17 August 2006 N CKEL ALUM NI DE COATI NG AND COATI NG SYSTENS FORVED
THEREW TH BACKGROUND OF THE | NVENTI ON (1) FIELD OF THE INvEgwE0dnhe
present invention generally relates to coatings of the type used to protect
conponent s exposed to high tenperature environnents, such as the hostile
thermal environment of a gas turbine engine. Mre particularly, this
invention is directed to a ~predom nantly beta (p) phase Ni Al overlay

coating alloyed with a phg as an environnent al
coating and as a bond coat for ag't her ma i g&?ﬁ@{?#ﬁ@atl ng. (2) DESCRI PTI ON

OF THE RELATED ART Conponents wi-thin the turbine, conbustor and augnentor
sections of gas turbi NeOAGRYGNEES BEM STORIBD PHEREWITH dat 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 environnmental coating alone or in conmbination wth an outer thernal
- barrier coating (TBC), which in the latter case is terned a TBC system

Cer ami ¢ MBATKGROTRD DRTHE Moanagpyr @) partially or fully stabilized by
yttria (Y2@3), nmagnesia (MJO or other oxides, are widely used as TBC

materials. Various netallic coating systens have been used as
envi ronnental coatings for gas turbine engi ne conponents, the nost w dely
- used being diffusion coati ngs such as diffusion alum nides and platinum

al um ni defl)(ﬁtEﬁI[) orgdf WE inide coatings are formed by reacting the
surface of “a conponent with an al um num containing vapor to deposit

al um num and formvarious alumnide internetallics that are the 1 17
August 200Be mq:S@memNm denerallymchted @l esatings off thicheyps ulsed riat groteat eri al .
D|ffu5|on aI um gs

ponents exposed to high temperature environments, such as the hostile thermal
environment of a gas turbine engine. More particularly, this invention is directed to a
predominantly beta () phase NiAl overlay coating alloyed with a platinum-group
metal for use as an environmental coating and as a bond coat for a thermal barrier

. coating.

(2) DESCRIPTION OF THE RELATED ART

Components within the turbine, combustor and augmentor sections of gas turbine
engines are susceptible to oxidation and hot corrosion 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 (ZrQ,) partially or fully stabilized by

ytiria (Y203), magnesia (MgO) or other oxides, are widely used as TBC materials.

Various metallic coating systems have been used as environmental co_atings. 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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coatings forned in a nickel-base superall oy substrate con%ai n such
environnental ly- resistant internetallic phases as P(N Al Aé‘ﬂHSty?'%@N 3AI) .

By incorporating platinum the coating may further include PtAl

internmetal lic phases, usually PtAl and PtAl12, and platinumin solution in
internmetal lic phases. Another w dely used coating systemis an overl ay
coating known as MCrAl X, where Mis iron, cobalt and/or nickel, and X is

an active ﬁgcﬁﬁ&rﬁf AUDIRS aXd blelddMsOSt ﬁ@%hﬂ&f ttz/ E%Ee?iaﬁapéﬂ‘u Oc)r)/n b aCtgéd\égl vapor

el ement . Al X overlay coatings are typica eposi
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plasma spraying.. Mor Al X overlay coatings differ fromdiffusion alumnide
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limted diffusi q% Db trﬁ%hgs&&gésf‘t&?gnt%e&%?a?ﬁ%é%%%?’t“&%f‘%&ﬁ‘gp HRA gad
super al | oplaginbmitin aolafiomin iMSrdtdlicphhsesg W Il conprise a netallic solid

solution that contains both gamma prinme (7') and beta (0) N Al phases. As
MCr Al X

with diffysign coeatings, the incorporation of platinuminto

coat i ngs #ﬁg%gégﬁ&& Bg‘%‘scé’a{,fn%%ﬁnhgg A OVFREE craing knosmasMCod Do whswer | ayer
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- or MCrAlX ovelrl ay coat_%g sgrvgsgggdgl ggge%ﬁgpt%gﬁa %gﬁ{é&t#g‘hg@&?to t he
under | yi nfre edrdh prreactivehelementni MOrA LK omerdayt coatinghasaypicaily dopatitealer i al s

rovi des . owt a strang adhere I_nuous al um num
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chem cally honds the TBC to the bond coat. re recentlly, overlay coatings
(i.e., nofoaHDEs £§ BsTesHY off the clementa dvansfeokd | to athe riubstchte suPideAbnd the

