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THEREW TH BACKGROUND OF THE | NVENTI ON The present
invention relates to materials designed to w thstand
hi gh tenperatures. More particularly, this invention
relates to heat-resistant alloys for high-tenperature
applications, such as, for instance, gas turbine
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generation equi pnent. The present invention further
rel ates to methods forqﬂﬂ%QEWYHﬂﬁarticles for high
tenperature applications. There is a continuing
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efficiency directly relates to equi pment operating :
The emsentalyertionf mlate fcoyatearialst designiedite veithstandi lagh temperatures.
< Stir. . i datiqQn r.esi.st.anc {.
b8l DA B 07035l RS e temperare
appdicafi@is| sudbnass (tehingtenge) gentushias eN@ine sompondalt DG Sra4fe engines
sually made of materials known in the art as

and RAPHEEEN YT CIFRR e TR PEFHRIrEY frbipn fpethergelafes jo methods for
repgi?l]&lﬁ'&ﬁﬁqestigr ﬁfgflrtélﬁgerbﬁ@@a plicQ@st -» or ni ckel - based

oys, which™ nclude one or nore additional elenents
to enhance high tenperature performance, including
Thesadha wontitying demgné xmnphz sndustridsyndtabl intthe ggtefi, engine and

| ybdepum. ti1 ani apd.iron. The term "based" as .
po{ R RN il o e By Ml o Ao CSperating
tenipeddlry, dGCANbRI that Egbiar fuffifiehedVvelshal §RBoMl 8RR Nxidation

.upon which the alloy is "based" is the single |argest
TesiglERefe it a ADCERATIEHE righgr derapsTaiugrst | Gps | Mrhipe airfpdy on such

_ Lok r ' : ;
rRDRS o Al (RUBlaEG s RGR8F REBE o ulIBHA, B0 3 ghgar as
"supmailient'i Thelersisepahllay'ss usedlyiintegdal foushbrase @adi-f adHakt-, or
..0often operate at .the,upper limts, of their practical ..
niclGl biftda Rl i dSacRioor mers oiifand sy teance high
tempEatPX BpRfRmail, KindMRHia0 Sush " AH-limb B Sxahple8S af 3MGRinum,
rom about 900C to about 1100C, while airfoil |eadlng

tungsies, modytdengmeldigeivan@ndiipont digderm thased casnised irg or example,
"o 0 [ D[ At such -.el.evat ed tenperatures

nicf POM e TR ot hes R ag R, B TR Bl tiiRent upon
whigufieralloly oy "Rsed sis thosingRJaenaidmendili doblppnmia atémi Rtion
. that is prone to chip or spall away fromthe part.
in the; oy sRuiRaiioR; GOFNY Grcosnter fahava soree eanghditigs limited to

a teRpELRIL Bra68 12009 UAUBARL Olpedifod Rl bkl @GN airfols
alrfoils are worn away, dap e en conponents

ofteh epone a HwagmpewBinyts of their practical service temperature range. In typical

Jet engines, for example, bulk average airfoil temperatures range from about 900°C to

about 1100°C, while airfoil leading and trailing edge and tip temperatures can reach

about 1156°C or more. At such elevated temperatures, the oxidation process

consumes conventional superalloy parts, forming a weak, brittle metal oxide that is

prone to chip or spall away from the part.

Erosion and oxidation of material at the edges of airfoils lead to degradation of turbine
efficiency. As airfoils are worn away, gaps between components become excessively

wide, allowing gas to leak through the turbine stages without the flow of the gas being
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wi de, allowi ng gas to |eak through the turbine stages

w t hout the flow of the gas being converted into
nmechani cal energy. Wen efficiency drops bel ow
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In a second aspect, there is provided an all oy

consisting of: at |east about 50 atom c percent

rhodium up to about 49 atom c percent of a first

material, said first material consisting of at |east

one of palladium platinum iridium and conbinations

thereof; fromabout 1 to about 6 atom c percent of a
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thereof; up to about 8 atonic percent of a third
naterial, said third materigl consisting of at |east

one of ruthenium chrom um and conbi nations thereof,
wherein said rutheniumis present in an anount up to
about 4 atom c percent and said chromumis present

