ALLOYS FOR H GH TEMPERATURE APPLI CATI ONS, ARTI CLES MADE THEREFROM AND
METHOD FOR REPAI R OF ARTI CLES BACKGROUND OF THE | NVENTI ON The present
invention relates to materials designed to withstand hi gh tenperatures.
More particularly, this invention relates to heat-resistant alloys for

hi gh-tenperature applications, such as, for instance, gas turbine engine
conponents of aircraft engines and power generation equi pnent. The present
i nvention further relates to nethods for repairing articles for high
tenperature applications. There is a continuing demand in many industries,
notably in the aircraft engine and power generation industries where
efficiency directly rel ates t§ operatingﬁte erature for alloys that

exhibit sufficient |evels &k FlSeFr%BIHIQ i XA IREesi st ance at
i ncreasingly higher tgppgf@&'ﬁ{ 3S, %?Iél%ﬁmﬁﬁﬁﬂ@ﬁ{@pl such conponents
a ma matertal's

as vanes and bl ades are usu eo nown 'n the art as
"superal | oys." The ter mANB MEBTHODOFORIRERSIRAOF AR TAMEed t o enbrace iron-,
cobalt-, or nickel-based alloys, which include one or nore additional

el enents to enhance high tenperature performance, including such
non-limting exanples as alum num tungsten, nolybdenum titanium and
iron. The term "based" as used in, for exanple, "nickel- based superalloy”

is wdel y S0ERGEOUNDIGOE THME INVENERDNt hat t he el ement upon which the
alloy is "based" is the single | argest el enmental conponent by atomfraction

in the albgy conposi tion. neral ly recogni zed tq _have service
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of their practical service tenperature range. In typical Tet engines, for
exanpl e, bubkliGiensyguchais, ffai instasre gastubies enging eorhpornsbafidircrdDaRine about

1000C, whi laIeld %Bvrv]:azp Igtl,nel'a%%gleagip%l%gt. tIrhglplrelsrell% igg&%og d ﬁér@elgt%s oe }’nae%h%léig ?or

repairing articles for high temperature applications.

There is a contimuing demand in many industries, notably in the aircraft engine and
power generation industries where efficiency directly relates to operating temperature,
for alloys that exhibit sufficient levels of strength and oxidation resistance at
increasingly higher temperatures. Gas turbine airfoils on such components as vanes
and blades are usually made of materials known in the art as "superalloys." The term
"superalloy” is usually intended to embrace iron-, cobalt-, or nickel-based alloys,
which include one or more additional elements to enhance high temperature
performance, including such non-limiting examples as aluminum, tungsten,
molybdenum, titanium, and iron. The term "based" as used in, for example, "nickel-
based superalloy" is widely accepted in the art to mean that the element upon which
the alloy is "based" is the single largest elemental component by atom fraction in the
alloy composition. Generally recognized to have service capabilities limited to a
temperature of about 1200°C, conventional superalloys used in gas turbine airfoils
often operate at the upper limits of their practical service temperature range. In
typical jet engines, for example, bulk average airfoil temperatures range from about
900°C to about 1000°C, while airfoil leading and trailing edge and tip temperatures

can reach about 1150°C or more. At such elevated temperatures, the oxidation process
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can reach about 1150C or nore. At such elevated tenperatures, the oxidation
process -1 consunes conventional superalloy parts, formng a weak, brittle
netal oxide that is prone to chip or spall away fromthe part. Erosion and
oxidation of material at the edges of airfoils |ead to degradation of
turbine efficiency. As airfoils are worn away, gaps between conponents
becone excessively wde, allowng gas to | eak through the turbine stages
wi thout the flow of the gas being converted into nechanical energy. Wen
efficiency drops below specified |evels, the turbine nust be renoved from
service for overhaul and refurbishnment. A significant portion O}‘ tgi S 4
ref urbi shment process is djrected at th repair of the airfoil |eading an
trailing e&@@%lpl’é??dc%vﬁ%t?o L?upéé]ﬁﬁlp@,“s’dg’ﬁ‘ﬁg%a Wr?ﬁ]f’eti’ritﬂF medal, idR B &nd t hen
new mat eriquo%l&ﬁms?aﬁgﬁaph@gﬁhp}gaﬁny of several nethods, such as, for
exanple, welding with filler material, welding or brazing new sections
onto the existing blade, or by plasma spraying or |aser deposition of netal
powder s ontlosipe s aerddatipnechaetesiahahdle edgesl ¢fogisfodle eash oy degredationr off epai r