I nt er met | r .. 3, nvi ronnental and bond. coat material s.
The N A BarS Brou RSO PSSR ot (RRTH BmbolrirorLtBonBBUT 30 to
about 60 thasamiratepdf depusited ok REvKe]-b4e sapraAGL s hstrith CaEKRIX AbMIAY NUM

conposi tion being nickel. Notable exanples of beta-phase N A coating
mat eri al SVEgaRRESe @dﬁﬁtgmcyaohd solution that contains both gamma prime (v') and beta

(B) NiAl phases. As with diffusion coatings, the incorporation of platinum into
MCrAIX coatings has been proposed, such as an underlayer beneath or an overlayer

on a NiCoCrAlY coating.

Used in combination with TBC, a diffusion aluminide or MCrAIX overlay coating
serves as a bond coat to adhere the TBC to the underlying substrate. The aluminum
content of these bond coat materials provides for the slow growth of a strong adherent
continuous aluminum oxide layer (alumina scale) at elevated temperatures. This
thermally grown oxide (TGO) protects the bond coat from oxidation and hot

corrosion, and chemically bonds the TBC to the bond coat.

More recently, overlay coatings (i.e., not a diffusion) of beta-phase nickel aluminide
(BNiAl) intermetallic have been proposed as environmental and bond coat materials.
- The NiAl beta phase exists for nickel-aluminum compositions of about 30 to about 60
atomic percent aluminum, the balance of the nickel-aluminum composition being
nickel. Notable examples of beta-phase NiAl coating materials include commonly-
- assigned U.S. Patent No. 5,975,852 to Nagaraj et al., which discloses a NiAl overlay

bond coat optionally containing one or more active elements, such as yttrium, cerium,
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assigned U.S. Patent No. 5,975,852 to Nagaraj et al., which discloses a

Ni Al overlay bond coat optionally containing one or nor &7 &g 08 enent s,
such as yttrium cerium 2 17 August 2006 zirconiumor hafirium and
commonl y-assigned U.S. Patent No. 6,291,084 to Darolia et al., which

di scloses a Ni Al overlay coating material containing chrom um and
zirconium Commonl y-assigned U S. Patent Nos. 6,153,313 and 6,255,00 1 to

Rigney  efircdhiun A ndaful, iafd chRRRAH-hsBintd 18S Patdhia¢) BR T Ni Al
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Darolia have been shown to inprove the adhesion of a ceramc TBC |ayer,

t her eby ifNirpRmeHal eqsting matesialnf The betagbase NiAhallayadisohesed thy Rimney et |ife of
the TBC sys . 1.t h e advancenents di scussed, abov thete remains a
consi der Z‘%‘I éeoeiganlﬂ;\ég%n | nﬂ(%%@”g?fa ortﬁaf”d‘ﬂ’h‘g‘% ?‘?ﬂ?r“g%’égmttﬁgmseﬁ‘ i%e life of
TBC syst galiuy, Zirgonium, N@IdiRe, irsHantia Eﬂﬂit&l‘isi:vﬁﬂ@!%ﬁalﬁfs b&ig-phbB&y F§Al
insulating |ayer, BRI EF, SUMVARY OF THE | NVENTI ON Di scl osed herein is a

- ‘protecti @ﬂowemaw Zaniuny e bataphpsesNidkalloys ofoNagdrad, Daselimiet al.,

envi ron h | r.a nt@r _.conponents. of a gas
CUrbi ne Ry, 84417 A8 DO Bive SARMBMA « IRp SUGTR B WA Ehfice N A
overl ay d84t laygr, tloarebyuimbibitingasphlbatibncefdhe fIBC and hefeatthe BRY deiAte s Ng ( TBC)
deposi teq&%éhe overlay coating. A platinumor anot%ler pl ati num group
netal (e B¢ H¥AWm or pall adium) can be incorporated into an N Al - based
coating conposition, yielding a coating system capable of exhibiting

| mpr ovedgsaalvig] RN a8PheBAknS AidcASleANaBbRR! $hedl G8 ?ﬁs leo i@ datil® agdf | OF bond
coating nmaterials contalning platinum np5t not ab y pl atinum al um ni de
continuous effort to further increase the service life of TBC systems by improving the

spallation resistance of the thermal insulating layer.

