NI CKEL ALUM NI DE COATI NG AND COATI NG SYSTEMS FORMED THEREW TH CROSS
REFERENCE TO RELATED APPLI CATI ONS Not applicabl e STATEMENT REGARDI NG
FEDERALLY SPONSORED RESEARCH Thi s invention was nmade with Gover nment
support under Agreenent No. F33615-98- C-2893 awarded by the U. S
Departnent of the Air Force. The Governnent has certain rights in the
irnvention. BACKGROUND OF THE | NVENTION (1) FIELD OF THE | NVENTI ON The

present invention generally relates to coatings of the type used to protect .
conponent s exposed to HVEHERAldPdINIE EPATIDGHANDE, such as bond coats and
environnmental coatings for gas turbine engi ne conponents. Mre

-particularly, this | J i Fv{ : i;C- cont ai ni ng
bet a- phase ([err]) Nlbﬁl E&Be(‘?gYﬁl%R gﬁ@%@/%@Wfor use as a bond coat
or environnmental coating. (2) DESCRI PTI ON OF THE RELATED ART Components

Wi thin the turbine, conbustor and augnentor sections-of gas turbine
engi nes are susceptible to oxidation and hot corrosion attack, in addition

to high : £ , r iI.mechani cal properties.
Consegueﬁéﬁwgg@ﬁgﬁ&%éﬁgi&‘%?@%%ect ed by an environnent al
coating alone or in conbination wth an outer thermal barrier coating

(TBO), WbiGhpplicubldle | atter-case is termed a TBC system Ceramic naterials
such. as zirconia (ZrO[err]) partially or fully stabilized by vyttria

(Y[err]Qerr Magnesi a O or other oxides, are wdely used as TBC
ot o | oI ATEERE R FRALLY SPONSGRER RESHARSHY as environment al
» coatings for gas | turbine engi ne conponents, the nost w dely used being
di 1 uSi ofhi€ EhISw AR Fit B AP sod vy Ilem 190 IF34BY bR ni des
- (PtA), and MIrAlX g%/%rl aylcoatiﬁ‘g]ds f ere Mgl:efs{g%?@gn, cobgp}ﬁgﬁd/ or
ni ckel., Gi389XKiasvaatedalry theeUdS. ddepatrtosnt bf dise Wit Forem OFhe Goetinerent hae earth or

reactivgc\?él.erre - ed in. conbination -with TBC, a diffusion alum nide or
MCr Al X o IR YVEM s as a bond coat to adhere the TBC to the
‘BACKGROUND OF THE INVENTION

(1) FIELD OF THE INVENTION

The present invention generally relates to coatings of the type used to protect
components exposed to high temperature environmenfs, such as bond coats and
environmental coatings for gas turbine engine components. More particularly, this
invention 1s directed to a ceramic-containing beta-phase () NiAl (beta-NiAl) overlay

coating for use as a bond coat or environmental 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 (ZrOy) partially or fully stabilized by
‘yttria (Y203), magnésia (MgO) or other oxides, are widely used as TBC materials.

Various metallic coating systems have been used as environmental coatings for gas
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underlying substrate. The al um num content of these bond coat materials
provides for the slow growmh of a strong adherent continuous al um num
oxi de layer (alum na scale) that protects the bond coat and underlying
substrate from oxi dati on and hot corrosion, and chemcally bonds the TBC
to the bond coat. Diffusion and MCr Al X bond coats containing ceramc
particles have been evaluated. For exanple, commonly-assigned U S. Patent
- Nos. 6,168,874 to CGupta et al. and 6,485,845 to Wistman et al. incorporate
oxi de pan#bint eaging odi'rfpf)uﬁitﬂl’tgﬂmﬂﬁi ﬁrid&ly wsed bethgsdiffasieh ?ﬂhtﬁi@sdﬁcﬁ @l e
rowt h, thereby increasing. the spallation resistance of a_ TBC .

I%urt her ,loeémmwr&aggipw@amlgmupaﬁe@m&o. W Mralxoyerlay cpatings et . al .
. di scl osegy; [ b6 S0 - anstt I 95""5"',2@9" hi bits
inpr ovedﬁw};rfcrlflaég&Aairalsiq(r:éa}fS cigﬁdtlfejgrl tyﬁb%hﬁs{(qggiﬁaggd% .lﬁggglgnt . 5‘??1(447, 503
t o Dar di amsthesirare eadhsrireative lebemant). ddsquamt Gopdtdsation with WBCAlaYdiffesibi ng

Patent - ~Bungee B AT NEnl viofiod & as fonf ebla sty R me el "ol ane

U S. Pat @iferlig shbstrs. O A10mpivek 86dt¥nt o inst B8R 4@ makeRIsYroPiedRrparticl es
in MrAlY as an inhibitor to interdiffusion between an underlying

subst r at e g growhy pf @nsteangatdherant icoptinioys sAleshuen oxide InrAlalomioat i ng.

The i nco, ' - | 1 | .Y £or the pur e . of
rodi i ngat) St Hopes it Won€ Bobe S Todedy B Mk 16 BBB R IBn oot co
. e. 0., U rrdshingiid diemicdlytddddtd TBC B thedbad cedt. al ., EP 0 799 904 to

- Movchan et.al., and EP O 340 791 to Kojim et al. Finally, the

i ncor por at,j.on of ather pes of ceranjc particles in bond coat materials
has. been‘géﬁw@sﬂcﬂé‘?}\,@@# é%f oAl FOptNIng gepAmiif Panfslesgiayg beem avalugtefar nes et
alh (sl gl 86 edn@h v Sssi i ) At i 0 Legi nce).

More recently, pg“s\)’er | ay&gggitgsf%%gg ?fggfr)%at om é\s:ndt#@g’% g?gugﬁeft %l[ Ehgni de

i nt er net @#33,845 havWuimem pr b omeokpaste wxideo panticleal inadiffusiondalnodnidenat eri al s.