i's conpar 0 ferio hat_of the material of the originpal
corrpongﬁt , 1 ggneenétl-ﬂr?g ng{']‘poéls %ﬁfeotﬂrsn'aa({? g‘gﬁl L?g‘fagl‘ §g%sf g?tﬂ'gel} SBIEP?%%&WE‘?C@H%I ,its
def ect densixtyssively widepiliseiagigagio le@d thrbigh @6 @ibilersYages WithbRr B FRw b

current practice, the original edge nmaterial is _made of the sane materi al
as the restth®@as heing cepvigaed sntggmechamnicah eacigype Manosifisienen deps helowel or

cobal t. Becgugfied NkveldBiR" E\g‘)in}é"aﬁlu&elogcrte%v&? # apGGick hfordg@érlgﬂltl and
requirements of the entire ade, I't Is generally not optim zed to neet the
speci al | ocafurbisteneritr essighiicdenportien ob vhis cefdibisharsit ptockdsels aliretted lat Headi ng

or trailing edges., However, . nmaxijmum.te ratures, such as those present at
airforl t ggpaéﬁafé‘afgégffﬁlaf%dmgxﬂéﬂ%aﬁmsn@fgﬁ% 8 Usp) Fonergnelc gaBaecser
about 1300GatadialvRireoRel Rikd FRAYNevE BRAYENRE HANAbnRURE Ao aRE PRt Raimel T .

Clearly, new materials for repair and _
methods, such as, for example, welding with filler material, welding or brazing new

sections onto the existing blade, or by plasma spraying or laser deposition of metal
powders onto the blade. The performance of alloys commonly used for repair is
comparable or inferior to that of the material of the original component, depending
upon the microstructure of the repaired material, its defect density due to processing,
and its chemistry. Furthermore, in current practice, the original edge material is made
of the same matertal as the rest of the original blade, often a superalloy based on
nickel or cobalt. Because this material was selected to balance the design
requirements of the entire blade, it is generally not optimized to meet the special local
requirements demanded by conditions at the airfoil leading or trailing edges.
However, maximum temperatures, such as those present at airfoil tips and edges, are
expected in future applications to be over about 1300°C, at which point many
conventional superalloys begin to melt. Clearly, new materials for repair and
manufacture must be developed to improve the performance of repaired components
and to exploit efficiency enhancements available to new components designed to

operate at higher turbine operating temperatures.
BRIEF DESCRIPTION

These and other needs are addressed by embodiments of the present invention. One
embodiment is an alloy comprising, in atom percent, at least about 50% rhodium
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manuf act ure nust be devel oped to inprove the performance of repaired
conponents and to exploit efficiency enhancenents available to new
conponents designed to operate at higher turbine operating tenperatures.
BRI EF DESCRI PTI ON These and ot her needs are addressed by enbodi nents of the
present invention. One enbodinent is an alloy conprising, in atom percent,
at | east about 50%rhodium -2 (Rh); at |east about 5% of a netal selected
fromthe group consisting of platinum (Pt), palladium/(Pd), and

conmbi nati ons thereof; from about 5% to about 24% ruthenium (Ru); and from
about 1% to about 40% chrom um (Cr) wherei n the alloy conprises |ess than

et  ned. by (RHE A a5FiaBenoivs oF eyel ssforefne Herero o TGRS bf BARAHE ATD25% t o
about ~ 50% aﬂ@cﬁﬁﬁl || arANebrhtfihdtiodk §ndrB6T: %ﬁf‘%’cﬁft Cf@/‘tté%éut%l% WhiAgRLtm and

chrom um|n | oy, respectively. Another enbodinent is an article for
use in a hl@n),ta@drfemtamlé 1°/®m dlaanit €% enviniom (Ent thmnpﬁlesal]ng coimpriads oy of

t he present entlon third e |r|n an

e 61 . THES BN ARUE 5AG L uEimE R Ao (T ghroisSoed e, S0 e iy SbePlipa
material CoEEhédbHdhd BLpredsicty ([ o:fr]BH%RaBE@elﬂtthe k8 T bo@NEh % Ob bk t he
repair material to the article SCRI PTI OF THE DRAW NGS These and

ot her feat (0¥, WhespdRekandaifer] atn/Bintaiere oeotentages pf Bileamium pué whrasmuwy in
beconme bet when the foll ow ng detail ed description is read
with ref e&gén%lw?és?%qq’glgconpanyl ng drawi ngs in which |ike characters
represent |ike parts throughout the drawi ngs, wherein: Figure 1 is an

i sometri ¢ Amothaf embodintehbiik as drfiplec fdrl wsé omnd @izha tgagerhturd)i oveidathg ne

environment, comprising the alloy of the present invention.