BRIEF SUMMARY OF THE INVENTION

- Disclosed herein is a protective overlay coating for articles used in hostile thermal
- environments, such as turbine, combustor and augmentor components of a gas turbine
engine. Also disclosed herein is a predominantly beta-phase NiAl overlay coating for
use as a bond coat for a thermal barrier coating (TBC) deposited on the overlay
cogting. A platinum or another platinum-group metal (e.g., thodium or palladiom) can
be 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 coating materials containing platinum, most notably platinum aluminide
diffusion coatings. A preferred composition for the beta-phase NiAl overlay bond coat
| may further contain certain amount of chromium and zirconium ot hafhium. Other
- possible alloying elements of the bond coat include yttrium, ceriﬁm, titanium,

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




di ffusion coatings. A preferred conposition for the beta-phase Nl Al overlay
bond coat may further contain certain anount of chrom uﬂr?éh‘gus}izp%ni um or
haf nium Qher possible alloying elenments of the bond coat include
yttrium cerium titanium tantalum silicon, gallium calcium and/or
iron. 3 17 August 2006 As a beta-phase NiAl internetallic, the overlay
coating may contain 30 to 60 atom c percent alum numso as to be

predom nantly of the beta-N Al phase. Wth the addition of platinum the
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PtA12, PtAl and NNPt. Wth the addition of chrom um and zirconi um or
haf ni um Reaeeng oalumkigumereef | ass for obs spreddmgwhntly i off she ehefaEAil nghbse.
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- forming internetallic phases with the platinumgroup nmetal. In a first
aspect, tchaing. i Whenppeseridogethardn ahgtaphase Nidhowerloybend cvadythesthphases e, t he

coating t c [ Sin - e NA inte | { c_overl ay, coating
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In a first aspect, there is provided a coating system on a superalloy substrate, the
coating system comprising a beta-phase NiAl intermetallic overlay coating containing,
in atomic percent, about 30% to about 60% aluminum and about 1% to about 12%
platinum-group metal, the overlay coating consisting essentially of intermetallic

- phases comprising beta-phase NiAl and platinum-group intermetallic phases.

In a second aspect, there is provided a coating system on a superalloy substrate, the
coating system comprising a ceramic layer on a beta-phase NiAl intermetallic overlay
bond coat, the overlay bond coat consisting of, in atomic percent, 30% to 50%
aluminum, about 1% to about 12% platinum, about 2% to about 15% chromium,
about 0.1% to about 1.2% zirconium, the balance nickel, the overlay bond coat
consisting essentially of intermetallic phases comprising beta-phase NiAl and

platinum intermetallic phases.




al um num about 1% to about 12% pl ati num about 2% to about 15% chrom um
about 0.1%to about 1.2% zirconium the bal ance nickel, fR&USYEZ089 bond
coat consisting essentially of internetallic phases conprising beta-phase
Ni Al and platinuminternetallic phases. 4 17 August 2006 1In a third
aspect, there is provided a coating systemon a superalloy substrate, the
coating.system conpri.sing a beta-phase NNAl internetallic overlay coating
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Figure | is a perspective view of a high pressure turbine blade. "Figure 2
is a cr§sndabt phydermetallic phases copipsisiag dicta=phase NIAl aind pjatinunegoup2, ~ and
shows a; ier coating systemon the blade in accordance with an
enbodi rrg}\t%&ge?ﬂ?%fjgﬁ%‘nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention is generally applicable to conponents that operate within
—environnents characterized by relatively high tenperatures, and are

t her ef oPther Qhipcit aad) adaniagee o thip dpyaation twidlske betten @ppissiated] fremctiieng.

