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 predomnantly beta (p) phase N Al overl ay

coating alloyed with a p ;:?@5 WA as an environnent al
coating and as a bond cogl\fI or ﬂ%g,t herrrlg g‘%‘ﬁ@?‘“ﬁ@ati 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 coatings such as diffusion alumnides and plati num

al um ni defl)(ﬁtEﬁI[) orgdf mﬁmﬁb inide coatings are forned 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 presouiudtwentdn generallymelted ©l evatings off thieheyps uled riat grotsat er i al .
Di ffusion_al unm nj de catatt |$g€ formed in a nickel-base superall oy substrate

contai n sHERPERYF BRI 'QI MR NTIVITRRBPRE SR 4 hRdeede dherpeli Al ) and
y" (N 3Al') enviBbnhREOSROEA thibtheRinBideN Wibre 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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the coating may further include PtAl internetallic phase usual ly PtAl and
Pt Al12, and platinumin solution in internetallic phases.?‘];&h‘gt‘ﬁ@log% dely

used coating systemis an overlay coating known as MCrAl X, where Mis
iron, cobalt and/or nickel, and X is an active elenment such as yttrium or
another rare earth or reactive elenent. MZrAl X overlay coatings are
typically deposited by physical vapor deposition (PVD), such as electron

beam PVD W) o4 lumitiing Shd @Qmefl@rofbﬂﬁg g.h%g:‘?? ﬁﬁfe?‘?éi.ng)gfﬁfl'vsg%rﬁ lfiflgnﬁgﬁrﬁl d

coatings differ fromdiffusion alumni coatings ds he
el ements twpatmgsdpmesdl inoa nivkelshabs sumralayusubsese abstain@ich RhPEaHSESallY Whi ch

L L , @UR diftusi . h
cubat 1ot o FRYa A ealHE DRSS o GRAD a0d SRR Iy insemercking Slatammy: Al X

ti i | By | ' t hat taj bot h ganma
e e 7 Yhe CoaRig Ricy S6rifr B e AL SRR PRsBE bty SRR P 3ot

i ncor por aplatinuwfin gblatiom tminienhetallivPhddeX. coat i ngs has been proposed, such as

an underl ayer beneath or an overlayer on a N CoCrAlY coating. Used in
MCr Al X ove coating

nbi nat i i th.TBC di f£fusi on al um ni de or . rla
g gr v'eg aa'sg‘%"%m“ﬁ%%’sﬁ%‘om‘a o sVaten, 5 aLf!‘BC’GIF]&YFH@‘WP‘FWrMC%é%tWW@. The
al uri num MBTkakoBlt RS HRN dnd ols ARIRLE Blethehf aiéh%??g{i%. dr'ifhoficP ™ Of oW

- of a strong adherent _continuous alum num oxide [ayer um na scal e) at
el evat ed FEhpEthouraastivertipment: REAIY pveplayveoatingdare (tHEc) lypdepbsieddsby he bond

coat fro ' ' d. hot rrosion, and chem nds the, TBC to the
bond coam.) %?geérpg’g d rﬁsgmﬂ(gggﬁ)ﬁﬁ&i Ssd?lfl'ﬁt&? q@%ﬂyﬁibﬁgﬁﬁiqﬁww, of
bet a- phaser by pleehaadpegiiiy, ARICHARRS dVeHay HoSmgRt dikfet ﬁoﬁﬁ&ﬁ%@i%ﬁrhhﬁ{l&?@esed as
envi ronnment gl and bond coat materials. The N Al beta phase exists for

ni ckel - al WRHRARRE Grfrsulttafothe adgments dransiorred tabbetsubdrataturfice met dent

al um num t i ckel -al.urni num,co s|.tio I ng . ni ckel .
ot abl e ranarae o ey dadlofid, \Bidh el BrREY by RS A aitfont -
assi gned the SubsRateerif ddjsosited 87 5 n&2]l-baseNagah by Qibshte, aniicEA 1 icﬁﬁth%s es a
Ni Al overlay bond coat_optionally contalning one or nore active €lenents,

