‘sections of gas turbine engines are susceptlb

rare eafth PEYSep

NI CKEL ALUM NI DE COATI NG AND COATI NG SYSTEMS FORMED THEREW TH BACKGROUND

-OF THE | NVENTION (1) FIELD OF THE | NVENTI ON The present invention generally
relates to coatings of the type used to protect conponents exposed to high

tenperature environnments, such as bond coats and environnental coatings
for gas turbine .engi ne conmponents. Mre particularly, this invention is
directed to a ceram c-containing beta-phase (p) NIA (beta-N Al) overlay
coating for use as a bond coat or environnmental coating. (2) DESCRIPTION OF

THE RELATED ART Conpon@NiCKBE ARUMINIDE 6O TR R@%ugt oaa?ngnagggeﬂggr
Xi [

corrosion attack, in_addition to high: tenperatures that can decrease their
mechani cal proper ti €sOAEENGHUTREMS FORMED TERRIDNENS are of ten protect ed
by an environnmental coating alone or in conbination wth an outer thernmal
barrier coating (TBC), which in the latter-case is termed a TBC system
Ceranic materials such. as zirconia (ZrQ), partially or fully stabilized

by yt'tA_ i r other oxides, are widely used as T13C
mat eri al's. éﬁl‘l ous%?ﬁﬂ&%ﬂ@ﬁg systens have been used as

- environnental coatings for gas 1 turbine engine conponents, the nost
- wi del y (@eﬂmwmﬁmﬂmmtl ngs such as diffusion al um ni des and

pl ati num al um ni des (PtAl), and MCrAl X overlay coatings (where Mis iron,
cobal t” d/ or éckel . and Xis an _active el enment such as yttriumor another’
Anyentign efapaHy) relatese ¢ jgeatingsmbf riat |type wiséch 1d Bigotert di f f usi on

al um ni gengineMd’ MlpSsQy ¢s | 08 § s as a bo at to adhere the TBC
to the unlgfélr?l yi ngp?égubstr e%}q# H Pl'é%é’oﬁ‘ﬁn@dcoat

‘mat er i #Wirpp@eREk soditgs fbhgashmmngreﬁgtnla da;inp%ngﬁtg or}gol%d[g%ﬁﬁ&ﬂgrl§oﬂ§ nuous

alumnumo ide layer {alumna
Inventien is directed to a ceramic-containing beta-phase (8) NiAl (beta -NiAl) overlay

coating for use as a bond coat or environmental coating.
(2) DESCRIPTION OF THE RELATED ART

Componénfs 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 profected by an environmental coating alone or 1n combination
with an outer thermal barmrier coating (T: BC) which in the latter-case is tenned a TBC
systcm Cerainic matcnals such. as zirconia (ZrOy) partially or fully stablhzed by
yttna (Y. 20s), magnesm (MgO) or other oxides, are widely used as TBC matenals

- Vanous metallic coating sys_tcms*hav;a been used as em’rironmental,coatings for gas
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 Patent Ngaategf‘th&%oée% e lﬁhhf&'aﬁ)in@hn@ériyr’n E’;tll%n?aﬁegﬁ%%{i& dVaReRxet al ..

. scale) that protects the bond coat and underlying substrate from oxidation

and hot corrosion, and chem cally. bonds the TBC to the bond coat.

D ffusion and MCrAl X bond coats containing ceram c particles have been
eval uated. For exanple, commonly-assigned U S. Patent Nos. 6,168,874 to
Qupta et at. and 6,485,845 to Wistman et al. incorporate oxide particles
I-n diffusion alumnide coatings to slow oxide scale growh, thereby

~increasing_the spallation resistance of a TBC ‘Furthernore,

common| ytadEegsngine compgpisn thenmostawidsly, Used bengidiffasione toatings sulitsad 0s es

mechant ooy i CAPRES LR REAgh ARRERAT Lk R MRBARE Byetavironthe Dar i et

“at.,  di §whesMtifirbnooubdl apdlot nikels ahd X8 al¥GcAVY ekaRhl AEhkGMRhf & NNi ng

protective oxide scales, while still others, such as U S. Patent No.
4, 451, 498"RGSIGAER\FTIR @% regptive lenent) 3 blsed; un combinetion witheTBG) a diffisian, S.

Pat ent : : ' - di ( [ i de. i cl '
oAy aounbioidCor MEAIR BfiafcBlind e 88 E bl co3 ol Rl ThER Mistr at o
“and an emndarlyimgesvbatrateodhe alpmismnsiohedt efithésebol@coh¥naemils pevides st '

I ncor poratign of oxid articles in an MCrAlY for the purpose of nodifying
q dpwnronin (of of slieoee apbiet spIARNOUS SR ddey et Gluminag. | U S

and EP 0 340 791 to Kojinma et al. Fina e I ncorporation of other
t ypes. of Cemeqssn, angelremicalbsbands eriBCdothe boatievatal s has been suggested, as

"reported in U S. Patent No. 6,291,014 to Wanes et al. (silicides and
car bi des ol tupe gxidation resistance). Mre recently, overlay
cdat i _ngsDE@Sbéueig@m% fr/l’ Oﬁ‘éf’?a%ﬁf% ang ‘i‘?ﬁ‘?‘ﬂﬁcd@r‘i‘ﬁ%ﬂ‘ﬂ@tb&?‘i‘ Fralugfetlie peen

- pr oposedFas exxamyilé, oguniabally-aasign & nm.cmntmbﬁrd,%ﬁg’lér e it 08 anihase

exists for _nickel -al um num conpositions of about 30 to about 60 atomc
percent ©ABufthdt Wuslenany 81 shcmcorporate oxidek partislasnimdiffistamebintinida bei ng

glo(r:rrrglnl yil_“)%gig gﬁesé&&%g{g) é:tgl% r@&@?&ﬁ‘&%ﬂfi‘w&%&é e g;%ltllg{ici)r? lressis'.%arﬁg!: ‘3,9 g
S TBC. Furthermore, commonly-assigned U.S. Patent No. 4,101,713 to Hirsch et al.
“discloses that an oxide dispersion-strengthened MCrAIY coating exhibits improved
miechanical ‘integrity. Others, such as U.S. Patent No. 4,447,503 to Dardi et al.,

disclose that oxide particles in an MCrAIY coating prorﬁote pinning protéctive oxide

scales, while still others, such as U.S. Patent No. 4,451,496 to Gedwill et al.,, US

6,306,515 to Goedjen et al. and U.S. Patent No. 6,376,‘015 to Rickerby, disclose the

use of oxide ‘pan‘icles in MCrAlY as an inhibitor to interdiffusion between an

' ) ‘ ‘underlying substrate and an énvironmental coating deposited on the MCrAlY coating,

'Ti;e incorporation of oxide particles in an MCrAlY" for the purpose of modifying its
coefficient of thermal expansion- has. also been suggested, e.g., U.S. Patent No.
6,093,454 to Brindley et al., EP 0 799 904 o Movchan et al., and EP 0 340 791 to '
"Kojima et al. Finally, the incorporation of .other‘typ'es' of ceramic particiés in bond
coat materials has'been suggested, as repdxted in U.S. Patent No. 6,29'i 0 14 to Warnes

et al. (silicides and carbides for high temperature oxidation resistance).

