18 February 2005 OXI DATI ON- RESI STANT COATI NGS, AND RELATED ARTI CLES AND
PROCESSES BACKGROUND OF THE I NVENTION I n a general sense, thBFebruaen2@m
relates to protective coatings applied to nmetals. Mre specifically, it
relates to netallic coatings which provide oxidation resistance and ot her
attributes to various netal substrates used at high tenperatures, e.g.,
superal | oy substrates. Metal alloys are often used in industrial

envi ronnments which include extreme operating conditions. For exanple, the
al l oys may be exposed to high tenperatures, e.g., above about 750C.

Mor eover, the alloys may be subjected to_  repeated nperature cycling,
e.g., exposure to high 53%@?@ }S?WTS\Q@@%%? ’ ing to room

tenperature, and then foRkpWagnbYRTRAIES ARDIPROCEREESAS an exanple, gas
turbi ne engines are often subjected to repeated thermal cycling during

operation. Furthernore, the standard operating tenperature of turbine
engi nes continues to be increased, to achieve inproved fuel efficiency.
The t ur bi nBAKKCROWDIHEEEHRE INVENI@Nher i ndustrial parts) are often
“formed of superalloys, which are usually nickel-, cobalt-, or iron-based.

Superal | oys can wi t g4 8eHdral satdé, vk Ihvertiortla®s mpecttel cogtirgs apblicdons.
However, they often nmust _be covered with coatingg.whi chdgrob%ct them from
envi r onmenttaimetidy rMersspenifically it relatgs i metpllic oauRgsFELEPIgY IR BF U o and

oxi dat i on. &@&%&&H%n REStfbufe® & 4R 8s AEE! W& htds st Ahadlempdgns) oys and
other types of high-pertformance netals. One type is based on a materi al

| i ke MCOr Al ¥,g., snherkoyMubstrateson, ni ckel , cobalt, or various conbinations
thereof . These materials can be applied by many techni ques, such as high

vel ocity oxy-fuel (HYEE:IHA30BaeniRERMH indifstrl &RAORMRS MRichaRMidedeposi ti on
(EB- PVD). Anot her type o?llg)?ga?ectfinve cégt isng is an alum nide material,

such as’ ni cketmebperatiigdenditiond. for pxamplt, dhealloyamanbneapesediakight echni ques can
be used to t?ﬁgéerFeQ,G es.ge:, zﬁ)%% Iat?o%% 7531]%C\.’\%J[c|>rémjt:38 the ajﬂoys may be subjected to

repeated temperature cycling, e.g., exposure to high temperatures, followed by

cooling to room temperature, and then followed by rapid re-heating. As an example,

gas turbine engines are often subjected to repeated thermal cycling during operation.

Furthermore, the standard opérating temperature of turbine engines continues to be

increased, to achieve improved fuel efficiency.

The turbine engine components (and other industrial parts) are often
formed of superalloys, which are usually nickel-, cobalt-, or iron-based. Superalloys
can \;rithstand a variety of extreme operating conditions. However, they often must
be covered with coatings which protect them from environmental degradation, e.g.,

the adverse effects of corrosion and oxidation.

Various types of coatings are used to protect superalloys and other
types of high-performance metals. One type is based on a material like MCrAlY,
where M is iron, nickel, cobalt, or various combinations thereof. These materials can
be applied by many techniques, such as high velocity oxy-fuel (HVOF); plasma
spray, or electron beam vapor deposition (EB-PVD). Another type of protective
coating is an aluminide material, such as nickel-aluminide or platinum-nickel-

aluminide. Many techniques can be used to apply these coatings as well. For
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18 February 2005 exanple, platinumcan be electroplated onto the substrate,
followed by a diffusion step, which is then foll owed by an 1&8|Hebruaryl26Qp
step, such as pack al um niding. Regardl ess of coating nethod, the trend
toward hi gher operating tenperatures continues to increase the propensity
for corrosion and oxidative attack of the coatings and the underlying
netal substrate. Thus, new coating conpositions for netal substrates -

especially _superalloy substrates - .would b C in.the,art. The
conposi ti%‘ﬁ?Pg%B@IﬁBu%‘ecﬁg Sle[es? B&B‘?fld’@yootg‘f’ts@?s\{%& gﬁ?’lwc?ﬂ bryeas‘flgﬁ“ﬁﬂﬁe t han
current | ystep) sidchcio @dnTBoweEbPaL hlahlividilg stge s Qadk Mubtnidim@at er than
about 1000C, and preferably, greater than about 1100C. Mbreover, the
oxi dation resistance should generally be maintai ned when the coated
substrate is subj echgrdifsdfeORHARERDY Gnd Y hiRREBHerdid! | N9, as
di scussed bel ow. Theéa_gr%éw-gprrposi tglq‘gns s’houﬁ'dﬁaﬁosp %e&ca@ﬁe gf bei ng
appl i ed Pymperatmsicquigepes to nereasethe propeasitydod ¢orosionand oxdativewdtanbr e, t he
conposi ti . S a varied. (jn type or
amoant) 15 1 RS Carttine B M SRR SrhiChed BBub B BOR " ho b o
not r equifoemetabsibscitesi apeaillcuptiallor aupaent wouldbebeldoniecivahsart.f or a

e o RS BRSBTS BRI et it S BRRBAT RS o b5
properti egedsdlings- &petiahy Nuselehpiranes sddtderdtad lout YOOSEOMMRRY OF THE

| NVENTI ON Accor di ngt to one as&)ﬁ:t of the present invention, there is
provi ded Prefrably; grsteighan ehout 109t C.0arepyes;, the exidetipngesigipncgishad conpri si ng:

about 40 0 ] . bout 3 atom
% t ant al %ﬂeﬂ%@?ﬁgmoal ga#(%a{céfr%ﬂ%?gbﬁgggtls %&g%dgonécﬁggg}%}e%la@sel ected

f r om t he of thsupal cyding st diseysssfl balogkel , cobalt, iron, and combi nations
thereof. 2 18 February 2005 According to another aspect of the present
invention, there is

The new compositions should also be capable of being applied by

techniques currently available in the art. Furthermore, the compositions should be
based on components that can be varied (in type or amount) to suit specific end uses.
For example, the compositions should not require the inclusion of costly components
at high levels, for a fairly broad spectrum of applications, Finally, other properties for
the new compositions should generally be maintained at acceptable levels, e.g.,

properties such as corrosion resistance and ductility.

SUMMARY OF THE INVENTION

According to one aspect of the present invention, there is provided

an oxidation-resistant coating, formed of an alloy comprising:

about 40 to about 50 atom % aluminum; and
about 0.5 atom % to about 3 atom % tantalum;

with the balance comprising at least one base metal selected from the group

consisting of nickel, cobalt, iron, and combinations thereof.



provi ded an oxi dation-resistant coating, formed of an alloy con‘gri si ng:
abut 40 to about 50 atom % al umi num about 0.5 atom % to ad8diebmasy a93s
tantal um about 1 atom %to about 15 atom % chrom um and about 0.1 atom %
to about 1 atom % zirconium wth the bal ance conprising at | east one base
nmetal selected fromthe group consisting of nickel and nickel-cobalt.
According to another aspect of the present invention, there is provided an
oxi dati on-resi stant  coat. ng, f%gimad of Eﬁ al | oy .conprising:. about 40 to

b

about 50 at om % al URFIPEHTE X erAthes agpect ghihepresertpygntiony %5 t ant al um

about 1 @boidedel oxiaR@t rebRtant SRtk ClOHABA Ban AR RRMPHsi: dnalyony % t o about
2.0 atom % nol ybdenum w th the bal ance conprising at |'east one base netal

sel ect ed 380 ¢taE ‘grobupingsn sbatiOnyatem ite Requt dridom%e kastalewbahqut Accor di ng
to anot hef 4@aspRGH aﬁ?&uttl?%tc% 85 Eltbrdi M S Hd ¥dut (?.fl‘%{o‘?n bSto MoBY| dth & Met hod for

providing environnmental protection to a netal-based substrate, conprising
t he st ep afcofigmyiwith the balan¢engpamisitpmat dedsconediase meted seliected frem theat i ng has an

all oy co [ 1] wWhi gh. Lises; abut 40 to about 50 atom % al um num
and abouiﬁg&%E%r{%{é%%/gfglcg%%an 5{8(% 6tantalum w th the bal ance
conprising a base nmetal selected fromthe group consisting of nickel,
cobalt, iron, and &Aawbdingto anshdrhepeeddt thdpeentiingtionatheteier aspect of the

present invention, .there is provided an article conprising: met al - based
Lot r at POt ShoEam iR LD Bl ol o3 BT e ALK A0F5, f or med
of an al laByuCsRNEITh AlimiabeY hbdtd 0t PatéRC o Abbut 3taddth % entiRirAUaBou@nd about
0.5 atom % to about 3 atom % tantalum w th the balance conprising nickel,

cobal t, ilr&am %o aRamil Aatam Hechrpiwpiandrboridh? atany Yoooorh- e fami n

prefer 1 ed, AR HithtAfbdofloPRingH |ditihodabl MElaPYcc{fPidh, Such as
pl ati num or pal l'adium Moreover, the alFloy often contains chromum The
chr om umtbagrobp cotriginged nickehandmickeltepbalt.ng substrate by way of diffusion,
and/or it can be included as part of the deposited alloy conposition. In

the same  manner, tfg RAsg: Tkl S40cFb b5k IMRE BT @t e, or can be

i ncluded as part o
provided a method for providing environmental protection to a metal-based

substrate, comprising the step of forming a coating on the substrate, wherein the
coating has an alloy composition which comprises: abut 40 to about 50 atom %
aluminum; and about 0.5 atom % to about 3 atom % tantalum; with the balance
comprising a base metal selected from the group consisting of nickel, cobalt, iron,

and combinations thereof,

According to another aspect of the present invention, there is
provided an article comprising: a metal-based substrate; and an oxidation-resistant
coating over the substrate, formed of an alloy comprising: about 40 to about 50
atom % aluminum; and about 0.5 atom % to about 3 atom % tantalum; with the

balance comprising nickel, cobalt, iron, or combinations thereof.
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t he deposited alloy. Some of the enbodi ments described bel ow al so incl ude
other elenents in the alloy conposition. Exanples include ZAi8kebniamyp2005
titanium hafnium silicon, boron, carbon, yttrium and conbi nations
thereof. Zirconiumis especially preferred for sone enbodi nents. Moreover,
ot her conpositions within the scope of this invention advantageously

i ncl ude nol ybdenum As descri bed bel ow, sone end use applications for the
present invention benefit froma lower |evel of alumnum i.e., about 30
atom % to about 45 atom % O her end use applications utilize a higher

level of alum num g c«%rtam n%rg}erreés em@ ttl?e :ﬁB&lﬂ sP;i_’rllSch?a‘eg Eh 1tolg|§1 ei ther

case, the alloy conp05| 1% e §o
conponent s el suok edplatraveor ;ﬁnsﬁxﬂtmr Mmasovdﬂﬂmrallbgdﬁemdntuus chepeomf i cati on.
pent. of this in Lrected to a d.for providing