“such as r GURRTISE @ ngiailic splid polnfigm that 2008ins both gamma prime (y') 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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zirconiumor hafirium and commonl y-assigned U S. Patent No. 6,291,084 to
Darolia et al., which discloses a NA overlay coating i‘fﬁt”’é‘g\l%lzo%nt ai ni ng
chrom um and zirconium Conmonly-assigned U S. Patent Nos. 6,153,313 and
6,255,00 1 to Rigney et al. and Darolia, respectively, also disclose

bet a- phase Ni Al bond coat and environnmental coating materials. The

bet a- phase Ni Al all oy disclosed by Rigney et al. contains chrom um

haf ni urn ARGhRim bi haRiwand REmARILRARIdNEdERE B g3 liym
zirconium calcium iron agnd_/ or yt’??%uérﬁbé v&%?f e %ﬁ%‘?idézil(’){gggttg- p 113151% Ni Al
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al., R gney et ..angd Darol | n sh foJ t he, adhesi on of
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RVENT! Oty BRain BB, it e SRS AR pmifPHE, (R O SRR o1 o6
used in Ralin,ezitddatuim| calodid] iroh MRALE, ytElER Whild WakilAe b&Q—fﬁﬂH@ E!'iAP“d_
augnent or _conponents, of ,a gas turbine eggi ne. Also disclosed hereinis a

~pr edoni n@HeY yopking- FreeaimN Aheobeiz-phgseciad] allostsoef NagasajaDasoliet aboat for a
th I ' ' ' . | . ting, A plati
ot hagety =St 03 Sheo i e RIS, RSy B Adbsiof 3T Fdmis 8 ' M

or anoth atinumgrou

i ncor por dB&tlayed, theaebyNinhibithegsspellstival 6 f e TBWasd ncRAsing i) Rivige BECERAL i ng
system @gpﬁ&e of exhibiting inproved spallation and hot corrosion
resistan S¥HBred to prior bond coating materials containing

pl ati num nost notably platinumalum nide diffusion coatings. A preferred

CONposi t EQ&h hth YRS alGlnReRaAs Qlidthbled OMRIVe O NGRS ) JRYadeiilih Ny contain

certain anount of chrom um angi Zl rconi um or fﬁaf nium Cxﬁigs)r{d possi bl e
al | oyi ngcaitawens sffert to fuethbrncreaseahe sarvicedde pf TBICLysteme biy itfiprdviag theum

tant al U b e 2o aL b e SRS ATLAESL, | O 3 17 August 2006

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.




As a beta-phase N Al internetallic, the overlay coating nmay contain 30 to
60 atom c percent alum numso as to be predom nantly of 17 heepd 2800 Al
phase. Wth the addition of platinum the overlay coating may al so contain
platinum internetallic phases, including PtA12, PtAl and NNPt. Wth the
addition of chromum and zirconiumor hafnium the coating benefits from
solid solution strengthening by chrom um and precipitation strengthening
fromfine a-Cr phases or 0' Hensler phases (in conbination with additions
of zi r conhy@betilsHass 8 Mérhiefhlﬁé}%é)s&&lag%aﬁl%?ﬁla% RentafiP$0 160 atfhifE® Present
together in a beta-phase NI Al overlay bond coat, these phases have been
shown t o Paigandy alunkisumpagol aas ote rlesi predominaotly a of BthalepetsiNidd @hasehe

over |l ay oat . ..khe ta-.phase N Al .overlay coating is,alsq .believed to
have appl 't tlﬁg’n addition Ogﬁ%%?'g'i‘m’eﬁfealovﬁ%@{ icﬂﬁt."}:gAP?é’ W‘? HfRn éﬁ?ﬁ"ﬁ%n of

chr oni umjaRem&aNRkOpHabes, Riclddafd PR, PRAPSHAONUARL i Wih tiRAsdditfiSofadtRoRfink eved to

occur, potentially formng internetallic phases with the platinum group
netal . | ring ZifcpBiuny ophefpivm,Hhe soatingdhenefisdom selidisolntion yisermthaningaby
superal | gy _substrate. the. coati S em.Cco ISsing a a-phase Ni Al
ter met aPFATEY B Roeelrs G SR baihE G e AECK b il SRR 500 1 o

about  609naddtbinkiiom MthHdditiond ¥ LRcaHIOMY dispdbsed WithiMhE HELPMMsERIFahe t he
- overlay coating consisting essentially of internetallic phases conprising

bet a- phaseatiigal Whed peisenti tagatherrio apefaphasadlidl pyaslagthand soat] these phasend

stem

ont i ng 2954 oo R of e EORL PRl

. (8]
coating SyS np

% e‘PS‘S%Q%%agéﬁgf%ﬁ ;ieﬁxﬂf%bgﬁ rate, the

i nt er met avdrlay 0wehd aycoalONGhe OabetalpheseOV NiARY MdycoaaauﬁgnSisst iapg of, in

atom c percent, 30%to 50% alum num about 1%to about 1
2%t o abbelicvedde dave aprlisptiomahan cuvitepmental roatingl . Absp Avitle Bie

