; LMe3eYJVLb"6TJI8; CKEL ALUM NI DE COATI NG AND CQOATI NG SYSTEMS FORMED

THEREW TH BACK WWWVEW ON (1) FIELD OF THE | I\I\/El\rr!m“u\mmmmmm
present invention | ates to coatings of the type u t
conponent s exposed to*twg@h tenperature environnents, such as the hgsisil e

t hermal environnent of a gas turbine engine. Mire particularly, this
invention is directed to a predomnantly beta ((3) phase N Al overl ay
coating alloyed with a phajdemagnoupeNist aoApNGa s an envi ronnment al
coating and as a bond coat for a thermal barrier coating. (2) DESCRI PTI ON
OF THE RELATED ART Conponents within the turbine, conbustor and augnentor
sections of gas turbi n€AEN{eS YSTEMIEORMEDITHEREWITHat i on and hot
corrosion attack, in addition to high tenperatures that can decrease their
mechani cal properties. Consequently, these conponents are often protected
by an environmental coating alone or in conbination wth an outer thermnal
barrier coating (TBC), which in the latter case is ternmed a TBC system

Cer am ¢ mEBARCKABOBNINOASTHE INVENATORr 02) partially or fully stabilized by
yttria (Y203), magnesia (My0) or other oxides, are wdely used as TBC
materials. Various netallic coating systens have been used as environnent al
coatings for gas turbine engi ne conponents, the nost w dely used being

di ffusion coatings such as diffusion alum nides and pl ati num al um ni des
(PtAl). Di{lg USEPD OF YMPINERTRONNYS are formed by reacting the surface of
a conponent w th an al um num contai ni ng vapor to deposit alum num and form
various alumnide internetallics that are the 1  products of al um num and
el enent s ofhe peesentbyrventian ganerpily|relatos f fousoasimga| afnihgi pe cwsad i tegprotest ned i n

a nickel-b ral.lo e nt ai envhr tally [t ant
"t er ot al RT GRS EbLRY § B G0 oo e T BIE B bRl P

t he coat i nghirdgmeny dfhegasitidineddghicAMoretparticilaalyl tiis pivastis isdieated yo &t Al and
PtAl 2, and platinumin solution in internetallic phases. Another w dely

used coat i Prgdepinaetty beta(f)) ahesq BYAL euerlargedeipguslia¥edvmithy K PlaiimBmegPs i ron,
cobal t andj o, i GKEl e a%“%xe ol ;Ht%b?ciaftgg‘éeanﬁ' a}%”?%nc??&ﬂ £8P a thd a&’%ﬁ{ef ;‘”Ot her

rare earth Oof reactive e overlay coalings are typica
deposi t ed dwatipflysi cal vapor deposition (PVD), such as el ectron beam PVD
(EBPVD) or sputtering, or by plasma spraying. MCrAl X overlay coatings
differ fromdiffusion alum nide coatings as a result of the el enents
transferred to the substrate surface and the processes by which they are
deposited, which can result inonly Ilimted diffusion into the substrate.

I f deposite§ PESERIITALY OPATEE RIPHNHD ARSUbstrate, an MOrAl X coating will
conprise a nmetallic solid solution that contains both gamma prinme (y') and

beta (~3) N Al phases. As with diffusion coatings, the incorporatjon of
pl ati num | RewPNENE Withihthenysbingscareluistos ragg canegnentay cisctiensapl gardBitbiager

beneath or . an, QUEL! AYELERR @ MifREnind §8RLSAion attack, in addition to high
temperatures that can decrease their mechanical properties. Consequently, these
components are often protected by an environmental coating alone or in combination
with an outer thermal barrier coating (TBC), which in the latter case is termed a TBC
system. Ceramic materials such as zirconia (ZrO,) partially or fully stabilized by

yttria (Y,03), magnesia (MgO) or other oxides, are widely used as TBC materials.

Various metallic coating systems have been used as environmental coatings for gas
turbine engine components, the most widely used being diffusion coatings such as
diffusion aluminides and platinum aluminides (PtAl). Diffusion aluminide coatings
are formed by reacting the surface of a component with an aluminum-containing

vapor to deposit aluminum and form various aluminide intermetallics that are the
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Used.in conmbination wth TBC, a diffusion alum nide or MCrAlX overl ay
coating serves as a bond coat to adhere the TBC to the underlying
substrate. The al um num content of these bond coat nmaterials provides for
the slow growth of a strong adherent continuous al um num oxi de | ayer