in an anount up to about 6 atom c percent; and a

fourth material, said fourth material consisting of



thereof, wherein the fourth material is present in an
anount from about 0.1 to about 2 atom c percent;
wherein said alloy has an Al -structured phase at
tenperatures greater than about 1000 C., in an anount
of at |east about 90% by vol une. Enbodinents of the
di scl osur address thege and ot her ﬁeds
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least one of zirconiuwm, yttrium, hafnium, tantalum, aluminum, titaninm, scandium,
elements of the lanthanide series, elements of the actinide series, and combinations of
any of the foregoing, wherein the fourth material is present in an amount from about
0.1 to about 2 atomic percent; wherein said alloy has an Al-structured phase at
temperatures greater than about 1000° C., in an amount of at least about 90% by

volume, and wherein a sum of the amount of rhodium in said alloy plus the amount of

said first material in said alloy is at least about 85 atomic percent.

In a fifth aspect, there is provided a method for making an article for use in high
temperature, oxidative environments, said method comprising: providing an alloy,
said alloy consisting of, at least about 50 atomic percent rhodium; lip to about 49
atomic percent of a first material, said first material consisting of at least one of
palladium, platinum, iridium, and combinations thereof; from about 1 to about 15
atomic percent of a second material, said second material consisting of at least one of
tungsten, rhenium, and combinations thereof; up to about 10 atomic percert of a third
material, said third material consisting of at least one of ruthenium, chromium, and
combinations thereof; and a fourth material, said fourth material consisting of at least
one of zirconium, yttrium, hafoium, tantalum, aluminum, titanium, scandivm,

elements of the lanthanide series, elements of the actinide series, and combinations
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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 engines and power generation
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attack and provide the alloy of the present invention
W th extraordi nary oxidation resistance at high
tenperatures. The el enents conprising the first
mat eri al have Al crystal structures, as does rhodi um
and at tenperatures above about 1000C each of these
el ements dissolves in rhodiumto form a singl e-phase
solid solution having this same crystal structure.
This Al -structured phase provides a desirable
conbi nation of properties. Having a high amount of
Al -structured elenents in the alloy pronotes the
formation and stability of the desirable single-phase
m crostructure. Accordingly, in certain enbodi nents,
a sum of the atom percentage of rhodiumin the alloy
pl us the atom percentage of the first material in the
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atom percent. In all cases, the alloy of the present
i nvention conprises, at tenperatures greater than
about 1000C, at | east about 90% by vol ume of the
Al -structured phase. The strength of the alloy is
enhanced by additions of other materials. The all oy
further conprises fromabout 1%to about 15% of a
.- second material conprising at |east one of tungsten,
rheni um and conbi nations thereof. Mreover, the
all oy conprises up to about 10% of a third materia
conprising at |east one of ruthenium chromum and
conbi nati ons thereof. These additions serve to
strengthen the alloy via a solid solution
strengt heni ng nmechani sm but the anobunts added to the
alloy are limted by concerns about maintaining
oxi dation resistance and ductility. The anmounts of
second and third materials_added to the alloy are
broadl y governed by the respective solubilities of
the constituent elenments in the Al -structured phase,
to avoid precipitation of del eterious anounts of
secondary phases Mreover, the allowed anmounts are
further restricted in certain enbodi nents where
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In certain enbodi nents, a fourth material is added to

the alloy to provide even further strengthening. The

fourth material conprises at |east one el enent that

not only provides a certain degree of solid solution

strengt heni ng when the elenent itself is dissolved in

the Al -structured phase, but also forns a highly

stabl e oxide. Such elnincltts include zirconium

yttrium hafinum tantalum alumnum titanium
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Anot her enbodinent is an article for use in a high

tenperature, oxidative environnent. The article

conprises the alloy described above. The article nay

be one that has been repaired, or it my be a newy

manuf actured article. In sonme enbodi nents, the
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1. An alloy consisting of: at |east about 50 atomc

percent rhodi um up to about 49 atom c percent
of a first material, said first material consisting

of at |east one of palladium platinum iridium and
conbi nati ons thereof; fromabout 1 to about 15
atom c percent of a second material, said second