RN R SRR Y ETE I T R N T
. conposi tTREC. bAirderMbek 8bmmohiBt #AklpRed 27.XPaTRtEN0.04 10EY B3 N Hirs@pat kg _
materi al s i ncl ude comonl y-assigned U S. Patent No. 7' 5,975,852 to Nagar aj
et al., dipdlesesdhatEnoexide disppmjoncsprenpthgnadoMCrad ¥t coating enkibity iopreved ni ng one
or nore ﬁlgﬁl%ic\élem%gqﬂ?méthe%lfcsﬂcl?%s %gr IP%{&K - or. itf,‘ﬂ?,gd?xr' &)OBian}n e?ral.,
| disclose that oxide particlés in an MCrAlY 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 paﬁicles in MCrAlY as an inhibitor to interdiffusion between an
- underlying substraté and an énvironmental coating deposited on the MCrAlY coating.
The 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 to Movchan et al., and EP 0 340 791 to ‘
"Kojima et al. Finally, the incorporation of other‘typ'es' of ceramic partic_lés in bond
coat materials has'been suggested, as reported in U.S. Patent No. 6,291,014 to Wames

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

More recently, overlay coatings of predominantly beta-nickel aliminide intermetallic

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

-exists for nickel-alominum compositions of about 30 to abo_ut.‘60 atomic percent

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



haf ni um and commonl y-assigned U. S. Patent No. 6,291,084 to Darolia et at.,
which discloses a Ni Al overlay coating material containing chrom um and
zirconium Conmonly-assigned U S.. Patent Nos. 6,153,313 and 6, 255,001 to
Rigney et at. and Darolia, respectively, and commonly-assigned U. S. Patent
No.. 6,620,524 to Pfaendtner et al. also disclose beta-phase Ni Al bond
coat and environnental coating, materials. The alloying additions to these
beta-Ni Al coating materials have been .,shown to inprove the adhesion of a
cer anm c ekBfapleaydbetat i\l oyting iikterialsrigclagabdminoaly-assinéde. ST Batean Mol Ncr easi ng
the service life of the TBC system N Al CrZr overlay coatings. described in
the abovd2hud¥dte dleswal ¢t a%,swé;@ddlsépﬁt% Nijbovedast head cprdrensionalie e

Denel |t SpohfTh @RI BTG RRRYE Aenels, HibkTa8Uiud i, ARBRI6r ! eTENt S,
chrom umand zPrconium At certain [evels, zircon’um prénotes an adherent
sl ow gr dwifgmy, hodvearainoaly-oskighbd Upar BdentiNo. 502016084 toviddrolia eteate tveich k[ err] )
-alum na scal e I hel.ps to.extend.the TBC. s | at.ion |jfe and inprove
ol dat | GSCIERES 1 A et doRtiBR TR U AHORGT e ST PTG

Zi 1 coni U R%8ly-dssigh&P U9 VPatdiR Mos. 6085913 Gnll% 245000 1CtoPRIEENED al, BadIheEr

levels of zirconiumresult in Zr-rich ‘intermétallic precipitates that can
i ncr easeDamliar mefpediictiat pah. cammenplytassighed hiJS. | Ratentndfo. 6628424 oto

h i i bove,. ' 0.4 i gh
Per cont yPHReRALRE i Hso Skt R BRY iRy BB 850 nb S M drlil Mo ance oo
a - r esul shatefialk heTROLGinS hidifighd) & itige HetL Wi AlOboating GRAEHATS dddé beans to .

- beta-Ni Al alloys. St ren(ﬂ%g_eni ng in beta-Ni Al by zirconium addi ti ons has
been at tshpwattedmpepvewhe adhesionof drasramis| TRC dwicntthegby inhiritesengllation and t he

formati O&Q%Tébr.q‘%‘ﬁﬁ%?&%%&%g%&f%f‘%W%&n-pr eci pitates, the nobst

comon bein _ that” “results in further ordering of
~the NI Al structure. The increased strength of beta-phase N Al-based bond
coat s hasiAi€efr sleolap coatings desdrihet an tthe BigtviearoteMBtommum g-assigimdepatents and as

mentionegd above, the higher zirconiumlevels, requir tQ optinmize TBC
opal | at dsHF Qi perfirmants Bonghln GO ophmiconisaans of duisipiband for 21
- i nt er met,@hdiive Rt thrdhth andBi65hif80 1A EHaih 16veRyY %{r@ddimﬁék&ﬁétb@&

resistance of the bond coat by effectively increasing the parabolic scale
growt h palherest elow gfasving . (lamhivialnes tofi the parahdlici scale groath spapmddercdal  provi de
TBC spal alll?rhin%nsbalre,e &) Séh réfpes’ tobe?c?e%dctgg H%C?Egz}llaghr% ife and improve oxidation

performance. While oxidation performance suffers if the zirconium level is too low

(e.8, below 0.05 atomic percent), higher levels of zirconium resulf 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

_' ~weight peréent) have shoﬁn. to significantly improve TBC spallation resistance as a
r‘re'sult of the potent strengthening effect of zirconium additions to beta—_NiAl alloys.
Strengthening in beta-NiAl by zirconinm additions has been attdbutéd to two

" mechanisms: solid solution strengthening, and the formation of zirconium-containing
intermetallic precipitates, the most common being a Heusler phase (Ni;AlZr) that

 results in further ordering of the NiAl structure. The increased strength of beta-phase
NiAl-based bond coats has been shown to contribute to better TBC lives.

However, and as mentioned above, the higher zircoriiufn levels required to optimize
- TBC spallation resistance also promote internal oxidation (oxidation of Zr-
' intermetallic precipitates), which degrades the overall oxidation resistance of the bond | _
- coat by effectively increasing the parabolic scale growth parameter, k,. While it is
5 _
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exhi bit oxidation resistance in the event of TBC spallation. Therefore,
further 1nprovenents are needed in beta-phase N Al-based overlay coatings
that can result in both inproved oxidation resistance and, if used as a
bond coat, inproved spallation resistance. BRI EF SUMWARY OF THE | NVENTI ON
The present invention generally provides a beta-N Al overlay coating and a
process for formng the coating on a conmponent designed for use in a
hostile thermal environment, such as superalloy turbine, conbustor and-
-augnent ocrittaimbaenbendicost proailet TBOI spellaiva reistaAcs Balidn@atsommsiealdspect  of
the invention, the .coating system includes a ceramc_topcoat that
exhi bi t s® cﬂfé‘g“t’é’ﬁalefs‘éiap%ni § sqvgr,nfcg% aBG SP%’E‘J\B‘IOP- ofl hexefpre fpgheghase Ni Al
. overlay GagblBfeRo MeteBidiGn Bl RRASE RiA0bAEd 66 Ry o slh&t! RS resultlig! ding a
- coating system capable of exhibiting -1npr oveé XI aatlon and spallation
.. r esi st anbeth iMprevedamidatioh aedistance radptisednAr bond chaty inpmived gpallativai ns at

| east one reactive element and is deposited so that at |east some of the
- f.eacti vereéisgar?ﬁﬁt deposits as ceramc particles dispersed in the overlay
- coating. The ceramc particles are present in an anount and size

suf fi ci eBRIEP SUBMBIAIY O FFTHEUNVERNIIONe at tenperatures up -to about  1300C
--and to increase the . strength of the overlay coating by a dispersion