~ ‘More recently, overlay coatings of predeminantly beta-nickel aluminide intermetallic

. have been proposed as environmental and bond coat materials. - The NiAl-beta phase

exists for nickel-aluminum compositions of about 30 to abo_ut'-60 atomic percent

_ élmninum-, the balance of the nickel-aluminum composition being nickel.  Notable
2



. 5,975,852 to Nagaraj et al., which discloses a NNAl overlay bond coat
optionally containing one or nore reactive elenents, such as yttrium
cerium zirconiumor hafnium and comonl y-assigned U. S. Patent No.
6,291,084 to Darolia et al., which discloses a NNA overlay coating
mat eri al containing chrom um and zirconium Conmmonl y-assigned U.S. Patent
Nos. 6,153,313 and 6; 255,001 to Rigney et al. and Darolia respectively,
and commonl y-assigned U S. Patent No. 6,620,524 to Pfaendtner et at. also
di scl ose ekunplephbaa-NiAl coating maetalsintheleviononompiasdigwedd SnBatentd.eri al s.
The al | oyi I tjons .tqg thes efa- N Al coating terjals have been
shown tO%T%@Sggotlﬂﬁgaé@hés?lenwﬁFﬁéf‘??g?Sﬁ?ﬁacN Y&ilpy bondyeqab wptionallyhi ¢ i ng.
spal | at i ebntaiding! bfe SBE@H8GrehdfleCAShbets! BRHSE VithEm! | ﬁmﬁf zir$hidBorSy St em
Ni Al Cr.Zr overlay coatings described in the above-noted commonly-assi gned
- patent s hefapym,candrpemmendyfasti greddd. So @atent Ne. 628108616 Banoliacetial. nwhichns  of
“al um numnmy; t . L€ tve elenments,. chrom.um and zirconi,um At certain
~level s, rr_&z:hl”q'rglclz;%:'rlS i S%Nbélo%%ﬂeag g‘r)latmgdﬁg?é&’?‘f o go‘%‘?@‘“ﬂ GRAVErQBLIYE ¢ he
par abol i Coamednty-gssipticl .80 PARHEN0s.kD1 53,91 LHADS,256.8D € 1o Wigieh d1@l.pmdt 0 ext end
the TBC spal |l ation |ife and i nprove oxidation performance. Wil e oxidation
per f or rab@liay regpestively; rad; icpmamnlyrassianetl 16S+ atanswNo( €6,620,52ltow 0. 05
atomc p it 0R€ JRWAN [ r |02 -] - '
ot ennet LR ot A GQYE: ol phle SO SR SRl i tingn o e
of "t his mateeialsal Thoxildgingariditivas aoehes, bdteWiAS cOiting hattialsMhaeMdRn 0. 2
~atom c percent (about O.égi?wei t perpent.é have shown to significantly
iBTprove'-_ gdmpeyedhe pdagsan M caamie TBEJayer, derebydnlijbitiagspallatiengt heni ng
efif ect o b TR U4 -1 ‘ ' I . . Strengthening in
bet'a- Ni A(]I;Aft%?/ zi rco%ﬁ?ﬁﬁé ﬁ%?g%@ceﬁ%%ﬁ@lgﬁﬂ‘% ts!(%‘at ed to two nechani sns:
.-sol.id solution strengthening, and the formation of zirconi umcontaining .
(i nt er net MiAICsZpeestiayicoatings, destrbedoigtthe ebowesmted comgmanlyesssigaed pitaste

(Ni2A1 Zr) that . results in further orderin f. the Ni_ Al structure. The
: increase%msvf3 ?é‘ﬁbpﬁl% 1456t ﬁfﬁ%{ﬁgzmwwm %ﬁﬁﬂaﬁwné@&aglwgm@ﬁﬁﬁghom to
- contri buegcive dkhdu®, cHidmilun zirconium. At certain levels, zirconium promotes an

adherent S',low growing (low values of the paraboﬁ'c scale growth parameter, k;)
alumina scale, which helps to extend the TBC spallation life and improve oxidation
“performance. Whi_le oxidation performance suffers if thé zirconium level is too low
(c.g., below 0.05 atomic percent), higher levels of zirconium result in Zr-rich
_intermetallic precipitates that can increase internal oxid.ation. In spite of this internal
oxidation phenomenon, levels of zirconium above 0.2 atomic percent (about 0.4
) o _:'.-,Weight peréent) have shoﬁm to significantly improve TBC spallation resistance as a
~ result of the potent strengthening effect of zirconium addiﬁons to beta-_NiAl alloys.
Strengﬂlerﬁn'g in beta-NiAl by zirconium additions has been attributéd to two
- mechanisms: solid solution strengthening, and the formation of zirconium-containing
ihtennétallic precipitates, the most common being a Heuslér phase (NipAlZz) that
 results in further ordering of the NiAI- structure. The increased strength of beta-phase
NiAl-based bond coats has been shown o contribute to better TBC lives. |

.HoWever, and as mentioned above, the higher 'zircoﬁiﬁfn levcls.,required‘to. optimize
- TBC spallation resistance also promote internal oxidation (oxi'd_étion of Zr- |
| '_ intermetallic precipitates), which degrades the overail 6xidation resistarice of the bond
' .coat by effectively increasing the parabolic scale growth pararpéter, k,. While it is
5 .



However, and as nentioned above, the higher zirconiumlevels required to
optimze TBC spallation resistance also pronote internal oxidation
(oxidation of Zr- intennetallic precipitates), which degrades the overall
oxi dation resistance of the bond coat by effectively increasing the
parabolic scale gromh paraneter, lcp. Wile it is 3 critical that a bond
coat provide TBC spallation resistance, bond coats nust also exhibit

-oxi dat i oRritiesl HaACKHH t l.aL1.on. erefore further
I-nprovenents are ne&dggc%ag%gﬁg?g&SE%:&A%%%%}'%%etﬁ-ggy&g%atr?ur%s?\] ’hat can
resul t i exhibift pxidatiero vesistuce dimt iten everti of AMEE spaithtionf (Pecefes, dulihad coat,

i d:spallation resistance. BRI UMMARY OF THE. | NVENTI ON _Di scl osed
o7 a bt AR pERRE TR ahor i et ovesley eaptai kgt on o

. conponenbotlehisoeet bodatitierebBtaacd @8d, if Gsdd'8Y Mbnd €HY SRPARAY spAkEdnaS
© superal l oy_turbine, conmbustor and augnentor conponents of a Ig}as‘turbl ne
-;engi ne. Y¥SIfI%6c| osed coating systemincludes a ceramc topcoat that

.- exhibits inproved spallation resistance as a result of the beta-phase N Al

over |l ay B‘P@EF'NJMR@% gi{' H ',@@qﬁ. (5 n of ceramc particles, vyielding a
. coating system capa ert%l?]g%ﬂl I'Ng -llqrrproved oxi dation and spallation

resi stance. In one aspect, there is provided a coating systemon a
super al | Pisclyésisratiets-Nidlevertnedoatige sydh procegnpri sing a bet a-phase N Al

i ntenn‘et%l | Lc _overlay coating containing _zirconiumin solid solution and a
si B Brmg b to #p hot