lBLRET flch&RNSIrSIAiRg, Ofttrfiin | %ﬁﬁmﬁneﬁg&u&yn%ﬁ?ﬁﬁl m, tnamam
rheni um and conbi nations 't her eof up to a% ’
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ha\\/rg a%ﬁcle size in the range from about 0.1 micrometer to about 10 micrometers.
This dispersion may be formed in sifu by adding the fourth material in metallic form
to the alloy and then exposing the alloy to a heat treatment in an oxidizing
environment, a process that is widely known in the art and an example of which is
described in U.S. Patent 3,640,705 to Selman et al. Alternatively, at Ieast a portion of
the fourth material in oxide form may be directly added to the alloy and mechanically
dispersed, in the manner common in the art of mechanically alloyed materials. In

either case, at least a portion of the fourth material, in some embodiments, is present

as a solute dissolved in said Al structured phase.

In order to take full advantage of the compositional effects described above,
embodiments of the present invention further include an alloy comprising, in atom
percent, at least about 50% rhodium, and up to about 49% of a first material, the first
material comprising at least one of palladium, platinum, iridium, and combinations
thereof. A sum of the amount of rhodium in the alloy plus the amount of the first
matenial in the alloy is at least about 85 atom percent. The alloy further comprises
from about 1% to about 6% of a second material, the second material comprising at
least one of tungsten, rhenium, and combinations thereof; and up to about 8% of a
third material, the third material comprising at least one of ruthenium, chromium, and -
combinations thereof. The ruthenium is present in an amount up to about 4 atom
percent and the chrominm is present in an amount up to about 6 atom percent.
Furthermore, the alloy comprises up to about 2% of a fourth material, the fourth

material comprising at least one of zirconium, yttrium, hafnium, tantalum, aluminum,



2. The alloy of claim1, wherein a sum of the anount
of rhodiumin said alloy plus the anount of said
first material in said alloy is at |east about 75
atom c percent. 3. The alloy of claim2, wherein
said sumis at |east about 85 atom c percent. 4. The

alloy of claiml1, wherein said second materi al
titah R SeARANIm | dlerABnta B0 WY 1ohhamaR ReNLs, el 7 ¢ m&&ﬁﬁe series,
to about 6 atom c percent; and said th

andgombinations ef gpealdhe firageing aFhewlioy gpmpdsesbo 1- 3na:mmi phase
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o GBI MR ool OSBRI bl Mg o
wﬂumepresent in an ampunt up to about 6 atom c percent.
5. The alloy of claim1, wherein at |east a'portion

All%)lfissgeg : tg@{] uq%ft:lg a?nsgg%F’ %lmelgﬁst ﬁg zlgee B]t:pgglg 1%v§n(%1lolfla 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
mgots 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 fhat has been repaired, or it may be a newly manufactured article. In some
embodiments, the article comprises a component of a gas tarbine engine, such as, for
example, a turbine blade, vane, or a combustor component. Up to the entire
component may comprise the alloy of the present invention. Furthermore, the alloy of
the present invention may be suitably disposed anywhere on the component,
including, in certain embodiments, at one or more regions of the component that are
particularly prone to experience high local temperatures, such as, for example, leading
and trailing edges of blades and vanes, and blade tips. In certain embodiments, the
arficle comprises a coating disposed on a substrate, and the coating comprises the
alloy. Suitable methods for disposing the coating include, for example, thermal
spraying, plasma spraying, HVOF spraying, and laser deposition. Having only
particular sections (i.e., those sections known to experience the most aggressive
stress-temperature combinations) of the airfoil comprise the alloy of the present
invention minimizes certain drawbacks of alloys comprising significant amounts of
platinum group metals such as, for example, platinum, rhodium, and palladium,
including their high cost and high density in comparison to conventional airfoil

materials. These drawbacks have a reduced effect on the overall component because

- %



6. An alloy consisting of: at |east about 50 atomc
percent rhodium up to about 49 atom c percent of a
first material, said first material consisting of at

| east one of palladium platinum iridium and
combi nati ons t hereof; fromabout 1 to about 6
atom c percent of a second material, said second
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fourth material, said fourth material consisting of
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wherein said alloy has an Al -structured phase at
compenset af @r g5 Grdae engineainchibng, oedamaple, nrblade, ampumt or a
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comprises the alloy described herein. This repair matertal 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. 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 require the performance

characteristics of the repair material. These sections include, for example, the leading

and frailing edges of airfoils, and blade tips.