(alum na scale) at elevated tenperatures. This thermally grown oxide (TGO
protects the bond coat from oxidation and hot corrosion, and chemcally
bonds the pkfuctof hlanhamb a0 alemddy 6f HRC&bEIrite matedlayDiFARIdnNg6midide. , not
a diffusion) of beta-phase nickel alumnide (BN Al) internetallic_have been
proposed F§aunssi lopRed it amickskbassiureraiey mestptesgontaimgech\prsiropaeatalias e

exi sts for_pi.ckel - lhu 0og htil ' t . J . m c
per cent alrﬁﬁlgt%%tnﬂmeﬁlqg{%% @naggsng E Wfé%nnig%(ﬁi F‘@g%m ﬁg rﬁl %’6@%@@% E %Hg%@i ng
ni ckel . Mh@bé@ingxmgpﬁu@tﬁeﬂhclhﬂé atAlhaceméfaitic phagds] MR PeAll AldPtANS hindle
commonl yassi gned U. S. Patent No. 5,975,852 to Nagaraj et al., which

di scl oses MatNun inspliptioayin jeermetalie Plases-onal | y cont ai ni ng one or nore active
el enments, such as yttrium cerium 2 zirconiumor hafnium and

c_ommnl y- az&ﬁckﬂ%e\gidgg Lﬁed EadifntsyNem ig’aa%JvFIQ%'A'c&a?m ; Blvhaasq\tiCB&lX vﬂq&ech

di scl oses 'a NI Al overlay coating material contal Ring chrom um an

zi r coni umMGe imonjdopal aed/gneitkel, Sad Rak antacteselefmedt>=Bick 38 yaridmGr2anbthedl t o
Rigney et al. and Darolia, respectiv , also disclose beta-phase N Al bond
coat and €At %ﬁ%r@rf?%‘l“v&?é"tm%- ﬁé&%’?&ag‘é@ﬁ‘ﬂf@%’é&%@rﬁﬁ&%ﬁkﬁ posifadoby

di scl osed siChI9ABY¥r &lpodition PPPDRIsleh £¥180 JHBeaRPEVIDYRBRPNY)QYr shhttdiHgum and
optionally fantalum silicon, gallium zirconium calcium” iron an§7or

yttrium whibyepBamalspeysgheMErph¥ seveNapicoatingsyditfen fraim diffuisionoalinmmidérhe
bet a- ph i Al al | : i lia et al. R | . and
Bor o1 Dol oplifts 5 amtesn®ios R Sheny MieRtsfted g b bl et apd (B,

t hereby i nirb&uisédsny ikioh kirlyi 00 d§fositdte whitth edCrebllEnesEy Mehideh QifFgyior o | 1 f e of
the TBC system Even with the advancenents di scussed above, there renmains a
consi der atthe seltstraieodf Herpsited en pavigkel-baseperalloy pehstaisean MCrédXidoglng i f e of

TBC syst ens..;oy i nproving,ihe..spal l.ation resistanc f _the thernal

i nsul at i ngwﬁlla%;oé?p%glﬁllﬁ ]é'lﬁl\ﬁ%‘\ Ok’j&lo IQ%“ X }\rf_fl %Igmﬁrpélsr%enﬂe}l i e]ﬁe_ttall on
general |y (B5 QViAdGshafesPr Alse&ith VEHOMEH |cBXtifRa R thebfor@idnl 6f phutiHE@dinkd)
hostile thernmal environnents, such as turbine, conbustor and augnentor
conmponent SMEYARX geatingshbs heeneprgpored, Sieh as amamdedayer depeath oc ah avénaydi r ect ed
to a predom nﬁrlgl(];‘/ﬁg ta-tgtilase Ni Al overlay coating for use as a bond coat
for a therfet btk el g'ng (TBC) deposited on the overlay coating.
According to the invention, platinumor another platinumgroup netal (e.g.,
r hodi um orUgdl ihadbimbidation witle AR rat#fhsiont Auaihidd AF MEEX cwdlay N@ating
conposition, yielding a coating system capabl e of exhibiting i nptoved

spal | at i orF°Rifa a_ﬁaﬁweg rCP%tstp@ﬁh?rééﬁ% {Bcl 1S vaderhan® gl .ﬂ}e Yo at

mat eri al S ERhAbNBS RnldoRiihic RS braVRIATbY B SR BYIHRLEALBbAL,defdlS On

coatings. A preferred conposition for the beta-phase N Al overlay bond coat
of this i moatihias flumidve ozolet yers(abeninai scalzhmt elevated hperatwres. arkthis
zirconiumor hafnium O her i bl e all.oyjng, el ements of the bo oat
e ude.yrhrmhy e e (LDEToRaR: e R SR G R 4Aa, SEIeF m

and/ or i1 Qiyrodion, A% cheRflaRly BPOASEHNTEC 1othe€bo®t &at.i ¢, the overlay coating of
this invention contains 300to 60 atom c percent alum num so as to be
predom nantly of the beta-N Al phase. Wth the addition of platinum the
over | ay codpiengcently. avertpyceatingsn(isl, &0 A Grhivsierg rabdeta-phase pickskaluminide udi ng
PtAl 2, Pt N J t addi 1. of ' [ i r

nar i um - (R AgAeRberatlcaive 88T BRPLIA s R AR st R LR

chrom um BHedNiXleRtapHasd &xists $ér el -ARMiNGm fcomPpositioss 6 BoupPP@eesboat 6¢ 3'

Heusl er phases (in conbination with additions of zirconium dispersed

Wit hin t hedtpraicapgper caluminuge the dwjange ofifbe mivkekalmingyetamenositipnab®eg a- phase
Ni Al overl o] Magolg

spal 1t orf ity Soufig exprh e B BOASERC RS RFg BUL Sncl I AbfinbAS-

bet a- phaseasMigAdd UV Hadnt Bloabjong,862 té Magarajsteddl, mdiich Siselbse adgiAlametlay o have
application as an environnental coating. Also with the addition aof chrom um
and zi r corfhct epticapIlnoNtHBINg ONE SF MG ALLSISIIARNS SECIHRY YIS el Becur

potentially formng internetallic phaseszvvith the platinumgroup netal.