- dispersi PURe; PR | % COMPPRER dPsignsth IoRIsgr iup hestile ithermaly of
- oxi deés, drivifohdRSt, safiflad }a§i§§ t0fbiffd, 'cHRBL a%&eguﬁg%rﬁ@ 80,555.{65@ &8, bei ng

‘present in %n amount _and, sj ze, suffrcient to € and' unreactive at
3he dissloges

"t enper at&3F SEOHS Pgingy atYAJYHM| ncrease the strength of the

- overlay ing by a_dispersion.st.rengthenjn mechani sm More .
part i cﬁllgl%lﬁéﬁ,m ?ﬁ%‘%ﬂ? gofﬁﬁailtﬁ%tv%‘rhﬁﬁgf BRIpY Mory wesistagee pg gaesulhel reactive

el ement the beta-phase NiAl overlay coating containing a dispersion of ceramic particles,
-'jrielding' a coating system capable of exhibiting improved oxidation and spallation
resistance. In one aspect, there is provided a coating system on a superalloy substrate, the
coating system comprising a beta-phase NiAl intermetallic overlay coating containing
zirconium in solid solution and a dispersion of ceramic particles selected from the group
- consisting of oxides, nitrides, and carbides of zirconium, the ceramic particles being present
in an amount and size sufficient to be stable and unreactive at temperatures up to about
1300° C. and to increase the strength of thé overlay coating by a dispersion strengthening

mechanism.

More particularly, the beta-NiAl overlay coating contains at least one reactive element
and is deposited so that at least some of the reactive element deposits as ceramic
particles dispersed in the overlay coating. The ceramic 'partiCIes are présent in an
~amount and size sufficient to be stable and unreactive at {emperatures up-fo about
| 1300°C" and to increase the- strength of the overlay coating by a dispersion
) -+ strengthening mechanism. In-one example, zirconium and chromium are constituents
_of the overlay coating, and are reacted during the depoéition process to form oxides,
carbides and/or nitrides. Notably, sigriificantly improved oxidation dnd spallation
' resistance can be achieved with a beta-NiAl overlay coating containing zirconium and
: (';la_ijomilun by reacting-some of the ‘zirconium and chromivm duriﬁg-ihe coating-
process to form a fine and uniform dispersion of submicron cerainic pa'rticlés'

- througtliout the overay coating.



and is deposited so that at |east sone of the reactive el enent deposits as
ceramc particles dispersed in the overlay coating. The ceram c particles
are present in an anmount and size sufficient to be stable and unreactive
at tenperatures up -to about 1300C and to increase the strength of the
overlay coating by a dispersion strengthening nechanism |n one exanple,
zirconium and chrom um are constituents of the overlay coating, and are
reacted during the deposition process to form oxides, carbides and/or

ni t r iQtaer Migéabhnd adsiagtaipés afahis| disdogprowidbbokéttatpprciated fopaltheatollowing
reS|stanc can he achieved- with a beta-N Al overlay coating containing

zi rcé§ SR¥IPERR-ori um by reacting- some of the zirconi um and chromi um
durlng the coating process to forma fine and uniform di spersion of

submi cron ceram c particles throughout the overlay coating. 4 O her

_ obj e BRIESRIESARENIONOF FHE MRAWREIOsure will be better appreciated from
the follow ng detailed description. BRI EF DESCRI PTION OF THE DRAW NGS 4a
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 systemin accordance with an enbodlnent of
this invention. DETAILED DESCRI PTI ON OF THE | NVENTI ON The' present
invention provides a conposition and process for achieving a desirabl e
conbi nati on of environnmental properties in a predom nantly beta-phase
N1Al- based- coating containing reactive elenment additions. In N Al -based
coatings of this. invention, reactive elenment additions are incorporated to
a level necessary for optinmum oxidation resistance (i.e., below | evels
that would | ead to excessive kp values) w thout significantly exceeding
‘the solid solution limt of the elenent, wile

da



.additional bond coat strength (needed for TBC spallation resistance) is
provided by a stable dispersion of oxides, carbides and/or nitrides of the
reactive elenment, e.g., zirconia (Zr®), hafiuia (H 02), chroma (Cr203),
yttria (Y203), ceria (CeQ2), zirconiumcarbide (ZrC), hafnium carbide
(HFC), etc., and possibly oxides, carbides and/or nitrides of other

el enents of the coating, e.g., alumna (A1203), alum num nitride (AN,
etc. In ﬁ:i.ew f. the above, . beta-N Al -based coatings of this invention are.
‘useful o 'WB%%%BWFB@‘H&Y“W frahigh pressire tugbipe Pldfent s characterized by
relatively high tenperatures, and therefore subjected to, severe thernal
st resses r@gfle 2hes BRks-5366ibhdl FiewlofNQ h Cg}m(:j)_% s include
‘.the high and | ow pressure turbi %ﬂ;{ﬂéﬁgggﬁgg%fgllog é@?gskzl’rou S, agtgnbust or
liners atieraghbastierotoating sistaneingfcoordarnceuwith arembedjineatof thisenwumtibnexanpl e i s
~'the high pressure turbine blade 10 shown in Figure 1. The blade 10
gener al | Yy Lok Qe | t ch hot conbustion gases are
direct edbﬁf@%ﬁ%gﬁgﬁﬁ@btﬁgmm engi ne, and whose surface is
therefore subjected-to severe attack by.. oxidation, corrosion and

- erosi on. Thheresent inventicd providensa kompdsition and prdvesiefodiaskictingta dbmable W.th a
" dovetail 14 formed_.on a root section 16 of the blade 10.. Cooling holes
1.8 are PEbEation pf endropmentl properiasig pypredpmenently bsta-phase Nidlbaseded to
~transferc§ . [d18: .he -0 S i ntion
wikl be ﬁggiﬁrgi E%xg,!iEWhMgﬁr{ég%@gfg?&m}’%H@ﬁghﬁi gﬁ‘gélﬁ‘é*s‘?%?%d %B’?‘%ﬂf%?e"ﬁ{“éﬁe 10
shown i.nitFegliore refctive elethepratlditivhardry incarpahtcdame asiyvel alet@yarpl fides of the

“type shown.in Figyre 1, the teachings,of this inyention are generall
| :aégl..i'cabPBt‘TBmaﬁ%H%thpBﬁﬁﬁ“%r@'% Egﬁﬁ’ alevfﬁa{iﬁahﬁv%‘i‘gg%ﬁ Ha P EFESIYE e t‘oy
pr ot ect vmaegwm@neﬁgmfﬁc&m%&f&gfaﬁé% HRIRA lsoltod Yirkit of YRPEIEMENE while

representative TBC system scussing the present 1nvention.

shown, "t additional boryd egat stengtld (nead¢dfre TRC spmllativre rdsisjamce i phavidetiby e t he
oo o BRI i O dhidbs "B BGoh ihab 3F I YIS faRiA" g5 W O
' © .. zirconia (ZrQ,), hafnia (HfO,), chromia (Cl’203), yttra (Y203), ceria (Ceoz),

zirconium carbide' (ZrC), hafhium carbide (HfC), etc., and possibly oxides, carbides

and/or nitrides of other elements of the coating, e.g., alumina (ALO;), aluminum

nitride (AIN), etc.