While various embodiments are described herein, it will be appreciated from the
specification that various combinations of elements, variations, equivalents, or
improvements therein may be made by those skilled in the art, and are still within the

scope of the invention as defined in the appended claims.



the amount of rhodiumin said alloy plus the anmount
of said first material in said alloy is at | east
about 85 atomic percent. 7. An article for use in a
‘high tenmperature, oxidative environment, said article

conprising: an alloy, said alloy consisting of: at
WHAEggC D&Y at omi ¢ percent rhodi um up to

about 49 atonmic percent of a first material, said
first material consisting of at |east one of
pal | adium platinum iridium and conbinations

1. Ak B8EEQnsisting o fromabout 1 to about 15 atomc
percent of a second naterial, said second nateri al

gg@éggﬁ.&gngbﬁﬁ%?%gggkmgﬂﬁdﬂ&utungsten, rheni um and

I natl ons

up to about 49 atomic percent of a first material, said first material consisting
of at least one of palladium, platinum, iridium, and combinations thereof;

from about 1 to about 15 atomic perceﬁt of a second material, said second
material consisting of at least one of tungsten, rhenium, and combinations thereof;

up to about 10 atomic percent of a third material, said third material consisting
of at least one of ruthenium, chromium, and combinations thereof; and

a fourth material, said fourth material consisting of at least one of zirconium,
yttrium, hafnium, tantalum, aluminum, titanium, scandium, elements of the lanthanide
series, elements of the actinide series, and combinations thereof, wherein the fourth
material is present in an amount from about 0.1 to about 2 atomic percent;

wherein said-alloy has an Al-structured phase at temperatures greater than

about 1000° C., in an amount of at least about 90% by volume.

2. The alloy of claim 1, wherein a sum of the amount of thodium in said alloy plus the

amount of said first material in said alloy is at least about 75 atomic percent.
3. The alloy of claim 2, wherein said sum is at least about 85 atomic percent.
4. The alloy of claim 1, wherein

said second material is present in an amount from about 1 atomic percent to

about 6 atomic percent; and



up to about 10 atomic percent of a third material,
said third material consisting of at |east one of

rut henium chrom um and conbi nati ons thereof; and

a fourth material, said fourth material consisting of
at | east one of zirconium yttrium hafnium

t ahudl thini makaria Bypreseht nsam amgyurs agna aboat ekeniepescent,
the | anthani de series, elenents of the actinide

whef&h k88 ruBtlumAS Bredaitiin B8 atldRhess 1o M8 £hidmdid ferb@tahl said
material is present in an anount fromabout 0.1 to

t- ] rﬁgm' ' aid alloy has
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about 1000 C., in an amount of at |east about 90% by
volune. 8. The article of claim7, wherein a sum of
t he amount. of rhodiumin said alloy plus the anount

5. The aBey of ¢lpipst. whirepiahleasty peftian of s¢ fqusthapatpialds present as
about 75 atom c percent. 9. The article of claim7,

a soltedsialved in said Ahstiugeedpliasmt erial is present in an
anount from about 1 atom c percent to about 6 atomc
percent; and

6. An alloy consisting of:

at least about 50 atomic percent rhodium;
up to about 49 atomic percent of a first material, said first material consisting of at
least one of palladium, platinum, iridium, and combinations thereof;

from about 1 to about 6 atomic percent of a second material, said second
material consisting of at least one of tungsten, rhenium, and combinations thereof;

up to about 8 atomic percent of a third material, said third material consisting
of at least one of ruthénium, chromium, and combinaiions thereof, wherein said
ruthenium is present in an amount up to about 4 atomic percent and said chromium is
present in an amount up to about 6 atomic percent; and

a fourth material, said fourth material consisting of at least one of zirconium,
yttrium, hafnium, tantalum, alumimum, titanium, scandium, elements of the lanthanide
series, elements of the actinide series, and combinations of any of the foregoing,
wherein the fourth material is present in an amount from about 0.1 to about 2 atomic
percent;

wherein said alloy has an Al-structured phase at temperatures greater than

about 1000° C., in an amount of at least about 90% by volume, and wherein a2 sum of