O her obj ects and advantages of this invention will be better appreciated
fromthe follow ng detailed description. BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1 is a perspective view of a high pressure turbine blade. Figure 2
is a cross-sectional view of the blade of Figure | along line 2--2, and
shows a thermal barrier coating systemon the blade in accordance with an
enbodi ment of this invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON The
present i nesiiudnor figameand tymmphly-aeighed UoS.Crumgne Ny 629 [08Y toIRiéli2 Wit hin
environments_ characterized by relatively high tenperatures, and are

t her ef or e ¢ @bj dhigydisglosesya NiAl veray copting ateriah sontgaving ichiopanmngnd Not abl e
exanpl es t.Sql ' 120, t ipe

nozzl es a(r%E c@@g%es@%ﬁ?@&%dgﬁ% Ugrlr%%g% gﬂP Qﬁ,ﬂ%ﬁ%l%ﬁ#g%%%ﬁ%tﬂ?t 8rMﬁ§¢ dwar e of
gas turbi re @ngnhdeBarofine raspedtivekganglbe disclésee bétaphage dHAUrnducditnand! ade 10

shown in Figure 1. The blade 10 generally includes an airfaoil 12 agai nst

whi ch hot ca¥kgRentyFoghae matgrly) Tag befa-rhass Niploadloydiscosed by Rigngwust t ur bi ne
engi ne, a ihsedher.ef . i d t y

oxi dat i onfmc%grh?aggsf gl#ogrﬁ ’erh ggnltugﬁ.ﬁﬁiﬁgeg%@ oflcin?ZOét%ngﬁ%ﬁ%‘?gg&t’ %ﬁg: 0? ur bi ne
di sk (not galionm)ziwohiumg wbienairbn badfcorytetingrwhile Datoleéc betarphag DAL he

bl ade 10. oling.holes 18 ar esent ipn.the airfoll 12 through ich

bl ced ai 1 4199 SRGUH Goniar B hERPRONA et et agty e o
advant ageRigheyt & 4., 104 DArbRA hld beRESHRALTI BEstowt ik AdHeSoBMTE E&atite hi gh
pressure turbine bllade 10 shown in Figure |, ‘and particularly nickel-base
super al | oyl B{ dayes thirebynmhibjipeg spadlaron of el and increasing b sargise dife ohi s

i nvention ﬁlrngene%al | y applicable to any conponent on which a coating
system maQ % SEEPy protect the conponent fromits environnent.
Represented in Figure 2 is a TBC system 20 of a type that benefits fromthe

t eachi ngs Bent Witk thowdrinemenB®sdistinyel abbie, ahati RehainsSh egondiderablel ates a
ceram c | ayer 26 bgnded tq the bl ade substrate 22 with a N Al over] ay
coating 24°ntpHous ctfar te figthes dicirage te ssrpemlife B¢ systares eipPring Ber 26.

The subst rsﬁ&lﬁti%ég%é?ét%@ Oﬁg?ettﬁﬁfgﬂﬁ{SEYaﬁﬁé?fﬁﬁf-hi gh-tenperature material, such

as an iron, nic or co super oy. To attain a strain-tol erant
columar grain structure, the ceramc layer 26 is preferably deposited by
physi cal vapor deposition (PVD), though other deposition techniques could
be used. A preferred material for the ceramc |ayer 26 is an

yttriast alid i i 1 sui tabl e conposition being about 3
t o about %@ﬁg@‘%@&ﬁf&ﬁw‘éﬁ“ﬁ%ﬁgh other ceramic nmaterials could be
used, such as yttria, nonstabilized zirconia, or zirconia stabilized by
ceri a (CeOihe,praseaniclventiohqAShllp providedra msiedee ovelay eestaip for ha¢ks uaal | S

deposited .to, a iﬁhi %kne s that is suffjcient to provide the required thernal
prot ect i o™ f BYstilfet r POYIFGmMEHtSs t $uche a9 uEhiRe. ph caRusey  39dn @FEPFRIO%hN t he

order of aBRIbndMY of% BROUIHREderiBire! OTRE _eig@enti%ﬁ 1 éﬂtl&ﬂﬁl‘w ditetied BE Syst ens,

the surface of the overlay coating 24 oxidizes to forman oxide surface
| ayer (scalredonggantly beta-phase NiAd @variayc coatiperfopBsecirearbond kyatfonashermakor di ng