In view of the above, beta-NiAl-based coatings: of this invention are useful on

components that o,perate‘ within environments characterized by relatively high

. temperatures, and therefore subjected to_severe thermal stresses and thermal cycling.

| ".Notablle examples of such oomponents in_chide‘ the high and low pressu_fc turbine

: .nozzles and blades, shrouds, combustor liners and augmentor hardware of gas turbine

- engines. One sach _exarhp_lé is the high i)fessure turbine blade 10 shown in Figure 1.

The blade 10 generally inc_ludes an airfoil 12 against which hot combustion gases are

' _directed during operétion of the gas turbine engine, ‘and whose surface is therefore

“subjected to s,evere'a'ttack by. oxidation, corrosion and erosi-qh. The airfoil i2 is

| anchored to a turbine disk (ndt showh) with a dovetail 14 formed on a foot section 16
- of the b_iade 10. Cooling heles 18 are present in the airfoil 12 through whic:h bleed air. |

: is forced. to- transfer heat from the biade 10. While the advantages of this invention

\yi'li be described with reference to the high pressure turbine blade 10 shown in Figure



. as a-bond coat to the ceramc |ayer 26. The substrate 22 (blade 10) is
preferably a high-tenperature material, such as an iron, nickel or
cobal t - base superalloy. The ceramc layer 26 is depicted as. having a
strain-tol erant columar grain structure as a result of being deposited by
a physical vapor deposition (PVD) technique, though other deposition
t echni ques could be used.. A preferred material for the ceramc |ayer 26
is.an yttria-stabilized zirconia ()(SZ), with a suitable conposition being
~about 3 tlo andpetitculoly nighelhesepmperatioy Plades of thehtypgshawvhér Fimradi themat eri al s
could be, S -as.yitria, nonstabilized zirconia, or zircaonia
stabilize ;ﬁ/'ggeogﬁgfs(%‘éﬁﬁo% Sc%ﬁrgﬁj(ge © 19 203 RUPPIREPG 8a .Whl‘gl?e dceramic
'l ayer 26 dostieetint @dy bougdid petert dfe doadfonbit fBodh itk 6hveR¥anicat. Provi de the
-required thermal protection for the underlying substrate 22 and bl ade 10,
.general Ly on_the, order of about 100 to about. 300 m croneters. As with
Cprior art i@ée 2 Gpickyreprenentaliier Hile syvtemiRY) foy dispusying dbg pregent nvsntion.zes t o
forman g Qﬁ;wﬁﬂ&ﬁ@%ﬁh@%ﬁ&m(ﬁfﬁlc de$ S danifl i ertﬁb@ﬁﬁ%%% PRl 26
chemi cally bonds. 1n acCofdance wth this 1 nvention, e overlay coating 24
i s predomsibsiratd 32 withtaheetiphase NiAMbagedaserlapichdting 24, tsbdchathemformeragdi t i ons.

Th er | ti 2 be.,d Ited usi V| ( . h as,
cat hod: ¢ PG OPEE 6 FoBEUPRbIs EARIEPDSERE B Gtk TGS RBRAANE such as
plasime spigyieRgefatirt mMAFAUNERUE AP oR! AREYN 6) cAM-HAE @u%é{”?llh@giztlheoxy' fuel

- (HVOF) sprayl-n?. A suitable thickness Tor the overlay coat 4 1s about
- 50 ni cr ofeemislayer 2 it depicteds havihgr 4 straig-telobst caltmn@2gramdstpchwe deaan
--adequate__.syp -Of Jal ugi num far oxjde fornmat.i.on, thou t hi cknesses of
“about 10‘_Sﬁ“a@oﬁlu"t‘“glﬂ?"sﬂ??dgH%r?e?o‘é"rg@g?@%e %ﬁ&ﬁ“t(g{’ggt {851 g?" Bl 1 owi ng
- deposi.ti other igpsitivalttdigigdds cotid bdased R Drft R Mdtch B AP REFN! Zat i on

and adherence (by interdiffusion with the substrate). If performed, a

~ sui t abl e2féuan Yiirenstahlized dregpiol SOty a shitalle touposifurlseing abaab3ue 1800F to
- ;gogfgg ﬁ_QQ f 2880eth DeRRAttrihl B othef chBGH Mafliaf LobliTd usol ARRRECT € such

: : yttria, nonstabilized zirconia, or zirconia stabilized by ceria (Ce03), scandia (8¢ Os)

-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 s;lrfacc;: layer

(scale) 28 to which the ceramic layer 26 chemically bonds.

In dccordance with this invention, the overlay coating 24 is predominantly of the beta
'_ NiAl phase, with limited alloying additions. The ovetlay coating 24 can be deposited
‘using a PVD process such as cathodic arc or electron beam -PVD (EBPVD), or By.
thermal spraying such as plasma s’pt&ying _(air, vacuum and low pressure) and high
Qélocit_y oxy-fuel (HVOF) spraying. A suitable thickness for the overlay coating 24 is
about 50 micrometers to i)rotect the underlying substrate 22 and provide an adeqﬁate_
supply of aluminum for 'oxidf_a formation, though thicknesses of about 10 to about 125
; microﬁleters.are‘belicved to be suitable. Following depositi_on; rther.coéting 24 may be
~ heat treated to promote hon_logeuization and adhérence (by interdiffusion with the
substrate). If performed, a suitable heat treatment is about two to about four hours at
about 1800°F to 2100°F (about 980°C to ‘about 1150°C) in a vacuum or an inert

" atmosphere such as argon. ' |

6



. To attain the beta-NLAl internetallic phase, the Ni Al overlay coating 24
preferably has an al umi num content of about 30 to 60 atomic percent, nore
preferably about 30 to 50 atom c percent, and nost preferably at the
stoichionetric ratio of 1:1 with nickel. According to this invention, the
coating 24 also contains one or nore reactive elenents, preferably
zirconium though additions of hafniumand/or yttriumare also '
~contenplated by this invention. If zirconium the reactive element is

present k9 #fpin Mpbete-NiAl inteimesallic phaw, theoNiAl exerley woatinghddipraferablyei ght

~ percent) 8.atom.c percent (about .1. I.ght
er cont ) Pibah AndndHchult o RN 306G hARE pBRLS Rbrs SRRbIg sBoll 300
per cent ¢aiOuitofhict ptreethand rdosd prefebly pEHRestbichiokdetridadtivl 8t i with

st oi chi oneg ric beta-Ni Al, the reactive _elenent is present in‘an anmount of

* at. | east MFKEL AGGAANG & tisinvendion, theroating 24 Rlso senteian ppe oHMPES teactiMéch as

~about’ 1. QpenfdnTnfeft lére{i‘ﬁco‘ i&ng RGEAL) ., -ab| ut 0.2 to
about 0. %1 at ofﬁ%fefg‘grﬁ ent Eagdﬁouéh\é&fio a %Ethgﬁ%a%%ﬁ&ﬁ%%c%ﬁ'?%g I f the

coat i ng. 2dntemplatédby thos énvichtion. dheirconheh) the redctive Rlemdnbés pebalt ineact i ve

