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The present invention relates to materials designed to withstand high
tenperatures. Mre particularly, this invention relates to heat-resistant
alloys for high-tenperature applications, such as, for instance, gas

t ur bi ne engi ne conponent i [JHal power generation

equi pnent. The present ﬁﬁé@%Y?éﬁﬁ§ﬁﬁ¢ﬁgﬁﬂﬁg— met hods for repairing
articles for high tgEPPECATIONS ARTICUESVADEMBEREFROMCONt i nui ng demand in
many industries, notably in the aircraft engine and power generation

i ndustries where effiéﬁéﬁ@?ﬂaﬂ?EéFM§Rﬁ@wéRé§;ﬂBﬂﬁﬁbEﬁting temperature, for
alloys that exhibit sufficient I evels of strength and oxi dation resistance
at increasingly higher tenperatures. Gas turbine airfoils on such
conponents as vanes and bl ades are usually nmade of materials known in the
art as "superalloys.”" The term "superalloy" is usually intended to enbrace
iron-, cHFTKGRAIINRIQKEHEINSENEIANYs, which include one or nore
additional elements to enhance high tenperature perfornmance, including

such non=d.L m.ti ng: I S m.num_ .t u te ) enu titani um
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which the alloy is "based" is the single |argest el enental conponent by
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superal | g@/(gﬂ%géeﬂoée? %ﬁtglgdsgql%ﬁﬂ?l&e al ?%gﬁg{\%%ﬁrgﬁl?%ggﬁg#%s tét%q ‘8 eds(l}glger limts
_of t hei r rqpaaoigiactidlessfor kigh cerbporptareadpplieatioange. I n  typical jet engines, for
exanpl e, bul k average airfoil tenperatures range from about 900C to about
1000C, ile.airfoj.l .legding, and trai]ing ed and tip t eratures can
reach a\tl)\@h?reﬁg(fen% “1%3%1?’&%1 Ry 3}@9‘&?@&0?%%& @Fﬁ@?ﬂ%n%%ﬁat i on

-Process power generation industries where efficiency directly relates to operating temperature,
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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




1 7 February 2007 consunmes conventional superalloy part s;Fdvaisy pap7a weak,
brittle netal oxide that is prone to chip or spall away fromthe part.
Er osi on and oxidation of material at the edges of airfoils lead to
degradation of turbine efficiency. As airfoils are worn away, gaps between
conponents becone excessively w de, aI | ow ng gas to | eak through the
t ur bi ne sta es wt %nxt tlhe fl A of gas bei.n nverLed I nf o .mechani cal
energy. \WEN er 8 P ateRe B}élpﬁw Blﬁ‘él gfa%ﬁﬂq e'sme exidg thatde nust be
renoved fpreme 6 ehipi @ epdlDawSVR6MAM padd ref urbi shment. A significant portion
of this refurbishment process is dlrected at the repair of the airfoil

nd . trailing edges and tips. For exanple, damaged material is
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alloys ¢ use conpar abl e or inferior to that of the

nmonl air
mat eri al %Bef g?snée%'gl “dﬂnt‘fﬁ‘lte{ dﬁ%‘-‘r‘?ﬁmcﬁlew ngVheb shlidiereyniiops delaset ure of
the repaisp@ifidBli&kisal the | fufbifefRet BERSHhEVedd¥S %eﬂﬁ&c?&s'og%au apghits

chem stry. Furthernore, in current practice, the original ge material is
made of refadishment. nﬂt%gliuﬁbanismﬁm crfethts refurbiklementi pyoceas 1sbdhm¢e:,d ofthen a

super al | a 0 or ,Co Beca thi.s mater el ected
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condi tions at, the ai rf0| | leading or trailing wever, maxi num

t enper at Hedhods,syely agfor ﬁé@i@laﬂé@lgwg veith §iler maienal p@lchmi oplyeing mme

expect ed t oi nt man
convent SraphbbneRRkEE bl ) MRy FraBBE S 1AE neliontoR el cpai
and manpbwddrs roatom.lrmt blade.dBlve baf@thahce offalloys o@ﬂnmoﬂgr hesdnepGepAf ig epai red