AL AT SN P N A
24 is platinum or another platinum-group metal (e.g., thodium or palladium) is incorporated
into an NiAl-based coating composition, yielding a coating system capable of
exhibiting improved spallation and hot corrosion resistance as compared to prior bond
coat materials containing platinum, most notably platinum aluminide diffusion
coatings. A preferred composition for the beta-phase NiAl overlay bond coat of this
invention further contains certain amounts of chromium and zirconium or hafnium.
Other possible alloying elements of the bond coat include yttrium, cerium, titanium,

tantalum, silicon, gallium, calcium and/or iron.



preferably deposited using a PVD process, such as magnetron sputter

physi cal vapor 5 deposition or electron beam physical vapor deposition
(EBPVD), or ion plasnma deposition, though it is foreseeabl e that other
deposition techni ques could be used, such as thermal spraying of powders.
According to the invention, a suitable thickness for the overlay coating 24
is about 50 mcroneters to protect the underlying substrate 22 and provide
an adequatss $b@nlphagf NeA lURteRMBallR] tHRXdvdeay ebithigl SMthistinosiontddhakiesses of
about 10 to about 125 mcroneters are believed to be suitable. The above
PVD t echnit®§8satamic peresmd radwnipugnse pedo datpredomisgibyeok the bita-Nidl phassf t he
overlay c 0 t t Y, i t he
overl ay cgg P23623w?§§hlggﬁﬂﬁﬂeir}é rgéﬁoggﬁ%guggb ”%gﬁﬁgéﬁI ﬁ@“@%@rla

coati ng 24ntanmktallib phases cinglAdinigRtAg Psubaiﬁquﬂ)mt WigtathetaddRiomftchtomiugl | eve
a very thin

resi dual stresses gener ted durin e depaosition, process,
di f f usi on 3R FHCORIYRY QI-hq W%tthwaging R&ﬂefﬁaétﬂn policbsqlitiorosHangtheninggRy

devel op. r 300F to
2000F ( ab S e 4 PEED i GEY B fig it e LY oSl ARG AER0C b
as argon. (fhocdbiaation With batigioh Af ziredriimp tipérsed wﬁtﬁﬁlethetﬂéfa Phadt obViey | ay
coating 24 of this invention has an al um num content of about 30 to 60

atomi ¢ perce#ing Wher sreastyogmbaiin adetaopinee Mdhererlaubopd coatathgsaphages
pref erabl y,,a8 vafh AW Go i %) (R/eoti'lf Jsp&lléﬁobr}egﬁ'sﬁh@é of I'ﬁ‘c'fﬁédde'me A Sk

i nvention, g‘%atl num or ano I num group neta odi um or
pal | adi urr)ovblsia)absmﬂ deqiosTheaheuafphase didblinvertay cmatiag idf this iaverdtmasis adwout 5 up

to about 40,.wei erc nt . about fo abo t 12 at erce of {he
Loari v, 2 PRligsdo nebE BSEORRSH B oRine Mookl BTk D about

12 atom C cRRInGGR An(pfmrct,d?l"r‘urﬁQﬁ‘*t}ia'f'tﬂut%4 pr&fﬁtaﬂ@ﬁ'ré&@oﬁ'ﬁﬁfé%elf&%@ kRbbaysm gr oup
metal may be incorporated into the coating 24 as a predeposited |ayer on

t he subst mateatially foamiing/iaternietatli phasesovith the plasimuimagropd metal. by codeposi ti on
with the NNAl material to formthe coating 24. In the first two nethods, a
pl ati num I uf hout 2.5
to about %tgéﬁpoﬁgég%‘e ers?gmgéeé:oqgtglstb 8921? ‘%"ﬁbﬁg%t t?r %Pé)ge&ate Olrrf?/hdl ffused
into the doldéwing dethilby descaipiiérabl e heat treatnment, such as about 1700F to
about 2100F (about 930C to about |150C) for a duration of about one to
about ten hours. The heat treatnent al so serves to adhere the

pl ati numgroup netal layer to the coating 24, as well as to the substrate
22 if predeposited on the substrate 22. If the platinungroup netal |ayer is
deposi ted mimyrpggpggjmmopfrﬂmgmwmggerl ay coating 24, a single 6

heat treatnment can be perfornmed to diffuse the pIatlnuntgroup metal |ayer
and stress relieve the coating 24. In a preferred enbodi mrent of the

i nvent i on Figue 1dpapeispectine view ofra high pedspusy &rbing blagst ai n chr oni um and

zi rconi um and/ or hafnium For exanple, the coating 24 may contain about 2
to about a?qué nj c