Anot h di
eg\?l r g;mgn‘a% ICBF%’P’@EW“B ef"@@‘&“ﬁ&?‘&l“b‘&é‘?ﬁ”% 2L r%lt#q P % superal | oy

surface. | rapdhtr & cABbEARIudbOS ;ﬁhlo@mmﬁ?é@@dhﬂ@wﬂ@mﬁbrbem thbewe i s applied
to the substrate, absent_ any_ conponents ckel chrom_um which

will be | rE®WEEtia kage meebeaniifiuse foastihe ﬁ'&mtmﬁcﬁ%ﬁ @&183?4%3@ rtiof sel f .
Convent i onahe i8f g@é(icgmg? are used to apply the coating, as described bel ow
Single-stage or nultiple-stage processes nay be used. Still another

enbodi ment-of this invention is directed to an article, caonprising: (i) a
met al - based subst r at Somge§the gmbodimeats deseripedlories pisp Jnchide SieRElEMENS 1 esi st ant

coating ovep tﬁerh?lo St Efx% Qm@fud& Bconfinh, @¥antth IHaRfcn aRE, and further

descri bed bel ow. %me I nst an oxi dat’i on- resistant coating is
covered wi theram, thé@rnmmiyar andetpmbmatimfrgherﬂﬁfe Zirgorgumas especialbfnrefarred

super al | 0y, o Al1th Akl Ay WIRORRR 0k oAb iR SR Sroph B bl 5 descr pti on

of the |nven oy conponent’s
mventlon advantageously include molybdenum.

As described below, some end use applications for the present
invention benefit from a lower level of aluminum, i.e., about 30 atom % to about 45
atom %. Qther end use applications utilize a higher level of aluminum, i.e, about 45
atom % to about 55 atom %. 1In either case, the allox,:'compositions may include some
or all of the other components mentioned above, and further described in this

specification.

Another embodiment of this invention is directed to a method for
providing environmental protection to a metal-based substrate, such as a superalloy
surface. In this method, the alloy composition described above is applied to the
substrate, absent any components (e: g., nickel or chromium) which will be
incorporated into the composition from the substrate itself. Conventional techniques
are used to apply the coating, as described below. Single-stage or multiple-stage

processes may be used.

Still another embodiment.-of this invention is directed to an article,

comprising:

(i) a metal-based substrate; and



oxi dat,i on-resi stant coating are advantageously expressed in "atom percent".
Conversion of these values to "weight percent" can easily bd8dabriasd2@Qf ,
using the atom c weights for each elenment. As an exanple for the

al um nuni t ant al unf base netal conposition described above, "about 30 to
about 55 atom % al um nunt’ corresponds to about 15 to about 35.5 wei ght
percent alum num The range of "about 0.5 atom %to about 3 atom %

tantal um’ corresponds to about 2.2 to about 10.3 weight percent tantal um
(The bal ance is nickel or another base netal, as discussed below)

Simlarly, for athree component al.lo usi | ati.n as _th errplafy
precious netal, the Ehpr B&Pﬁ"a?té‘m rﬁﬂ@‘é%t Ca?té“gég' ‘F‘&FIS .teis%’nﬂ?cﬁ?ﬁﬁ%rrm om %
RangeVéi ghéuo E’ﬁiﬁe@a@&m%ﬁé&rﬁeﬁ&w&ﬂ%}j bIl%ﬂzt dh Ythe Ats@ﬁ&é%@ ﬁangemrg ht % Range
0.5-32.1-10.0 3) PreciousAtom % RangeVi g % Ran

(Pl at i nunjresistaaf. coating, ig coygradrvith %@eﬁ%léﬁ’é’@r F%at’P&eTgea Stﬁ%? §ofteRf { he case of

an Al /Tal WG sion-table is helpful (with
t he bal anggp%é (r?;y ﬁ%éénbase g@OB I.Opl) A ﬁ%ﬁerm At om % Range Wei ght % Range

30-55 15-35.5 2) Tantal um At om % Range Vi ght % Range 0.5-3 1.8-10.4 18
February 2005 3) Chrinthisdasprirsiondt Rerigentipn gHOY ogrpavgets qrﬂ.’m 1.2-10.6

several othe atlgﬂqgﬁ iffﬁ{n Rty t%egﬁs(f)\/ Eig?ﬂs (lrj;gﬁ\éonic Rrcca@e of the

preferred e I ent i's Invention etall's regarding the
vari ous f e@Zinvessn ctffthdsh valugsrio éweighipenten "fC@ll,m@llV he etigied ewalsigtheof t he

speci fi cat Itomlc weights for each element. As an example for the aluminum/tantalum/base

metal composition described above, "about 30 to about 55 atom % aluminum"
corresponds to about 15 to about 35.5 weight percent aluminum. The range of "about
0.5 atom % to about 3 atom % tantalum" corresponds to about 2.2 to about 10.3
weight percent tantalum. (The balance is nickel or another base metal, as discussed
below). Similarly, for a three-component alloy, using platinum as the exemplary

precious metal, the approximate ranges are as follows:

1) Aluminum  Atom % Range  Weight % Range

30-55 12.2-34.4
2) Tantalum . Atom % Range Weight % Range
0.5-3 2.1-10.0
3) Precious  Atom % Range  Weight % Range
Metal
(Platinum) 1-10 4.5-29.3

Again, the balance is the base metal.

Ini the case of an AVTa/Cr alloy system, the following conversion-table

is helpful (with the balance being the base metal):

1) Aluminum  Atom % Range  Weight % Range

7 30-55 15-35.5
2) Tantalum Atom % Range  Weight % Range
' 0.5-3 1.8-10.4

4.



BRI EF. DESCRI PTION OF THE DRAWNGS FIG 1 is a graph of oxidation resistance
data for various alloy sanples, within and outside the scop8 Februaky 2005
invention. FIG 2 is a graph simlar to that of FIG 1, utilizing a nore
specific range for y-axis values (weight change neasurenents). DETAILED
DESCRI PTI ON OF THE | NVENTI ON As nentioned above, one enbodi ment of this

i nvention enbraces a coating formed froman alloy conprising: about 30 to
about 55 atom % al um num and about 0.5 atom % to about 3 atom % tantal um
The bal ance (sonetines referred to herein as the "base netal ") conprises

nickel, cobalt, iron sofAbi NALAMRLDAT Qfcigh spRaial red | evel of

al um num for sonme enbodinents is aboyjg35 atom 1%11% about 55 atom % A
preferred level of tantalumis about 0.5 atom %to about 2 atom % In sone
especially preferred errbodi ment s, the al um num is present at a level in

t he range of about 4 ﬂé)d;@gﬁa%ggg s §0Q1 g.% ?mn&‘{ I?&s%ﬂt@:o?gtém IS

present at a |evel 0 abou 75 atom %

I n many erﬂﬂ@[@ﬁéﬂaﬁh&dlﬁl&ﬂs bf&hﬁmmml@t nbthé:eieﬁﬂbyegardnhghe varioua feabms nat i on of
ni ckel and cobal t e. a n| kel /co ratlrﬂg %Q}%‘r atom percent) in the
range of ab§@is Weﬂt‘qnatf‘%foé%ﬁ‘t e“’ q FPRRLS y 2005 In sone

i nstances, the source of nickel or the ot her base netals is the substrate

over whi ch BREFIYERCRIPTIGNAFTHEORSYNSGE at es made from hi gh tenperat ure
alloys (e.g., the superalloys) contain one or rmre of these nmetals. Wen
the surface of such substra e. s .brou

at el evated tenperat gf(ésl 1SaEa Ofgﬂge/téonafg tit“"@&@ n‘ta% Atfo@ T[‘l&gﬁ,??ﬁts:gg

(i.e., mgraiiemd &i‘tsﬂé\ﬂaeb@@eoﬂmtﬁhvenhbmm t he subst rat e into the coating
occurs. It should also be noted that the present invention contenplates

that a portion of t h%laaZSg a%‘?& %sxmn?a)é to t%ag or}‘(\PII&dle uti 1zr'.11né Q%lo?g gpec{i}g

range for y-axis values (weight change measurements).
DETAILED DESCRIPTION OF THE INVENTION

As mentioned above, one embodiment of this invention embraces a

coating formed from an alloy; comprising:
about 30 to about 55 atom % aluminum; and

about 0.5 atom % to about 3 atom % tantalum. The balance
(sometimes referred to herein as the "base metal") comprises nickel, cobalt, iron, or

combinations thereof.