" strengt hgpi ng mechanism In gne exanple, zirconiumand chrom um are
. const i t uene resgt ipkentigh geperplly: PEavides 2 betar™NAb ovelay exating and @ RIAESSBeposi ti on

process gf f fﬂgoi‘!iedazatin -@Frabbﬁﬁﬁo&%(d%&i Aid h0GSe Nt ?}Bét}{e J.ﬁérgrﬁl]f i cantly
i.mproved oxidation an sga ation® resistance can be achieved W a

- bet a- Ni Abmosoanieat; sucdtass supermiloy durbineg cambwsbori and augrhenton comipaneriy of #act i ng -
- sonme of the, zi.rconi.um apnd chrom um duri ng té&e.coati n%p process to forma
“.fine andg%f‘nT“FZ‘UP%eﬂg’?Ber CGOFIBE 'Q OB EPeh Of dhe iveniiom. the (ceating fYSEMhout t he

~overl ay fRRidedd ceEbRE t6RbACGHE SMbiRGHPRASPaIPtiohHesisthideettd RIulpo! be
better appreciated fromthe .follow ng detailed description. BRIEF
DESCRI PTthenbatFplnde 19iadveveday Aortigg centaining a disresyien toff \eerapiie\pagticles, hi gh
.pr essur eﬁtewil?gl Qeco_géii?gd %}'rstem capable of exhibiting improved oxidation and spallation

resistance.

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 particles are 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 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 deposition process to form oxides,
carbides and/or nitrides. Notably, significantly improved oxidation and spallation
" resistance can be achieved with a beta-NiAl overlay coating containing zirconium and
chromium by reacting- some of the zirconium and chromium during  the coat-ing-
‘process to form a fine and uniform dispersion of submicron ceramic particles

 throughout the overlay coating.

Other objects and advantages of this invention will be better appreciated from the

following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 2 is a cross-sectional view of the blade of Figure 1 along |ine
2--2, and shows a thermal -barrier coating systemin accordance with an
enbodi nent of this invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention provides a conposition and process for achieving a
desirable conbination of environnental properties in a predom nantly beta
phase N Al -based coating containing reactive elenent additions. In

Ni Al - based coatings of this invention, reactive elenent additions are

i ncor por Higvee 1 & aparepeetivaidew of a bighfpsessukgduibinabladd. dat i on resi stance (i.e.,
‘bel ow | evel s ‘that would | ead to excessive kp values) w thout significantly

.exceedi ng; LS L00: |1 A - |4e, additional bond
Coat str DERER PSRt i Bhad OFEELRT bne 8 2% ATIMNERY
.stabl e dilepealdiaoierabating systemn ie acdirdere aith arentbddimela f effis iilventi@act i ve
elenment, e.g., zirconia (ZrQ2), hafnia (HHJerr]), chroma
(Crlerr] e | i err]), zirconium carbide-
(ZrQ, - h%ﬂ#@aﬁ%%@gﬁﬂﬁsgg%ﬁﬁﬁgﬁgﬁ@&m bl y oxi des, carbides and/or
"nitrides of other elements of the coating, e.g., alum na (A1203), al um num

- nitride TR Mese@tifivertion \iréMd&fa tiBiposithONRl ploeé-bF Ahibased &erfuiags. of
“this inventjon_ are useful on conponents that operate wi thin environnents

~~char act ef¢mbigatinn o pajtiropaieptah prgperties i @r predoraisanthyh Hetatphasef Nral-kasbj ect ed to.

.severe t I ﬁég- sse : | seycl]ng Ih?é bl & ex | es. of. such
f-corrponen?&s‘arﬁir&gc u éﬂﬁge&ﬁ%\% %ir;f!'gﬁemca)vz\l/d%l)r(ﬁ;e’lsﬁs'urIeII tu -?’ﬁse ﬁ%a(z%'rz’q‘)g so% bl ades,
shr ouds, invernitiuss tieactiven elememn ddditigne At linddggoited eto0h @08l hedediare foengi nes.

“ One such exanple is, the high pressure turbine blade 10 shown in Figure 1.
‘The bl ad@PWBUgeEfaiion resistante fe-ahelgry feyels thet weulddead i exreprire kprbust i on

gases ar g, &h e lRn] JeT-Taz: A . ] i ine d whose
surface ie_asluﬁgrﬁe g?%lgiﬁgig jlggt ed t'ﬂég)glg\%fg%laegglfltqg%&&rgg&g%%%ﬁ%rghwhggrrosi on
and er osadshtionBhbomd cdad strenpth (reedeginfoh @Bé&tspatiatiort resisianee)ds providedtbysdown) with

o'are predB i he ety BBl aiatual Bl Buois clmenl red 10
Lransi erzii@ata (EEO! heaai SROH. il e(tﬁ%ﬁdyﬁ’% 3850 P cdrfll JckOYyENt ! On

“wi I'l be described wth reference to pressure turbine bl ade 10

 shown i nZiRtoginme carbiden@rgh hafrium gatbjdei(RED) etoased popsblal dxadesptatidss of t he

‘type sho in_.ELagur 1 t.eachinags of this jnvent ar ener al |
a%g li Cab&gi/ _romg-'ri{%léco? n(%tg%re%lgm %ts Vﬂ%m}ﬁ%gahng, e.glg., giunyma (A%%;ﬁ eﬁux%mum y
_ nifride (AIN), etc.