said third material is present in an anount up to
about 8 atom c percent, wherein said rutheniumis
present in an anmobunt up to about 4 atom c percent and
said chromumis present in an anount up to about 6
atom c percent. 10. The article of claim7, wherein

the ag@ivakt af thodlven osapt albysplas theraponvenof ssid Grsyastaral ipi saal alloy
assenbly. 11. The article of claim 10, wherein said

is at CABPAHDRNES BOHIE p&esntat | east one of a turbine bl ade,
a turbine vane, and a conbustor conponent. 12. The
article of claim1l1l, wherein said conponent conprises
a coating, and said coating conprises said alloy.

13..The articl f claim1l, .wherein said alloy.is
7. Afpeish B inch el hebr i S i dihfleBn Swulbiod
framthe group consisting of a | eading edge, a
COmMpHHFNEi ng edge, and a blade tip. 14. A conponent for a
gas turbine assenbly, said conponent conprising: an
al boyllos shid aloy spneggimgiaft i ng of, at | east about 50
atom ¢ percent rhodi um
at least about 50 atomic percent rhodium;

up to about 49 atomic percent of a first material, said first material consisting
of at least one of palladium, platinum, iridivm, and combinations thereof;

from about 1 to about 15 atomic percent of a second material, said second
material consisting of at least one of tungsten, rhenium, and combinations thereof;

up to about 10 atomic percent of a third material, said third material consisting
~ of at least one of ruthenium, chromium, and combinations thereof: and

a fourth material, said fourth material consisting of at least one of zirconium,
yttrium, hafnium, tantalum, aluminum, titanium, scandium, elements of the lanthanide
series, elements of the actinide series, and combinations thereof, wherein the fourth
material is present in an amount from aBout 0.1 to about 2 atomic percent;

wherein said alloy has an Al-structured phase at temperatures greater than

about 1000° C., in an amount of at least about 90% by volume.

8. The article of claim 7, wherein a sum of the amount of rhodium in said alloy plus

the amount of said first material in said alloy is at least about 75 atomic percent.

9. The article of claim 7, wherein
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up to about 49 atom c percent of a first material,
said first material consisting of at | east one of
pal | adium platinum iridium and conbinations
t her eof ; fromabout 1 to about 6 atomc
percent of a second material, said second materi al
coraid stdong nofterad i pasint onen ahounifgst emut A i percantdo
combi nati ons t hereof; up to about 8 atomc

abold @@ pefcedt; khlird material, said third materi al
consi sting of at |east one of ruthenium chrom um
andyi§ BRI MALHANS prllenflon ARRECL IO § HoRRObURAS

present in an anmount up to about” 4 atom c percent and

said.chrom.um.is present in an amunt, up to about 6, .
whefef S MiIEhIIR o3 Drgept 1 an amguit UrE b 4 Hpmafe peggnyan said
fourth material consisting of at | east one of
chrogyipma dhPigsRDt yit &% AMATOLERIAAOAY & HATE RFTFSTA umi num
titanium scandium elenents of the | anthani de
series, elenents of the actinide series, and
conbi nations of any of the foregoing, wherein the
10. Tieartikle Ghtkaim &l wihsrept @8 atticlecoaiprasal Bémporent efxogds turbine

0.1 to about 2 atomic percent; wherei n said
assefibly@y has an Al -structured phase at tenperatures
greéater than about 1000 C., in an anpbunt of at | east

about 90% by vol unme, and wherein a sum of the anobunt
of rhodiumin said alloy plus the anmount of said

irst. material in said alloy is at |east about 85
11 il Berlatm 0. FhS e 1A Ot RIS H o P pes
for use in high tenperature, oxidative environnents,
turbigiblpdeea Woline saps. jasd agombustor component.

12. The article of claim 11, wherein said component comprises a coating, and said

coating comprises said alloy.

13. The article of claim 11, wherein said alloy is disposed on at least one component

section selected from the group consisting of a leading edge, a trailing edge, and a

blade tip.