A third embodiment is a method for repairing an article. The method comprises
providing an article, providing a repair material comprising the alloy of the present

invention, and joining the repair material to the article.
BRIEF DESCRIPTION OF THE DRAWINGS

These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with
reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

Figure 1 is an isometric view of an airfoil as typically found on a gas turbine engine

component.
DETAILED DESCRIPTION

The description herein employs examples taken from the gas turbine industry,
particularly the portions of the gas turbine industry concemed with the design,
manufacture, operation, and repair of aircraft engines and power generation turbines.
However, the scope of the invention is not limited to only these specific industries, as
the embodiments of the present invention are applicable to many and various

applications that require materials resistant to high temperature and aggressive
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conponent . DETAI LED DESCRI PTI ON The descri ption herein enpl oys exanpl es
taken fromthe gas turbine industry, particularly the portions of the gas
turbine industry concerned with the design, nmanufacture, operation, and
repair of aircraft engi nes and power generation turbines. However, the
scope of the invention is not limted to only these specific industries, as
t he enbodi nents of the present invention are applicable to nany and vari ous
applications that require materials resistant to high tenperature and
aggressive -3 environnents. Unless otherw se noted, the tenperature range
of interest where statenents and conparisons are nade concerning materi al

properties is. fromaboyt. 10Q0C to about 1300C. The term "hi gh tenperature"
as used herByHOMREHS o ﬂﬁlesst SH5EYISE 1ok B VemBgatire TotRsCof THETCE) P& t he

present i nwepihis Bad %%géis%ﬁy%f@lna% WRdek Al FRdtEt 1 glr%ﬁe?ﬂéé' s S8 B out
I ncludi ng, for exanple, ctost, strength, ductility, and oxidation

resi st ance.1006°C ae abpatahd3@°Gi t Ahenerme thighi temperapfret he yed derin irefemntoi on,

the alloy conprises,,in .at ercent, at |east about 50% rhodi um (Rh), at

| east abouﬁerggfér res abays o gm@ d fromthe group consisting of platinum
(Pt), palladium (Pd), and conbinations thereof, fromabout 5%to about 24%
rut heni um (M)a,llorﬁ]fwtﬁer Sreset oillenfidh balafee Yevetd YonPBtifdnamriaCrequirdental | oy

conprises | ess_than about 50% by vol une of an A3- structured phase, which
is a solidiBdrdipgoforc SKUBPISI f9sh attisngihotdvehli emmdnoxidatipn gesistance. ald i s
this phase opifte fiuh 3n} MiRimAR of 7 praBPISRon, Be Mo PipBAESEACE ©F
renai nder aforh percaht, atyleast abputi 86 riwodanniRhn ki leaityaboutci% of aAhetst defsetedr ed, or
face-centered &tjebl c (FCC Inégéder to achieve a desirabl e bal ance

phase, .
of propert ifggr,l HEOHOHPS pgg Bﬁp{gpmpﬁ ] E’%’g’;‘dﬁ“éﬂ d), and combinations thereof,
from about 5% to about 24% ruthenium (Ru), and from about 1% to about 40%