In view of the.above, beta-NiAl-based coatings of this invention are useful on
components that operate within environments characterized by relatively high

- temperatures, and therefore subjected to severe thermal stresses and thermal cycling.
”-Notab.le examples of such components include the high and low pressure turbine
: nozzles and blades, shrouds, combustor liners and augmentor hardware of gas turbiﬁe
- engines. One such example is the high pressure turbine blade 10 shown in Figure 1.
The blade 10 geneféily includes an airfoil 12 against which hot combustion gases are

B ‘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) with a dovetail 14 form,éd on a root section 16

- of the blade 10. Cooling holes 18 are present in the airfoil 12 through wﬁich bleed air
: is forced to transfer heat from the blade 10. While the advantages of this invention
will be described with reference to the high pressure turbine blade 10 shown in Figuore



" ot her de

coating system maybe used to protect the conponent fromits environnent.
Figure 2 depicts a representative TBC system 20 for discussing the present
i nvention. As shown, the coating system 20 includes a ceranm c |ayer 26.
bonded to the blade substrate 22 with a beta-phase N Al -based overl ay
coating 24, which therefor serves 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 cobalt-base superalloy. The ceramc |ayer 26 is
depi ct ed1asnd pavculgri@ nikelebase sopepalivyt bladdsUsTiae tEfeadhowal inUtipureel,ake @ resul t
of , bein deposi%ed by a_physical vapor deposition (PVD) technique, though
gl%lrif%ﬂ thag prveRtien arogenerally appligable fo gpy companentneyhish 3 or t he

conposi « Pk srich I be b LB AR ot FORLIB aPemet o Thouan ot ner

ceram-c materials could be used, such as ytta, nonstabilized zirconia, or
zi r coni aFigush? depietd abgpresmiative TBIV3ystese 26 doraligcBsding the Presend] invensionot her

i des. Th ic | 6 is d ited to a thi t hat i
out 11 o1 ehe 55 eonBHE et oD RGO & FFap FEb 2B BRORbIO Micblafiter 1 yi ng
subst r at gubd#a? WitkddeklphasRREIBdskd oQ8tdy@atlhsl0n, RfichRsbiol Gvto about

300 microneters. As with prior art TBC systens, the surface of the overlay
coat i ng 2%adendicortdtorthe paramiclayerx?tle The sebsiatel 28 Eade( K4k pyefargblyn whi ch t he

m ; ] : d hth this.d ion, th
overlay MEATEmOSaGRE Haidlal bR e 1 AFTERARTER bR WbBOTTERE it g
- al 1 oyi ngeeaasid lapar26 iShiepiotedrds dvingal strgn-BAcratncohensie Pesih sedctutesdsng a PVD
.. process such as._ cathodic are or el ectron beam PVYD (EBPVD), or by thermal

“sprayi ngresié 191 eing depesitedobgi Rhysical yapoy slepeitiom (F YBigsheigser puging. hi gh
- velocit y%g%ily gépldglgoﬁ k&é@?ﬁu&%ﬁl’d Hnsed 239 fefdt < xﬁﬂhrgﬁqglsﬁlercgfanﬁgﬁggy erl ay

.coating out ( rotect t underlying sudbstrate 22

m cronmeters t i
~and pr ov2@és anythibesiatalized zuopmpih (YSE),avithm switablcocontpaisitien fheingrdbioon3 to t hough

~thick bqut 10 t bout 12 ' ter. [ dtob
Sul ¢ bl o2 itFelY papus e MoughBther G BAcTiay cHadedsed, e 8¢ o
pr onot e m@%ﬂétéﬁ]!ik&ﬂzi%ﬂia?% ,%fr@cﬁ;fiz?stﬁ?iﬁzéd‘ﬁ? caid [0 9nscihdil! ($865)

substrate). If performed, a suitable heat treatnent I'S about 'two to about
‘four houesothier oxidesutTheggomic dayzt 80 s deposited @80Micknessttbattis $aBoEpt kn a vacuum

or an i ngil‘bt\’ide tﬁé %%R‘Qf ftierma C];r}ot%csztioar{ 2 e lezsnderlying substrate 22 and blade 10,
generally on the order of about 100 to about 300 microméters. 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.

In a‘cco;‘dance with this invention, the overlay coating 24 is predominantly of the beta

- NiAl phase, with limited alloying additions. The overlay coating 24 can be deposited
'using a PVD process such as cathodic arc or electron beam PVD (EBPVD), or By
ﬂiermal spraying such as plasma s‘ptﬁying tair, vacuum and low pressure) and high
Vélocity oxy-fuel (HVOF) spraying. A suitable thickness for the overlay coating 24 is
about 50 micrometers to ‘protect the underlying substrate 22 and provide an adequate
supply of aluminum for oxide formation, though thicknesses of about 10 to about 125

: micrometem_are believed to be suitable. Following deposition; the ‘cooting 24 may be
~ heat freated to promote homogenization and adherence (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-NiAl internetallic phase, the NNA overlay coating 24
preferably has an alum num content of about 30 to 60 atom c 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 elenent is
- present To atiain thathetarNigkl iaterinetaliic phads, the MNiht opedayectating RdugrefRrablyei ght
- percent), up.tqQ as nuch. as b 0. t om c _percent, bout .1.6 I ght
per cent )hasvﬂ"t ﬂ“‘é"%‘r‘é?‘&‘?’gd’fﬂg‘ﬁ‘g:’t"ﬁtﬁ iﬁﬁga%‘ﬁﬁ’&fﬂgeﬂ. anarg Pgﬁiglagﬂf(ﬁbguh% mc
percent {eabo WtorRicdpdréenbaid mbsOpiEdrahly 6h6 &idhiorhétric Na6i& M-\ Rwith
“stoichionetric beta-Ni Al, the reactive elenent is present in an anount of

- at. | east gkl Acgpidingierthis inventipmthe goatingeidlto qeataiasmne (}anrglr%e@thg@ch a52
at | east7ord Ao _ ;e o E about 0.2 t
about 0. JemaRerB Y Sitborii-ough 4EH0L; BELEENY sy hBY e A3 (°1 e ©

coat i ng &htenplhed ity thibr @vedtion. Hnsrcomiani, ithe raateredtmeithie pgrédeal in 8act i ve
~ el'ement cont ent i? pr@fgrabl_y not gr ater ‘than about 1.0 atom c-percent
- (about 4°TBOVHof 17 legst &l @fomic percept (abapt @d wsiBeRERt) WX tor dempelyant i on, t he
- coating Ahut 9.¢ Wohhebhekhio . L&k &IN, Ak NyY anmount  of
““about 2 touabout 15 forr%lcéﬁgg?ttcggt&?g’%%%}cagﬁZtomﬁ%ﬁpﬁg%\ggr% gpercent),
nor e pr edtond Bl teabloont 025 atwnzib gercedO(zivonDd tpesboeni.0 yeaightiperdent).t df about 12