%

| ati num about
tiqthef bal ance
metallic

ni ckel , r ] t Si.stl .essent.ially . of. infer
phases o SRGmMAET R s PR A8 e RS pELIAFR RERGOR, of st B Rl 4 17
August 2p@entidlly forchiNglifteASRRGE phhdas Wath tﬁ%?raaxmﬁsﬁlo @@ ng systemon a
superal | oy substrate, the coafpl ng system conpri’sing a beta-phase N Al
internmetal lic overlay coating consisting :
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.




of nickel, alum num platinum chromum and one or both of zirconium and
hafnium the overlay coating containing, in atonic percéhtAugafdd?o 30% to
about 60% al um num and about 1% to about 12% pl ati num group netal, the
overlay coating consisting essentially of internetallic; phases conprising
bet a- phase Ni Al and plati numgroup internetallic phases. Qher objects and

advant ages @fél' this iﬂlventi on Wll be better appreciated fromthe follow ng
det ai | ed® de U FPPGn theERISHRo eopting| systempgn pryaperallsy sybstrate, thei s a

pers pectcbm_ﬁag/éy@wnpéoﬁpﬂfﬁng%a Béﬁ%ﬁ%@NfMHHﬁeﬁﬁe@hﬁ%&lﬁ% S %oiés‘istﬂm
cross-sectional view of the blade of Figure I alongine y : aﬁd shows a
t her mal obaickek plusyanmnplatiym, ebremiveh end bacler both af zivcchium endvhafnivan

enbodi is: jnvention. DETAILED DESCRI.PTI ON OF NVENTI ON The

ot osent g lel Bhing GERRILE Y Rl inelran abopi a0 GrAbAE PR Alueat o w thi n
envi r onedd tabosth Byt sout 449D ylatithtdry@ Yndilg bhet SARRY AodliRS cordislind €
therefore subjected to severe thermal stresses and thernmal cycling.

Not abl e ceseBiaiYest yrtermetallic phasss wempsising dataiphash NIkl gind alefituowgpmuessur e

t ur bi ne;ne%#:8 | ades, shrouds, 4a 17 August 2006 conbustor |iners
and augﬁentor ﬁ%?@%ﬁge of gas turbine engines. One such exanple 1is the
hi gh pressure turbine blade 10 shown in Figure 1. The bl ade 10 generally
~includes an airfoil 12 a?ainst whi ch hot conbustion gases are directed

during Ofsarehiecsn apd agvantagss of dhipiinvensingi widl, beheftenrapprsciatads fiom the t heref ore
subj eCtﬁ)?lf%ﬂﬂ&ﬁé’t%{!}%dr%%&{iﬁ&lﬁ. by oxi dation, corrosion and erosion. The

airfoil I's”an 0 a turbine disk (not shown) with a dovetail 14

formed on a root section 16 of the blade 10. Cooling holes 18 are present
in the airfoil 12 through which bleed air is forced to transfer heat from
the bla& 10. Wiile the advantages of this invention will be described with

refere i r I bl ade 10 shown in Figure 1, and
parti cﬂggﬁﬁﬂéﬁ%‘éﬁg&mﬁi%;%% ades of the type shown in Figure 1,
the teachings of this

 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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invention are generally applicable to any conponent on which a coating
system may be used to protect the component fromits end? #0006
Represented in Figure 2 is a TBC system 20 of a type that benefits fromthe
teachings of this invention. As shown, the coating system 20 includes a
ceram c |ayer 26 bonded to the blade substrate 22 with a Ni Al overl ay
coating 24, which therefor serves as a bond coat to the ceramc Iayer 26.
The subst fer h tem ratu e rrat

such as aéloq'}%ﬁ% l{ﬁ?}cs%g aﬁg& eﬁtﬁaﬁ[}d as e‘%b%% %P’é‘f: 8%“16 ’éff f%ﬁ*r?xamp

strai n-t alsehamiglc ptessunaturbinai bladt 10IGhewR in tHgurE 41 aThé bla%}feer géherdify
preferably deposited by physical vapor deposition (PVD), though other
deposi ti o‘ﬁd"‘g%%ﬁﬁl Ytfed Eﬁ@gﬂnﬁe‘”@%‘d Oﬁcﬂﬁlbﬂ%lﬂﬂe@sﬁmaéﬁ |d@nectf>6rdl!rh€ ceram c

composi 11 R Rar il i B (BARR chLRE A e BRI Bson ot ner

cer am ¢ mtack brbsidatian, dotbesiasadl, ersmo‘xh e ¥itfolli13 is ardhoret abi birBmd dzdkr coni a,
or other oxides.