. el-ement content.i referably not greater than,6 about 1.0 atom ¢ percent

(about 4?’6")}%% ‘éﬁﬁtslﬁ%lt @éﬁt f)%?mr%l’%{cia‘?é l@’r‘-‘_rté’dl @%HP?FQ?RQ BP t¢ e M4ehetiti on, the
.coating 3hoit0.8 WdriRMpedenPYiMbut 2.6 %la%lglggr&ﬂﬁ,omtm %%H‘?&Jc_lgl%\%g@b%gamunt of

u

““about 2 to about 15 atom c percent ( 22 to a | ght “percent),
~nore prepeqt)-3 talabont @S tatoralgopercend (shautilct pebentl.0 @eighttpeieft)t olfabout 12

“weight p nt). Acecording,to.l.S  Patent . 6,291,084 . to Darolia et al.,
the or oo BREE 1 sRRERGT hOG AT RS Elmept Tty A AU A 11 cani
efif ect one least G.Patdsic dn@%élﬁilﬁﬂ?@we@]t tp@ﬁ:eﬁl@ﬁ.?”éo?a_sl RAKEK ag@baeinpped to the
* Ni Al ‘overlay coatin 4 as a result of solid Solution strengthening by
. chr omi un@AHC PFesey {Fbovi 4 greightpenesnBe preforablyoahoit A {okalpha 4% attingiper sed
within the t i ating 24. However s Wi.t.h the reactive
o enment - PasP (o BitoUon s o bR R, 1T GRS AP odlifiuIBER R6T ¢ 1o
coating @de reactivesdlehentpfhieaotal rdabtives @emBit dodteht RARBRIAY hét gre@bfMhan
A about 1.0 atomic-percent (about 4.0 weight percent). - ' '

In a preferred' embodiment of the invention, the coating 24 is further alloyed to
contain chromiuni, such as in an amount of about 2 to about 15 atomic percent (about
2.2 to about 18 weight percent), more preferably about 2 to about 10 atomnic percent
(about 2.2 to about 12 weight percent). According to U.S. Patent No. 6,291,084 to
Darolia ct al., the presence of chromium in a beta-NiAl overlay coating has a
. ) - - significant effect on the spallation resistance‘of thé ceramic layer 26 adhered to the
NiAl overlay.coating 24 as a result of solid solution strengthening by chromium and
 precipitation strengthening from fine Cr phases dispersed within the beta phase of the
| cbating 24. However, as with the reactive elemént content of the overlay coating 24, -
the chromium content _'Qf the coating 24 is also beneficial if present in a nonmetallic

form.

A As depicted in Figure 2, the beta-NiAl overlay coating 24 of this invention contains a
fine dispersion of ceramic particles 30 (not to scale). These ‘parti-clAes, which are.‘
6xides, carbides and/or nitrides of at least the reactive element(s) of the coating 24,

) “have been shown to increase the spallation resistance of the ceramic layer 26
.. deposited on the NiAl overlay coating 24. During testing of EBPVD-deposited
7 :



As depicted in Figure 2, the beta-Ni Al overlay coating 24 of this invention
contains a fine dispersion of ceramc particles 30 (not to scale). These
particles, which are oxides, carbides and/or nitrides of at |east the
reactive elenent(s) of the coating 24, have been shown to increase the
spal l ation resistance of the ceramc |layer 26 deposited on the N Al
overlay coating 24. During testing of EBPVD-deposited 7 N A CrZr bond
coats of the type disclosed in U S.. Patent Nos. 6,153,313, 6255001, and

6, 291, 08NiAlenZrr diond coats ofigs: typeelisstostd i &% dhitdat Ned. 616851 3,0628500BC

spal I ation rfQrmance in furnace cycle testi (FCT) .and .burner rig
testing. aml‘—@%g\}éﬁ‘h Plauy cogtings haye \ﬂki{‘g“’é@é‘g‘i&ﬁg%@(‘f”ﬁ}?ﬂ% Hemrailatiogel y | arge
~anount . ObeF6idngé il Furfiéet cyRR! fcilR HEE)! 1R iR §s PQtinRe 1Rdvel, ahegd to the
~concentration of reactive'elements in” the. coatTngs. I n analyzing various
‘factors results Wik uacsempRded | bY ey prrohibitivelyolargredintdwat ofs septtief iisaRCTshifts in

 process, BegHERet BRERSA Bof RE HhmoRien B itesBlnlantn B ARy SIeREPBat [ ng
- el ement  ghesedtihgs. NaabhalybppeSamphe factis R0iReAdECT At howabnéli@dahiect s of
"these process changes were not fully understood, it was specul ated that
‘such chafigadficagahifts 1n FiG T peréermanee teadediotgogs HHowinz@ajonghangics in thsut i on of

i mpurity , .t hig | A oat i T resent i.nvention
ar ses 1 EomVaapobis lf afa chlfih fle GRUEHHA uf R b0 Bpe AR IEhaligoac oc
that . car bsedetoaheht ctké demplep Uduririgesodiiy. PARliowh HEpefféciiof rhése prdckdie

- performance of N Al OrZr _bond coats. These investigations involved N Al CrZr
coat i ngsCRABBES %eEe n9Y EBpyimdsrioadyat wad spastlafedafhay seh sheegesuspld a
time- of - dgkQlt gRe candat Yido N RS | OpY 3 +ShMR). . te6hai que. In

t he ' FCT Iinnvestigation, a ll\(lilnAinsé%r&ggﬁﬁ\%}ﬁ%s&égéégﬁ%gg%tsE%‘B@% go a

t hi cknesNiAlSTZadroulay 26atitigcr onet ers on a one-i nch (‘about 25 nun) di aneter
button coupon formed of a single-crystal superalloy known as Rene N6 (U.S.

_ Pat ent the gfeg'GSn ‘i’nlvzeg}ldn ansteg fraorn data obtained from FCT and burner rig testing that
' suggested that carbide and oxide impurities may play an important role in the

- performance of NiAlCrZr bond coats. These investigations involved NiAlCrZr

coatings deposited by EBPVD and HVOF and chemically analyzed using a time-of- -

flight secondary ion mass spectroscopy (TOF-SIMS) techt.'liquc.