A preferred level of aluminum for some embodiments is about 35 atom
% to about 55 atom %. A preferred level of tantalum is about 0.5 atom % to about 2
atom %. In some especially preferred embodiments, the aluminum is present at a
level in the tange of about 40 atom % to about 50 atom %; and the tantalum is present
at a level in the range of about 0.75 atom-% to about 1.75 atom %. In many
embodiments, the balance is preferably nickel, or a combination of nickel and cobait,
e.g., a nickel/cobalt ratio (by atom percent) in the range of about 99 : 1 to about 50 :

50.



as it.is deposited, while another portion diffuses into the coating from
the substrate. The base netal may also diffuse into the coa&anrwameﬁm
substrate when the conponent is in use, as discussed belowin reference to
chromium m gration. Coatings of this type (i.e., without chrom um have a
| evel of oxidation resistance and ductility which is suitable for certain
end use applications. For exanple, the coatings are sonetines useful for
applications which do not involve a great deal of exposure at tenperatures
greater than about 1100C, or which do not call for a considerabl e anount

of tenperature cycling. Those skilled t al,l u .G I are able
to deternmine if such %}f(mﬁ@%wﬁé&SOPWEO?%’&E‘ﬁPgﬁ\Sﬁfhef ezigépug? t&%l ar
appl i cat i Qfpsetafd d@r wRRY SR doaihdd is @f!}ﬂieﬂasu&ﬁateeﬁhm ﬂUﬁﬁugﬁl'hﬁ@eraaﬂré oys
sonetimes contain at | east one precious netal oftﬁ 1%%0\” des

afrp ey

greater oxllans en thessiperallpys) CoRHN ORROIIBRIE Oh fisse ‘Eﬁtﬁ (Vglen; & platinum
pal | adi “mof‘sﬁéhdd éﬁ%tra&é‘&%‘rél{ght ﬁurbt&gﬁb% fRdodtinslavElPattdRipefaturdel ection of

a particular precious net epend on various factors, such as cost,
avai | abi iy, abﬁimmbomtl9l()9°®)eq1bsuammfﬁgﬂoatﬁub onigdrtionpef the biss gt e

requirene I n a i r erred

preci ous %‘{I’éf aéﬁt?%nb O&F‘? fﬂfﬁil%g%cgﬁ Bpﬁhogld%%sgtbg%%gﬁté%t% Esgﬁe anount of
preci ous @&@kxoﬁmt@ﬂlﬂdtemﬁa{ap&ﬁanﬁf th@bdshmeﬂzimambs llmtdu@d in ﬁb@?@lﬂgas wel | as
ot her consi derations sol

eC| | in the
al uni ni de %H‘d&éﬁp‘)@éﬁdngfl? é‘FPth";SIPB'EtiOH SSS %‘Eoe ‘é(fa ﬁé’v HEF%% range of
about 1 at§jDipa% h&aﬁﬁ%}*‘ﬁlsé-@xfﬁ&@fﬂto%c J&hﬁn@ﬁl&ﬁﬁh@mﬁmmmmml s may be
present at a level inthe range of about atom9%to about 30 atom % -6

18 Febr uaropr@oa@:t isin yemes 6$@#SM@E%%6@FQ%W§ QBT i ncl ude
relatively mnor anounts of other elenents. For exanple, they may include

at | east one corrpon%tatmg%qugg Ee [iTeQMithBe: drhiRm) BB SlevEl@f okidatianconi um
titanium hafnium silicon, boron, ‘carbon, and ytt |um 1%’ total anount

of these aesigancelagddnetdity whishissuitgblp foricpaain sagyese aBP T1 atom % to
about 5 atqm dBa % to about
p?)f tgqug;o&{ %L gfeasgl'r%tuplef'% LRe erggﬁﬁ:aﬁénsaﬁ%ﬁ d&nék iRoB a

2. 5atom°/%a% rredad group ese a tional elenments is zirconium
great deal of exposure at temperatures greater than about 1100°C, or which do not call

for a considerable amount of temperature cycling. Those skilled in the metallurgical
arts are able to determine if such coatings meet the requirement for a particular

application, using conventional evaluation techniques.

These alloys sometimes contain at least one precious metal, which
often provides greater oxidation resistance for the coatings. Examples inciude
platinum, palladium, iridium, rhodium, ruthenium, and mixtures thereof. Selection of
a particular precious metal will depend on various factors, such as cost, availability,
ductility requirements, and oxidation resistance requirements. Platinum, palladium,
and ruthenium are the preferred precious metals, with platinum often being most
preferred. The amount of precious metal employed will depend on the factors noted
above, aé well as other considerations, e.g., the solubility qf the precious metal in the
aluminide phase. Very often, platinum is used at a level in the range of about 1 atom
% to about 10 atom %. The other precious metals may be present at a level in the

range of about 1 atom % to about 30 atom %.



hafnium silicon, yttrium and various mxtures thereof. In many instances,
the inclusion of these additional elements further enhanced8&ebmary 2005
resistance and related properties, e.g., anti-spallation characteristics.
Zirconiumor hafniumis especially preferred in sone enbodi ments. They are
usual |y enpl oyed at individual Ilevels in the range of about 0.1 atom % to
about 1 atom % and preferably, about 0.2 atom %to about 0.8 atom % In
ot her preferred enbodi nents of the present invention, the alloy

conposi tion includes nol ybdenum The present inventors discovered that the
presence of this ele uI t.ed t thiQdr r esi st ance
- even when rel ati v‘g%’mra@w ?%fi?ieefréb #Q%%Q%uﬁﬂ&%}ngﬁ?ﬁ{:&%ﬁg Thus, one-

i1l ustrati wgoghth 8otBér cldnitints. mpacaﬁmmtﬁcsmaydhmdm astaan compeReaand

nol ybdenum along with the base ne .eve is usually
in the rangelegsd %012 ﬁéﬁ%ﬁ‘\‘%‘l“é”‘é}%‘{fltz“‘éorﬁ‘frﬂ er@}uum afmm]fngwmgéyg?erred | evel s

of ol ybdepym,argq ﬁlﬁefo@fb% a&BuxﬁQ@H{es@otﬁer&ntn%lk Osuaﬂbuuﬂhe fange at om % | n
sone especially pr erred enbodi nents, thi s woul d r;;&al n at
| east one pf eliublid atmn % to ah@uté@é@m 2 HF@‘W efi*%er?éa‘if’“g? fErT ed

Shoot 1o arsid SRR %! GeRERE e olaﬁGfﬁb&\é@du&ﬁmwnsemsabmﬁonﬂmat om %t o

about 15 at rom um the presence of chro um enhances
t he oxi dat |hafm1urm,$lls:ba,r1,¢muandnmwoubmr?@@‘%ﬁcﬁeé%|I§tﬂa3rﬁlé’én5(5"f“°?sln coating. In

many i nstanc t use gekidtfice dRLr eases t he
preferred I”é“(\i‘éS Q%feﬂle&? ﬁ"e‘ﬁ“‘“‘%[]‘%lg‘ﬁ% gﬁ%%%g%tﬁgs %lla%tﬁﬁpréw de t hese

benefi ci al rel@da@pﬂ@ému %tg caﬁu—sﬁﬂtatletxetlumceenstl@atzlwgmé@rﬂs@éfflfl}%ﬁs whi ch

i ncl ude ‘chrom um nma use r atiyv bhoedak idiRiguaExpensi ve
el enent s, ﬁ@ﬁ‘aggp’ﬁﬂ¥%¥qdﬁ% r?ﬁ‘cm?) frpens- %Y%Shalm Mg subst ant i al | y the
same | evel |af1qx k&%ﬁgerbf@s@n 9t1a6R Yarcbotlr atami%emnd peiferalifcbout 072 18
February 2005 Many of these chrom um contai ni ng coating systens conpri se:
about 30 t @tamb¥ic about&HPWal umi num about 0.5 atom %to about 3 atom %
tant al um

In other preferred embodiments of the present invention, the alloy

composition includes molybdenum. The present inventors discovered that the
presence of this element resulted in unexpectedly good oxidation resistance - even
when relatively low levels of aluminum were included. Thus, one illustrative alloy of
this type comprises aluminum, tantalum, and molybdenum, along with the base metal.
The level of molybdenum is usually in the range of 0.2 atom % to about 2 atom %.
Very often, preferred levels of molybdenum are in the range of about 0.5 atom % to
about 1.5 atom %. In some especially preferred embodiments, this alloy would also

contain at least one precious metal, as described previously.