conponent s ghq t}égl oit _effjciency.enhancenents avail able to new
conmponenfYURfE aﬁéep or 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 material 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. Cleaily, 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 the present invention. One aspect provides an

alloy comprising, in atom percent, at least about 50% rhodium




operate at higher turbine operating tenperatures. BRI EF DHSGRd RGN These
and ot her needs are addressed by the present invention. One aspect provides
an alloy conprising, in atom percent, at |east about 50% rhodium?2 7
February 2007 (Rh); at |east about 5% of a netal selected fromthe group
consisting of platinum (Pt), palladium (Pd), and conbi nations thereof,

from abo 2% 1.0 .about ,24% r ut heni , and from abqut 1%to about 40%
chr oni umld )a(;i fe\?ﬁeaggildr? PR %Eek%ﬁaﬁcg%ﬁ)ﬁﬁgg%e EfOUB SORHIE S & 1“80@’0 By vol ure ’
of an A3pallddieupdy apbasebirfiens\RERENrbReabIUASY foyabotl€ RivetitMidnh e

expression ([Cr]. + 2[Ru]1%7 is in the range fromabout 25%to about 50%
wher e [ RERWasad [fropy abgus 1vhie aboshdPe cheavizgeCrifwhareindhe dhyaemanprisconi um i n
the all 0Y,. LESPRCT.] e ' rti.cle for use in a

i gt emss SERPREL ¥oby ARRhOSE of AEGHRLQUMSE, ARG By b8BT an"al 1 oy
conpri si dgfinddnby tleneypeessiont((CAt+ RERA) is AbtietrabQ0Gromoshoun 2§ Bhjo; abiut | east
about 5%_of a . net sel.ected fromthe group consisting of platinum (Pt),
pal | adi urid (@dﬁﬁefeaﬁ%ﬂﬂ@& Cokare & aRePYEentages ohratheripmsand shsomiguin 249

rut heni upa(dRoy; regiidiifdipm about 1 % to about 40% chromium (Cr); wherein
said all oy conprises Iess 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 Asater pspephraoiddes asotide fatveein Sbigh tetpsratufeRatidating [ Cr] are the atom

percent a henium and. ehromumin sai.d alloy, respeciively. A
further gﬁlgﬁneﬁ#’%é@ e%clll%codlép?sfllﬁ’ BY AR HYTHE Hbﬁﬂ%’rﬂe“&}gﬁﬂeﬁtng: an al | oy
conpri si sighut 50%ahodiuREROEH leagttabbeesh of B ewsal 301%ted GdURE gRA); at | east
about 5% of ,.a netal selected fromthe group consisting of platinum (Pt),

pal | adi ufeTsEENE ohplatings fBi).rmalledine (PAk redFombingienatibareol7 fomabaicte 20%
rutheni Umébﬁumf%?&héﬂiﬁgr@ggghg ﬁjg%g/éb%uﬁ%% b4 QTMM, (&, wherein said

all oy conprises less t
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.

A further aspect provides a gas turbine engine component comprising: an alloy

* comprising, in atom percent, at [east 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.

Disclosed herein is also a method for repairing an article. The method can comprise

providing an article, providing a repair material comprising the
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by volume of an A3-structured phase, and wherein the quamFdbyuatefoored by
the expression ([C] + 2[Ru]) is in the range from about 25% to about 50%
where [Ru] and [Cr] are the atom percentages of rutheniumand chrom umin
said alloy, respectively; wherein said turbine engine conponent conprises
one of a blade and a vane and said alloy is disposed in at |east one

section of said c onent . selected from the oup consi sting of a |eading
edge, a f‘ﬁ%{’f ﬁ?lﬁ‘ﬁﬁseggg@,m’&H‘éﬂ%mﬂgé}éferef’?lbmafﬁ“ék'i"gé%ﬂ%ﬁ]é‘r ein is also a nethod
for repairing an article. The nethod can conprise providing an article,