or zirconia stabili.zed b‘y cerl CZf scandi a_( SC203 ]
The cerark'@t§ é‘ dovgalols ft%é‘ﬁe 8" 2 PP} YRR L0 ohthe bladedd fealivgt t o
provi de Hong rseqd bf&glttlﬂﬁferﬁl 1P'iQttlﬁgf}élp?rhagrbléeﬁ%brgg?(%E%%ﬂg&%ng 8§1Ee{tat e 22

and bl ade 10, generall on t e or out
" mi cr onet dram tis blade HOerHnulea;he adB@tapys tof this intdnGon wifl deedwtribddewitier | ay

coating 24. oxi di z 0, form an oxi de sur aelay (scal 28 to which the
ceranic |%§"7‘é‘?n 5 ??Fe#'r‘ﬁ@é’l“f?“rﬁgwg’ edb!é‘i rlh 5?\‘@‘”?6“ egire Hvé’ﬂfi paticulHg Ni Al
overlay G@iel-Basc2hpballey BBl BRMd ¥pefsibha 'ﬂelf (f) th
limted alloying addl tﬁ%ns The Ni Xyp oSverI aly cl rc Pm&z\lzéﬂchlﬁggr%gfdg%abl y
‘deposi t ednienling aee Feuerafly @Dﬂg@blestu@hya:smgcﬁtomwhlslpaltcbﬂmgpéyymmmlayvapor 5
17 Augus 0 t on_or ectron beam physi cal vapor deposition

( EBPVD) , tbcag?agtr? pﬁﬁtggﬁ ecod’é%oélg?ﬁodﬂ Itsteﬂﬁ’ﬁ%‘ﬁn‘?“? i s foreseeabl e that other
deposi tion techni ques could be used, such as thermal spraying of powders.

Accor di n@epreséried innbigiei2os a T&scssyst@@ be of RitFlenBaenéME FolPthe Y&Ichiys coat i ng
24 is abogt 50 microneters to protect the underI}u ng substrate 2 and
provi de 8h Uadavetiens dpishown. he septingnsisemalll isludes mataramic kafioud

thi Cknesﬁ@rﬁci]eﬁf 0P WladOsitRrAR ML with®s Tk Q over 4y 2odting ﬁelwhu\:/he e

sui tabl e
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




above PVD techniques are preferably carried out to reduce_the diffusion of
the overlay coating 24 into the substrate 22. Preferabl}?Aﬁgﬂﬂng§on of
the overlay coating 24 results in virtually no diffusion between the
overlay coating 24 and substrate 22. During subsequent heat treatnent to
relieve residual stresses generated during the deposition process, a very
thin diffusion zone, typically not nore than about five mcroneters, may

devel op. AnsiikibakCel i Jour at .aboyt 1800CF to
200008 { anbotigdhe %tg&gb%%a?@%gig%}% Parlof ch St (EBPYES, B ifh HHBE her o
such as adegositiod,ohetghaitnis féresdeebia-thitAlthérndepbsinbm kdchaighéassuld Haausbil Al

overlay co this . invention has an al um num content of about 30

I ng 24 of !
to 60 at osi‘r‘?%a‘f)&‘reff’éﬂrgi’r_aﬁ’r“@f‘grp&mdﬁmaM?‘_’d“%toﬁbe Byentiognp suigabledinknesind nor e
pref er abl gr e AR QfhkiAg Q@tiéh fodth 58 rhicinfdierDis ?%{eef% ﬁh@?@ﬁ%rﬂliﬂg ﬁ%bgltr%@' S

I nvention, platindmor another platinumgrou um or

pal | adi ur}2 iesd arrevdelegrosilequdtei nupply arfoslntmitum cfonshideufermadtiohe alsdugbout 5 up
to about ., 40 wei e nt {a |.to about .atom ¢ percent) of the
coati ng ﬂ{c%%;gor}tqugpéﬁgm ?&H.gglé% DErReas %%émveg_é? gé fbitglgodies t o
about 12 abbePVDREHER]HES at@fpréfgﬁblﬁ%tiécﬂglt tredd L BRI R, (ﬂ‘r@éig@er g

as

- platinumgroup netal may be incorporated into the coating
~ pr edeposicPaiing &y drto dhe shlstratena?.r dreferbly, alepasjtom o fheseveeldy awatidie 24 coat i ng