In many preferred embodiments, the compositions described above

’ comprise about 1 atom % to about 15 atom 9% chromium. Very often, the presence of
chromium enhances the oxidation resistance and hot corrosion resistance of the
coatihg. In many instances, the use of chromium decreases the need (or decreases the
preferred level) of other optional components which prbvide these beneficial
characteristics. For example, coating compositions which include chromium may
only use relatively small amounts of more expensive elements, such as platinum or
palladium, while achieving substantially the same level of oxidation resistance and

corrosion resistance.
7-



about .1 atom % to about 15 atom % chromum wth the bal ance conpri si n

ni ckel, cobalt, iron, or conbinations thereof. A preferred lBd&igaruagy20
chromiumis often in the range of about 1.atom %to about 10 atom % As in
the case of the base netal, the source of chromumis sonetines the
substrate. Substrates made from high tenperature alloys (e.g., the
superal l oys) usually contain chrom um Wen the surface of such a
substrate is brought into contact with the coating at el evated
tenperatures (e.g., above about 900C), substantial diffusion (i.e.,

m gration) of chro th t1ngd. si on can occur
in different ways. % E%h h?or%ﬁ%%o&%n?ﬁ%%’a?m g%(%zgsscoﬁl gél apply the
coating to the substrate at elevated tenperatures can result in mgration
of the chrom um fr ebout B@tesabofitteatoredb ehmitng t he coating. Alternatively
(or in addition to such deposition), a subsequent heat treatnment of the
coated substrate w I ° t Q m gration. Mreover, if
t he chrom um cont ai n#oﬂuéﬁ?%%&r%{ﬁa{oga%?gt BaAt%Bnggaﬁ{eyrlllFﬁDV\hl ch wll be subjected
to high tenperatures during operation (e.g., a turbine engine conponent),
t hese use-t enper at urks:t hiatodm YetagboutHé atdm Yribgemiue; di f f use into the
coating. It should also be noted that the present invention contenpl ates
that a por n it is
depos 1 6d.  HR R B e et e P e
subst r at e.levehef enomium nsbﬁcthmm wamgeé of about 1 gomt% teatwahlbatodeter ni ned by
techni ques known in the art, e.g., electron probe mcroanalysis; X-ray
1 uorescence LeChN! AUGRime Ao U 5252001, Rld Brcs BEGILARGS Rbomprimeef ef 1 ed

| evel of al um num for Hroom um cont i ni ng conpositions is usually
about 35 ah®substrite. &bﬁﬂﬁteﬂﬁawm%ghabmpmtgte @by@@% thelsupeesileys)

al um num varllabl e._enhodi nent

| f -8 18
Febr uary ey contas dremg o %ﬂ‘?‘%&“ﬁ%&?gm PS4 Smellgl[’reoggiiltg}éﬁs; gn of a

preferred Bage Wil dk ’cozﬁm at elePitek@npeatuidsqk.el, abolabbut WOI@pover, the
chrom umcontai nin mbodi ments may  include at |east one p[rem ous netal,

as di scussubstprtialdi §1I09 (ijen mpigr a&?ﬂ)d?f chepmipg 1gfp g coating occurs. "Thus

diffusion can occur in different ways. For example, an aluminiding process used to
apply the coating to the substrate at elevated temperatures can result in migration of
the chromium from the surface regiori into the coating. Alternatively (or in addition
to such deposition), a subsequent heat treatment of the coated substrate will usually

result in chromium migration.

Moreover, if the chromium-containing substrate is a component which
will be subjected to high temperatures during operation (e.g., a turbine engine
component), these use-temperatures will cause the chromium to diffuse into the
coating. It should also be noted that the present invention contemplates that a portion
of the chromium may be included in the coating as it is deposited, while another
portion diffuses into the coating from the substrate. The amount of chromium in the
coating can be determined by techniques known in the art, e.g., electron probe

microanalysis; X-ray fluorescence techniques; or atomic absorption spectroscopy.

A preferred level of aluminum for the chromium-containing
compositions is usually about 35 atom % to about 55 atom %, although several
different aluminum-variable embodiments are noted below, Preferred levels of

8-



enbodi-ments. The foll ow ng conversion table is given for an exenplary
Al/Ta/Cr/Pt alloy system (wth the base netal as the bal and@&)Febtjary 2005
Al um numAt om % RangeWei ght % Range 30-5512. 2-34.4 2) Tantal umAtom %
RangeWei ght % Range 0.5-32.1-10.1 3) Chrom umAt om % RangeWi ght % Range
1-101.2-9.7 4) Plati numAtom % Ran eWi ght % Range 1-103.6-29.6 The

chrom um cont ai ni ng enbodi nents may al so contain the other elenents
descri bed previously, e.g., zirconium titanium hafnium silicon, boron,
carbon, yttrium and various mxtures thereof. Selection of a particular

el ement or conbination of el epents,depends on .t |k rJ butes for
the coati nganamgre ps %Pée‘jo"’(bﬂ%e= B{S‘ﬁg ' “Iha'(’c(ﬁ%:r"l§sm§e({ afpg‘%%&g%gg\;glé tEgi*éfl‘figg{;iest ed
level s for fihessr @beIBsMa. Moreovatl, sik: deahivmptoaminiegepbeimenisiny 1 n sone of
t he chrom um contai ni ng enbodi nents (as H; ot.her . enﬁ)dl {Tl;Ft S%ér t he

i ncl usi on ofclude @deAstpReipseciup BSTak| 35 JIsSRssPERPYEQUShUTTRIRHOP ©IF ¢8R um i s
present at énﬁ%ﬁtrﬁedt{.‘.the range of about 0.1 atom %to about 1 atom % and
preferably, about 0.2 atom %to about 0.8 atom % As the exanpl es bel ow

denonstrate, the presence of zirconjumoften inproves qxi dat. esi st ance,

whil e significant|ymeéqlaw%0ﬁé¢rﬁ*ﬁmt%b?eg‘ﬁgmn i%&’%"ﬁ@ﬂtmﬁt In sone

I nst ances, ﬁﬁg\%ﬁ&&hwﬁh%%eﬂ‘?ﬁl%%wﬁé nt in the zirconi um containing
the

all oys, as s I'n exanples. -9 18 February 2005 The fol | owi ng
conversion table is given for an exenplary.Al/Ta/ G/ Zr—altpy system (base
met al as bal ance) :| 1} Aluminum Atom % Range | Weight % Range
30-55 12.2-344
2) Tantalum Atom % Range Weight % Range
0.5-3 2.1-10.1
3) Chromium Atom % Range Weight % Range
1-10 1.2-9.7
4) Platinum Atom % Range Weight % Range
1-10 3.6-29.6

The chromium-containing embodiments may also contain the other
elements described previously, e.g., zirconium, titanium, hafnium, silicon, boron,
carbon, yttrium, and various mixtures thereof. Selection ofa particular element or
combination of elements depends on the desired aftributes for the coating, as well as
the other factors set forth above. Suggested levels for these elements have also been

provided previously.

In some of the chromium-containing embodiments (as in other
embodiments), the inclusion of zirconium is especially preferred. Usually, zirconium
is present at levels in the range of about 0.1 atom % to about I atom %, and
preferably, about 0.2 atom % to about 0.8 atom %. As the examples below

- demonstrate, the presence of zirconium often improves oxidation resistance, while
significantly reducing thermally-grown exide (TGO} growth. In some instances, a
precious metal is also present in the zirconium-containing alloys, as shown in the

examples.



1) Al um numAt om % RangeWei ght % Range 30-5515.2-35.7 2) Tantal umAtom %
RangeWei ght % Range 0. 5-31.8-10.4 3) Chrom umAt om % RangeW\il§RebfoalRadoms
1-101. 2-10.5 4) Zirconi umAt om % RangeWi ght % Range 0.1-1 0.2-2.1 Sone of

t he chrom um cont ai ni ng enbodi nents advant ageously include nol ybdenum

Mol ybdenum provi des the performance advant ages descri bed above, and in the
exanpl es. The nolybdenumis usually present at the levels set forth
previously. As alluded to earlier, different applications for the coating
conposi tions of th| s invention may benefit fromdifferent |evels of

al um num w thin ations
which require a hi gh g%‘?)ggn%?dmom gg%blfl%%tgrrbeeg?gﬁlaglneééﬂ %@r’]rlmé%ggbgfum num

| evel in albyaysten (basc desil pslplance)e. g., a level in the range of about 45 to
about 55 atom % However, in other applications, hi gher al um num | evel s

sonetinmes consune aq%gﬁﬁlﬁﬁ@hve /ﬂ%t%%? %f t‘?g @ e material, e.g., in
u 0 %, %”

the case of the wall r bi ne nmenon appears to
occur when al um num tes fro t coat i substrate at

el evat ed tenperatur egS 9?’ H'ng é{pa /h Bh z@%‘ hm/ ahg interfacial area.
In such an instance, wer alu | evel (desirable, such as
about 30 to about 4533F13me/&mThé{nP% P%‘?/el\k%% result in a smaller
reservoifr in the init coating fo i grati te still providing good
oxi dation resi stancé‘sgff?ﬂﬁ'é”é“skﬁtf”é‘c?/" i'ngehe ‘gF’tgh 9128% able to select the
nost appropriate level 'of alum ndhtor a gi vehéd use, based on the
teachi ngs herein. -10 18 February 2005

Some of the chromium-containing embodiments advantageously
include molybdenum. Molybdenum provides the performance advantages described
above, and in the examples. The molybdenum is usually present at the levels set forth

previously.

As alluded to earlier, different applications for the coating
compositions of this invention may benefit from different levels of aluminum, within
the broad range set forth above. In some applications which require a high degree of
oxidation resistance, a higher aluminum level in a coating is desirable, e.g., a level in

the range of about 45 to about 55 atom %.

However, in other applications, higher aluminum levels sometimes
consume an excessive portion of the substrate material, e.g., in the case of the wall of
a turbine airfoil. This phenomenon appears to occur when aluminum migrates from
the coating into the substrate at elevated temperatures, forming a diffusion zone in the
interfacial area. In such an instance, a lower aluminum level may be desirable, such
as about 30 to about 45 atom %. The lower level appears to result in a smaller
reservoir in the initial coating for migration, while still providing good oxidation
resistance. Those skilled in the art will be able to select the most appropriate level of

aluminum for a given end use, based on the teachings herein.

