxides, in
contrast to slow-growing protective alumina (Al,O3), 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, hafhium, 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 NiAICtZr intermetallic and NiCrAlY, the latter of which is an MCrAlX
' 8




Based on the above, the present invention nakes use of peening nedi a whose
conposition is selected to be chenically conpatible with theBuRE P84t
material and essentially free of deleterious spinel-formng el enents,
i.e., elenents whose oxides, in contrast to slowgrow ng protective

al um na (A12Q3), is not "protective" in that they allow for relatively
rapid di ffusion of oxygen. An exanple of a deleterious spinel- formng

el enent of particular concern with this invention is iron. In view of the

above requirenents, di com%o i tions containing nickel and al um num are
wel | sui tEFRBTOBHSH Mfe Pert i P rEb e ragcash FeitREn I pRIcLHO 8t ABGr num
such as thgsteisa- TRBaSEPYsHbh)ofONRTLATY ?@ﬂd%rggﬁéeé W &hem Igﬁna%%érg I um

haf ni um chrom um and/ or anot her el enen closed Tnt ntioned
pat ent s t cPRIrgagntak coatings aDdrIBC Hond aoats Bercohirellet ardl suffRdernitlycsimdlag in
suitable ¢ itjons .for the peeni medi a i ncl ude, _beta- se Ni Al Crzr

i nt er met alﬁ%?}gl?%h'd{wgﬂ’a\lcﬁ‘? APRREoRy ?fgi%‘ Sreily eopting 4 fqgme Ig{g@a?ﬁa‘??anuar y

2007  CONGAICIZN MBEAINpéWderNRRhiclES afeORId D euFRANR ihof OB RESuARNd bond
coats for TBC systens. e conpositions -of NNCrA'Y powd%rs used to form
pl asma- sprigadaesse e, ieppisntha tigiuisesa comprsssine sTBGeh dndhe aattng2¢ withoutol | ed

and sufficgge sl LN m s t voi d.. am nat.i.on of .an overl ay
coating Z?Iéglfl)}%%gﬁ%?h 5@%’ %é-"pﬁ&g“te&fﬁ\ﬁ‘k%bf?%"&ﬁﬁ@ﬁ%mmlﬁaﬁ P?ﬂd:tg are
al so of suérn diecedating 24ng thisainvediioaCdre hardet SaNNESALY OarP Rirthisteadogqui T ed

conpressi ve stresses tog%he coating 24 w thout disintegrating on inpact.
Powder s of™®] eqredyaeda {prathe oeeripapeiativen Niddedr togn heanmufmur@@ati ng 24

of this i t Hﬂﬁ{r I i f t hi-S. n be
preferr edﬂfyrlggiﬁé&%‘&(s)%%? e pggrﬁl ‘Srl%al{ogga:rt a fgodrll\g.be WZ@'%’ Iﬁl(grﬁgﬁﬁwg%gur ed

usi ng - pr ofeydaunzipraying depositions Furthetmore, Meadtpesitieh A ¥ NialgK) pdWdar Al Y)
powders for .plas prayj ng,deposition. Furthernore, the conposition of a
NA (X)) pSHdF megﬁieaef%&b? fShaly PPEHng rpeEtign pEenicNgnplsethy jamountof

exanpl e, hhehifRWah vefvar ’ M2 r.QRl ' I um
etc., can be added ibﬁ Vggﬁdtl'rdg(?lee gllri]rlngﬁ%s to %itg.-l’ {ag?ggﬁg%gﬁrﬁ@uﬁo?ggf t he
nmedi a f or ampentpde ttaiklthe chemistrgiafithe noddi4 fier the gattiontar 2bmpasitionldf the t o

I nerease Eg'a?mgaﬁfj 05581 & to S eats Metiardness of the media.

Because 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 2 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 otﬁerwise low-
oxygen atmosphere (e.g., a vacuum on the order of about 10 to 10~ Torr (about

1.3x10 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
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Because recrystallization is expected to be dependent on peening intensity,
a sufficient peening intensity is believed to be critical ¥da¥aHi2897 ng

i nproved oxidation resistance by way of recrystallization. For this
reason, the peening nedia nmust be in the formof particles of a size to
achieve sufficiently intense peening, preferably at |east about 400

m croneters in dianeter, such as on the order of about 600 mcroneters in
di aneter. The shot peening process itself should preferably achieve ful

surface co i ntensi of at |east,4A. Follow ng peening, the
coating i es{lsahlggf aﬁgﬁe{a?i;]g r@ﬁegl-és(lt%f{rﬁg]lpﬁ%‘?%rgﬁf At anésﬂtéa&ﬁn%t S Qﬁﬁ’éagg'uch as
about 980Gbaucettaud elidilEd 08 vaiseUWRhh O MTHY profiRy of Sdprlesen®RRMhtich Rours in
an inert or otherw se | ow oxygen atnosphere (e.g., a vacuum on the order

of - about 13plestorpakeqise offafjegsh B partionf this coagse fpackionin the [R=i0g Sperlion) , to
drive the recrystallization process. According to one aspect of the