Not abl e h..components include the high and | ow pressure
t ur bi nefogfgggﬁégé%ﬁ%l%#g%eugﬁ shrouds, 4a 17 August 2006

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

Figure 2 is a cross-sectional view of the blade of Figure 1 along line 2--2, and shows a
thermal barrier coating system on the blade in accordance with an embodiment of this

invention.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is generally applicable to components that operate within
environments characterized by relatively high temperatures, and are therefore
subjected to severe thermal stresses and thermal cycling. Notable examples of such

~ components include the high and low pressure turbine nozzles and blades, shrouds,
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conbustor |iners and augnentor hardware of gas turbine en?ines. One such
exanple is the high pressure turbine blade 10 shown in ﬁ'éﬁ%@“ﬁpOQhe 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 dovetai

14 f L f th de 10. Caol i h 18
oresent 1 sotpBedr b8 plBRertb By of F Tkt cpBRe (pe SFh R Plins  er
heat fromthbdigh alsdde tMbinkeblidee] Rdliowh d9eg@E 1t NTRe bMENY ehetitly be

described wth reference to the high gressurg turbine blade 10 shown in

Fi gure 1,1n&Ndesran: disailald yeaipstc pbichh hete combustion| gases arel direoed t iingy pe shown
in Figur i i LV, ' .ane general | |icable to
any. compotertcAEAEN ST Ao dua MUK IAL S UR GO Bl onle BOR RS
conponentatfaclohy oxelagon icomosimnind dresioeSThé siefoll 12 ¥ gidhered to $ n@bihBAiskyst em 20

of a type that benefits fromthe teachings of this invention. As shown,
the coat it gﬂ%‘f“&’ﬁ"% ﬁ??V@Fql}d]é‘sg&n PARi 1801 wpiden pof tebladg 0o Conding ade

substrat bl W | Vel s | , [ S as a
bond coat to ];Mhagg (I:J gers ggﬁl: ﬂ%aa?gél@%% m&%‘pgﬂ Egitbrl ég'tag 895 h?g‘{(g%g{:%%? :hé&
- pref er ablfyoma the flade dfpeWilartbe pdtantdget of shisinestian will dr, dasctbel with

cobal t - bag superal J.oy. To attain train-tol erant colummar_ grain

struct ur é?f%feﬁlge @% f]hen#‘gxlpé‘ifé?re 28 “}esgl_ﬁa‘_’eflﬁrsgﬁw & pBes deandbparsinylerlgal vapor
deposi t i gickePYik, subBaUe) bRIdBEbf BRPBENBAN hambieaase tQhide0orYREd: A
preferred material for the ceramclayer 26 is an yttria- stabilized

‘Zi r coni a gveSEPn agg generally applidabls to empesittpooent wai wigclab cudting dysteabmay 20

wei ght per yEitri t hough her, ceram c materials could be used, such
as yttri g’,c%g%%tﬁﬁré%?tﬁ%%%n%%ﬂtg%rﬁ,Its(?flv’f‘?r?n&%‘rtri a stabilized by ceria (Ce02),
scandi a (SC203) or other oxides. The ceramc |layer 26 is deposited to a

t hi cknesRepleatnted irsEific ie AITBOsy3tay 200 altfi thabehé@d foheheRachingk ect i on
for the underlying substrate 22 and bl ade 10, generally on the order of

about 1081 s dBYRAIIOBOOAMiSEYWvethe coating syiten 3 instudas v FBEusyyem26  t he

?gg;?g)e %n&e'&etooﬁl%rglgd'e GRREAR D224 R¥ ﬁ&iﬁ?%)vtér?a}j 85art*i‘n§‘rh4?>%tﬁ& Wi LAce layer
serves as a bond coat to the ceramic layer 26. The substrate 22 (blade 10) is
preferably a high-temperature material, such as an iron, nickel or cobalt-base
superalloy. To attain a strain-tolerant columnar grain structure, the ceramic layer 26
- 1s preferably deposited by physical vapor deposition (PVD), though other deposition
techniques could be used. A preferred material for the ceramic layer 26 is an yttria-
stabilized zirconia (YSZ), with a suitable composition being about 3 to about 20
weight percent yttria, though other ceramic materials could be used, such as yitria,
nonstabilized zirconia, or zirconia stabilized by ceria (Ce0,), scandia (Sc,03) 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 of about 100 to about 300 micrometers. As with prior art TBC systems,
. the surface of the overlay coating 24 oxidizes to form an oxide surface layer (scale) 28

to which the ceramic layer 26 chemically bonds.