-10-



Anot her enbodi nent of this invention is directed to a nethod for providing
environnmental protection to a netal -based substrate, As usedS8irebmiary 2005
"environnental protection” refers to protection of a nmetal substrate from
vari ous adverse effects, e.g., oxidation and corrosion. The nethod
conprises: formng a coating on the substrate, having an all oy conposition
whi ch conprises: about 30 to about 55 atom % al umi num and about 0.5 atom %
to about 3 atom % tantalum w th the bal ance conprising a base netal
selected fromthe group consisting of nickel; cobalt, iron, and

combi nati ons t her eof f@spglggtvﬂd d?r?gn\f%fthﬁsnﬁ'}g%gﬁgisrm}eééegﬁﬂ%m%od ﬁgt ai ned from

t he underlyi ng subst usion. as use rein, "formng a
coating on @oGHiAg ehvfd@imentl ptotior 1 aimatiitdecd substop okd usedhere, the entire

coating material, as well gs the deposition of  a ' ..the coating
material, fGRYERREST p@-,tqcp%irgﬁqrs&p pf‘ﬁ"éc%f”é Prg? mekésuggﬁ%%ﬁgﬁlt@h? '&Jc])m t he
substrate idab&séa%c@?@.ﬁgbkia&i@%aicmosioﬁs The swsthddamprissst ousl y, the coating
all oy often contains chromium e.g., at a level in the range of about 1

atom % to about 15 atom. % Alternatively, - ortigon (or _the taqt anount)
of chrom um can be i AEHHDH? SR2HEE P%fhﬁs‘t%?%at@gléﬁ'rfgga“ffﬂ?l(?%gmf%céstl}lso&bs 1‘?Hate, by
diffusion. Jher@ldoy may also contain at |east one precious netal, as

di scussed previously. One or nore other elenents nmay be incorporated into
the alloy in mnor apounts, e.g., zirconium titanium hafnium silicon,
boron, carbon, and 9@?‘Fi39maqﬁﬂgﬁ%‘i§?fﬁtfi’:€1}'mé @f the preferred enbodinents
i ncl ude nol ybdenumin the coating alloy. Many different netals or netal

al | oys can be used ashéil® 5 s Rtadofitdatoth 96 tantabamnt i nvention. The term
"met al - Cased” refers-to those which are primarily forned of netal or netal

al I oys, but which may al so jnclude sqne, non.netallic ts, e.g.,
ceranics, iVitbhgdalanes comprgEga baggmy S@FE‘@@ frgfnetg%ﬁrgggg&%gglggﬁfy, t he
substrat e igqa:hesli Bal Skabhb@blich¥ thefeod. AsabReabdvepths budimdtaltcgpbeal |y have
an operating -11 18 February 2005 o - .

obtained from the underlying substrate by diffusion. Thus, as used herein, "forming

coating on a substrate" is meant to include the deposition of the entire coating

material, as well as the deposition of a portion of the coating material, followed by

diffusion of the remaining coinponents from the substrate into the deposited coating.

As described previously, the coating alloy often contains chromium,
e.g., at a level in the range of about 1 atom % to about 15 atom %. Alternatively, a
portion (or the total amount) of chromium can be incorporated into the coating from
the substrate, by diffusion. The alloy may also contain at least one precious metal, as
discussed previously. One or more other elements may be incorporated into the alloy
in minor amounts, e.g., zirconium, titanium, hafnium, silicon, boron, carbon, and
! yttrium. Furthermore, some of the preferred embodiments include molybdenum in

the coating alloy.

Many different metals or metal alloys can be used as the substrate for
the present invention. The term “metal-based” refersto those which are primarily
formed of metal or metal alloys, but which may also include some non-metallic
components, €.g., ceramics, intermetallic phases, or intermediate phases. Usually, the

substrate is a heat-resistant alloy, e.g., superalloys which typically have an operating

-11-



tenperature of up to about 1000-1150C. (The term "superalloy” is usually
intended to enbrace conplex cobalt- or nickel-based all oys i&Hebtuarn200sie
one or nore other elenments, such as rhenium alum num tungsten,

nol ybdenum titanium or iron.) Superalloys are described in various
references, such as U S. Patents 5,399,313 and 4,116, 723, both

i ncorporated herein by reference. Hi gh tenperature alloys are also

general ly described in Kirk-Q hmer's Encycl opedi a of Chemi cal Technol ogy,
3rd Edition, Vol. 12, pp. 417-479 (1980), and Vol. 15, pp. 787-800 (1981).

N ckel - baﬁ%ﬁ&ﬁﬁ%@éﬂ@%@ abotRi1669-1 B50POCI M Rerdt "shf@lloyd ROMLalhPiniehddd N -
I'l'lustrative alloys are designated by the trade names | nconel %r),
Ni moni c( r )t eRbras¢ cpmpler copalt- Rariel(el-pawd afeysariislomclyde egesor mesagtheri net (r) .

Cobal t - bas erall AVAe] : ' d ARANT % Co.
Conmrer ci ale?eeiéja"r?r%lsgsh "“gﬁeﬁ es’iag%lg%l %’3’ ‘16‘{3555 éﬁltoyggéﬁﬁl?iglrres Ha?;ﬁrgrsl?\ﬁ) :
Nozzal oy(r), Stellite(r), and Utinet(r). The actual configuration of a

substrate may vary WugerhoysBor dessribep lirevarione referpraes.stieh apey-ShRAMHS t he f or m of

various t j engi nts,: {mgs; | .Ln : tor dones,
shrouds, b%%%eﬂ?,angg'rlgggg?’ br?giz??%é&agg hgrgne : %é?nﬁ%'dgf@ otfr: g%%P%I ng the
C(ﬁati ngs alleykaewhoigandriily destribed ivelirk@thmelds, Enchdopediceafllfemial ect r on beam
physi cal v r depgsjitj.on -PVD) ;. . el | ating, ,4 QN | asma deposition
150y 1 ovl el St Vbt PH FEREURBL AP, L3P 18R o (D).
pl asma spr@ygi)e Nickel-Bise sibersl168s pically (nefddp ht ledit gbouv @b ac P4 Mi.oxy- f uel

(HVOF), and the like. Very often, e-stage processes can deposit the

si ngl
entire cdHustragive plioys erardesigpafed @kﬁ‘ﬁﬁage ngrpgs Iacaupi®Nimenk®y Besibi ned by
various techni ' ' | 4 | er
atom zat i cgﬁ'.g" %ﬁ@?@i%ﬂg@(‘gﬂ}ﬁ%gﬁg&por et@i ?ﬁ%?‘%%géﬁ%\f%gkgwgw the art,
e.g., U S.inRadeattieatt 200t 368 Yoxku. dPomrserciaheamplesaredesiznated by By trad¢ er ence.
Those skilled in the art can t the esent ..invention to.vardious types
of equi pmeHines H&Yﬂcé%'ﬂzé?loi’(ﬁgﬂg]iﬁf aE%g}{lqrﬁﬂ%eI%ﬁ%f 0 @&‘F&‘%" a
i ncor por at@fsdaid Pafvidwa&dly.l PorlcR8mpRStBe SibsirB nitly e RGPS bff vadBus Mul ti pl e
stages of deposition Can alternatively be enpl oyed. exanpl e, a

| As an
preci ous riutbale dnigioe pertasiehancpmbusgierditess, eppbyston dpgicsy shrgudsmPYHESt hat reduces

waste, €. Gu,q.8 A 5estJaResi tion nethod Iike electroplating. As a
non-limting = ’ )

Methods for applying the coatings are known in the art. They include,
for example, electron beam physical vapor deposition (EB-PVD); electroplating, ion
plasma depo_sif,ion (IPD); low pressure plasma spray (LPPS); chemical vapor
deposition (CVD), plasma spray (e.g., air plasma spray (APS)), high velocity oxy-fuel
(HVOF), and the like. Very often, single-stage processes can deposit the entire
coating chemistry. For example, the elements can be combined by various
techniques, such as induction melting, followed by powder atomization. Melt-type
techniques for this purpose are known in the art, e.g., U.S. Patent 4,200,459, which is
incorporated herein by reference. Those skilled in the art can adapt the present
invention to various types of equipment. For example, the alloy coating elements

could be incorporated into a target in the case of ion plasma deposition.

Multiple stages of deposition can alternatively be employed. As an
example, a precious metal like platinum is usually applied by a technique that reduces

waste, e.g., a direct deposition method like electroplating. As a non-limiting

-12-



-12 18 February 2005 illustration, the precious netal can be el ectropl ated
onto the substrate surface, followed by the thernal deposi tlBdiebfuarg2Q0Sy
HVOF) of a powder conposition of nickel, tantalum and other included

el ements. Al um niding can then be carried out, to help ensure good

interm xing of the precious netal with the rest of the coating

conposition. As alluded to earlier, various alumniding procedures are
avai l abl e. Sonetinmes, a heat treatnent is perfornmed after the deposition of
the coating. Exenplary treatnents for honogeni zati on and/ or

ch?us el ?gr?b@é’ig&ﬁ)%ﬁi&d’onﬁf 90 Bibstritk syrded UM heat

interdiffus -
treat nents. h'%]r%l?rpmtdd&en is often carried out at a tenperat L%re in the
In sone

range of alfolldwelBRCht theaind deposi00 G2 by HYPF of apoider gomp
embodi ment s . ?{e ¢ h' rh,g%ﬁlﬁ Shwf gxglug% ?&Eﬂ% Rﬁlﬁ{lh%é%&?ﬁkﬂ e ca(rEE’tQutC an be

applied ovéle coatin s provide a higher |evel
of heat resp ﬁélﬁ@ﬁﬁr&’\g@ﬂ lﬁth@mmng iof tte premdus ntmi mqhommocs tivegopting gh
tenperatures. Fqr exanpl.e are n ments in

whi ch t he TBOPSTHeHAS 3Higed W&agéba’éﬁa‘“‘t“gq{”& Pé?if?‘ gregaggﬂg{rb?{han about
1300C, while the underlying coating is exposed to a tenperature of about
1100C. TBC s are of t 8BmetmRek, aﬁezmﬁeithﬁyﬁspetfmmwafna:rbhmpbisiadmgftéﬁd vanes. In

addition to its funct on in pro i Nng_ oxi i resi st ance,
t he coati ngoddg 588 aéﬁb%‘?ﬁémg‘fti é’ﬁg‘ﬁ‘inggﬁﬂ’fzé ° ﬂﬁlg’&"gt bfﬁfg\golré%ﬁdngﬁé TBC and

the substr Elﬁﬁudeﬂi/@mg@@ hi®onlS S akbiurh Pt tﬂ@ﬁneﬁlsv\ﬂ}lslreﬂmbﬁmlbﬁerb%ﬂd As used
herein, "zirconi'a-based enbraces ceranmic materials which cont %n at | east

about 70% aut ateaempsratuge indlieghnge af@bpt &6 teabeyd gl frefrar @ AU Y conia i s
chemcally stabilized by being blended with a material such as yttrium
oxi de (yttrq 5; cal cium oxi de, nmagnesi um oxi de, cerium oxi de, scandium
oxi de, or mxtures of any of those nmaterials. In one specifjc exanple,
zirconia can be bl endesbmi ankbodimornts qf%lﬁynv\%ﬁl@h%th%a BBIFE COBTBOY wei ght