chromium (Cr). The alloy comprises less than about 50% by volume of an A3-
structured phase, which is a solid solution containing, among other elements, Ru and Cr,
and is commonly referred to in the art as "epsilon phase," or €. The presence of this
phase strengthens the alloy at the cost of some ductility. The remainder of the alloy
comprises a comparatively ductile Al-structured, or face-centered cubic (FCC) phase.
In order to achieve a desirable balance of properties, the composition of the alloy is
maintained such that a quantity defined by the expression ([Cr] + 2[Ru]) is in the
range from about 25% to about 50%, where [Ru] and [Cr] are the atom percentages of
ruthenium and chromium in the alloy, respectively. By adding Pd, Cr, and Ru in the
above proportions to Rh, the present inventors have discovered a material having
suitable high temperature sirength (due to solution strengthening obtained from the
alloying elements, and in some cases further strengthening due to the presence of the
A3-structured phase) with sufficient ductility (due to the substantial proportion of the
Al-structured phase) to be formed into useful shapes. Moreover, the cost of the alloy
is reduced by adding these alloying elements to the Rh without reducing the oxidation
resistance of the material below required levels. Those skilled in the art will
appreciate that Pd is less expensive and less dense than Pt, and so in many
applications where weight and cost are important considerations, optimal

compositions often minimize the use of Pt in favor of Pd. However, Pt may be used



mai nt ai ned such that a quantity defined by the expression ([Cr] + 2[Ru]) is
in the range from about 25%to about 50% where [Ru] and [Cr] are the atom
per centages of rutheniumand chromumin the alloy, respectively. By
adding Pd, Cr, and Ru in the above proportions to Rh, the present

I nventors have di scovered a material having suitable high tenperature
strength (due to solution strengthening obtained fromthe alloying

el enents, and in sone cases further strengthening due to the presence of
the A3-structured phase) with sufficient ductility (due to the substanti al
proportion of the Al-structured phase) to be forned into useful shapes.
Mor eover, the cost of the allo I S. reduced by addi ng these_ al] oying

el ements t o"PREe %S%l?% W%%taé’éiaﬂaﬁ&oﬁév Vet ibagh epviopwentaLeesistanee, s

materi al bel@yd Hevt s diHeEMEl soterkipse skilled in the art will appreciate
that Pd is |'ess expensive and | ess dense than Pt, and so in many

applications where weight and cost are inportant considerations, optinal
conposi t i orfdieonixenf thenabrveepropestiess endbthRers suchi sy orodulius R eladtividy ean et nay

b d -4 i || _of the Pd addition wh hi,gh
onvi ol HrR e Be %iadl wlbabista SRR hical ChBRboFE PO The
m x of the GhdRionk eaRY fol BSeR ik AldYedehsity GihileSndreskitlduthe QherflafSkpaiision can be

controll ed by var iég%St he relative proportions of constituent elenents. For
exanpl e, Cpefignt | WesRucadditions| teneb o tiprease| Bienagdinand yoghluse Meseavssi ng t he

thermal ex m%@gh&tggﬁr%& RGH acc%?gan%:g?tg?ﬁ% %@@%ﬁfoﬁn%s&%eh el °D ! h

and nodul us. , maintarning t accor dance w the
expr essi on thke ampiitecf ABavwracimesdt pldss intthe atopusilowihg ABrilsdrr cegitrol ederphﬁsef I nh
the alloy, allowi ng further control over the strength apd ductility of the
material . BHeRER F‘é‘?ﬂ“"éﬂ%ﬂ Wﬁl’i‘i‘aé‘?m{l-hg’ chrfagy creberimeaEsthe pHoy sempsisserBent |
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chromium In particular enbodi nents, t oy conprises, I n atom percent,
25% chromium. In particular embodiments, the alloy comprises, in atom percent,

from about 8% to about 20% ruthenium, and from about 1% to about 10% chromium.
Maintaining alloy composition within these ranges tends to minimize the amount of
A3-structured phase, thereby maximizing the ductility, and therefore the formability,
of the alloy. '

Alloys set forth herein as embodiments of the present invention are suitable for
production using any of the various known methods of metal production and forming.
Conventional casting, powder metallurgical processing, directional solidification, and
single-crystal solidification are non-limiting examples of methods suitable for
forming ingots of these alloys. Thermal and thermo-mechanical processing
techniques common in the art for the formation of other alloys, including, for
instance, forging and heat {reating, are suitable for use in manufacturing and

strengthening the alloys of the present invention.