i nventi on, i | i S - D t of .processes
used to f o%hﬁiﬂ%?%%%{ﬂ%ﬁﬁg sﬂe(fgﬁg?&g?ée%p%qag%ﬁ I’Tg. ngar gglele%%ﬁtdo&ﬁgérﬁr%nme@h\ln Ponment al
coati ngs apdateuinttiatcathersiobas cHEE. belntdpted rynarfeaskiltud inghe andiThepstsref BE

powders intend to be. pl.as rayed, .the particle size distributions are
control | ed°¢RS © %‘&L‘J’E‘E“E‘d? fq be E@ltsgowbéwﬂaﬁ E’@S"Vﬁgﬂa@isze for plasma
spraying, e.g., typically onthe 9 12 January 2007 order of about -270
mesh (+25 mcrometers). A coarser fraction is inevitably produced and
elimnated in a waste stream The process of the present invention is able
to make use of at least a portion of this coarse fraction in the peening
operation. Wile the invention has been described in ternms of a preferred
enbodiment, it is apparent that other fornms could be adopted by one
skilled in the art. Therefore, the scope of the inventionis to be limted
only by the following clains. 10 12 January 2007 CLAIMS: 1. A process for

i mproving the oxidation resistance of an overlay coating, the process
conprising the steps of:
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depositing the overlay coating on a surface of a substrate, the overlay
coating being deposited so as to be characterized by as- delfo@eeE%? ai ns
that define as-deposited grain boundaries that intersect the outer surface
of the overlay coating, at |east sone of the as-deposited grain boundaries
bei ng open at the outer surface of the overlay coating; peening the
overlay coating with a particulate nedia forned of a conposition

cont ai ni ng ni ckel and al um num and then heating the overlay coating to a

t enper at ur _ﬁﬂ& jcient 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 claim1, wherein the heating

st ep conprli. seprdvesd foh dnproeing AvestiamidnadbisRtcd 6F 28 o&remaeéoaﬁﬂg,%@{)m%éssl east

900C. 3. The process according to claiml or claim?2, wherein the overlay
coating i SOMprisgthe stepseta- phase ni ckel aluminide internetallic. 4. The
process according to any one of the preceding clains, wherein the as-
deposi ted ¥ J t ai echpltat n rain
boundar e Pe i BRNEHLE oD o ' AHRICE of (bR ELEF gL B0 ol BT T
wher ei n t depesited Isayas todst ¢chagectviatdibysasadeposiastt graine thit dufine ARidéposird

haf ni um 6..T$§ oceaf according to claim§, wherein the conposition of

the parti &f%3 ged that Wtefpect fecotier iriace oh R QsHraroming: Y lsgd soBfe of |
zi r coni umoith Badéposited gramTﬁtﬁme&e@aﬂgsga{ o 80 hfr YWRONBE Bl SAf1PT eCedi N
articulate ne

clainms, wherein the conposition of t la 1s substantially
free of ifealingll 12 January 2007 8. The process according to any one of

the preceding clains, wherein the conposition of the particul ate nedia

conpri se i i.d . sal ution and nt ai ttryium 9. Th roce
cocor di naP s e oot bharke Witho? @R R cRelE foted of GuseimgSind °°°°°
parti cul atentamihigahitiel havdumiigd; iave thenner and coarser particles, using the
coar ser

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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particles in the peening step, and plasma spraying the finer particles on a
second substrate to forma N CrAlY coating on the second sddatyEt2897 10.
The process according to any one of the preceding clains, further
conprising the steps of depositing a ceram c coating on the overlay
coating to forma thermal barrier coating system and then subjecting the
thermal barrier coating systemto an elevated tenperature to form an oxide
scal e between the overlay coating and the ceramc coating, the oxide scale

bei ng subsgantjally free of.spinel. 12 SS EOR A BETA- PHASE NI CKEL
ALUM NI DE%JE&%\FI&&%I%&H TRABY _ﬂ%rqff s PFeSP _%rﬁ’?lﬁ&’ 5808 Pase

ni ckel al wstiposiGioh Nfﬂde)pa@tv&ﬂdtamea&aédnggiswaanetﬁuc solid @kifon! Mk c4pLiAS a bond
coat for a thermal barrier coating (TBC). The overlay coating is deposited
by a met hod@¥Hat produces a generally colummar grain structure in which
grai ns extend through the coating such that at |east sone grain boundaries
are open @t t] hﬁ & i.ng.i-s_t.hen pe Lt h

parti cul atggt Tn%é(; ggeﬁfdgpgrg%%g@s%gh nggf%%m Vers éhf Sée atoﬁﬁgg‘ih}(l)gn{ag th2

t enper at urpertulatd micdivt té havauskiivé efinep Vil ayared apdrficled, QusirC thestedrbdrze and

f orm new rg}?rai boupndaries that are _not open to the outer surface of the
coating am@USi§PriNE DEENYS |SkPs 28d Masma siraving the Sapepatieles OB 41889998  t han

the or i gl Babsudictb TobiPH RACHAISScoalfie o Rid debifichBoificll @ 15 Tormmed of a
and a c

conposition containing nickel um num su t hat an oxi de scal e that
fornms on the surface of the coating after the peening operation is

subst ant i 4P Jht pesestacdeldetgeiviasy snoxi te preadpeidms, fuothebtomprising thent ai ni ng
spinel s. gébggf c?ep%giting a ceramic coating on the overlay coating to form a thermal barrier
coating system, and then subjecting the thermal barrier cbating 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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