According to the invention, the NiAl overlay coating 24 is predominantly of the beta
(B) NiAl phase with limited alloying additions. The NiAl overlay coating 24 is
preferably deposited using a PVD process, such as magnetron sputter physical vapor




" about 180damE 2

to which the ceramc |ayer 26 chem cally bonds. Accordi n? to the | nventi on,
the NNAl overlay coating 24 is predomnantly of the beta phase
with limted alloying additions. The Ni Al overlay coating 24 i s preferably
deposited using a PVD process, such as magnetron sputter physical vapor 5
17 August 2006 deposition or electron beam physical vapor deposition
(EBPVD), or ion plasma deposition, though it is foreseeable that other

deposi ti [ u h pr.a |n of powders
Accor di ng(nt:tptcgﬁtE ﬁlg O?hlggch%ﬁoh&np%hglsci? galbyaé)%kl Egsﬁtteés% ?ﬁgﬁb D?’hg a§§7' coating
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bet ween t over | 4 substrate 2 subsequent heat
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process, aboVePYDitbihhidbes &@?r&@ra%%mécb’cﬂit teudcd Wt difREsfontdTaR @\% five

m croneters, devel o suitable heat treatnent 1s two to hour s at
%HEQGDOSUI(SQBMZQ 98@@1'@&!31? alepasiticiD 0 0C) ovetiaﬁ ooatingiB4or an

i nert at a he beta- N Al ermetallic
phase, t@ﬁpiﬁ%@r ar;l/0 ?10 ﬂﬁ'gbezt %P‘é"r}a?’n‘i}’éﬂt‘g gf andss ‘gﬁ num

cont ent  @furigodiibsedeiitondad tdhi@ene t@Qéli‘e@'Btrcs@tEa?fs?rE%Qé %ﬁé}%& dudfhglife 50 atom c
percent, and nore preferably at an atomic ratio of 1 wth ni gkef

Accor di ngeRsition; B’OFfF‘fﬁseﬁtVPBh thleldatfmweme dymeaibyr nqdl mbienthan gpboup fivet al
bt Ponst "apotfter? B AR A 4 BaBe Ml FRRTY Bublod R bGP T> ot om o
per cent ) 1860°Fhe 20@iﬁFl(ﬂg)u29800®troeibom BTQ@P@hh)a Rbewh ofdn ierdAnRpIAE  per cent
(about 53uc a%l%(r)g%tn 12 atom c percent) of the
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 Iayer 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 pletinum-
= group metal layer is deposited after deposition of the NiAl overlay coating 24, a single
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coating 24. The desired anount of platinumgroup netal may be incorporated
into the coating 24 as a predeposited | ayer on the substy dyugns 2004 | ayer
deposited on the coating 24, or by codeposition with the NiAl material to
formthe coating 24. In the first two nethods, a platinumgroup netal

| ayer of about 0.0001 to about 0.0003 inch (about 2.5 to about 7.6

m croneters) is deposited and then at | east partially diffused into the

coating 2fedVrcmit LAPHE pBEdtinddrts 2 B SrRP gbout 21
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t en hour srelithethelteating24at nent al so serves to adhere the platinum group
netal |ayer to the coating 24, as well as to the substrate 22 if

~predeposi ted on.the sybstrate . If the platinum_groyp netal layer is
fepos t od ' FeE SOTRARBRELof fie Hvsatiogy B sqrtibgead i Mther aersdyle 6 17
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metal |ayer and stress relieve the coating 24. In"a preferr di ment
of the i nv@aip@gout hdo @bae hy atmic pefognt Hepmalrh andchbivot Gdotwt abont d12r omi um

and zircopj Ur r. hafni up, For exanpl e, the coating,24 may .contain
about 2 ¢ Bl PGP Roie e ST Bofla S et Sl O 1. 2
atom ¢ pecesing 24 iafeCgiud D toMdbEt [T 8hoffi¢ Békcbi \ BBl a4t ¥ @i r Coni um
intile coating 24 are about 2 to about 10 atomic percent chrom um and

about 0. 20+ Gtome percent zirconiim. c Ippleecaf zisonmonitercodtngRdameay ebntainruponi um

the coati | : o] 2 at.om c rcent hafniymin
accor dan c@%ﬁgérg%%nﬁ%%%%ngg%% %E‘g&rﬁgt“élh} conﬁggﬁ@?afgg'}eﬁlégt gatﬁ?tg ney et
al . A suiNatd,B53#HBb Ripegnitaht AfsaltafleBafimd tagem 4ol ﬁle%b%mog 240ishbb@ about