~wei ght rcent). .According to. U S.. Patent . 6,.291,084 to Darolia et al.,
t hegpr eglgﬁ'é“rb%" %ﬁ?ﬁ%{ﬂ?ﬁ?ﬁ%ﬂ%‘%ﬁ&‘%@&?ﬁ%ﬁ/@?@w 18 BETPHJO RALTPUNSPhN £ i cant
eff ect oft lehie (SPaldndk ipefbeﬁﬁabﬁhtao.qewlag.% ?&c&ﬁj PG ab 3N&h &Galﬁﬂhqr(ﬁd to the

Ni Al . overlay. coating 24 as a resu sol1d -solution strengthening by
_ chr om urdtemér pereenti (Bbewt4 ieight peregnticpiefeyalily aibott 0.2 tGraboht@Fsatdmiper sed

within the ' coat.in : wever s wth the reactive
el enent g«;}%ﬂg&f&g?&? ﬁ%%%(\)/‘gr ‘ayetgg'gp?‘%ﬁrﬁgfm? ﬁ%a%ﬁ'ﬁrzgrﬁomﬂ'l?o’ﬂ?r@ﬁ#%f t he
coati ng ¢ik resctivieseleniaifetht edtal rebdtiverepsifétt coitedt 18 PreTBlaBly fdt grda@rTharAS
depicted_in Figure 2, the beta-N Al overlay coating 24 of this invention
cont ai nsabeut }-Prtorpic perceal @howr-Cweight rergrmtk i cl es 30 (not to scale). These
"particles, which are oxides, carbides and/or nitrides of at |east the.

react | vereh GBRitSlnBbdilie (e iy dtion, IRV EMREE 4 IOREP dibgdeRSe the

spal l ation resistance o e ceram c | ayer

contain chromium, 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 atomic percent
(about 2.2 to about 12 weiglmt percent). According to U.S. Patent No. 6,291,084 to
Darolia et al., the presence of chromium in a beta-NiAl overlay coating has a

- significant effect on the spallation resistance of the 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 chromivm content .of the coating 24 is also beneficial if present in a nonmetallic

form.

As depicted in Figure 2, the beta-NiAl overlay coating 24 of this invention coritains a

l-ﬁ‘ne dispersion of ceramic particles 30 (not to scale). These particlés, which are.

dxides, 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

. d_eposited on the NiAl overlay coating 24. During testing of EBPVD-deposited
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deposited on the Ni Al overlay coating 24. During testing of EBPVD deposited
7 Ni Al CrZr bond coats of the type disclosed in U S. Patent Nos. 6,153, 313,
6255001, and 6,291,084, certain coatings have at tinmes exhibited
exceptional TBC spallation performance in furnace cycle testing (FCT) and
burner rig testing.. However, these results were acconpani ed by a

prohi bitively |large anmount of scatter in FCT perfornmance that could not be
correlated to the concentration of reactive elenents in the. coatings. In
anal yzi niAM&rZobend estsoofthehtgpe disélostdniad BCPalenf Hos.id, 1583130625508, t hat

significa ' in FCT performance tended to occur follow ng major
changes’ ‘F?ilt ?égtbg‘%ﬁﬂaﬁr% BEs ﬁ%‘i?c‘ﬁ tHQeSae’gH'?;fFﬂgee’ﬁcﬁptfor‘i’éI d8Sosratlationy ate or
~ the typep@forh@atd RORBLRERYE | bl R . OHblRGerC ARkL NY.
At houghpt hoe effects of tZegéh%ﬁ c(ggy%%%anggg rgetﬁ%(jt HPEVP%’ g% ‘éer st ood,
it was sysedisl akessl achernpanish byhanprobitidvdlyl largef hmewate of eattanoefG Rt i on,

. size, and distribution

f J.opuri. fects within a. N A C,Zr qverlay
coating * oAt (for‘i\!/(gﬂ?tiﬁ(?r::co eﬁ%%cg%f&‘&‘ﬁoﬂ‘éﬁn ,a‘b?i’t%ﬂ?é‘c‘f“_fer%?ﬂl?‘ﬁ"énd bur ner
- rig testhogodths. I8 489LHE JadibiBtfa&Bfsthlanfiichc® FCHElifelRWdstdofiSed Bt Pl 2y an
“inportant rqole in the @%erforrrance of Nl Al CrZr bond coats. These ,

i nvest i ga@MBrant ishifs |y EG Tpesfoanzice terrleditp gscurdplevinganaigr clepgssDndhel HVOF and

chem cal ; " 14S] 1] fy- | Seqo i S

Cpoct r oL PTUGRE suls b cthnb HEE ieodstd A hoee X SRNIPL Yo Anl B ¢, 5,
~coating wad tdelpmsithe dathpleEFRMbe tating. hi Akinagh thefeffleubf Areseipeoceet ers on a
-one-inch_(about 25 nun) dianmeter button coupon fornmed of a single-crystal
super al Iﬁ\%“ﬂ‘f?owmaéloﬁgm Nigiderstoad, ph eS¢ spepuiatisd sthat soely chapges epuldioni nal

conposi tinfAfleRle: tHRY ciktion; 3PRAUtand 2di9ii 2 ity (deddles within (@ 70 Al
5. 75% W 5 4% Re, 1. 506 Mo O X590 b flé'i@’g@% éf i %éeazbt)éldaeﬁegs ﬁ’f‘gﬁ%l éand
i nci dentMiAlCkApawmeriay esatinfhe concentrati ons of al umi num . chromi um and

zirconiumin the coating were determ ned by el ectron m croprobe anal ysi's
(EMA) tonbe. by, weight, about 21% boyt,. 3% d about 0.9%. respectively.
SR TRe ety SR e o font Pah go B sin At PRBegRe SRt BRE V1 L e
was  depasighetedo that Al lahdYoi @ iinpOrifi®s falyNpial NesS smp&iantBel il 36e .
mcronmeters. After renoving a small piece that included a portion of the

Ni Cr Al ZrPeeloamangg, of MNLANGEAT obongh geatve nThese Tinyvestigptiopsainvabisdt NAISEEr (about-
1160C), coatings deposited by EBPVD and HVOF and chemically analyzed using a time-of- - '

flight secondary ion mass spectroscopy (TOF-SIMS) techﬁiqu_e.