per cent Z&?@%ﬁ?ﬁ%?cﬁ%%é&ﬂ%n gﬂgPP%Sﬁ?i orlng}%ﬁ$l#?ggg:%%?%gﬁﬁﬁntln t he
coat i ng 24hanmel biraat ccihtrng syﬁnﬂntonltﬂe bladerircacgerdanett with an embodiareat abtig 0.2 to
about 0.7 .atomic percent zirconium In place of zirconium the coating 24
may contalﬂ‘ﬁﬁ o about 2 atonic percent hafniumin accordance with
commonl y-assigned U. S. Patent No. 6,153,313 to Rigney et al. A suitable

haf ni um content for the coating 24 is about 0.1 to about 1.5 atom c
percent, nore preferably about 0.2 to about 1.0 atom c percent. According
to U S. Patent No. 6 084 to Darolla et _al., a conbination of chrom um

and zi r co?RAILER P@%IETHPMQ&F K INVENT¥IN coat i ng 24 has a si gnifi cant

effect on the spallation resistance of the ceram c | ayer 26 adhered to the
N Al over gy evtiohis! QU ACapHCaEt Soe fts AphE byl |
solution stre t?%ﬁtan?‘r’tg oy ¢ géﬁu aprem‘;g)qnt%gotnl%orst stre enllng from
fine a-Cr ephmswserds elﬁtactdelzsdl eby phmﬂeelydh@hertempbrmds; rantlherebehaieﬂ)t'mse of
t he coating, 24.  Accor di to the inv tlon tions, of mto a

bet a- phas SUREEd & rvets Hpmth 1Sses pad b QR B lea aLvb o
llevel of sBalpbAdHt® iRl HE M '@?aﬁ@[ov@g?e%&ﬁ@"t&rbhﬁ:%%zzﬁ@I%l&'btlé%!és ofhrbiiR, Ni Al
overl ay coatl ng. These benefits are believed to be the result of a higher
activity of alum num pronoting the forrl?tlon of al pha alum na as the

al um na scal e 28, and beneficial interactions between platinumand sul fur
that increase scale adhesion. It is further believed that the beta-phase
Ni Al +Pt overlay coating 24 of this invention wll reduce wall consunption
and i nprove performance (e.g., hot corrosion) due to reduced interdiffusion
with the underlying substrate 22, |eading to reduced contam nation of the
coating Zflwfrbm "_trarrp eI errents fromthe substrate 22 The conbl nat| on of

o, . . o, .



coatiing 24 is expected to inprove TBC life as a result of pronote the
formati on of al pha-al um num increasing scal e adhesion, and increasing
coating strength. During an investigation |leading to this invention,
furnace cycle tests (FCT) were perforned on TBC systens enpl oyi ng bond
coats fornmed of NI AICrZr overlay coatings with and w thout plati num which
were then conpared to FCT test data conpiled for TBC systens enpl oyi ng bond
coats for resbaétoPlivdrs ghd Auhanfordadwarg of gdharbivie ch@ides; 00hé AEth erafPle
deposited to have a conposition of about 35 to about 40 atom c percent

al umi num iadubigh pressprectupipe dladecHt shavimin Siawie 1o. Bhe bladsolpt generallt oni ¢
percent zi; j.u oyt .2 .t o] ) N The
coati ngs vl\gérig&gée%losalﬁ?(ghq? n H%%ﬁitoﬁgﬁp o}rf(?rte o@?@sﬁoﬁi %isé% %g%sdglleg%ge%qgoy known
as Rene Napematidi ofithe @as nabine engias,i dndowhosé suttface\iethghdfore sidbfebteCoo severd Cr
7.2% Ta, 5.73% Al,. 5 75% W ,5.4% Re, 1.4% Nb,. 0,15% Hf , 0.05% C, 0.004% B,
0,01 06, SHARK biapidions Fomkesion A s esion 1B U (2 5 ncHoreA G f TEiHe ik

NEAlCr Zr +|f'ﬁot%‘lﬁ8€vh?%f(tﬁ%a&dv@&§ll oﬁné@w%%ayseedi&f;é eﬁ{h%tmgt&- ! @BRff el ely
7.6 mcroneter-thick layer of platinumon sonme of the superall oy t ons,
heat t r eatholeg 18tarapesent 119 tsrirfaib o2 throéOgO@hichdreedlriuis forved ouarsfardieat

inter-diffuse th | at.i W th the superallay substrates, deposit.ing by
ERPVD an i o Ralerty. sBTHEChS aovanazeh ot ahi dyutgn WAPCHST BT ot

di ffused RbRENDHT HRYBER préBtreltifindBRHe 108RbLIWAGN atig@e ol tand GGkeu{ARoUt

| 090C) for about two hours to inter-diffuse the platinumw th the N Al CrZr

over | ay cadkichbase superaloynblades ofi the ipst showinainl Figurke bt theatieachingsi ofethés wer e

pr epar ed t.r(ljveh@ve an %Ig,rP D N lI %‘%Z{ ovecrol aﬁg (e:I(I)ta(gi ng, ht%ut Wthosll}gt a ag}l ati num
pl ati ng. ATSECONE S BT Y PRI A PR oVt y cOat'l r?gs WRree PoT TR & y