providing a repair material conprising the -3 7 February 2007 all oy
di scl osed herein, and joining the repair material to the article. BRIEF
DESCRI PTB&EDPERGRL QESTHE2RARANGH her features, aspects, and
advant ages of the present invention will becone better understood when the
foll ow n t al 1.pt | LS ' r t. npanyi ng
e A T e o S T ok

dr awi ngsbeosher better dndgrstavdl wihen ahe | following detwilelvdederiptiomiis fread waith t ypi cal |y
found on gas t ur bi ne eng&ne caonmponent . DETA] LED DESCRI PTI ON The
descri pt feg?f RS Qi e RSB Rying drasyiags ngihish fike sharpeters epresanbiike PR ust ry,

parti cul gfbiphbiahe efawifRSwhbreld?e gas turbine industry concerned with the
design, manufacture, operation, and repair of aircraft engines and power

generation turbines. However, the scope of the invention is not limted to
only theE@usgpkds #11 somaigigstiey of an ggfoil pretypiepldd fovadton das twebine erging

i nventi ogbn%o%e&ppl icable to many and various applications that require
materials resistant to high tenperature and aggressive -3a 7 February 2007

DETAILED DESCRIPTION

The description herein employs examples taken from the gas turbine industry,
particularly the portions of the gas turbine industry concerned 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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environnents. Unl ess otherwi se noted, the tenperature rarigeboiary DO est
where statenents and conparisons are nmade concerning nmaterial properties
is fromabout 1000C to about 1300C. The term "hi gh tenperature" as used
herein refers to tenperatures above about 1000C. The all oy of the present
i nvention bal ances several conpeting material requirenents, including, for
exanpl e, cost, strength, ductility, and oxidation resistance. In

- accor danC8VPIRCIEhe dPRERtisth motee thyy tapneratimey Eangp o, infarest dvhase

conpri segardRent@h M ERE t 9 i - east
about 5% c?f anrreta sellgaglgt8 é%ﬁf$%%§in§g%%%§%§ﬁgp§g Fﬁfg& g%fna?éoﬁlum (Pt),
pal | adi urhOQ®Pg) to abelitck3OP@at Thos serivh ghiglo fiempdratora"afousedShertin @fwsito 24%

rut heni um (Ru and from t 1% to about 40% chromium (Cr). The alloy
conpri seéer‘[‘%%éth‘feﬁﬁﬂové’r?gﬁl‘%%y vol une of an A3- structured phase, which
is a solid solution containing, anong other elements, Ru and C, andis
conmonl y Thefafloy 66l tHeGrédint M9emidn Bifanc&PivERAN cRIFSHe mAeridl redfiRnthsence of
this phase strengthens the alloy at the cost of sone ductility. The

r emai ndeindyding efos) pemple.cppsti stengih.c dnpiitat pud| gxidationi resistincst r lict ur ed, or
face-cen i er .to achieve,a desir.abl e bal ance
o pr oporioRdhutl Rifh b EhoBARRS: of [l SRS shvinRSH BRIBY CRAERR fa ot & CC
quant i t y athed pereehtjoat ledsealsoup 50%sihodiugd @H), at ledsRullgut 5% oNa bkl sslaqtge from
about 25% to_ about 50% where [Ru] and ﬁCr_] are the at om percent afges of

r ut heni ufioFhidte SupRopssting ehilatipup (P, pallsdiemi(d), ynd pymbiaaiions tegeofcr | and Ru
in the abayebdfoPond i BHS RAh, i onave, di sgevered a
mat erial having suitable %?éh teehpﬁlgr} ﬁ@?%ﬂgtﬂfﬁﬁg‘{ﬂﬁg{( gd’e%t %bdgfél%r(gtAYon

st r engt hehionguro biCai). nddhef allom ¢dmeprisas lasyitha abaneitts byavulume ofameAsases
further strengthening due to . the presence of the A3-structure hase) with
Sutfi i eRtUGHIEE PlisSey Wiigh & 4 sl B contaiting o SBict FIgreR. iy