Another embodiment is an article for use in a high temperature, oxidative
environment. The article comprises the alloy described above. The article may be
one that has been repaired, or it may be a newly manufactured article. In some
embodiments, the article comprises a component of a gas turbine engine, such as, for
example, a turbine blade, vane, or a combustor component. Referring to Figure 1, a

vane or a blade comprises an airfoil 10, which comprises multiple component
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from about 8% to about 20% ruthenium and from about 1%to about 10%
chromum Miintaining alloy conposition within these ranges tends to

m nimze the amount of A3-structured phase, thereby nmaxim zing the
ductility, and therefore the formability, of the alloy. Aloys set forth
herein as enbodi nents of the present invention are suitable for production
using any of the various known nethods of netal production and form ng.
Conventional casting, powder netallurgical processing, directional
solidification, and single-crystal solidification are non-limting
exanpl es of nethods suitable for formng ingots of these alloys. Thernmal
and t herno- nechani cal .. progessin .echni ques_compon in the art faor the
formati on c?FCtH}Iﬁ’e}mg’ldF‘&/gﬁﬁ?%d“g&il B,tn?c‘f se Whereathe COMBOnERt§ & RRdRk
treating, Sl 7 ' f | ' e
al | oys of ? ﬁ%n%gi%ﬂﬁiaﬁggnﬁg%é eﬁ%e?ﬁg%%%fr@%pﬁi&g%ﬂ%w%@f%{ use
in a high tseitpEy disprsed anyidiats arethe eowipooenteincludifige iaceriaid embodiprensest t he

al | oy descrj bed abov The article e one that has ,been repaired, or
"ty e SRR O APPSR TR S0t oS e R SIS, (ha R | o e
CONpri Ses aoGHNRE L tbatg disPasedidtl RisUBstRAE)i A3, the USBHRAS coth ses%@rmbg., a
turbi ne bl ade, vane, or a combustor conmponent. Referring to Figure 1, a
vane or a Biadeg eslyppardearasechpns Giel, those sestiens krmpn ite exparienes pheemosinponent

-5 sections,,, NG I Ng LDl L (] er e_Go ent is a
bl adey, o e bt i 1Ayt biyibdions) of W 6789 RRRSe e FEYBPHE
present i nyeesdehoinvealion enindiizeaestaidi dodackanyWiRye @mpriihgC sigpdiant |
including, in ceréﬁgi n .enbodi ments, at . one or nore of the above conponent

sections. [9CBIS 3 HAUREB S Awhmetals Aichapsifor exampplsprithadumn, Bwdimgandi sposed
on a subst r@ll@diﬁ[‘%}%ﬂé&' High €Ol $h HORiD ih Wmpari&! B¢APional

particul ar sections .e., tho secti on experi ence the nost
airfoil materials. These drawbacks have a reduced effect on the overall component

because the comparatively expensive and dense alloy (relative to conventional
superalloys) comprises only a fraction of the overall surface area of the component.
The properties of the component are thus "tailored" to the expected localized
environments, reducing the need for compromise during the design process and

increasing the expected operating lifetimes for new and repaired components.

A further embodiment of the present invention is a method for repairing an article. In
this method, an article is provided. The article, in certain embodiments, comprises a
component of a gas turbine engine, including, for example, a blade, a vane, or a
combustion component. A repair material is provided, and this repair material
comprises the alloy described above for previous embodiments of the present
invention. This repair material is joined to the article. In some embodiments, joining
is accomplished, at least in part, by disposing a coating comprising the repair material
onto the article being repaired. Suitable methods for disposing the coating include,
for example, thermal spraying, plasma spraying, HVOF spraying, and laser
deposition. In other embodiments, the repair material is joined to the substrate by one
or more conventional joining processes, including, for example, welding, brazing, or
diffusion bonding. Regardless of whether the repair material is in the form of a

coating or a solid section, it may be disposed at any section of the article deemed to



aggressive stress-tenperature conbinations) of the airfoil conprise the
alloy of the present invention mnimzes certain drawbacks of alloys
conprising significant anounts of platinumgroup netals such as, for
exanpl e, ruthenium rhodium and palladium including their high cost and
hi gh density in conparison to conventional airfoil materials. These
drawbacks have a reduced effect on the overall conponent because the
conparati vely expensive and dense alloy (relative to conventi onal
superal | oys) conprises only a fraction of the overall surface area of the
conponent. The properties of the conponent are thus "tailored” to the
expected | ocal.i zed nvi ron nts,.redugin t he need for conpronj se during