%E/; g_lo(l)JA)my? i( Ir(gﬁﬁ‘f) g%s lg:dap%ﬂe& N& e SUMRLOE LWL O aling. 2T s BERIES @fﬁhﬂer from about

level of heat resistance when the article is to be exposed to very high temperatures.
For example, they are frequently used in environments in which the TBC surface may
be exposed to temperatures greater than about 1300°C, while the underlying coating
is exposed to a temperature of about 1100°C. TBC’s are often used as overlayers for
turbine blades and vanes. In addition to its function in providing oxidation- and
corrosion resistance, the coating described above often promotes adhesion between

the TBC and the substrate.

The TBC is usually (but not always) zirconia-based. As used herein,
“zirconia-based” embraces ceramic materials which contain at least about 70%

! zirconia, by weight. In preferred embodiments, the zirconia is chemically stabilized
by being blended with a material such as yttrium oxide (yttria), calcium oxide,
magnesium oxide, cerium oxide, scandium oxide, or mixtures of any of those
materials. In one specific example, zircgnia can be b!@:nded with about 1% by weight
to about 20% by weight yttrium oxide (based on their combined weight), and
preferably, from about 3%-10% yttrium oxide. '

-13-



-13 1 8 February 2005 A nunber of techniques can be used to apply the TBC
Very often, an EB-PVD technique is used. In sone instances, 8 eprusyd0&pr ay
technique is used, such as air plasma spray (APS). Those skilled in the
art are famliar with the operation details for enploying each of these
techniques. Still another enbodinent of this invention is directed to an
article. The article includes the netal -based substrate, as descri bed
previously. An oxidation- resistant coating is di sposed over the substrate,
formed of an alloy which conprises: about 30 to about 55 atom % al um num

and about 0.5 atom % to abqut., 3 atom%tantalu 1 t e
conpri si ng ni ckel , cbBynber of feghpiayss cﬁrblf’ﬁo‘i‘sﬁgh %?r?g’} tth\émg?alg:bf%?yAgﬁé éggri bed

previ ous! Yepipie alchQiudik Led. ¢REInK Mstaides, iplasma spray.techaiquais usedsghich n t he
range of about 1 atom % to about 15 q‘?‘tom o V\/r%i C.Iil. rraﬁlé@% inr%&g[por at ed
t herei n vi 2 a Hiasms DRFOSH-t heose ¢ ‘&tﬂée.“%r?fg R o AAM SPE8" Cont ai n at

| east one A£G 1,8kaché¢ thedSte deflum as di scussed previously (wth
or vvithoutd(ﬁ%g%lgﬁﬁ%gﬁu% corrpor?ent). e or nore other elenents nay be

incorporated into the alloy in mnor anpounts, e.(g. ,. Zirconi.um titanium
haf ni um silicon, bovtdranother erabpdiment@f (g inyerfion Kdizpeted YaLH I Sed above,

ol ybdenu mffﬁs]ara{:lh .%{1-&15&%9 B{e%?étﬁ!bééed SibSratel§s dAALLKRM pRGGSUSHI 1Ph &:QddtionS

i nvention. e ickness of the oxidation-resistant coatjng w.ll depend on
a vari et yresktahtaatngis dﬁdpbusltowatthvslb@f@ﬁgif@'élii@tqféﬁ§111’3h\‘:’h‘l§hé‘?ml"i‘ﬁ$&part i cul ar
conposition of the coating and the substrate; the intended end use for the

coating; the expecte B 5 St L EhRemaLdd € patterns to which the
article itself wll ag)gut;ubj gé?’gg; toﬂg}gapresence or absence of an overlying

TBC, and the desired service life of the c(pati ng. \Wen used for a turbine
engi ne appl i cation, ablut Gdatom’y tesheat B glorn BRI kness (i ncl udi ng any
diffusion region) in the range of about 20 mcrons to about 200 m crons,

agg most Oft&the dalank D Eorh @A AlkeRROMHiL, #8n,BrebMbmatisnsaaedf. 100 m crons. It

As described previously, the alloy often contains chromium, €.g., at a
level in the range of about 1 atom % to about 15 atom %, which may be incorporated
therein via diffusion from the substrate. The alloy may also contain at least one

" precious metal such as platinum, as discussed previously (with or without the
chromium component). One or more other elements may be incorporated into the
alloy in minor amounts, e.g., zirconium, titanium, hafnium, silicon, boron, carbon,
and yttrium. As also described above, molybdenum is often incorporated into the

alloy according to this invention.

The thickness of the oxidation-resistant coating will depend on a
variety of factors. Illustrative considerations include: the particular composition of
the coating and the substrate; the intended end use for the coating; the expected
temperature and temperature patterns to which the article itself will be subjected; the
presence or absence of an overlying TBC; and the desired service life of the coating.
When used for a turbine engine application, the coating usually has a thickness
(including any diffusion region) in the range of about 20 microns to about 200

microns, and most often, in the range of about 25 microns to about 100 microns. It
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18 February 2005 shoul d be noted, though, that these ranges may be varied
considerably to suit the needs of a particular end use. |t 18kebhwral@@ be
apparent that another enbodi ment of this invention includes an article as
descri bed above, in which the oxidation-resistant coating is covered by a
TBC. As described previously, the TBC is often (but not always) forned
from chem cal l y-stabilized zirconia. The thickness of the TBC will depend
on many of the factors set forth above. Usually, its thickness will be in
the range of about 75 microns to about 1300 microns. In preferred

enbodi nrents for, end S such, .,as turbine,enqi. Is i ents, the
t hi cklness i sheydq lé‘?f‘qt‘?i ﬁ'r?@gllij’%gwﬁef raﬁ%eg:ﬁay.}% vg}%&g?%#ggﬁgiyég%?ﬁgoo m crons.

EXAMPLES Theed®lol opartichlexnapkes are nerely illustrative, and should not be
construed to be any sort of limtation on the scope of the clained

invention. The alloys |ljs in the tabl e bel ow I r: vacuum

i nducti on- el ting. Teléth{’ﬁ)‘ﬁ%%% wgﬁrgnﬁﬁ%ﬁp?@%r efn}b\ogﬁrﬁ%ﬂgof@gsdﬁ%nﬁéncast
ingots. | seidieics®l arXle daliésenbotasons if whiok theakidh2@d2sfstnt empatingis518 hour s,
as shown in the figures. The wejght, chagl?e,ﬁé.tthe tgst f@ﬁgons was
recorded an€owsnst Wi BBGs Ag deseahed previarily, §f TRY $A4enOytdet €fafide. Al oys

Wi th the | owsst i \Wol OftenGali)-siBfiztd ArdRR! ThOUHALIOT HEEBG hWlldgendhen oxi de
spal | ati on occurred, a negative weight change was indicated in the weight

change- ver swos ntanyref the factors TABth abarp| Wsmaltnd@ ticknepy witbbedn the rafgs o her

E!)/eggnt s/ %6’6‘&?%‘ Ensicr%‘nsl\!io aﬁo’vﬁqﬁﬂ hilGhs. Nefe@reé QniBodfineRts 38 chdhisés shéh 8 50 1

as turbine engine airfoil components, the thickness is often in the range of about 75

microns to about 300 microns.
EXAMPLES

The following examples are merely illustrative, and should not be

construed to be any sort of limitation on the scope of the claimed invention.

The alloys listed in the table below were prepared by vacuum
induction-melting. Test coupons were machined from the resulting cast ingots.
Isothermal oxidation was performed at 1200°C for up to 518 hours, as shown in the
figures. The weight change of the test coupons was recorded and employed as a
measurement of oxidation resistance. Alloys with the lowest weight gain had the best
oxidation resistance. When oxide spallation occurred, a negative weight change was

indicated in the weight change-versus-time curve.

l TABLE

Sample# Base Pt* Al Ta Cr Zr Mo Other

Elements/
- Comments
1 Ni 8 38 I 1% Re
2 Ni 8 50
3 Ni 8 38 1 1
4 Ni 8 50 1 1% Re
5 Ni 8 38 1% Re,
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S N 8 38 1% Re, -15 18 February 2005 6Ni 8501 7Ni 8381 8Ni 85011 9N 838

10N 3. 8150.2 11Ni 5015 12Ni 381.85 13Ni 501.850.2 15Ni 83815 16Ni8g3brudsp20037

Ni 85011 Notes: * All anpbunts are listed in atom % unless otherw se
indicated. 1%W %W [%W 1%Re, |%WFIGS 1 and 2 are graphs of

wei ght change as a function of heat exposure. (FIG 2 focuses on a
narrower y-axis range). Curves which are closest to zero-weight-change are
indi cative of optinum oxidation resistance. Curves which increase with a
greater wei ght change over exposure tine are indicative of a decreased

| evel of oxidation resistance. Curves which show a negaijye wei ght change
over exposure tine re | rgdl cafd ve ?f a coating in whi chtya@, overlying TGO is

spal |'i ng. Co%tl ngs i mYed anounts of
oo g G n e?tg & TGO spal I atIJyop,V can still be
3 50 1 i 1% Re,
1% W
9 Ni 8 38
10 Ni 38 i 5 0.2
11 Ni 50 1 5
12 Ni 38 1.8 5
13 Ni 50 1.8 5 0.2
15 Ni 8 38 1 5
16 Ni 8 38 . 5 0.2
17 Ni 8 50 1 1
Notes:

* All amounts are listed in atom %, unless otherwise indicated.