- Struct UpgfisPivasfonly Rflifed BT BA: LA "URAbNbhaBARES:. THRNRANAL. of fifs cOSt Of
the alloy is reduced by adding these alloying elenents to the wi t hout
r educi ngphdse stysnatzans ¢e allessitshenest of sombuctiliter iThk rembinderr@ghe nlday | evel s.
1005 qonclmfifieh 8 cbhBafileldncrite MPHAEHALE of BRE-cEftercd ubRTFBLS BhaC! S 2

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 strength (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 propottion 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




appl i cations where wei ght and cost are inportant consi der7digbeussy 200t i mal
conpositions often mnimze the use of Pt in favor of Pd. However, Pt may
be used -4 7 February 2007 in place of sonme or all of the Pd addition
where very high environnental resistance is desired above all other
characteristics. The m x of the above properties and others such as nodul us
of elasticity can be controlled by varying the relative proportions of
const i t udhplags eheameor abef thg Reysildition grhepiviiry highenyispremental rosiganaetie al | oy
density I: ' ' | expansion coefficient, and Ru

addi ti on\g@%&eeﬁ(f’btggé?ggirhgg%ﬁeapagérr%ﬁ%s?ﬁ and nodul us. Moreover, nmaintaining the
Cr and Ru in accordance with the expression described above controls the
amount ofTha3mist ofitteuatede pirapetiésnartdhathatsl sueh al oshilog of wlakticty canbe ol over

the strengt d ductiljty.of the material. I.n certain odi nepts, the
al | oy cor?ﬁ‘l%fcglgg% Y]axylgg&h? %eé?tbvé’rﬂr?pqr%’ilﬁ ahermstitregt JemeRss FI MBS eni um

and fromch@uttiondadnd Bhewr theHo§ HeRi ihild E}lo?&%ﬁi?(:tHé ﬂ{en%mbé}gJaHﬁ s, the
alloy conprises, in atom percent, from about 8% to about 20% rutheni um

and fr omcagffoient oand oRwngditiong dersh to onease skraingth aindi mgdulbs.oyMomopesi ti on

w thin these . to mnimze. fhe ampunt qf A3-structured phase,
t her eby Max I?#?‘%%gg Fh%?cgglétnll ?clogvf,an%?n 1L$ H}eereé‘%ﬁsgo? ﬁ%scflg?dréﬁ’i‘@ F?'éj],'ﬁs of the
al | oy. Akicoyrnometoff ABistrubtaredi phases ire O dilaxs vy FilhepcBfedlt ovelBAL i ON are
suitable for _ production using any of the various known nethods of netal
product i sEengHyanddurtitgy of t@%mﬂ%ﬁiﬁl-o‘ﬁaeﬂé@mbvg;m%m@ allpstc@mpgises, &l
pr ocessi LESRT HOR d Al fhcatd Si =C ), sol.idification
are non- Iafli)s%1 ?‘l&ng bxangbgngéqgéPﬁ%dzs@/gﬁ?@g%P@’ f’@‘?bﬁ% oé%%ﬁlg/ﬁ t?l)g%) og{ of these
al | oys. ZTH¥rchabmamd tlheranticuiee chdodindntyribe alisy rgmptisshiv guees peempn i n t he
art for fhe for ion of aother alloys, includi for jnstance, forging
and heat hf”rne%fl @tgtagogl%%. aiaﬂﬂbenfum’ a&éé%lnha‘i‘%ﬂ?’hﬁ?ﬂ%%’&‘%ﬁ’é@“&%engt heni ng
the al | oxfuirfthintripCal RyeRPosHioN SiHiP 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 treating, 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