el ect r opl deiused Riproteprthx tormpeient frorh its edkomhedt:- t hi ck | ayer of platinum on
50 microneter-thick Ni AlCrZr overlay coatings deposited by a high-velocity

oxyfuel (HVOF) process on superalloy buttons, fol|owed by heat treating at
about 2ood¥ep(e§%e$ i biguee)2 16y [ By sustenyy Hfsuyre the L@ﬁf rofe b feashines he

pl ati num | : Ni caat | f: r : igve a
Fini oh coraaapnybions’ A Shphny B ERe Fifar 20 AGG M FLBai0 B R0 2
subst ant i dlohged tetitei blafle splestiatee®2 witlr @ )¥iAd paveeldy tcatioy @4 awhidiChendféd Cr Zr

| ti , but w thout | ati. lL.ati . 8 Al t tt
ver e coat oay Seempbendicor o Bl Il Bandde Eourly oZofiidhr 4 it “Towsz
as the TBGrérefa8ly @l hi Eh@mﬁgﬁ%ﬁ@-tth%riﬁﬂ, fRcROiseRh i @bs RickéINs ScobRRUbh

systens were then eval uated by FCT at about 2| 25F (‘about 1160C) with one
hour cycl esuperdiéast i e atigi at rain-foderant dobymear girsin strogior, tencarproie lappréxi mat el y

20 percent._or re of 1.15,.TBC had spal l.ed. . At cgnel usi,on of the test,
Che N A QP o g Rhofied o TG TR i YT PR R oBho L bt e
FCT |i ves tedhnikfties c@Rd beI46d. AGftefendd mlerinl Coethe ckimiatayay €6 dgen §ftrid98
cycles, while the N Al C.Zr+Pt test 'Spbid mens with N Al CrZr deposited by
HVOF exhi I5tabBiretEitcpnigds X4, 1alh, a pitabin gompesitigr bemg sbgut Fntoagfugd) of * 213
cycl es. Thgs; i r l : | i ] S,
A G zr D a D e OB bhel BTRIC B bRsRh ORS¢ e
by HVOF wewestaidizedd8oaiagdoBLoniacitaslizeddypeedini(CeDy), scasdia (Bef)3) by othekle EBPVD
Ni Al CrZr +Pt .t est speci nens exhi. bit ed. avergge FCT life of about .1.7 tinmes
g cater ¢ RAHeEndPBEARIR LR 18 19RGNYH odb Baes Ee e APt

basel i ne, tMhidyBiréd@efAYAPprolkAl o f6F thre)tunﬁé‘ﬁ%iné RESEIARTS bRl 9 g@feraMer age
FCT life of slightly less than the Pt Al ‘baseline and | ess than the HVOF
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apparent that nodifications could be adopted by one skilled in the art.
Accordingly, the scope of the inventionis to be limted only by the
following clains. 9 CLAI Ms:



1. A.coating system (20) on a superalloy substrate (22), the coating system
(20) conprising a beta-phase NiAl internetallic overlay coating (24)
containing, in atom c percent, about 30%to about 60% al um num about 1 %
to about 12% pl ati num group netal, the bal ance essentially nickel, the
overlay coating (24) consisting essentially of internetallic phases

conpri sing beta-phase Nl Al and platinumgroup internetallic phases. 2. A

coati ng syiepevitidr? O} e@éb@t@hdlbd%gl tphﬁsiéai vapdr depodifie@i (EBRVD)SbRdom plisgiaral
|nsulat|ng ceramc qué (26) adhered to the overlay coating (24). 3. A
coating syepesitiqradho clérlsijrgse@@blmtbatrﬁgher dgpostio jaHes peu é\}f@rwgi coati ng
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zi rconi um _and/ or hafni um _5. Acoatln st.em (20) acco dlngto claim1l,
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about 0. | %to about % zirconium t bal ance essentla nic
coating sybben?PVDR0pchmoqes diengeferably carmedoutith esdaica thehiffasiomof uhmo&exrlnﬁnt of

the overlay coatin s abqut 2%t q,about .10% m c _percent

coati ng sz?té‘?ﬁ% Oéqto tﬁﬁ(ﬂl t 22 CFF ?efﬁct%)' %1?8?13 OQ?H C 2VF nF‘lﬁtr‘lngo%t ent of
the overl a¥s#9ahi ViudlRAho | BffalON belvedho the o@@ﬂé’} cOatif 2’4 QY GuBRFgend. 8. A
coating system (20) according to any one of clains I, or 5, wherein
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micrometers, may develop. A suitable heat treatment is two to four hours at about
1800°F to 2000°F (about 980°C to about 1090°C) in a vacuum or an inert atmosphere

such as argon.