1.5 atom ¢, per %gnt nore .preferably about 0.2 to about atom c  percent.
Accor di ng&i dogbaut by alomigpersnt guomggprefesably abpiia 03t toapbout al @ tesisat | on of

chrom umand,zi AeQRIRD e 1150 s s I coating 24 has a
significant e tect log] t E‘Ieg's%g%ﬁatt@?'oﬁ rgosélﬂsff%\la[r)l%}eéﬁ%F?%ﬁhea %oengl%{gﬁltgmlo yer 26
adher ed tdhraiemNing zicoeninain the deta-pigs@Ni AofeplaincoltngTBChay S bighifidéhtas a
result of ffoéid sol Lﬂi.on stren ”t] ni ng hy .
_ 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 sofution 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 cbnsumption and improve
_ perfonnance (e.g., hot corrosion) due to reduced interdiffusion with the underlying
substrate 22, leading to reduced contamination of the coating 24 from “tramp”
elements 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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According to the invention, additions of platinumto a beta-phase N Al
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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 NiAICrZr on the diffused
platinum layers, and then heat treating at about 2000°F (about 10900(5) 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
NiAICrZr overlay coating, but without a platinum plating. A second set of
NIAIC:Zr+Pt overlay coatings were formed by electroplating an approximately 5.1
.micrometer—thick layer of platinum on 50 micrometer;thick NiAICtZr 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 NiAICrZr coatings were surface ground to
achieve a finish comparable to that of the EBPVD NiAICrZr coatings. For
7 _'comparison, substantially identical specimens were prepared to have an HVOF

NiAICIZr overlay coating, but without a platinum plating.




atom c percent zirconium and about 2 to about 8 atomc percent | at i num
The coatings were deposited on buttons fornmed of a nick 7 Angst ﬁeral | oy
known as Ren6 N6, with a nom nal conposition of, by weight, 12.5% Co, 4.2%
C, 7.2% Ta, 5.75% A, 5 75% W 5.4% Re, 1.4%I\/b, 0.15% Hf, 0.05% C,
0.004% B, 0.01%Y, the balance nickel. In the investigation, a first set

of Ni AlCrZr overlay coatings were formed by electroplating an
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| ating. A secaond set of N Al CrZr overlay coati ngs were
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- high-velocity oxyfuel’ (HVOF) process on supera
- heat treaNmé:rZﬁfabmsPezﬁﬁﬁﬁﬁvmbeCrZ@%ﬁ@)tedbyfm&xmmdﬁml‘ﬂweﬂ| or to

d tin ers, the N Zr coatings were surface ground
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Al of t hHiAGrZobandgents depesited bl VBPVRre18) 48band 350 veley tespdotibelyt 125I
of t hese AEbiRun PRI NBIGZrHETed shfmen b ieest averapolicT 488/ F (about
| | 60" Q s¥ouh 1ON&imes greater than the PtAl baseline, though less than the EBPVD

NiAl+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

NiAlCrZr-FPt 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

platinam deposited on NiAHCr+Zr coatings, as was the case with the HVOF

NiAl+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.




hour cycles. Testing was term nated for a given specinmen when apzpr oxi mately
20 percent or nore of its TBC had spalled. At the concl ddi®sHusifZ00fe test,
the N A CZr test specinmens with Ni Al CrZr deposited by EBPVD exhibited FCT
lives of 180, 320, 340, 560 and 580 cycles, for an average of 398 cycles,
while the N A CrZr+Pt test specinens with Ni Al CrZr deposited by HVOF

exhi bited FCT lives of 140, 160 and 340 cycles, for an average of 213

cycl es. (hembaseline average FCT lives for PtAl diffitsion bond coats,

Ni Al CrZr bond coats deposited by EBPVD, and N Al CrZr bond coats deposited
by HVOF were 238, 480 and 350 cycles, respectively. As a result, the EBPVD
Ni Al CrZr,test ,s i mens_exhibited..an average FCT .life of abaut 1.7 tines
_greater Fhan f‘h(g)g%f&fys STL o4, peratlgy, gh ﬁ%r&%sﬁleh%ﬂ?nflﬁéysé%ﬁwnpﬁiﬂﬂg’? basel i ne,
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bond coainsulatingusdingic dayepadhdirdd torthmoveplagicoating deposi tion and heat treatnent
techni ques were used, particularly with respect to platinumdeposited on
Ni Al ? coatings, as was the case with the H/OF Ni Al ? specinens. Wile the
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4, A coating system according to claim 1, wherein the overlay coating consists of

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

5. A coating system according to claim 1, wherein the overlay coating consists
essentially 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 according to claim 5, wherein the chromium content of the

overlay coating is about 2% to about 10% atomic percent.