FIGS. 1 and 2 are graphs of weight change as a function of heat
exposure. (FIG. 2 focuses on a narrower y-axis range). Curves which are closest to
zero-weight-change are indicative of optimum oxidation resistance. Curves which
increase with a greater weight change over exposure time are indicative of a
decreased level of oxidation resistance. Curves which show a negative weight change
over exposure time are indicative of a coating in which an overlying TGO is spalling.
Coatings with limited amounts of TGO spallation can still be very useful in certain

end use applications.

As shown in the tables, some of the samples were subjected to a
thermal cycling regimen (i.e., "cyclic" on the graph key). These samples were
brought up to a temperature of 2200°F (1204°C), held for 50 minutes; cooled for 10
minutes, and then again heated to 1204°C, to continue the cycle. The exposure time

for these samples represents the accumulated time over a number of cycles.

Sample 3, which included the addition of tantalum and molybdenum,
exhibited much better oxidation resistance than samples 2 and 9. This oxidation

resistance was achieved, even in the presence of a relatively small level of aluminum
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end use applications. As shown in the tables, sone of the sanples were
subjected to a thermal cycling reginen (i.e., "cyclic" on tI8Fgrusn2ey) .
These sanples were brought up to a tenperature of 2200F (1204C), held for
50 minutes; cooled for 10 mnutes, and then again heated to 1204C, to
continue the . cycle. The exposure time for these sanples represents the
accunul ated tine over a nunber of cycles. Sanple 3, which included the
addi ti on of tantalum and nol ybdenum exhibited much better oxidation

resi stance than sanples 2 and 9. This oxidation resistance was achi eved,

even in thg gﬁ g‘le’??eAQI‘hs@hsge%la%%evﬁie)lo@émé\lclﬁ(ﬂ"dﬁﬂm@ﬁma}eqﬂ%fameﬂ inl6 18
February 2 8 1‘? 8 atom ¢ As di scussed above, the | 'éd'tg‘FOf al um num

are prefer roedamnmbe@rrteaisnn whish exesivesinicrdifiaTiobesw e ??f@“flgﬁ ffusi on

bet ween t he ubstrate could be detrinental. Sanple 14,

whi ch i ncl L?ng Z|&g%31r%m?%lr@al um and chromum also exhibited excel | ent
oxi dation resistance. Mreover, sanple 13, which included .zirgonium
tantal um chronium &aupk 14 which Iﬂcb@@ﬂ Zigroniamy iAW 25G CRIOGHI® als0 ey hi bi t ed
excellent o i St 038068, WHictinBlgéd ous netal . A
regressi on eéh% ?’%ceg?&c?%d%ac{ |rgsﬁ§¥rgc§| g{bé%dggr gatlg Wa's also carried out. A
conpari son ﬁcoaumumbarmqfch&mmhmdmdsghmmel qfnblnumm@%aé@ml s 2,3, and 9,

for alloys i ni vari ous ¢ n 0o Wgst en,

nol ybdenum?® "gﬁ’&e ?’f?&ﬁ?‘ﬁﬂf“dﬂ(’é”gﬁ% Iifgieg'te enons ‘[aamﬁt hat the presence of
tantalum was a positive influence on oxidati on resi stance, as conpared to
the other el enents. bea‘egfegmiemmiysﬂseﬂopdaﬁcmrrcma@nﬁ@félwﬁlﬁg cgried A pr esent
invention,  alterpati G ilgoge skilled in
the art, w*‘%ﬁ%‘ﬂ?aﬂsa'éﬂg ¢ B rf’ pﬁﬁew%é'a%?’t %(}Fdl?g liﬁ%/zé%%inon Accor di ngly,
it is Undera@lb?@ébnimh%VMUs s6:abifatins biastaluny entgisien, melybdynbm, #idni ted only by

t he appended cl ai ns 8 February 2 CLAI MV5:
PP thenium. The analysis demonst)r/ated tgat the presence of tantalum was a positive

influence on oxidation resistance, as compared to the other elements.

Having described preferred embodiments of the present invention,
alternative embodiments may become apparent fo those skilled in the art, without
departing from the spirit of this invention. Accordingly, it is understood that the

scope of this invention is to be limited only by the appended claims.
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1. An oxidation-resistant coating, formed of an alloy conprising: about 40
to about 50 atom % al umi num and about 0.5 atom % to about 38dtebmapy 2005
tantalum wth the bal ance conprising at | east one base netal selected from
the group consisting of nickel, cobalt, iron, and conbinations thereof. 2.
The coating of claim1l, wherein the tantalumis present at a level in the
range of about 0.5 atom % to about 2 atom % 3. The coating of claim1,
wher ei n téf h&gt alumis present at a level in the range of about 0.75 atom
%to abotLAIME atom % 4. The coating of claim1, wherein the alloy
further conprises a precious netal selected fromthe group consisting of
plati num palladium iridium rhodium ruthenium and m xtures thereof. 5.
The coatilhg ofAwpxiflaapresigtent spatinghtonpedef anmloysemprisieg:pl ati num and is
present at a:ibS}YﬁiOtB%b&{ﬂﬂﬁoraﬁ’aﬂg% aQut,d atom %to about 10 atom % 6.
The coating of claimd4, ereln the pre¢cious netal is palladium ruthenium
i ridium rhodiaboyt GF atminode atsout Betoen’s tamtaldmi; s present at a level in the
range of about 1 atom %to about 30 atom % 7. The coating of claim1,
further conprising at | east one conponent selected fromthe group :
consi st i ngittdthe BilkgRRtoftisihg bElBastOhe Biaé fletalel Stdd {6 the@s g consi@igbon, and

yttrium 8. The coating of claim1, further conprising nol ybdenum 18
February gﬁﬁg%m%?ﬁér%é‘i satymatiopgthgsedl. wherein at | east a portion of the

base nmetal is obtained froman underlying substrate by way of diffusion.
10. The coating of claim1, further conprising about 1 atom %to about 15
atom % &ar onmilhmcoating of king d awherginghe éngslem igpresentataileve inghe opge  of

chromumis i Q alom % to about 10 atom % 12. The
BB D a2 APy

coating of cl ast ‘a portion of the chromumis

3. The coating of claim 1, wherein the tantalum is present at a level in the range

of about 0.75 atom % to about 1.75 atom %.

4. The coating of claim 1, wherein the alloy further comprises a precious metal
selected from the group consisting of platinum, palladium, iridium, rhodium,

ruthenium, and mixtures thereof.

5. The coating of claim 4, wherein the precious metal is platinum, and is present

at a level in the range of about 1 atom % to about 10 atom %.

6. The coating of claim 4, wherein the precious metal is palladium, rutheninm,
iridium, rhodium, or mixtures thereof, and is present at a level in the range of
about 1 atom % to about 30 atom %.

7. The coating of claim 1, further comprising at least one component selected
from the group consisting of zirconium, titanium, hafnium, silicon, boron,

carbon, and yttrium.

8. The coating of claim 1, further comprising molybdenum,
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obtained froman underlying substrate by way of diffusion. 13. The coating
of claim10 wherein the tantalumis present at a level in tHS Hehmey 2605
about 0.5 atom % to about 2 atom % 14. The coating of any one of clains
10, wherein the alloy further conprises a precious netal selected fromthe
group consisting of platinum palladium iridium rhodium ruthenium and
m xtures thereof. 15. The coating of claim 14, wherein the precious netal

is platinum dis.present at a.leyel in the range of aboyt 1 atom %to
about 10n¢]atom © cpgt gl‘?fz:?a&‘&altl‘”ﬁ?ﬁreﬂ‘fatl‘?"é‘iarﬁoﬂﬂn Raspme ‘56}%@&‘?@653 netal is

pal | adi um  r utfAgfiahl Ghderlyiipdubdate YOS difisidh. Xt ures thereof, and is
present at a level in the range of about 1 atom %to about 30 atom % 17.

The coating of any one of clains 10, further conprising at |east one
conponentysel e g i S f izl i i.tarum
haf nium Sili g%sggtgﬂrggdc?ﬁyﬂglolf RS ChRsie o] G g R Ml %%At%]?‘ %1l m 17,
wher ei n the tothsdmiampunt of zirconium titanium hafnium silicon, carbon,
boron, and yttriumis in the range of about 0.1 atom %to about 5 atom %
-19 18 February 2005 19. The coating of claim 18, wherein the total anount
of zircorilum Thetcamtingof cldaflo] whereiaithd leGd of labB@Rn g9 Yan@yd yttriumis in
t he range of about 0'4z"$t0 %to ahout 2.5 atom % 20. The coating of
claim 17, wher®2P¥ Laiemzp ledertiid #emyPesent at a level in the range of
about 0.1 atom % to about 1 atom % 21. The coating of claim17, wherein
the conponent is a mxture of zirconiumand hafnium 22. The coating of

cl ai m 10,12 ur tRercoatimgel dainy! Ghderein apleast amostiarpoizbo ghromivmdsn %

ol ybdenum 23, 1he £37%h iadhyifik 3itTiad by Wiy HEfinGQER | Si ng about 0.5 atom

% to about 2 atom

13.  The coating of claim 10 wherein the tantalum is present at a level in the range

of about 0.5 atom % to about 2 atom %.