In the FCT investigation, a NiAICrZr coating was deposited by EBPVD to a thickness -
~ of about 25 micrometers on a one-inch ,(abo;;t 25 mm) diameter button coupon formed
o -of a single-crystal superalloy known as René N6 (U.S. Patent No. 5,455,120), with a
» - nominal composition of, by weight, about 12.5% Co, 4.2% Cr, 7.2% Ta, 5.75% Al,
© 5.75% W, 5.4% Re, 1.5% Mo, 0.15% Hf, 0.05% C; the balance nickel and incidental
- impurities. The concentrations of aluminum, chromium and zirconium in the coating
wereléétcxmined— by electron microprobe analysis (EMA) to be, by weight, about 21%,
about 3%, and about 0.9%, respectively. A TBC of 7YSZ (zirconia stabilized by 7
'__aboﬁt seven weight percent yttria) was deposited on the overlay coating to a thickness
of about 125 micrometers.. After removing a small piece that included a portioh ofthe -
NiCrAlZr coating, the button underwent FCT tcstiﬁg..at about 2125°F (about 1160°C)
"in one-hour cycles to evaluate therspa.llation life potential of the TBC coating. Testing
was terminated when approximately twenty percent of the TBC had spalled. The FCT
life of the coating system was about 1380 cycles, approximately 6X the baseline life
8



.} nomnal conposition of, by weight, about 12.5% Co, 4.2% Cr, 7.2% Ta,
5.75% A, 5.75%W 5.4%Re, 1.5% M, 0.15% Hf, 0.05% C, the bal ance ni ckel
and incidental inpurities. The concentrations of alum num chrom um and
zirconiumin the coating were determ ned by electron m croprobe anal ysis

" (EMA) to be, by weight, about 2194 about 3% and about 0.9%
respectively. A TBC of 7YSZ (zirconia stabilized by about seven wei ght
—percent yttria) was deposited.-on the overlay coating to a thickness of

" about 123fB0cyeles fof an id¢ntical TRGJeponited os mPtAl difbsent dvating.nAl podetesia por ti on

of the | Zr.coating,..the but nt ECT testing,at apout 2125F
.(about 11 %&g?pﬁ%ﬁﬁﬂn%a?o%%’faég‘a%e gﬁ‘gﬁfé‘?é’oﬁ‘f@ Eopg? |"8’D?8ﬁt iR %ot ent i al
- of - the TBiblegldstigdefokgtidn g rayphng.€r M nat ed when approxi mately twenty

- percent .of the TBC had spalled. The FCT life of the coating system was
- about . 138Q .cycl es, approximately 6X the baseline life 8 of 230 cycles for

‘an i dent i %185 FReted Pifssiframy tyn bufien wes henfragpboeraphieallygnoyntpd qrolishsst

met al | ogr, j ) i I e - Ni ing: very flat
~wi'th no aglegillfxgé‘% argtg?csqlg[esf%\réﬁg%tsion agglsrlﬂu@]pﬁlﬁé&rg%tggg%}c%ﬁggas aﬁidgce from
thi s but tobservatint dfethe ipteasitiegofiphide alnl yearidenirags upetpestedy stvmddstily ected to
~TOF-SI M5_anal ysis. .Anal ysis of the integrated signal intensities and

obser vat i"8H¢8 Z‘f‘l’f’é"‘f’ﬂ?’é%%‘?‘??’é‘émé‘f YaRASaS Wethe for elehang adaatormy| y

- shoved -t BpersfoARulsnidloh SRR} BF eﬂ%&g%{hm&ﬂi&m RRL 0, 432 18yt he Torm

of-a fine and uniform dispersion (sub-mcron scale).o
~ chr oni umesignbiztfeeniumdoxides. aA|sesdloamownttafrdizcomiunc esmhainedoii the selerdergtatal | .
~anmount of, zirconiumremained in the elemental .state tqQ strengthen the bond
‘cdat by 5ta§eo 19 ds-t';§8gt]tl}f’? g%e gé‘fﬂ‘ilaﬁ?%trrgy !\Btg’gﬁj‘}ﬁ"h&‘onz PRCChAHR fNe‘E Ao
‘over| ay bBRoshi@fdtecIMAIEEH RilalBohd @Bt suBlecElTo IRalitd Qrc%éagﬂm%é&'%m&d' i fe of
~only.about 160 cycles - onl é about 11%of the FCT life of the Zr-containing
sanpl e. Fikide &f pplipabautnificcyelen - iontyeabont kit afgh¢ FETdife of sliccZs comtaining '
gﬁ;g;”ﬁ;gﬁﬁélg. ?fo'ﬁnef\lriﬁt s'taﬁ'%tlet Q}?ﬁib%’t\@ds nfmhp Enagchgrrgle-sstcéd% s%];fagé Icfoltj'f(r)tgtgon oats.
| after testing that was characteristic of PtAl bond coats. These results confirmed that
zirconium. is a very desirable constituent of an NiAlCr coating for long TBC
spallation life. Of significance, these results also indicated that longer TBC life can
be achieved, perhaps more consistently, if the coating is depOsited so that a portion of”
the zirconium is in the form of zirconium carbides and/or oxides, which appear to
further promote spallation life through a mechanical strengthening mechanism. While
_ not wishing to be held to any particular theory, it was believed that the pressure and/or
' | ) - at‘rnospherc within the EBPVD' deposition/coating chamber (resulting from residual
| ‘gases, especially oxygen, and carbon contamination from a graphite heater) were the

‘cause of the zirconium oxide and carbide precipitates found in-the coating..

For the burner rig test, NiAICrZr coatings were deposited by HVOF to a thickness of

- about 60 micrometers on pin samples formed of René N5 (U.S. Patent No. -

..6,074,602), with a nomi-hal composition of, by weight, about 7.5% Co, 7.0% Cr, 6.5%
Ta, 6.2% Al, 5.0% W, 3.0%Re, 1.5% Mo, 0.15% Hf, 0.05% C, 0.004% B, 0.01% Y, |
‘the balance nickel and incideﬁtal impurities. The approximate chemistry 'of the
coatings was, in atomic percent, éb,out 45% aluminum, about 10% chromium, about
0.5% Zirconium, and the balance hickel and incidental impurities. A TBC was not

_ depoéited on the NiCrAilZr coatings. The pins were then subjected to a cyclic hot

9



zirconiumis a very desirable constituent of an NNAICr coating for |ong TBC

‘spallation life. O significance, these results also indicated that |onger

TBC |ife can be achi eved, perhaps nore consistently, if the coating is
deposited so that a portion of the zirconiumis in the formof zirconium
car bi des and/ or oxides, which appear to fiirther pronote spallation life

t hrough a nmechani cal strengtheni ng nechanism Wile not wishing to be held

- to any particular_theory, it was believed that the pressure and/or }
. at nosphercerggiempridatien EREYIN e bawier irignmithat icegibisiednexsle Of aboutt fifieenf r om -

or aphi + ¢ WRREL ) GERCFHRE BB B SRME SR RmR e 2T

- preci pi t ghisnt | 935°8)1 Mebdi #RRdnAthatddOhd S RhB8imaAtdiy oleikh (Mot &1s2r
.coatings were depoSited by HVOF to a thickness of about- 60 m cronmeters on

".pi n sanphes) diameta regioRef dhdSupeta By Wast exqposéddue 6 &7droaf@pial witadk @f noni nal
“‘conposition of. by weight, about 7.5% Co,.7.0%Cr. 6.5% Ta, 6.2%A, 5.0% .
WS ool eoaneny OF Hhoher soaphat pedortath sxssenaly il vifig d fhnce
- ni-ckel angproRihAEREaD cyolRYdstcofiparclng ﬂ?@@?%ll?%@er@&?ﬁfe%ﬂ%oﬁtf 300 '

-coatings was, in atom C percent, about 4 ]
“about 0489 ysleconitimpthantiiAKaZp avatings Wiftek dhe testd aipiededwsst it fompthei ties. A

<o) et oA R e AR Eftefbetiindle ] EORRPRILy BB TRl o i o

" a conbi neabjeyted ao OTORIBIMS fanhlyeR] byMwhidle St abasaldetétmihé@Ofhal a0 Higl230C) pl us

% al um num about 10% chrom um

‘about five mnutes at about 2075F (about_ 1135C). Testing was term nated

_ when an BgffemungRiterentaned chiomivmmyude presipitatey. dFhentower-PedmuRg pinst he

. L} . Il | | , . _ . - f
e e BT 6 SO B oy RO, SO,
- cycl es, adshimodredtid o diyepdriyqulaahdory b was bellevedftRatdhadveneit vAAMidm 400

cycles for Ni Al.Cr.Zr coatings. After, the test, a piece was cut

t he .ot her , 2 )
from t hel? @8&6@%@-&9%% Btioap e HYPFjupeess pesudfed i thefiifemepberide lexglsi cal |y

mount ed, oRQkjeate thedddtings.