24, or b I tion. W he, Nl Al material to.formthe goating 24. In
the . fi r}sﬁfsclEl V\gHSrﬁelltt%acl) sh° g}%siﬁni R‘#Pﬁeﬁl? %OY@E‘XIC%Q%FTO@%%‘%F&@.%OM to
about 0. UARBigi bkequémablesat trRatndn® t@R6lkve Fefidwil GLEERS %E@raﬂea SR St'hf ed - and
then at |least partially diffused into the coating 24 by a sultable heat

t r eat mendePastiigh Bscapot tveny7 $uodiffusien aone, Zypicaigorot pateothian 9800Ckive about
115000 8t 1078, Bl PR ONE I, BRIy W el 520

al so serves to adhe e platinumgrou

vel | as 1800°Reao Q0GTF (atiomt 920%CF topibede vl C)ad aOnclhiie oﬁ'dﬁﬁérﬁﬁtﬁlogﬁwréf the
plati num group netal |ayer is deposited after deposition of the N Al
overlay E¥AFALEP4, a single 6 17 August 2006 heat treatnent can be
performed to diffuse the platinumgroup netal |ayer and stress relieve the

coating 24.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 Iayér 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 plétinum—

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

6




In a preferred enbodi nent of the invention, the coating 24 is further
alloyed to contain chrom um and zirconi um and/ or hafniuﬁ?ﬁﬁﬁPﬁgQQﬁple, t he
coating 24 may contain about 2 to about 15 atomic percent chrom um and
about 0.1 to about 1.2 atom c percent zirconium Mre preferred |evels for
chromum and zirconiumin tile <coating 24 are about 2 to about 10 atomc
percent chrom um and about 0.2 to about 0.7 atomi c percent zirconium In

place of RLAGRAMMM chlBe FORRA 8 HiffRY hiln! ‘%Eﬁg § QM C
percent hafniumin @ccorgance Wi tﬁhcom*rtgér)l?%%ssil%%% . _?a"_{(éra%ned;’ﬁtres%\b_

6, 153, 313rdlizviihgrestireg24al . A suitabl e haf nium 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 ergent. Accordin o US.. Patent No. 6,291,084 to Darolia et
al., aco Fﬁ%{:{égﬁ oefn%oglﬁp%% n%hﬁrf&" tiopo ey Featne: % l%é‘f@‘-@ﬁﬂi\'@éﬁq\ﬂ%
overl ay ce@ithin@hRmilidsardl Sic@Rivkl $R06r hathilB! F%x}ag@le?% é&ftihg%ﬁga:}) stance

Ct
of the ceram c |ayer 26 adhered to the Ni Al ‘over coatl ng formthe
TBC syst ef@tgnghoyt 2 dewbpuiols atvinkid pswsient clunmétm emdtdbent Ag toyabowhd@vi um  and

i <per sea el bR AR M8 bt Koo Roraend i mn tho

i nvent i ongoatielg 24 iaensbauk 2pfoatbbUI0 h@mic ?&Eﬁﬁl&h&ﬁﬁuﬁi AMd 26RE b0 446G | Ng have
been shown_to provide a desirable |evel of spallation resistance for a

cerani c | &y&fonde pesenlcarconiunhe Inplape of zirdonipng dhe corjing Pdoway bemteifiups ar e
bel i eved . T : i.gher, actiuity of .al um nu pr,onoting the
f or mat i ontto%}? o%?peh%ﬁwﬁ E%Hﬁn%gﬁggﬂf ﬁea%g?rgan%;c A cqmmonly "aéﬂa“%g']ﬁér ? Py

i nt er act i Nos6, bt 3i8etn Rigadyi etain Anditatde hifulunt baltentT6f @@ 8amidLisadhgsi on. |t
is further. believed that the beta-phase Ni Al overlay coatl na 24 of this

i nvent i on-hitP120PRY L ce2iRENE TEERRG FBeeaprefemblY mbrwl 8.2 erbaitnhficomis. g. . hot
corrosio &N NIgPE | t derl yi,ng ..suhstrate
22, | cadihn e NEegrgEY S PAL NG O BN Dbl o, H ool 3

el ement s dramutthandszitroniuat & @2.befRshasoNDANGterian cohtigh24h Rasksighidicatat i num
(or anot{}Fr &)I&ti natsi{;}aiﬁrou metal) in the coating 24 is believed to inprove
hot - cor r d&1e6HOD g sp B&C & Qb thesgranye laver 26 pdhered tonthaNiALovaslsy cont ai n
| ess chr Qiahiip 26 taformsHb tTBOGyd ks faf S | S ific 99