t he design rﬁ‘ﬂlﬂieetgg Pﬁ&‘armai“ﬁ?:f’ GIHLUCHE @5@8@1@%‘3&@5@ aeRgSqcHPBY INgREes or new
and repai rqgr&@ﬂﬁﬂé}%l%adiﬁgMﬁﬁiﬁhg@&%&%ﬁﬁﬂﬁls%d@&i&{ sent invention is a
met hod for repairing an article. In his method, an article is provided.
The article, in certain enbodi ments, conprises a conponent of a gas

t ur bi ne engiVhée vaneysuginhedinmenls g aleptrihedshaseindé, will arsppresiated fromrthest i on

conponent. A I ir erial i1s proyided..and this repair material
conprises t %Crlg% (3% glgé c‘ﬁ“%%%l cggg’\%éﬁto{}? o g(}f%ea&, e‘f%laﬁ?% netqéu"&?en?sheorpr esent
invention. ithidehepiitherbtedy B mhade bPtHied skilled hethafait] Shdare sl SAHED the

enbodi ments, joining is acconplished, at least in part, by disposing a
coating corfprResqfile mwentianmsidefined wrthepprpesdedelaims. articl e bei ng repair ed.
Sui t abl e net hods for disposing the coating include, for exanple, thermnal
sprayi ng, plasma spraying, HVOF spraying, and | aser deposition. In other
enbodi ments, the repair material is joined to the substrate by one or nore
conventional joining processes, including, for exanple, welding, brazing,
or diffusion bonding. Regardl ess of whether the repair material is in the
formof a coating or a solid section, it may be di sposed at any section of
the article deened to -6 require the perfornmance characteristics of the
repair material. These sections include,



for exanple, the leading and trailing edges of airfoils, and bl ade tips.
Wi | e various enbodi nents are described herein, it wll be appreciated from
the specification that various conbinations of elenments, variations,

equi val ents, or inprovenents therein may be nade by those skilled in the
art, and are still within the scope of the invention as defined in the
appended clains. CLAIMS 1. An alloy conprising, in atom percent: at |east
about 50% rhodi um (Rh); at |east about 5% of a netal selected fromthe
group consisting of platinum (Pt), palladium (Pd), and conbi nations

t hereof; from about 5% to about 24%ruthenium (Ru); and from about 1%to
about 40% ﬁ%ﬁdﬁm (Cr); wherein said alloy conprises | ess than about 50%
by vol une structured phase, and wherein the quantity defined by
the expression ([Cr] + 2[Ru]) is in the range from about 25%to about 50%
where [Ru] and [Cr] are the atom percentages of rutheniumand chromumin
said alloy, respectively. 2. The alloy of claim1, conprising in atom
percent from about 7%to about 20% rut henium and from about 1% to about
25% chroni Um 3. Amlioygomnyisss, i1 apmpercesbnpri sing i n at om percent from
about 8% to about 20% rut henl um and fromabout 1 %to about 10% chrom um
4. An arti Gk e, Lok oHSSok Phddi terrperature oxi dative environnent, said
article conprising: an a oy c r‘r'pr|3| ng, in atom percent,

at least about 5% of a metal selected from the group consisting of platinum (Pt),

palladium (Pd), and combinations thereof;
from about 5% to about 24% ruthenium (Ru); and
from about 1% to about 40% chromium (Cr);

wherein said alloy comprises less than about 50% by volume of an A3-structured
phase, and wherein the guantity defined by the expression ([Cr] + 2[Ru]) is in the
range from about 25% to about 50%, where [Ru] and [Cr] are the atom percentages of

ruthenium and chromium in said alloy, respectively.

2. The alloy of claim 1, comprising in atom percent
from about 7% to about 20% ruthenium, and

from about 1% to about 25% chromium.

3. The alloy of claim 1, comprising in atom percent
from about 8% to about 20% ruthenium, and

from about 1% to about 10% chromium.