From the results of the FCT and burner rig tests, it was specutated that the presence of
reactive elements having'a high affinity for oxygen, e.g. zirconium and chromium,
when present in the form of very finc oxide and/or cari)id'e_particles at the coating
interfacés (e.g., grain boundaries), may reduce the dﬁviﬁg force for inward diffusion
of oxygen during high temperature exposure, thereby reducing internal oxidation of a

NiAl coating. In order to increase the strength of a beta-NiAl overlay coating by a

} dispersion strengthening mechanism, the particles must be present in a sufficient

-amount and size to be stable and unreactive at temperatures at which the coating will
be exposed, c.g., up.to about 1300°C for gas tur_birie engine components. On this
basis, it is envisioned that an effective size for th_e partiél(as is in the sub-micron range,
-and that an effective particle content is not greater than about five volume perce'ntv A
particularly suitable particle size range is believed to be in a range of about 1 to about

- 2000 nanometers, more préfefably about 10 to about 1000 nanometers, while a

suitable particle content is believed to be 0.5 to less than 5 volume percent.

A fine dispersion of ceramic particles can be more consistently and controllably

obtained by introducing CHy, CO, CO,, Ny, NHg,l and/or O, into a PVD or thermal

10



. subj.ected to TO~-SIMS anal ysis, by which it was determ ned that the high-
perform ng pin contained chromi um oxi de precipitates. The | ower-perforning
pins were al so analyzed and found to contain | ower |evels of chrom um
oxide. Wiile not wshing to be held to any particular theory, it was
bel i eved that inadvertent variations in the fuel-to-oxygen ratio in the
HVOF process resulted in the different oxide |evels observed in the
coatings. -Fromthe results of the FCT and burner rig tests, it-was S
~ specul at &rfay peatingrebambersworasdo géact theaeadtive htimpoinstitants fg ga zircgtivaf f i ni t
for oxyg L Q.. Zhreaoni and.chrom um . .when present_in the formof very
fine oxi 5‘3“ gﬁr&’?"‘d}‘m éiglgpﬁtta{m%é’?? N8 BYCHS- ﬁ@w&%’f’aﬁg G fisperpigpi sapdey  grain
~_boundar i asgodueatywitle diéGouich endlériald fREm WhieR thPloatii¥ay dbpliifdaurghy sk oxygen
“during. high tenperature exposure, thereby reducing internal oxidation of a
“ Ni Al coatrhyauesn itd elicvied thai o wutgblethta-NiAbayrhy sbating Srashiasia bondr | ay

coating Jya i | str nong - nechani spy  the partjeles st be
‘present '%atg’réagf ?@é@ﬁ alaéﬁ%ﬁlgg%ngi ?re]t% ta@onte&g]ta LG 1%5 ntgﬂbggtcﬂdve at
- tenper at weight patcend)i divohinen anditipngh wbbilt 19 Qit@MR0p@Eent YaBout 1P widgibout
1300C for gas t ur bi_ne gngl ne conponents, On this basis, it is_envisioned
that an REFEE) Freminme buiowithsome, of tha gisconium randnehremimiconisnt bamge, and

‘that an ﬁggﬁgggﬁd&a%mlega&gggblﬁmdegs not greater than about five volunme
percent.” A particularly suitable particle size range is believed to be.n

-a range of about | to about 2000 nanoneters, nore-preferably about 10 to
. about' 10@0Oresegramst hatsthe whichtsteengthenimgdfecp af bxide dispesioanitrengthbgingeved t o

‘be 0.5 tgo. s than .5 volupe percenf. A fi I spersion of ceranmc
part ol RS TaseRD demu B BRpgRIes techiviey paBd MR sl byt
i ntroducyym @kfersiohd, #5Well Y AiNHecipifHedin BRI [l MnPXARE) bAghRL- 10
spray coating chanber so as to react the reactive coating constituents . ‘
(e.g., Alloydni linis fugther omteshithat) theéuconogpt of motidle ntjsperoaessengtidned nat i vel y,
-the dis ' e introduced with the source.materials from which the
coat i ngﬁ\lﬁ?%@f]p %’%ﬂf ?glél?lOBShIOHS cg%ts: ﬁave been previously mvestlgr;?ed. I-'Iowever, Sllral
- coatings differ in composition and microstructure from the beta-NiAl overlay coatings
. that are the subject of the present invention. Furthermore, while it was previously
recognized that limited quantities of zirconium can improve beta-NiAl overléy
'coatings through solid solution strengthening and intermetallic precipitation
strengthening, the effect of higher zirconium contents in the form of carbide and oxide

precipitates was not.

':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'axt-. For example,
‘based on commonly-assigned U.S. Patent Nos. 5,975,852, 6,291,084, 6,153,313 and
6,255,001 and commonly-assigned U.S. Patent No. 6,620,524, it is belicved that the
‘beta-NiAl overlay coatings of this invention could be modified to contain a reactive
element other than zirconium, such as yttrium, cerium or hafnium, as well as other
alloying ingredients, such as tantalum and silicon. - Accordingi-y, the scope of the

invention'is to be limited only by the following claims.
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.techniques, it is believed that a suitable beta-N Al overlay coating for
use as a.bond coat or an environnental coating contains up to about 0.8
atom c percent (about 1.4 weight percent) zirconiumand up to about 15
atom c percent (about 18 weight percent) chromium but with sonme of the
zirconium and chrom um content being present as oxides, carbides and/or
nitrides. It is recognized that the. potent strengthening effect of oxide
di spersi orGIsAlM®Igt hening (ODS) has been denonstrated in superalloys (e.g.
MA754 and MA6000 alloys) with Y203 dispersions, as well as AN
precipitates in bulk (i.e., non-coating) beta-N alloys. It is further