Finally, thtéﬁ?corrbi nat i on of pﬁ%}? %8%% oﬂ#ﬂlgﬁg%fgﬁ%ﬁgﬁ #%%r@%g%%ﬁet al) and
zi r coni urnhfanivsmnaidsecipiaiin stengthening fipmi finet dM4€r phases or B 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 _




A I -- 17 August 2006 coating 24 is expected to

inmprove TBC |ife as a result of pronote the formation of 17&“]81%%-2539@m' num
i ncreasi ng scal e adhesion, and increasing coating strength. During an

i nvestigation leading to this invention, furnace cycle tests (FCT) were

performed on TBC systens enpl oyi ng bond coats forned of N Al CrZr overl ay
coatings with and wi thout platinum which were then conpared to FCT test

data conpjil, t i-pg_bond coats forned.of PWdLffusion
coati ngs @6Tne %@fesrﬁ;%%t%&/ogot ﬁn ns)sgg?aeﬁ hgepegsar feé"ﬁﬁtog pﬁ%%tegﬁ%gfﬁ%‘ 1 Pon of
about 35 tiphahbixindgd, insteasihe sy gdhation) dadiind#AsingROutingdstan@ll C per cent
chrom um about 0.3 to about 0.7 atom c percent zirconium and about 2 to

~about 8 abom' C percent tpI atinum The _.coatings were deposited on buttons
formed of VAIAE AReIVEER l%ﬁféﬁm toy thes dsniien, Rarmgee pcleviests (BChbvermal

G avs re, g o TG ey, o ine bl s SyBoft NG e

ni ckel . | coatings iwitheatd gathbainplatindmy sthichetverf thdh AbﬁipiedomeFd:"ﬁMeﬁalaﬁd ngs ¥\er e
formed by electro i ng an appr.oximately 7.6 microneter-thick |ayer o

pl ati num R el HetatssriPyiog bgi f%%% forpped of Ftabdithgioncontingst 1925' F
(about 1Oﬁﬂ@@erfaQrcoﬁéﬁ%étwér\éQie%)Bﬁééﬂsto thQ\I/EéBIQD{c/%ﬁfggéi{i&’I‘&e abdift 3B't8ta§§ﬁ{”30"“ th the

- superal |l oy substiates, depositing by n approxi mately
m cr omet edtomid pdrcnd phimiphmNabouCr3Zatomic péveend ichfouseat, apdwt(d. tonrbomy 617s, and

t hen heat .treating.at about 200011 bgut . 10900C) for about t hours to
o 9t birBehs e PREH EAemb 2\ Attt R H0BN B kRp . PR
conparis Oébatiﬁ%lhﬁér@ ﬂ&%@hkdf oh B8RGARBImEPET m-b%éﬁp&%ﬁﬁgkw & Réaye an

r over

EBPVD N Al Cr, ‘lay coating, but wthout a plafinumplating. A second
set of  NN@ wilze nominal sgmpesitiomgE byereghtol 26t By, 42%cCr, % (lang 75%

o or omet &rt Chek Yo /e B 5% M 4R Bk LOR S0 Bent) E0rvack. e oci 1y

oxyfuel (bdl4dey niekeicess on superal l oy buttons, followed by heat treating at
about 20000F (about 10900C) for about two hours. Prior

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.




to depositing the platinumlayers, the Ni AlCrZr coatings were surface
ground to achieve a finish conparable to that of the EBPVE uguel 2809
coatings. For conparison, substantially identical specinens were prepared
to have an HVOF N Al CrZr overlay coating, but wi thout a platinumplating.
8 17 August 2006 All of the buttons were coated by EBPVD with about five
mls (about 125 mcroneters) of 7%SZ as the TBC material. The spallation

i fe poteng f e..coali S were then eval uat by ECT at

about 212 ILad(fZg%uPﬁt:&ﬁ% gB&Q%Iv)\%‘t?% %?ﬁh@ar W&‘sc?bé’élP f%&stn?‘ g&?@&gytlgg-ln_i nat ed
for a givenicomenirsest WH¥RZapRhoXBORIalcYial OTh§alflin 196 poRifiaRiofithge TBC had
spalled. At the conclusion of the test, the N A CrZr test specinens with

NAICrzr 85 Yelgms yrernihemealvated by FCHET abeut 425 B (atuso 1 16190) with®ne 560 and