4, An article for use in a high temperature, oxidative environment, said article

comprising:

an alloy comprising, in atom percent,



-8 at | east about 50%rhodium (Rh); at |east about 5% of a netal selected
fromthe group consisting of platinum (Pt), palladium (Pd), and
conbi nati ons thereof; fromabout 5%to about 24% rut henium (Ru); and from
about 1% to about 40% chromium (Cr); wherein said alloy conprises |ess than
about 50% by vol unme of an A3-structured phase, and wherein the quantity
defined by the expression ([Cr] + 2[Ru]) is in the range from about 25%to
about 50% where [Ru] and [Cr] are the atom percentages of rutheni um and
chromumin said alloy, respectively. 5. The article of claim4, wherein
said article conprises a coating disposed on a substrate, and wherein said
coating co i ses sali | 1 0y. The article of claim4 or claim5, wherein
said articl [eéﬁtrf'%Pngé)gA’ghO@&ﬁB at  of a gas turbine assembly. 7. The
article of claim®6, wherein said conponent conprises at |east one of a
turbine bl gdgastabbif 9% BE a YRS sclRBEd FoRPIRE WS cofé) Jatifdm (B article of
claim7, wherein said alloy is disposed at" | east one conponent “section
sel ect ed f mehedipm (§dbapd eonbingtionsghestofa | eadi ng edge, a trailing edge, and
a blade tip. 9. The article of any one of clains 4 to 8, wherein said
al | oy conprg 1=6) 49 Q% r ut heni um and from about 1%to
about 25% ¢ 0?%%"01}%15/%?a%%{ﬁ%%;a/?/ﬁtg?ng&gghgﬁfn%ne of clains 4 to 8, wherein
said alloy conprises fromabout 8%to about 20% rut henium and -9

from about 1% to about 40% chromium (Cr);

wherein said alloy comprises less than about 50% by volume of an A3-structured
phase, and wherein the quantity defined by the expression ([Cr] + 2[Ru]) is in the
range from about 25% to about 50%, where [Ru] and [Cr] are the atom percentages of

ruthenium and chromium in said alloy, respectively.

5. The article of claim 4, wherein said article comprises a coating disposed on a

substrate, and wherein said coating comprises said alloy.

6. The article of claim 4 or claim 5, wherein said article comprises a component
of a gas turbine assembly.
7. The article of claim 6, wherein said component comprises at least one of a

turbine blade, a turbine vane, and a combustor component.

8. The article of claim 7, wherein said alloy is disposed at least one component
section selected from the group consisting of a leading edge, a trailing edge, and a
blade tip.

9. The article of any one of claims 4 to 8, wherein said alloy comprises
from about 7% to about 20% rutheniwm, and

from about 1% to about 25% chromium.

10.  The article of any one of claims 4 to 8, wherein said alloy comprises

from about 8% to about 20% ruthenium, and

9-



fromabout 1%to about 10% chromum 11. The article of any one of clains 4
to 10, wherein said article conprises a repaired article. 12. A gas

turbi ne engi ne conponent conprising: an alloy conprising, in atom percent,
at | east about 50% rhodi um (Rh); at |east about 5% of a netal selected from
the group consisting of platinum (Pt), palladium (Pd), and conbi nations

t hereof; fromabout 7% to about 20% rut henium (Ru); and from about 1%to
about 25% chromium (Cr); wherein said alloy conprises | ess than about 50%
by vol une of an A3-structured phase, and wherein the quantity defined by
the expression ([Cr] + 2[Ru]) is in the range from about 25%to about 50%
where [Ru] .and [Cr]_are.the om percentages of rutheniumand chromumin
sai d al | oy oML ]tl?/ﬂl@lay?umg}l’ﬁl?r R"é‘éﬁld t urbi ne engi ne conponent conprises
one of a blade and a vane and said alloy is disposed in at |east one

section of jgai d GRURANEHE anS IR eMirhé 2170 | NSy QHBaiA ARRISEIREHRE 2@ | eading
edge, a trailing edge, and a bl ade tip.
repaired article.

12. A gas turbine engine component comprising:
an alloy comprising, in atom percent,
at least about 50% rhodium (Rh});

at least about 5% of a metal selected from the group consisting of platinum (Pt),

palladium (Pd}), and combinations thereof;,
from about 7% to about 20% ruthenium (Ru); and
from about 1% to about 25% chromium (Cr);

wherein said alloy comprises less than about 50% by volume of an A3-structured
phase, and wherein the quantity defined by the expression ([Cr] + 2[Ru]) is in the
range from about 25% to about 50%, where [Ru] and [Cr] are the atom percentages of
ruthenium and chromium in said alloy, respectively; wherein said turbine engine
component comprises one of a blade and a vane and said alloy is disposed in at least
one section of said component selected from the group consisting of a leading edge, a

trailing edge, and a blade tip.
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