In the FCT investigation, a NiAICrZr coating was deposited by EBPVD to a thickness -
of about 25 micrometers on a one-inch (abdl._lt 25 mm) diameter button coupon formed
-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
were determined 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
.about 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 portidn of the " ~
NiCrAlZr coating, the button underwent FCT tcstiﬁg at about 2125°F (about 1160°C)
"in one-hour cycles to evaluate the spallation life potential of the TBC coating. Testing
was terminated when approximately twenty percent of the TBC had spalied. The FCT

life of the coating system was about 1380 cycles, approximately 6X the baseline life
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I n one-hour cycles to evaluate the spallation |ife potential of the TBC

coating. Testing was term nated when approxi mately twenty percent of the

TBC had spalled. The FCT 1life of the coating systemwas about 1380 cycl es,

approximately 6X the baseline life 8 of 230 cycles for an identical TBC

- deposited on a PtAl diffusion coating. A post-test netall ographic

exam nation revealed the NNA CrZr coating to be very flat wwth no visible
-plastic deformation or runpling. The as-coated piece fromthis button was

. then net ef 2¥cyidsifonid deminahTBA, dgpositeslivaca PaYdiffadipe coatithgt G\ pédE-t&sk VS

The | nt oREAIPEPhE Samtoh Torsl e (e NPATC AT eRHBE Loy veh b MEnae  sono of

- zi.rconi URsIpIasi B RatBn bhingdakl Ng was in the formof a fine and uniform
. di spersion (sub-mcron scale) of Zzirconiumand chrom um carbi des and, to a

. lessor' extent, zirconiumoxides. A small amount of zirconiumrenmai ned in.

t he el endhe gs-coatedpisce Fory thisryttearwastbeb bisthllogeaphisglly moynfed, pelished on

mechani sp WA AN ' f K .overlay.bond.coat subjected to
ent  cafipRIRRat TOrSHAS ARIUT ARRYDN O B iR B ARl EnER R A8 OT) U°
about 1leébsefvatibe oftHe krtémitieh dfvidd ab Bdrbidei mgpsSaiRpested8hdwdd @iat sanpl e -

~exhibited runpling (large-scale surface deformation) after testing that
was char $RRep] Zrcepiugt anst chiorpiiyingdhe ceatingreasdn thesiorn of a dieiandwgifoma

.. zirconi LS b Yor e Sk Tolelal Al . ¥ i or | ong
TBC spal. ft”%“o?ﬁf%fee.cr%? s%%ﬁ%f%l%gnce, %gérgﬁ{rl%@&%l%qé%ﬁﬁﬁ |1§gst°ed t hat
~l'onger Teq@ent] kigcadwm digleac A small, anpemnh af zirootiemaemainet dntthy elenfentahe coati ng

-i's deposited so thaj a portiqn of _the zjrconiumis in the_ form of
~zirconi yﬂ?@af‘bisg&ggtéﬁbl ¥ ll?)?gd%%a_,t Bnizrso B‘ﬁggpofo‘“e?}tﬁ‘{sﬁé_rﬁﬁfagwb_t% ,
‘spal | at i giconiurg-HeBMNAUHY RreliRy BaRk 6tk soliEREPIRBAIRAI P@?n%gﬁnﬁg@ tehenot

wi shing'to be held to any particular theory, it was believ ‘
pr essur ea sifripioenly aberns e eyees phlyrabphiel IEBPYIMe HEP dide of te/Zramntargng hanber

| tipg f i dual , i al | . .
Cont am rafo rHSAT sampRoenifal ftuding ot Y6t se FHETBHB N um
oxi de angfi¢aedtingd@h4ives dhbtasteastid OUPEAlIHont RBatS O dthefOrestif configmbyfHer ri g

test, NNA CrZr coatings were deposjted by HVOF to a thickness of about 60
- m cr onet BFONEM g na Sgppdesirably eastigienRafeamgNIAICS copang for Neng TBC

6 ?7? goofaalla%r{ Rfe? OPFERRak8 RS L@ Abo iRcaV& BBF 10n8ROHSC iR %O 7+ 0%
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, whiéh--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
atmosphere within the EBPVD' deposition/coating chamber (resulting from residual
'géses, 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. -

. 6,074,6‘02)? with a nominal 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 incidental impurities. The approximate chemistry of the
coatings was, in atomic percent, éb.out 45% aluminum, about 10% chromium, about
0.5% iirconium, and the balance hicI_(ei and incidental impurities. A TBC was not
depoéited on the NiCrAlZr coatings. The pins were then subjected to a cyclic hot
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Ta, 6.2% A, 5.0%W 3.0%e, 1.5% Mo, 0.15% Hf, 0..05%C, 0.004% B, 0.01%
Y, the balance nickel and incidental inpurities. The approxi mate chem stry
-of the coatings was, in atom c percent, about 45% al um num about 10%
chrom um about 0.5% zirconium and the bal ance nickel and incidental

i mpurities. A TBC was not deposited on the Ni CrAlZr coatings. The pins were
then subjected to a cyclic hot 9 corrosion-oxidation cycle in a burner rig
- with a conbined cycle of about fifteen mninutes at about 1700F (about 930C)
~ pl us abotergsiqneoxifaipneeycls impobnmenngFwitli sheembinedsgyle dfeshout dificen .-
term nat e n | pat el w 1;nch bout 2.5 di region
of. the sﬁg%ﬁr,% ?togb%gggé%o@ quéé&t(‘é %‘HWP%MH? opouies 4 I?b%‘ft%ﬁgg coati ng.