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

overlay coating is about 0.2% to about 0.7% atomic percent.

8. A coating system according to claim I, wherein nickel and aluminum are

~ present in the overlay coating in approximately equal amounts.

10




17 August 2006 dains: | A coating systemon a superal I? substrate, the
coating systemconprising a beta-phase NNA internetalli Aﬁ*ﬁ@?tIZQ§6coati ng
containing, in atom c percent, about 30%to about 60% al um num and about
1% to about 12% pl ati num group netal, the overlay coating consisting
essentially of intermetallic phases conprising beta-phase N A and

pl ati numgroup internetallic phases. 2. A coating systemaccording to claim
1, further co h&) r vl ' ' r to the
over | ay doat | e B O g S IE poR OISR e

over | ay essemicdgyer wntahketa-phase NLAh stermetadlis ovarlay bohd chatotiiewwerlai badni um  and

hafilium 4. A coatin stem according . yo .claiml grein the gverlay
coat i ngn%:()&%gcfrgfsgm%f)t lﬁia@g@f" pe%‘fF’ﬁfn?@%r’f? gB(%QIPJHHW’(?R?‘\ggi%% a’ﬂf&?%(ﬁ’r coni um
and/ or  hgtdithintiabot 2% ©OAoLNY5% Yht St GBHGH MY © sHodt Ik zivwngnn the
overlay coating consists essentially of, in atomc percent, 30%to 60%

al uni nunthe Aalauge mokal.the pyerlaybpus cpatsonsisiing essantiellp of inéermstallic pIBSeschr omi um
about 0. 219 -n%tm g . 'gﬁﬁﬁ'lﬂﬂ% . ES apﬁ essentially nickel. 6. A
coating ‘gsoéqsn%h ac%’%) %’lsﬁﬁg@ﬂ) C a':im ,mE ereg’iﬁ% gesc':hr om um content of the

overlay coating is about 2%to about 10% atomic percent. 7. A coating
system according to claimb5, wherein the zirconiumcontent of the overlay
& b e

" coating tnested aperting tordhpis Snvhersay thepfumigum coptent phiesy st em

accor di gyt B Bakis J06Y T B BbRRIudAL R UM are  present In the
al a

overlay coatlng I n approximtely equ unts. 10 17 August 2006 9. A

coating systemon a superalloy substrate, the coating systemconprising a
ceram c J.ayer, on_a bet a-phase,.Ni Al .internetallic overlay bond at, the
over | ay 0% d A coating sys%np according to claim 8, vr;ﬁere{n t'he cl?rommmycontent of 81e

overlay bond coat is about 3 atomic percent.

12. A coating system according to claim 9, wherein the zirconium content of the

overlay bond coat is about 0.3 to about 0.7 atomic percent.

13. A coating system according to claim 9, wherein the platinum content of the

overlay bond coat is about 2 to about 8 atomic percent.

14. A coating system according to claim 9, wherein nickel and aluminum are

- present in the overlay bond coat in approximately equal amounts.

15. A coating system according to claim 9, wherein the ceramic layer is yttria-

stabilized zirconia.

16. A coafing system on a superalloy substrate, the coating system comprising a
beta-phase NiAl intermetallic overlay coating consisting of nickel, aluminum, .
platinum, chromium, and one or both of zirconium and hafnium, the overlay coating
containing, in atomic percent, about 30% to about 60% aluminum and about 1% to _
about 12% platinum-group metal, the overlay coating consisting essentially of
- intermetallic phases comprising beta-phase NjAl and' platinum-group intermetallic

phases.