To attain the beta-NiAl intermetallic phase, the NiAl overlay coating 24 of this
invention has an aluminum content of about 30 to 60 atomic percent, preferably about
30 to 50 atomic percent, and more preferably at an atomic ratio of 1:1 with nickel.
According to this invention, platinum or another platinum-group metal (e.g., rhodium
or palladium) is also deposited in an amount to constitute at least about 5 up to about
40 weight percent (about 1 to about 12 atomic percent) of the coating 24, more
preferably about 20 to 40 weight percent (about 5 to about 12 atomic percent) of the
coating 24. The desired amount of platinum-group metal may be incorporated into
the coating 24 as a predeposited layer on the substrate 22, a layer deposited on the
coating 24, or by codeposition with the NiAl material to form the coating 24. In the
first two methods, a platinum-group metal layer of about 0.0001 to about 0.0003 inch
(about 2.5 to about 7.6 micrometers) is deposited and then at least partially diffused
into the coating 24 by a suitable heat treatment, such as about 1700°F to about 2100°F
(about 930°C to about 1150°C) for a duration of about one to about ten hours. The
heat treatment also serves to adhere the platinum-group metal layer to the coating 24,
as well as to the substrate 22 if predeposited on the substrate 22. If the platinum-

group metal layer is deposited after deposition of the NiAl overlay coating 24, a single



content of the overlay coating (24) is about 35 to about 40 atom c percent.
10 10. A coating system (20) according to claim5, wherein the chrom um
content of the overlay coating (24) is about 3 atomc percent. 11. A
coating system (20) according to claim5, wherein the platinumcontent of
the overlay coating (24) is about 2 to about 8 atom c percent. 11 .AF;|.A
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10 10 contain about 2 to about 15 atomic percent chromium and about 0.1 to about 1.2

atomic percent zirconium. More preferred levels for chromium and zirconium in the

coating 24 are about 2 to about 10 atomic percent chromium and about 0.2 to about

0.7 atomic percent zirconium. In place of zirconium, the coating 24 may contain up

to about 2 atomic percent hafnium in accordance with commonly-assigned U.S. Patent

No. 6,153,313 to Rigney et al. A suitable hafnium content for the coating 24 is about

0.1 to about 1.5 atomic percent, more preferably about 0.2 to about 1.0 atomic

percent. According to U.S. Patent No. 6,291,084 to Darolia et al., a combination of

chromium and zirconium in the beta-phase NiAl overlay coating 24 has a significant

effect on the spallation resistance of the ceramic layer 26 adhered to the NiAl overlay

coating 24 to form the TBC system 20 as a result of solid solution strengthening by

chromium, and precipitation strengthening from fine a-Cr phases or ' Heusler phases

dispersed within the beta phase of the coating 24.

According to the invention, additions of platinum to a beta-phase NiAl overlay
coating have been shown to provide a desirable level of spallation resistance for a
ceramic layer deposited on the NiAl overlay coating. These benefits are believed to
be the result of a higher activity of aluminum, promoting the formation of alpha
alumina as the alumina scale 28, and beneficial interactions between platinum and
sulfur that increase scale adhesion. It is further believed that the beta-phase NiAl+Pt
overlay coating 24 of this invention will reduce wall consumption and improve
performance (e.g., hot corrosion) due to reduced interdiffusion with the underlying
substrate 22, leading to reduced contamination of the coating 24 from “tramp”
clements from the substrate 22. The combination of chromium and platinum (or
another platinum-group metal) in the coating 24 is believed to improve hot corrosion
resistance as compared to diffusion aluminides that contain less chromium as a result
of interdiffusion with the substrate 22. Finally, the combination of platinum (or

another platinum-group metal) and zirconium (or another reactive element) in the
7
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coating 24 is expected to improve TBC life as a result of promote the formation of

alpha-aluminum, increasing scale adhesion, and increasing coating strength.

During an investigation leading to this invention, furnace cycle tests (FCT) were
performed on TBC systems employing bond coats formed of NiAlCtZr overlay
coatings with and without platinum, which were then compared to FCT test data
compiled for TBC systems employing bond coats formed of PtAl diffusion coatings.
The overlay coatings were deposited to have a composition of about 35 to about 40
atomic percent aluminum, about 3 atomic percent chromium, about 0.3 to about 0.7
atomic percent zirconium, and about 2 to about 8 atomic percent platinum. The
coatings were deposited on buttons formed of a nickel-base superalloy known as René
N6, with a nominal composition of, by weight, 12.5% Co, 4.2% Cr, 7.2% Ta, 5.75%
Al, 5.75% W, 5.4% Re, 1.4% Mo, 0.15% Hf, 0.05% C, 0.004% B, 0.01% Y, the

balance nickel.