580 cycle Fo1an S..while the ., Ni Al CrZr + st
speci rrens%\(/)\nu{ ﬁyCI{I?%AI %é/s%@ g@sggﬁg%egﬁm&w&%egmew }E@Taqﬁr%glagbf 5q40, 160
and 340 cyeicest, of onoranofauer HBE hid 2pallel cl &s theThendiasel igFedRY @@ a8e FCT

lives foraﬂ@&)&g@f i tsion bond coats, N Al CrZr bond coats deposited by
EBPVD, and"'ANAf CriZAeshsaimas « Wity dédCraaqdeppsitaddry WBRVI 3gchibigd EGH 350

cycles, r facel r , P ' S Ijrens
ki bi ted Sacel 1902 320, 348 560 L8 58 yLlae P Rvokel oF 0 ik SHREES B a

- basel i ne, NLAKirghtltdest spavamentsheittEBRYECrZNdépditedhbe HVEE exftibit@l FOT 1idOF

Ni Al CrZr t cimens exhihited an average FCT life of slightly |ess
than t he Bfiffo’aﬁgé"ﬂﬁ%‘?&#g% et yafpee ik 2erclen FachaselinsaaieragediCrrhose
FBPVD N Alif@sZor pRSCiifTensn bhidediEl NiARSZhod &eg&qteﬁ% SYEYBSagPTe

. ts
exam ned and found to have spa as a result of poor adhesio

t he pl at i NisdGrZehondapets depesitedh by KIVIOF oveze R38; 480 and BED cyidds, H¥fFctiviliy Al Cr Zr
[ ] | . 200 | ) | ined and
Found o AaeLhulr the ERAD Rialcr P shesim@iabibind b abesaie FAE hee of

pl atinumatioah I AVRes @Rdtct "Bl Bfe PIAITHABRSE MBSGT VAL MRS thit oncl uded
t hat EBPVD, and HVOF %i Al O Zr bond coats coul d be capagll e %1 Ig%ﬁgpgtently

exhi bi ti nJAIREFHEN basplines witike thsuHVIOR Q6 AW atRYr testhspechhons 2exhiictdcmat s i f

modi fi ed ﬂera%%fff@f §itd o?lsﬁéljltﬂfu fss 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
NiAICtZr+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
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.




deposition and heat treatnent techniques were used, particularly with
respect to platinumdeposited on Ni Al? coatings, as was th"élg@&s@o@wth t he
HVOF N Al ? specinmens. While the invention has been described in terns of a
preferred enbodinent, it is apparent that nodifications could be adopted
by one skilled in the art. Accordingly, the scope of the invention is to
be limted only by the following clains. 9 17 August 2006 Cains: | A
coating spshem on a superall oy substrate, the coating systemconprising a
bet a- phase NI Al internetallie overlay coating containing, in atomc
percent, about 30%to about 60% al um' num and about 1% to about 12%

| at I t tiall f
Phternet ki oRghatgswlstf ondl SlroRed el R Giet SR Pt

inter rretbétil-lpﬁaslémﬁ’ﬂ&nte?metéﬂiéo@&dﬂﬁg @yﬁﬁge BdR&iaRed i Gtdntic GPepdeft, abohitur t her
conpri si n a thermal - insulating ceramc | ayer adhered to the overlay
coat i ng. 3o toabe 0y aleyimEmand ebrwi gy ta @b%‘F 429 platingvergequp mefal. diger | ay

ti d
ot 11 re oY Roat GBI e Bech AN offifres BRTLoR RIS ERAL) . | oy
coat i ng NoAlsindtpdatinfim- gmulkaiterrrwlta]llmpiwsts pl ati num chrom um and zirconium

and/or hafilium 5. A coating systemaccording to claim1l1, wherein the
- overlay coating consists essentially of, in atomc percent, 30%to 60%

al um . aDONT oGl Osy3RAtackaingd LT, AU 2RO Lindth.chr or um

about 0.1%to about 1. 2% zi rconi t he balance esséntially nic

coati ng m@@mmp&mgadlwmﬂtalth@ Gverlafieo®ing. t he chrom um cont ent of the
overlay coating is about 2% to about 10% atomi c percent. 7. A coating
system according to claim5, wherein the zirconiumcontent of the overlay

coating 3.s abgWbatthg?§9stcdn ABEEInE 18 UAMON whdEhCiBB loveday Lot fuRBersyst em
according to claim1l, wherein nIckel and al umi num are
contains at least one of chromium, zu‘comum and hafnium,