11




coat consisting of, in atomc percent, 30%to 50% al um n about %%to
about 12% plati num about 2% to about 15% chrom um abo "Wgu“i%‘%) 0 about
1.2% zirconium the bal ance nickel, the overlay bond coat consisting
essentially of internetallic phases conprising beta-phase Ni Al and
platinuminternetallic phases. 10. A coating systemaccording to claim?9,
wherein the alum num content of the overlay bond coat is about 35 to about
40 atomic percent. 11. A coating system according to claim9, wherein the

chrom um content of the overlay bond coat is about 3 atomi c percent. 12. A
coati ng Efst efn eeatisedsystsm goearding ®, clairar 6.nfurther omposingns dbermaht of t he
overl ay / atom c percent. 13. A coating

. system a@g@gtﬁ%&&%@%é%g&lbeged\?&ﬁtetﬁ%?%?%ﬁgg 1]§f| num content of the overlay
bond coat is about 2 to about 8 atomc percent. 14. A coating system

according to claim9, wherein_nickel and aluminumare present in the
overl ay Bond &sRatingSysisHt BscPFiR® foyclaigu 4p, wheseinttle oveslay goating porgisty st em

accor di nge £0a1GIa 5B-ne WOSK &1 dbok Qﬁnﬁﬁﬁ,ﬁr@w %36 ab about ¥4 Bidnuih, Al zed
zirconia. 16. A coatlrg systemon a supera strat’e, € coating

syst em c2ffptoi shawng 15% obtoamipmasboni H1% o eboet arz% mrmmmayhecbalhhwg

- consi stl f 1n| cﬁelu al um num platinum chrom um and one or both of

- Zi rconl '&lﬁéﬂ‘ m the overlay coating containing, in atom c percent,
about 30%to about 60% al um num and about 1% to about 12% pl ati num group
metal, the overlay coating consisting essentially of internetallic phases
conprisi¥y be@&ﬂﬁmsﬁnﬁawmdmgﬁoaﬂammgﬂmqm thet chromeiual ¢dngent o ghees .

August- 2 17... A. el cordl n cI aim 16, further corrprl si ng
“a ther naqvega% tl&?llsa E?‘grﬁ"éﬁ?‘ﬁyﬁcﬁaﬂ‘é‘i% ' the overlay coating. 18. A
coating system accor d| ng to claim16, wherein the overlay coating consists

20. A coating system according to claim 16, wherein the zirconium content of the

overlay coating is about 0.2% to about 0.7% atomic percent.
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of, in atomc percent, 30%to 60% al um num about 5%to out | at i num
about 2%to about 15% chromi um about 0.1%to about 1. 2 ﬁ‘f&:‘@) t he
bal ance essentially nickel. 19. A coating system according to claim 16,
wherein the chromiumcontent of the overlay coating is about 2% to about
10% atom ¢ percent. 20. A coating system according to claim 16, wherein the
zirconiumcontent of the overlay coating is about 0.2%to about 0.7%
atom c percent. Ila  ABSTRACT NI %ﬁg NI DE COATI NG AND COATI NG
SYSTEMS FORMED THEREW TH A pr ot ect | ay coating (24) for articles
(10) used in hostile thermal environnents, and particularly for use as a
bond coat for a thermal barrier coating (26) deposited on the coating
-(24). The coating (24) is predom nantly beta-phase NNAl into which a

pl ati num group nmetal is orated, yielding a coating system (20)

capabl e of -exhi biting |ﬂ%ﬁ€@ﬁ Iﬁ/ Q«"éﬁ%ﬁéﬁ@b as conpared to prior
bond coat materials containing plati num nmust notably the platinum

al um nide diffusion e TMESSYATRMVY PORRSE qﬁﬁﬁ for the beta-phase
chrom [ [

Ni Al overlay coating (24) furt her contai ns nd zirconi um or

haf ni um ‘&FI gure 1)
protective overlay coating (24) for articles (10) used in hostile thermal

environments, and particularly for use as a bond coat for a thermal barrier coating (26)
deposited on the coating (24). The coating (24) is predominantly beta-phase NiAl
into which a platinum-group metal is incorporated, yielding ;t coating system (20)
capable of exhibiting improved spallation resistance as compared to prior bond coat
materials containing platinum, must notably the platinum aluminide diffusion
coatings. A preferred composition for the beta-phase NiAl overlay coating (24)

further contains chromium and zirconium or hafhium,

(Figure 1)
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