. One of t(@oRORIISACS PEHHEWRIeAKAKES Wighn {oxi;%ttep &1 |iﬂé¢fhe$ag&g 25 |
~approximately 800 cycles, as conpared to the typical'ly observe I fe of

" about 30mm)odiame@r cegidrest fhersuptmrlloy s expade@rdie: to avirogaentdlf dtiack of he t est,

. a piece s cut fr th caold.sectian of the high-perfornming.pin.and =~ . .
) ma\!to all ogﬁ%pﬁ?#‘&ﬁ y uﬂfélif %SWW@h‘Bﬂ%W S’ffﬁf‘gl?glé'de’f’ﬁ’ T@r!q §? Sbalysis,
- by. whi chapgro¥iaifatdle 860 Bydla aé bethpirb@ s it@NypicASF Sisefied2if b Ak 1380 1160

~chrom um oxi de precipitates. The |ower-performng pins were also anal y‘zéd
~and f ount0Q evddesnfontte tberdNiAlend epagingss hABar tntesti alpiec\wiak sunfom thé shi ng t o

be hel d . ' 0t el i gved that inadverten :
variati o%@dgﬁwp ﬁ%h*eﬁlﬁ{;l_?— E’ %&%E%R‘“r%%dﬁgg‘?%%@“ %‘}’"&éggllMGfl ed in the
- di ff er ensubjeddie tb EVRESIMSbanslyss] by WwhithC @atiab Odeteriined tthe fRSHighs of the
- FCT and burner rig tests, it was specul ated that the presence of reactive
. el enent sPHIRFMIRE B sopfaingd; chipmum gxids\prgeRitates. g The lowerpasforming BiRE oni um
e, b SR atidadlled ShdT R (6 Ay B\ AL VR iR BB BB 21 L ne
~coating interfaces (e.g., grain boundaries), nay reduce the driving force
f or i nwawwshitigh th bsihehl toaihy geastgetar thaory)dt Wagbelieonp drat inateertenp oatations t her eby
reduci ng. i nternal oxidatjon of a., N Al coatipg,.1n .order to, increase the
strengt pin e Suqlde-aXgenTatiq iy fhsﬁ%‘agtnf s‘geswsaﬂe%ns'geﬂ#%wtﬁxe%tfﬂéni ng
~mechani sggsemi,pﬁ{eto'bgﬁl%g_ must be present in a sufficient anmount and size
- to be stable and unreactive at tenperatures. at which the coating wll be
exposed, e.g., up_ to about 1300C for gas turbine engi ne conponents. On this
basi s, i¥ropsthenesulis ohthe RCHaanddhragrrigicsto it was speculateditbatghe pieséngs of s in t he
sub-m crQg.

12 YEments having a high affinity for oxygen, e.g. zircontum and chromium,
when present in the form of very fine oxide and/or cafbide particles at the coating
interfaces (e.g., grain boundaries), may reduce the drivihg 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 suf’ﬁcieht
amount and size to be stable and unreactive at temperatures at which the coating will
be-exposed, e.g., up to about 1300°C for gas twrbine engine components. On this
basis, it is envisioned that an effective size for the particlt;s is in the sub-micron range,
-and that an effective Iialticle'_ content 1s not greater than about five volume percént.. A
particularly suitable particle size range is believed to be in a range of about 1 to about |

2000 nanometers, more preferably 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 CH,, CO, CO,, N, NHs, and/or O, into a PVD or thermal
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and that an effective particle content is not greater than about five

vol ume percent. A particularly suitable particle size range is believed to
be in a range of about 1 to about 2000 nanoneters, nore preferably about
10 to about 1000 nanoneters, while a suitable particle content is believed
to be 0.5 to less than 5 volune percent. A fine dispersion of ceramc
particles can be nore consistently and controllably obtained by
introducing CHerr], CO @02, N2, NH3, and/or 02 into a PVD or thermal 10 .
spray copriyngatihgoirenbes go as ta @actahe reactiee cemingiconstitoaits fegz. carshiumient s

(e.g., zircqnium .and.chrom um during t coating, process. Al ternatively, |
the di s FrBr R dyie | F%%&&fowg-h_gﬁﬁﬂgibﬁbghgéﬁ?ﬁﬁé% #00HE whi oh 1 he
“coat i N9 ihGodlRRE WithtHe sdifib\Bafelial} frde GHMHINE Soatidy is AeRitb@VEUnkRath &

"~ suitable beta-N Al overlay coating for use as. a bond :coat or an

. envi r onrig¢hnigues.oifis believebihahp ﬁgltdge betadbigtoverlgy geatimgdopusecasn bombout 1. 4

ei gh ) 2 [ ab 15 atom c.p 18
vei gt "BREE0M) e RRUTCBhe Bl DBRKS arots R Moy BHER @B o ur

- content vesightgperpéray efitordsmoxndl@p, toCatidut ASS aidé Perdeht (AUdAG 18! veight

recogni zed that the potent strengthening effect of oxide - )

~ di sper siRSFEeED SreIEh; by Withsemefsthscarconaym aad chrasaium canientr baindys (e. g.
MA754 a &QQﬁ I leMddor di spersions, as well as AIN -

pr.eci pi gg%es in 1%%51(&%‘1?1?1%_ , -ngﬂlj{%l{gg%'i ng) beta-Ni Al alloys. It is further
‘noted that the concept of particle dispersion-strengthened MIXA'Y and

di f f usi dhisoeeegnizsdtthatithe polepesireppteningsiffeci ofweddé dispasionlstremgtiening uch
coati ngs,~gdid.f.er .in conpositi.an and i crost re fro e, beta-N Al

over | ay Oy befh RERIisdih sShtmind Car MR meRBob s arith

Fur ther mpjos, di¥ftirdi6ng, tas Wadll B AINOpediitatb £ GPORIKZE S, tdalcohiing) g Mgt i ties of

zirconiumcan | nprove beta-N Al ‘overlay coatings throughsolid solution
sttengt HHayhg Bng fusther moted Khat the eeingeptaof garticle [dispgtsirenitraggtliehed ef f ect  of

~hi gher 3z j n rn the farmof carbide and oxide reci,pi tates
was - not M%‘?ﬁ}e&ﬁ%@%\@%%@ g o %ﬁga‘f?g%eﬁna)ées‘@?'fsg‘é stﬁf]gfiMo o, 6?%1{)& red

. enbodi meohtingstdiffer in2pmposiion bibinidoghichiza HoaNthe bok G NS vadapiatingy one

ski I.Iedg{ﬁr; the art. For exanple, based on cormDan&jas_si gned U.S. Patent
Nos. 5, ¢hal aseshe gnbsest ofidhe peesent3nwention, Furthegmomsy wibde ibwas eorvasly - assi gned

us. Pat:gioni¥ed MafFthiRd4 quirtities FChirhithn L &AL ihfiSve beta-NiAl overlay