14.  The coating of any one of claims 10, wherein the alloy further comprises a
precious metal selected from the group consisting of platinum, palladium,

iridium, rhodium, ruthenium, and mixtures thereof.

15. The coating of claim 14, wherein the precious metal is platinum, and is present

at a level in the range of about 1 atom % to about 10 atom %.

16. The coating of claim 14, wherein the precious metal is palladium, ruthenium,
iridium, thodium, or mixtures thereof, and is present at a level in the range of

about 1 atom % to about 30 atom %.

17.  The coating of any one of claims 10, further comprising at least one
component selected from the group consisting of zirconium, titanium,

hafnium, silicon, carbon, boron and yttrium.

i8. The coating of claim 17, wherein the total amount of zirconium, titanium,
' hafnium, silicon, carbon, boron, and yttrium is in the range of about 0.1 atom

% to about 5 atom %.
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% tantalum 24. An oxidation-resistant coating, fornmed of a Sgé%oﬁa/ 0
- conprising: about 40 to about 50 atom % al um num about O. a‘9%‘/128 3
about 3 atom % tantalum about 1 atom %to about 15 atom % chrom um and
about 0.1 atom % to about 1 atom % zirconium wth the bal ance conprising
at | east one .base netal selected fromthe group consisting of nickel and
ni ckel -cobalt. 25. The coating of claim 24, wherein the alloy further
conprises a precious netal. 26. The coating of claim 25, wherein the
precious netal is platinum and is present at a level in the range of

about 1 at®m YWhOcoal@bf cdmaAlROWhfeindile tofil aRwhistdf FREMNAS) tBirdith, coati ng,

formed of an alloy conprising: about 40 to about 50 atom % al um num about
0.5 atom %t o hkabejum, gliganesarben, heros) andyiirigmdsn the pangerpbghost @feiom 15 at om %
chrom um and %%Qalﬁ]&tg%b&&lﬁ‘% 2005 about 0.2 atom % to about 2.0 atom %
nol ybdenumy wi th the balance conprising at | east one base netal selected
fromthe group consisting of nickel and nickel-cobalt. 28. The coating of

claim27,,further c rdi si.ng~at, | ea one _preci ous tal .,.29. A nethod for
ot b i T oA JuBA ek ithe SREAREFR pRE TES Buet e A o1 0T [ o
the step of f oangdd sbowdel attg) %0 ¥ dbvat Babsi%at e, wherein the coating has an

all oy conposition which conprises: about 40 to about 50 atom % al um num
and about 0.5 atom % to about 3 atom %tantalum w th the bal ance

conpri sing. a bAgARIEMS EhaTt RRerbhmame oRERYPa FRAST LEhnAim BhEKel _
cobalt, iron, and conbi nations thereof. 30. The nethod of claim 29, wherein

at | east a porhafiswmof the base metal is

22. The coating of claim 10, further comprising about 0.2 atom % to about 2 atom

% molybdenum.

23. The coating of claim 22, further comprising about 0.5 atom % to about 2 atom

% tantalum.

24.  An oxidation-resistant coating, formed of an alloy comprising:
about 40 to about 50 atom % aluminum;
about 0.5 atom % to about 3 atom % tantalum;
about 1 atom % to about 15 atom % chromium; and
about 0.1 atom % to about 1 atom % zrconium;
with the balance comprising at least one base metal selected from the group consisting

of nickel and nickel-cobalt.
25.  The coating of claim 24, wherein the alloy further comprises a precious metal.

26. The coating of claim 25, wherein the precious metal is platinum, and is present

at a level in the range of about 1 atom % to about 10 atom %.

27.  An oxidation-resistant coating, formed of an alloy comprising:
about 40 to about 50 atom % aluminum,;
about 0.5 atom % to about 3 atom % tantalum;

about 1 atom % to about 15 atom % chromium; and
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obtained fromthe substrate, by way of diffusion. 31. The nethod of claim
29, wherein the alloy further conprises about 1 atom % to d§digbrumy g0¢m %
chromium 32. The nethod of claim 31, wherein at |east a portion of the
chromumis obtained froman underlying substrate by way of diffusion. 33.
The nethod of claim 29, wherein the alloy further conprises a precious
nmetal selected fromthe group consisting of platinum palladium iridium
rhodi um rut hebni u and, m xt ursz} t her eof E%é The met hod of cl aim 29,
wherein the al#8Yt4-4peReP te abpt 2 0atom o medieis  conponent sel ected from

the gr oupyigpihe bakh&GboRfpriding 8P1Bhs Bhe bdst At RlectdPddth W8 oréily dmSBring ar bon,
boron and yttrium 35. "The nethod of claim?29, further conprising about 0.2

at om % t ofaiskakand nickeleabsitos nol ybdenum -21 18 February 2005 36. The net hod
of claim 29, wherein the netal -based substrate is a superalloy. 37. An

article, RONPriR Bind dfc|dimBt ﬁhhg%ﬁg)g%l‘g? o feak ‘3%1% ﬁr@nggﬁéoﬂp):taﬁn

oxi dati on-resi stant coating over the rate, an all oy
conpri sing: about 40 to about 50 atom % al um num and about 0.5 atom % to

about 3 om % I w.th the bal ance. c isin ickel.., cobalt, iron,
or conbi ?gti orts é)r%eﬂgl)rfrg.m‘é1 NEPRETEP, Bmgfcgg%)gﬂ W@%’Qﬁﬁ%%’lsﬁgt?’he al | oy
further comprisiagsheakspuil fdmdi®ardding on dHeaubstthle, ahemir’the boming 45 an39. The

article %ﬁl claim 37, ehLei n the alloy further conprises a precious netal
sel ect ed PQSH?TH%“%’P&@SC SRSt  ng of platinum palladium iridium

rhodi um rut heBbutmo t886buTSS kiehER AbEmaRE and*0. The article of claim 37,
wherein the alloy further conprises at [east one
about 0.5 atom % to about 3 atom % tantalum;
with the balance comprising a base metal selected from the group consisting of nickel,

cobalt, iron, and combinations thereof.

30. The method of claim 29, wherein at least a portion of the base metal is
obtained from the substrate, by way of diffusion.

31.  The method of claim 29, wherein the alloy further comprises about 1 atom %

to about 15 atom % chromium.

32.  The method of claim 31, wherein at least a portion of the chromium is

obtained from an underlying substrate by way of diffusion.

33.  The method of claim 29, wherein the alloy further comprises a precious metal
selected from the group consisting of platinum, palladium, iridium, rhodium,

ruthenium, and mixtures thereof.

34.  Themethod of claim 29, wherein the alloy further comprises at least one
component selected from the group consisting of zirconium, titanium,

hafhium, silicon, carbon, boron and yttrium.

35.  The method of claim 29, further comprising about 0.2 atom % to about 2.0

atom % molybdenum.
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conponent selected fromthe group consisting of zirconium titanium

haf nium silicon, carbon, boron, and yttrium 41. The arti cllé Rebrcira26937,
further conprising about 0.2 atom %to about 2 atom % nol ybdenum 42. The
article of claim37, further conprising a thermal barrier coating disposed
over the oxidation-resistant coating. 43. The article of claim42, wherein
the thermal barri er coatl ng conprises zirconia. 44 The article of claim

37, vvhere sed bsirate is uper a 45. The article of
claim 37 h@? Flaam %%Frs%%?mataé% %déu SAKOITTPedHo% t ur bi ne
engi ne. 18 Febr uary 2005 OXI DATI ON- RESI STANT COATI NGS, AND RELATED

ARTI| CLES $\D Pmamﬁgﬁgiﬁ@ﬁ OF THE DI SCLOSURE An oxi dati on-resi st ant

coating is described, forned of an_alloy containing: about 30 to about 55
at om % al uni nu# ametalibaied sabstratg; @Ad 9o t o about 3 atom % tantalum with a

bal ance of ni gqfll?’ Ly oﬁﬂg%ﬁ-resisfa‘i’i'ﬂ codtin g%@@pﬂh@ bR, cf}ﬁ'g 8% a fT] Rfloy COALi ng may

al so include chfomumand a precious netal, as we s ot conponents,
such as zongwisingn or nol ybdenum A met hod for appl yi ng the

oxi dat i on- reS| 3, strate is also described. The substrate
can be for m&*aa ﬁmfsoutpc‘))er {] étﬁ%’t/aﬂg?mu@ & a turbine engine conponent.

Rel at ed arti clabeupd.8 atomh %)todibSﬁi Dsateth %Ftaguhm 1

with the balance comprising nickel, cobalt, iron, or combinations thereof.

38.  The article of claim 37, wherein the alloy further comprises about 1 atom %

to about 15 atom % chromium.

39.  The article of claim 37, wherein the alloy further comprises a precious
metal selected from the group consisting of platinum, palladium, iridium,

rhodium, ruthenium, and mixtures thereof.

40.  The article of claim 37, wherein the alloy further comprises at least one
component selected from the group consisting of zirconium, titanium,

hafnium, silicon, carbon, boron, and yttrium.

41.  The article of claim 37, further comprising about 0.2 atom % to about 2

atom % molybdenum.

42.  The article of claim 37, further comprising a thermal barrier coating

disposed over the oxidation-resistant coating.

43.  The article of claim 42, wherein the thermal barrier coating comprises

zZirconia.
44.  The article of claim 37, wherein the metal-based substrate is a superalloy.

45.  The article of claim 37, wherein the metal-based substrate is a component

of a turbine engine.
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