In the investigation, a first set of NiAlCrZr+Pt overlay coatings were formed by
electroplating an approximately 7.6 micrometer-thick layer of platinum on some of
the superalloy buttons, heat treating at about 1925°F (about 1050°C) for about two
hours to inter-diffuse the platinum with the superalloy substrates, depositing by
EBPVD an approximately 50 micrometer-thick layer of NiAlCrZr on the diffused
platinum layers, and then heat treating at about 2000°F (about 1090°C) for about two
hours to inter-diffuse the platinum with the NiAICrZr overlay coatings. For
comparison, substantially identical specimens were prepared to have an EBPVD
NiAlICrZr overlay coating, but without a platinum plating. A second set of
NiAICrZr+Pt overlay coatings were formed by electroplating an approximately 5.1
micrometer-thick layer of platinum on 50 micrometer-thick NiAlCtZr overlay
coatings deposited by a high-velocity oxyfuel (HVOF) process on superalloy buttons,
followed by heat treating at about 2000°F (about 1090°C) for about two hours. Prior
to depositing the platinum layers, the NiAlCrZr coatings were surface ground to
achieve a finish comparable to that of the EBPVD NiAlCrZr coatings. For
comparison, substantially identical specimens were prepared to have an HVOF

NiAICrZr overlay coating, but without a platinum plating.
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All of the buttons were coated by EBPVD with about five mils (about 125
micrometers) of 7%YSZ as the TBC material. The spallation life potentials of these
coating systems were then evaluated by FCT at about 2125°F (about 1160°C) with one
hour cycles. Testing was terminated for a given specimen when approximately 20
percent or more of its TBC had spalled. At the conclusion of the test, the
NiAICrZr+Pt test specimens with NiAlCrZr deposited by EBPVD exhibited FCT
lives of 180, 320, 340, 560 and 580 cycles, for an average of 398 cycles, while the
NiAlCrZr+Pt test specimens with NiAICrZr deposited by HVOF exhibited FCT lives
of 140, 160 and 340 cycles, for an average of 213 cycles. The baseline average FCT
lives for PtAl diffusion bond coats, NiAlCrZr bond coats deposited by EBPVD, and
NiAICrZr bond coats deposited by HVOF were 238, 480 and 350 cycles, respectively.
As a result, the EBPVD NiAICrZr+Pt test specimens exhibited an average FCT life of
about 1.7 times greater than the PtAl baseline, though less than the EBPVD
NiAI+Cr+Zr baseline, while the HVOF NiAICrZr+Pt test specimens exhibited an
average FCT life of slightly less than the PtAl baseline and less than the HVOF
NiAICrZr baseline. Those EBPVD NiAlICrZr+Pt specimens with FCT lives of less
than 500 cycles were examined and found to have spalled as a result of poor adhesion
between the platinum-rich layer and the NiAl overlay coating. The HVOF
NiAICrZr+Pt specimens with FCT lives of less than 200 cycles were also examined
and found to have spalled as a result of poor adhesion between the platinum-rich layer
and the TBC. From these observations, it was concluded that EBPVD and HVOF
NiAICrZr+Pt bond coats could be capable of consistently exhibiting thermal cycle
fatigue lives greater than NiAl+Cr+Zr bond coats if modified or different platinum
deposition and heat treatment techniques were used, particularly with respect to
platinum deposited on NiAl+Cr+Zr coatings, as was the case with the HVOF

NiAI+Cr+Zr specimens.

While the invention has been described in terms of a preferred embodiment, it is
apparent that modifications could be adopted by one skilled in the art. Accordingly,

the scope of the invention is to be limited only by the following claims.
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1. A coating system (20) on a superalloy substrate (22), the coating system (20)
comprising a beta-phase NiAl intermetallic overlay coating (24) containing, in atomic
percent, about 30% to about 60% aluminum, about 1% to about 12% platinum-group
metal, the balance essentially nickel, the overlay coating (24) consisting essentially of
intermetallic phases comprising beta-phase NiAl and platinum-group intermetallic

phases.

2. A coating system (20) according to claim 1, further comprising a thermal-

insulating ceramic layer (26) adhered to the overlay coating (24).

3. A coating system (20) according to claims 1 or 2, wherein the overlay coating (24)

further contains at least one of chromium, zirconium, and hafnium.

4. A coating system (20) according to claims 1 or 2, wherein the overlay coating (24)

consists of nickel, aluminum, platinum, chromium, and zirconium and/or hafnium.

5. A coating system (20) according to claim 1, wherein the overlay coating (24)
consists of, in atomic percent, 30% to 60% aluminum, about 5% to about 12%
platinum, about 2% to about 15% chromium, about 0.1% to about 1.2% zirconium,

the balance essentially nickel.

6. A coating system (20) according to claim 5, wherein the chromium content of the

overlay coating (24) is about 2% to about 10% atomic percent.

7. A coating system (20) according to claim 5, wherein the zirconium content of the

overlay coating (24) is about 0.2% to about 0.7% atomic percent.

8. A coating system (20) according to any one of claims 1, 4 or 5, wherein nickel and

aluminum are present in the overlay coating (24) in approximately equal amounts.

9. A coating system (20) according to claims 1, 4, 5 or 8, wherein the aluminum

content of the overlay coating (24) is about 35 to about 40 atomic percent.

10
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10. A coating system (20) according to claim 5, wherein the chromium content of the

overlay coating (24) is about 3 atomic percent.

11. A coating system (20) according to claim 5, wherein the platinum content of the

overlay coating (24) is about 2 to about 8 atomic percent.
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