Anot her enbodinment is an article for use in a high tenperaFebrearyadddati ve
environnent. The article conprises the alloy described above. The article
may be one that has been repaired, or it may be a newy manufactured
article. In sone enbodinents, the article conprises a conponent of a gas
turbi ne engine, such as, for exanple, a turbine blade, vane, or a
conmbustor conponent. Referring to Figure 1, a -5 7 February 2007 vane or
a bl ade d8Wprrsedlads eqmprises apoairfoil 40, advghr cemprives| mollipke componennt

sections, .l Raleh ' ' where the ¢ ent is a
o adey 5L el DbROE df Bidd dd Bude\EnGESEe YRGSy FOPRES Te

present ileading édge Ipynde traflitigt alpeyl 3di Sposlg, ehyehessenonvitipncaspoeent,
i ncl udi ng ' ertain enﬁodi nﬁgts, at one or, nore of the above conponent
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particul ar sections .e., those sections known to experience st
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high density in conparison to conventional airfoil materialS. These
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conponenpalladiime, ipclogiagttheis high doseawbhiphilensityainecohtbasisod & tanvetionkp t he
expected |l ocalize vi ronment s, reducing the need for conprom se during

t he desi @ﬁﬁ’gr%@% S-aridiesq %&Ea@qsﬁw Reredygrd affegt op dreaevand)l Fempenees for new

and repaphé@se H vy f ogll f res ' tionis a
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rbin i ne, J.ncludjng, for exanple, bl age vane, of .a
turbine The properéles of %e gcomponerﬁ arrépthus ‘talPore _ to 6tlhss: 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




conbustion conponent. A repair material is provided, and 71hitBufr¢pad?
material conprises the alloy described above for previous enbodi nents of
the present invention. This repair material is joined to the article. In
sonme enbodi nents, joining is acconplished, at least in part, by disposing
a coating conprising the repair material onto the article being repaired.
Sui tabl e nmethods for disposing the coating include, for exanple, thernal
sprayi ng fe%fﬁémmnwhwsbmﬁyhﬁge,paamhtmaéeﬂ"he@@pdmrlsumﬂudel, n ot her
enbodi ne bstrate by one or nore
convent i g(tf’laxa;ngfé ]t'h%%idli cé@é%{edslﬂ% édcs,gfégfﬁﬁgﬂ %na E@gﬁf}}’% wel di ng, brazing,
or diffusion bond| ng Regar dl ess of whet her the repair material is in the
f or m of éWhiba)amiimlg embmhmattk ares deztdncbad Hetelm&y witl 8 apmséatedtframnythsecti on of
the article. -6 7 Februa requi re the perfaqrnmance

char act efP&t (@ O%fth?thga?‘é‘bsal"i) B? SaI0 ef‘ﬂ@%‘g&sé’ﬁrt@tﬁ’ﬁév cAEVYgas, of or

exanmpl e, ihpRveaass irah thad/ Rl ﬁlﬁd%ﬁﬂggéskﬂieth&ﬁf?ﬂ Smd &8sl @ﬂﬁm&hf Wi | e
vari ous enbodi ments are déscri bed "herein ‘be appreciate romt he
speci f i caedpsif thednvantion es definsdiin thetappersiediclazhenent s, vari ati ons,

equi val ents, or inprovenents therein nmay be nade by t hose skil I ed in the
art, and are still within the scope of the invention as defined in the
appended clainms. -7 7 February 2007 CLAIMS 1. An alloy conprising, in atom
percent: at |east about 50% rhodium (Rh); at |east about 5% of a netal
selected fromthe group consisting of platinum(Pt), palladium (Pd), and
conbi nations thereof; from about 5% to about 24%ruthenium (Ru); and from
about 1 %to about 40% chrom um (Cr);




wherein said alloy conprises |ess than about 50% by vol urfdiebfuagn2007
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 rutheniumand chromumin said alloy,
respectivel y 2. The alloy of claim1, conprising in atompercent from
about 7% g}%out 20% rut henium and from about 1% to about 25% chrom um
3. The al oy claim1l1, conprising in atom percent from about 8% to about
20% rut henium and from about 1% to about 10% chromium 4. An article for
use in a high tenperature, oxidative environnent, said article conprising:
an alloy conprising, in atom percent, -8 7 February 2007 at |east about
50% r hodi um( at | east about 5% of a netal selected fromthe group
consi sting of Aﬁ%‘%‘r"?’ﬁﬂ%{‘ﬁ?& 1 apMm P m (Pd), and conbi nations t her eof ;
fromabout 5% to about 24% ruthenium (Ru); and fromabout 1 %to about 40%
chrom umaf lcist absM180%] Mhodidk(Ra)] oy conprises | ess than about 50% by vol une
of an A3-structured phase, and wherein the quantity defined by the