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 art. For example,
based on conunonly~as$igned 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 believed 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

inventionis to be limited only by the following claims.
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beta-Ni Al overlay coatings of this invention could be nodified to contain a
reactive elenent other than zirconium such as yttrium cerium or hafnium
as well as other alloying ingredients, such as tantal um and silicon.
Accordingly, the scope of the inventionis to be limted only by the
followng clainms. 11 CLAIMS 1. A coating system (20) on a superall oy
substrate (22), the coating system (20) conprising a beta-phase N Al
~internmetallic overlay coating (24) containing at |east one reactive o

el enent , CEAdM&ct eri zed in that the overlay coating (24) further contains a
di spersion of ceramc particles (30) in an anmbunt and size sufficient to be
stable and wunreactive at tenperatures up. to about 1300C and to increase
the strength of the overlay coating (24) by a di spersion strengthening

mechani sm 2. A coating system (20) according to claim1, characterized in -

“that thel.ovgrdoating s (OO) 8d)a ﬁ@_@ﬁill%%%uﬁétrdﬁé ¢XB)! the 8z NyBlent (@OYM UM the
at least one reactive elenent, and the dispersion of ceramc particles

(30). 3.conpiiing adetaphasenNIAD interseaiallic wyetlay seafingf(2¢heogpisingdatnlgast| ai ns,

charact e i | . ‘ ggni' e L ) i .east one
conpoun dsxg%ﬁ%g%ldeaf l%lﬁ%#ﬁ (% eéCFeg{zo up g%g{shles(fq}ieﬁgy (8‘? %ﬁﬁgg}s)ﬁu En]‘l; t r&%ﬁ%ﬁ?% and

car bi desdigfersibe oficedafie partivles (3P dh iananshuaiemd sizd suffickantd Bgstabistaad ( 20)
.according to any of the preceding clains, characterized in that the at

| east on@UFRCHYEiA) deTBPRARERS Wk 1o aDat 1 I3903C @mdl ttp dngreasiepthe sirensthi afgthef

zirconiu af ni i U ' /stem (20) according to any
of the p(?’%ae([:‘llea .&ﬁ%ti%@?ﬂ%‘?';@{?g%g?g gp?%gﬁﬁré&ﬁ%ﬁlgﬁsﬁe overlay coating (24)
-further contains at |east one of tantalumand silicon, and the ceramc
particl e& (8Gpaitggpystar (20) hemsdingne clamnpodndacaizdtiadhit the éwelagr oup
consi sti.n ,ofn@ Ldes,,— ni tfri des, éi?nd, carbides, of tantalumand silicon. 6. A
~ coating €pkpg ? FPRsiE dpwgelz- uRipug, Chsemiv Bectlelfnffg one dragiive

char act egbmest aﬂﬂh&ﬁﬁ?eﬁs%&%&éﬂi& Bﬁ&feggj(?_s (30) are present in an amount
of about 0.5- to about 5.0 .wvol urrg'perc nt of the overlay coating (24) and
the size of the ceramc particles (30) is in a range of about 1 to about
2000 nanbmét eqating Bystand@al esgrdiys teeany( ollhe goessdiigraaims, ehmyactérizeddnpr ecedi ng
cl ai s, -tfhgtr Eh%eéergnq{g) Ir):;rﬁélgsq (30) comprise at least one compound selected from the

gr'oup consisting of oxides, nitrides, and carbides of the at feast one reactive element.

4. A coating system (20) according to any of the preceding claims, characterized in
that the at least one reactive element is selected from the group consisting of

zirconium, hafnium and yttrium.

5.A cpating system (20) according to any of the preceding claims, characterized in
- that the overlay coating (24) further contains at least one of tantalum and siﬁcon, and
the ceramic particles (30) comprise at least one compound selected from the group

: cbnsist'mg of oxides, nitrides, and carbides of tantalum and silicon.

6. A coating system (20) according to any one of the preceding claims, characterized
in that the ceramic particles (30) are present in an amount of about 0.5 to about 5.0
volume percent of the overlay coating (24) and the size of the ceramic particles (30) is

in a range of about 1 to about 2000 nanormeters.

7. A coating system (20) according to any of the preceding claims, further comprising
a thermal-insulating ceramic layer (26) adhered to the overlay coating (24).
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.a thermal -insulating ceramc |ayer (26) adhered to the overlay coating.
(24). 12 8. A process of depositing a coating system (20) on a superall oy
substrate (22), the coating system (20) conprising a beta-phase N Al
intermetal lic overlay coating (24) containing at | east one reactive
~elenment, the process conprising the step of depositing the overlay coating
(24) by a physical vapor deposition or thermal spray .deposition,
characterized in that during deposition at |east sonme of the at |east one
reacti veS- & pioeess of depesitingal coatrigosysicor(20)icn psupeiatiop supttje (2tthar e

prosent gl SR (70) Sipriiike Biletnrete AT i GBI G Ay oo, B act  ve a

t enper at eoneiniup at RastkAbreatBOOClenietl, i bro6ésssMPEiNiAg &&tsrt@ﬁ&ﬁchbp%nhge over| ay
coating (24) by-a dispersion. st rengt heni ng mscﬁanl sm 9. A process

-accor di etﬂéfe%anamhag (rna physies) r\iasprn@enonréwgtog ;sh@'fnah epray idepasifian,
- thermal -4nsit ap s 6 t 4 10. A
process accokégilz%q?gﬁ%tl al m%,ﬁgﬁg{oglc%te%te%’ in %sfe soFrlee of the
cer ani c elgmerti is lresctéd ) fcﬂiiﬁcérmnimﬁalhyles €30} thag ﬁ&&sp&sddem&emﬂaﬁac't Ive
el.ement with aseous eci es ch%sen fromthe group consisting of CH4,
- Co, oo, o,qﬁng g?#g 8 cirgrmc articles (30) being present 1n an:amount and size sufficient
to be stable and unreactive at temperatures up to about 1300°C and to incresse the

 “strength of the overlay coating (24) by a dispersion strengthening mechanism.

9. A process according to claim 8; further comprising the step of depositing a

' ‘-meﬁnal-ins_ulating ceramic layer (26) on the overlay coating (24).

10. A process according to claim 8, characterized in that at }east some of the ceramic
particles (30) are formed by reacting the at least one reactive element with a gaseous

species chosen from the group consisting of CHj, CO, CO;,, Np, and O,
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