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.
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resent in the overlay coating in approxi mately equal a nts. 10 17 August
2006 9. A coating sygtem on g supelrogl | oy subs%/ra'?e, thgqgo‘%{gi“ﬁ&og@stemg
conprising a ceramc |layer on a beta-phase NA internetallic overlay bond
coat, the overlay bond coat consisting of, in atomc percent, 30%to 50%
al um num about 1% to about 12% platinum about 2% to about 15% chrom um
about 0. 1 %to about 1.2% zirconium the bal ance nickel, the overlay bond

coat congi sti AGoRESEHskéh b¥ Ofupbliey Wit %@mﬁﬁg syﬁmah%]hgﬂ bet a- phase
Ni Al and plati numinteernmetalli g phases. 10. A coatTng syste acgor ding to
cl ai m 9, ceptpicdiyer oha batarphase Nidbmtemtetadlic ovelaydoed lcoat, themstedaaborids about 35

t o about atom c percent.. 11. ti stem according ,to im9,
“wherein ?‘%gwéﬁP§|%8ﬁ1188ﬁF@ﬁPe% ntf?]@“%\?@%% BBy & 8‘§t14l’§(9%@3ﬁﬁ£% atomic
per cent . pldghund) dboat 2V0toSabBLE MFB ChASRiuRY abButCh. 394 MoSabowh €94 Firddhgurd r coni um
content of the aoverlay bond coat is about 0.3 to about 0.7 atom c percent.

13. A colie palgnesmickaly the egerdyrhgnd goaticansisting esprntially of intermietalliophesesont ent  of
the ove . Hﬁqﬁl > i ng . i C percent. 14. A coating
system a%dgg%ﬁél g lt.a(c) C glN?ﬁA‘E, lgﬁﬁlnﬁ%@ﬁ%@{&ga'um numare present in

the overlay bond coat in approximately equal anounts. 15. A coating system
accor di nlgb to claim9, wherein the ceramic_ layer is yttria- stahilized

~ zi rconi al% 16, RORHE $HFIS gecorting e dlaiy Sewheiely the phuingmeconfent of 81t  ng

system %Héjfrﬁédlﬂco%t is%bat-ﬁka%somwatérﬂfc%re% gllic overlay coating
consi sting of nickel, alumnum platinu chrom um and one or both of
zirconium and hafnium the overlay coating containing, in atom c percent,

about 30% to about 60% al um num and .abqut. 1%t bout 12% pl a.i.num gr oup
moval e ovREPre SRl iteRe &g e kbt e PO o (BB LI ¢ phases
conpr i si RErIREbeddbAsR abbid 3 ABMidAPRdenniUum group intermetal lic phases. 17
August 2006

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.
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17. A coating systemaccording to claim 16, further corrpr gﬁ ggéher mal -
i nsul ating ceram c | ayer adhered to the overlay coating. @i ng
system according to claim 16, wherein the overlay coati ng consi st's of, in
atom c percent, 30%to 60% al um num about 5% to about 12% pl ati num about
2% to about 15% chrom um about 0.1%to about 1.2% zirconium the bal ance
essentially nickel. 19. A coating system according to claim 16, wherein the
“chromium content of the overlay coating is about 2% to about 10% atonic
percent. 20. A coating systemaccording to claim 16, wherein the zirconium
content bf thd cepjiag| Sptespacendingstoalsbim 00,2054rther 2OBPLisiDg 786 themralc percent .
Il a | FONING AND . COATI NG SYSTEMS FORMED
_THEREW%ﬁg—'@aﬁg%%\é %ﬁélla%(&;\%g ’\‘u'adﬁéoa |eﬁi\|ay(°§ "G or articles (10) used in
hostil e ther rral environnments, and particularly for use as a bond coat for
a thermal barr| er .coating (26 dep05| ted on the coating (24). The coating
(24) is PredofriaRating sysiset accprbingtoelam lﬁ,nwlaermtbﬁo‘éprbmoamww&ﬁp metal is

i ncor por gt gp?t? id bt 30050 BlusRf nabc)gpa% t6 3PARN g%gé}aﬂsﬂﬁ Bl

i mproved 5 on résistance as conpared to prior coat rrat erl al s
cont ai ni2%§ Ipl ahaumdrﬁ% rhstminmt abbyt Oﬂ% pd abbwmu 283 wircoricke, thd balanan
~coatings. 1€ ff{i( red conposition for the beta-phase N Al overlay coating
- (24) fu‘?sﬁ?’l’é ¥BHESr ns chroni um and zirconi um or hafnium (Figure 1)

19. A coating system according to claim 16, wherein the chromium content of the

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

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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