Ru]) is.in the range from about 25%to about 50%

expr essi on +
Wn_gre [Ra']leélﬁkab%@f/ ofrmpgbselictnd fhur Sergrageconststing of Mlatinwm(Bihd chromi um i n
said all Miad;&ﬁ?ﬁﬁténgieég}é%%gogpﬁe%p cle of claim4, wherein said article

conprises a coa on a Substrate, and wherein said coating
conprises said alloy. 6. The article of claim4 or claim5, wherein said
articl e Gommbove¥odo sl A%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 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.

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,




of a gas turbine assenbly. 7. The article of claim®6, whérkbmaspl@D7
conponent conprises at |east one of a turbine blade, a turbine vane, and a
conmbustor conponent. 8. The article of claim7, wherein said alloy is

di sposed at | east one conponent section selected fromthe group consisting
of a leading edge, a trailing edge, and a blade tip. 9. The article of any

one of C'a?fegﬁaﬂo&tgo%rh%ﬁ@i}l{ﬂ)sai d all oy conprises fromabout 7% to about

20% r ut henirum an roma 1% to about 25% chrom um 10. The article of
~any one of clains 4 to 8, wherein said alloy conprises fromabout 8%to
about 20% keadt labeit P ot ctaDsefeckeglfiraratlye SO0 corfsisting abplatimim ¥9#),0 about 10%

chrom um . Tzlgd artd'rcl . of, an%ﬁ;on? of claims 4 to 10, wherein said
article Boffsiyedid)andcopbinatigns,thereofie 12, A gas turbine engi ne conponent
conprising: an alloy conprising, in atompercent, at |east about 50%

r hodi um 6B sboat 5988 8boud AU ruf ¥ iin @m)gﬁ@l sel ected fromthe group
consisting of platinum (Pt), palladium (Pd), and conbinations thereof;

from ab%%_t 7%to Oabout 20% r ut henium (Ru); and from about 1%to about 25%
chr oni unirenyabouthiéte abpus 40% caremaipne&mbr i ses | ess than about 50% by vol ume
of an A3-structured phase, and wherein the quantity defined by the

- expressi %eﬁeiﬁa%d c}é’lic%[clca}ﬁlp%iﬁéss‘leésr{h&h@oouf S fJog.F?l@%LA?—ﬁ%létﬁ)re bout 50%

where [Ru] and are e at om percent ages rutheniumand chromumin
sai d al | phgserandpderdin dleyquanity definedslay the tewpresaien @6gin2{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% ruthenium, 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




conponent conprises one of a blade and a vane and sai d al7Kepriasy 2005posed in
at | east one section of said conponent selected fromthe group consisting
of a leading edge, a trailing edge, and a blade tip. -10 7 February 2007
ALLOYS FOR H GH TEMPERATURE APPLI CATI ONS, ARTI CLES MADE THEEFROM  AND
METHOD FOR REPAIR OF ABSTRACT OF THE DI SCLOSURE An alloy for use in high
tenperature applications is presented. The alloy conprises, in atom
percent, at |east about 50%  rhodium (Rh); at |east about 5% of a netal
selected fromthe group consisting of platinum (Pt), palladium(Pd), and
conbi nat ifoms abdub &Veaofaboitr 10 elbomiund% t 0 about 24% r ut heni um (Ru); and from
about 1% to about 40% chromum (Cr); wherein the alloy conprises |ess than
about 50% by | u of . an A3-structured phase, .and wherein the quantity
def i ned t]g}'th\é[%B !e%%ﬁa&afoefefflam%w @H}w@ﬁ@cwﬁg@ﬂﬁ@w about 25% t o
about 50%panbgheicidRu] and [Cr] are the atom percentages of ruthenium and
chromumin the alloy, respectively. Articles conprising the alloy and

met hods enploying the alloy for repairing articles are also presented.
(FIG 1) 421 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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