Al
noted thaty the t i i L ONSt nd
di f fusion 1bond %g%@hs vemggﬁe%1 Sp?%\?ﬁ%%%ﬁiaﬁvg%t‘lgogg?%g?&ﬁgvc\é)\%@n?u%h
coat i ngs dwefafghasé Nisbnpasietallde overthyndoatiog containingezifdonianh e sblid soltdidd
overlay coatings that .are t.he subject of the present inventiaon. .
~ Furt her m)raB%i ‘W%FIP%S‘P]B %&rw%\ﬂamfiésyseﬁ%éo%m“z FOUR cppsisting LIRS ti es of
zi rconi Umpgdided, BRA QuBiR8 lo-NehhiuhY ek ; | 3 I'qﬁ.ﬁ)% tion
strengt heni ng and interngﬁg%%@%ug}g%f%%?ﬁ%?%ﬁkmgﬁrgﬂ%@%gﬁyEg?ht e e?fect of
hi gher zi rodsizesuffioienetutts stabl¢ el fmeactive at enipecturan dp axatebast 1pOGSCT. phd at es
was not. ile the jnventi ng S beeri described in terng of a preferred
enbodi ment® Perepse the, spngth of dhe yarlpy coating bx GuidpEEiond Spersthangne
skilled ipgdchsgnight - For exanple, based on commonly-assigned U. S. Patent
- Nos. 5,975,852, 6,291,084, 6,153,313 and, 6,255,001 and commonl y-assi gned
U S. Patent No. 6,620,524, it is believed that the beta-N Al overl ay
coati ngs gf this inventi o% coul d be di.fied t ontain a rea\(lz\%i ve el ement

other thaf" zi r OnFAPESUSITLLGIIINE AP M dm GFNFRCATERSEs2 WBFmals ot her
al | oyi ng iim@leieblafic BYeMadherddan il svar@aPdostidg con. Accordingly, the scope

of the inventionis to be limted only gy the following clainms. 11 CLAIMS
3. A coating system according to claim 1, wherein the overlay coating further

contains chromium.

4. A coating system according to claim 1, wherein the overlay coating consists of

nickel, aluminum, chromium, zirconium, and the dispersion of ceramic particles.

5. A coating system according to claim 1, wherein the overlay coating contains at

least one reactive element selected from the group consisting of hafnium and yttrium.

6. A coating system according to claim 1, wherein the overlay coating further
contains chromium and the ceramic particles comprise at least one compound selected

from the group consisting of oxides, nitrides, and carbides of chromium

7. A coating system according to claim 1, wherein the overlay coating contains
zircorium and chromium in solid solution and the ceramic particles consist of oxides,

carbides and/or nitrides of zirconium and chromium.

8. A coating system according to claim 1, wherein the overlay coating further

contains at least one of tantalum and silicon.
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. 1. A coating systemon a superalloy substrate, the coating system
conprising a beta-phase NNAl internetallic overlay coating containing
zirconiumin solid solution and a dispersion of ceramc particles sel ected
formthe group consisting of oxides, nitrides, and carbides of zirconium
the ceramic particles being present in an anount and size sufficient to be
stabl e and unreactive at tenperatures up to about 1300C. and to increase
t he strengt.h ofAth#ingwystemyaccodirigtg dnime, dilepin giewerasiic pagiches Rbm@rise '

mechanism _,2. A coating system according to claim1, furfher conprising a
t her mal - iar@a?%topﬁgmwﬁﬁ%ﬁ/ 1Pl ot BEPUp LOPRBUIRg, BF RS ontdrg, an A
coati ng systsmsareaitaimhnliQifdogi m 1, wherein the overlay coating further
contains chromum 4. A coating systemaccording to claiml, wherein the

overlay coating consists of nickel, alumnum chromum zirconium and the
di sper si onloof cera .C particles oat | m accor di%ﬁ to claiml,

oD, A
wher ei n t he" over | L9 S1SIHE ashidiis, © éifa‘ml gg]ﬁ‘es lrsl?fa S EPIFePBHEleS Afe

sel ect ed fgredent hengfatf £0060.5tb BB’ aflih ettt ofthd dvélay cBatin. COat i ng
system according to claim1, wherein the overlay coating further contains

chromium and the cerami c particles conprise at | east one conpound sel ected

fromthe group gonsi:sti f i . Nhtrides. and carbides of chreom um 7.
A coati ngglslyst e‘% 6621%{(1:%1&‘ 3?%8% %&)é+(g$§r1ti,01aﬁﬁler Eiwr%1 GRS tg?/esﬁea?/tsg?af?rﬁﬁn%ont ai ns

- zi rconi um pndtlesis G e of statut d t6 ebdiit 2000 Addnidigs.cer ami ¢ particl es consi st
.of oxides, carbides and/or nitrides of zirconiumand chromum 8. A
coating systemaccording to claiml1l, wherein the overlay coating further

contains al | ©38kofNE ik ALURLANL S8R sibrall of b E0ALIAAE SHAET
accordlng to claima8, ereln the ceramc particles conprise a east one
conmpound sehmgohed, fhecmatine sgrtan goaphisingtd oganic xedes a betd-phate NiAMOH
intermetallic overlay bond coat, the overlay bond coat consisting of nickel, aluminum,
chromium, zirconium and a dispersion of ceramic particles formed of at least one
compound selected from the group consisting of oxides, nitrides, and carbides of
chromium and zircontum, the ceramic particles being present in the overlay bond coat
in an amount and size sufficient to be stable and unreactive at temperatures up to

about 1300°C. and to increase the strength of the overlay bond coat by a dispersion

strengthening mechanism.

13. A coating system according to claim 12, wherein the ceramic particles are

- present in an amount of 0.5 to less than 5.0 volume percent of the overlay coating.

14. A coating system according to claim 12, wherein the size of the ceramic

particles is in a range of about 10 to about 1000 nanometers.

15. A coating system according to claim 12, wherein the chromium content of the
overlay bond coat is about 2 to about 15 atomic percent, and some of the chromium

content is in the ceramic particles.

13



.carbides of tantalumand silicon. 10. A coating systemaccording to claim
1, wherein the ceranic particles are present in anount of about 0.5 to
about 5.0 volune percent of the overlay coating. 11. A coating system
according to claim1, wherein the size of the ceramc particles is in a
range of about 1 to about 2000 nanoneters. 12. A coating systemon a

ni ckel - base superal l oy substrate of a gas turbine engine conponent, the
coating systemconprising a ceram c |ayer on a beta-phase N A Cr
intermetal ] jc overlay bond coat, the overl|ay bond coat consisting of

ni ckel , alfmi u%coatmr%yﬁiemﬁ%ﬂfh%m dairahd vehesein e ziresmiusn ce:retﬁ@trﬁfcthe
particles 0 %, o]

conS|st|nd;o OXI B &ﬁtl gm 6%5 ‘ﬁgﬁg%§ﬁ&§% § F%#igﬁga ggﬁlum

t he cer am @rcpaiutd mnmthﬁnmlge@rﬁﬁmr}iarm@est he overl ay bond coat |n an anount
and size sufficient to be stable and unreactive at tenperatures up to
about 1300C. and to increase the strength of the overlay bond coat by a

di spersion strengtheni ng mechanism 13. A coating systemaccording to
claim12, wherein the ceramc particles are present in an anount of 0.5 to
| ess than 5.0 volune percent of the overlay coating. 14. A coating system
‘according to claim12, wherein the size of the ceramc particles is in a
range of about 10 to about 1000 nanometers. 15. A coating system according
~to claim12, wherein the chromiumcontent of the overlay bond coat is
about 2 to about 15 atom c percent, and sonme of the chromum content is in
the ceramc particles. 13 16. A coating systemaccording to claim 12,
wherein the zirconiumcontent of the overlay bond coat is about 0.05 to
about 0.8 atomi c percent, and sone of the zirconiumcontent is in the
ceram c particles. 13a

13a