14. A component for a gas turbine assembly, said component comprising:
an alloy, said alloy consisting of,
at least about 50 atomic percent rhodium;
up to about 49 atomic percent of a first material, said first material consisting

of at least one of palladium, platinum, iridium, and combinations thereof;
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providing an alloy, said alloy consisting of, at

| east about 50 atom c percent rhodi um up to
about 49 atom c percent of a first material, said
first material consisting of at |east one of

pal | adium platinum iridium and conbinations

t hérogoshout 1 io abdut Grat@bmtercknt of atroond dBteanl wiid second
percent of a second naterial, said second nateri al

mat€rih sbisshdting ofht Rhstloga st neasefrhémigs h@hcomibiffdndtheddnt:
combi nati ons t hereof; . up to about 10 atomc

pe "'ug &8 hodk S%F&Eitcr;lgr{éﬁﬁ 6 4 Blird B t Bkd ﬁuﬁﬁhﬁéﬁﬁlconsisﬁng

consi st ng o east one of ruthenium chrom um

nd.conbi nations thereof: and .. .. foprth . .
of afgrst Pp& P! rifgntig oy et Sombinsrigns Bersgt gyhégin paid s
one of zirconium yttri umb haf ni um tantal um, L
ruthgym 1H QRRsCRLIR 4R AERENISEHRGPOR, 4 dlPBwepgreens and paid chromium is
| ant hani de series, elements of the actinide series,
presghfdn @b gizionat Wotesaboled alemic pereem| and he fourth materi al
is present in an anount from about 0.1 to about 2
at arfoartipmateial, said fourth material consisting of at least one of zirconium,

ytirium, hafnium, tanfalum, aluminum, titanium, scandium, elements of the lanthanide
series, elements of the actinide series, and combinations of any of the foregoing,
wherein the fourth material is present in an amount from about 0.1 to about 2 atomic
percent;

wherein said alloy has an Al-structured phase at temperatures greater than
about 1000° C., in an amount of at least about 90% by volume, and wherein a sum of
the amount of thodium 1n said alloy plus the amount of said first material in said alloy

is at least about 85 atomic percent.

15. A method for making an article for use in high temperature, oxidative
environments, said method comprising:

providing an alloy, said alloy consisting of,

at least about 50 atomic percent rhodium;

up to about 49 atomic percent of a first material, said first material consisting
of at least one of palladium, platinum, iridium, and combinations thereof;

from about 1 to about 15 atomic percent of a second material, said second

material consisting of at least one of tungsten, rhenium, and combinations thereof;
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wherein said alloy has an Al -structured phase at
tenperatures greater than about 1000 C., in an anount

of at |east about 90% by vol une. H GH TEMPERATURE
ALLOYS, AND ARTI CLES MADE AND REPAI RED THEREW TH
ABSTRACT OF THE DI SCLOSURE An all oy, an article

conmprtd sbowy 10meomailcipesceniorich timed hoateridl osaidvéadfraatenialicogsisting
and repairing an article that enploy the alloy are

of aPlees oft efrutidieural dheymi@iRhi $embidafiod! @ReeENt , at
Ieast about 50% rhodi um up to about 49%of a first

bl g AR B by SR i
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thereof The second materi al corrprlses at | east one of
serigsy plgEents of theaastigiie saes. aphBYRaRBeRS thereple gmeremythe fourth

third materl al conprises at |east one of ruthenium
materigl dnprgagnt mah aoodsit dwpm atreit Ohletogbbut Zritemad pesgent;

conprises an Al -structured phase at tenperatures

or adlicefintthidmllapamd anl 80Girlcturad piksasTemperatured grésiasthan

about 90% by volunme. (No attached figure)

about 1000° C., in an amount of at least about 90% by volume.
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THEREWITH
ABSTRACT OF THE DISCLOSURE

An alloy, an article comprising the alloy-5 and methods for manufacturing and
repairing an article that employ the alloy are presented. The alloy comprises, in atom
percent, at least about 50% rhodium, up to about 49% of a first material, from about
1% to about 15% of a second material, and up to about 10% of a third material. The
first material comprises at least one of palladium, platinum, iridium, and combinations
thereof. The second material comprises at least one of tungsten, rhenium, and
combinations thereof. The third material comprises at least one of ruthenium,
chrdmiurh, and combinations thereof. The alloy comprises an Al-structured phase at

‘temperatures greater than about 1000° C, in an amount of at least about 90% by

volume.

(No attached figure)
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