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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
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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
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There is a continuing 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




900C to about 1000C, while airfoil leading and trailing etednangd20070
tenperatures can reach about 1150C or nore. At such el evated tenperatures,
the oxidation process 1 7 February 2007 consunes conventional superall oy
parts, formng a weak, brittle netal oxide that is prone to chip or spal
away fromthe part. Erosion and oxidation of material at the edges of
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ti ps andpewdmas ontr éhe 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 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
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expected in future applications to be over about 1300C, &tFebh2@i nt many
conventional superalloys begin to nelt. Cearly, new materials for repair
and nmanufacture nmust be devel oped to inprove the perfornmance of repaired
conponents and to exploit efficiency enhancenents avail able to new
conponents designed to operate at higher turbine operating tenperatures.
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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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rutheniumand chromumin said alloy, respectively. A furtbfuangpeimt

provi des 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
nmetal selected fromthe group consisting of platinum (Pt), palladium(Pd),
and conbinations thereof; fromabout 7% to about 20% rut henium (Ru); and
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DESCRI PT

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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The description herein enploys exanples taken from the gasFdbidey DE7

I ndustry, 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
limted to only these specific industries, as the enbodinments of the
present invention are ap plicable to many and vari ous plications that
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conmonl y ToaF B Gaprconpistingef platnug (Ptg [P§11‘11dé §Rd)s and C‘éiflb@atlorﬁéh%?@sence of
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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 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




range from about 25%to about 50% where [Ru] and [Cr] arFFdbheralomn
percentages 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 ements, and in some cases further strengthening due to the presence of
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al | oy copmintdiafg AllbyadoRPoRBioR S¥thin 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




from about 8% to about 20% ruthenium and from about 1% tDFétpadiy 200P0
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. Alloys set forth
herei n as enbodi nents of the present invention are suitable for production
using any of the various known nethods of netal production and form ng.
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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
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the nost aggressive stress-tenperature conbi nations) of the airfoi
conprise the alloy of the present invention mninzes certain drawbacks of
all oys conprising significant anounts of platinumgroup netals such as,
for exanple, ruthenium rhodium and palladium including their high cost
and high density in conparison to conventional airfoil materials. These
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The article, in certain efbodi nent’s, conprises a conponent of a gas

t ur bi ne éepievé thejinwintigh ag defined iedwmppended chlimsle, a vane, or a conbustion
conponent. A repair material is provided, and this repair materi al
conprises the alloy described above for previous enbodi nents of the present
invention. This repair material is joined to the article. In sone '
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 nmet hods for disposing the coating include, for exanple, thernal
sprayi ng, plasnma 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




7 February 2007 require the performance characteri stics 7dicbtuaey 2@)7yai r

mat eri al. These sections include, for exanple, the leading and trailing
edges of airfoils, and blade tips. Wile various enbodi nents are descri bed
herein, it will be appreciated fromthe specification that various

conbi nations of elenents, variations, equivalents, or inprovenents therein
may be ngge Rygthose skilled in the art, and are still within the scope of
the invention as defined in the appended clains. -7 7 February 2007 CLAI M
1. An alloy conprising, in atompercent: 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 thereof; from about 5%to about 24%
rut heni um (Ru),; and fram abou% 1 %to about 40% chromum (Cr); wherein
said all oy coﬁéqu?lé’¥§°'l118§§mg’tiﬁﬁ°§b3‘?f “B0% by vol une of an A3-structured
phase, and wherein the quantity defined by the expression ([C] + 2[Ru]) is

in the aelege absFOROUEUADEM0 about 50% where [Ru] and [Cr] are the atom
per centages of rutheniumand chromumin said alloy, respectively. 2. The
alloy of claim rising.in atompercent fromabout 7%to about 20%

1, co [r. :
rut heni uff 163 abeyt Sre etah sglqctedfrun thexgoyr pensiftingof platimye Bl oy of clai m
1, conprbaitAghn (B! A REHMbns feRBEabout 8% to about 20% ruthenium and

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 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,




fromabout 1% to about 10% chromum 4. An article for uskdbmaay POGFh
tenperature, oxidative environnent, said article conprising: an alloy
conprising, in atompercent, -8 7 February 2007 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 thereof; from about 5%to

about 249 I - .fromabout 1 %to about 40% chrom um (Cr);
wherein ﬁa{e%gﬁﬁéﬁ%)%ﬁu?e ‘ess than about 50% by vol une of an

- A3-structured phase, and wherein the quantity defined by the expression
([Cr] + 2flRagtpbing SP/moﬁmetatmlngmdfﬁrmmﬂadagutp 2&thsting abplatimbYBt)where [ Ru] and
[Cr] aretFu .at? percen es of. t henium and chromumin said all oy,
respecti ¥ a;a B?th(?feﬁ 'm 4, wherein said article conprises a
coating disposed on a substrate and wherein said coating conprises said

al | oy. 6frofhoat $9,Gb gbsil 2843 uMefivgt nggj)aéﬂan 5, wherein said article conprises
a conponent of a gas turbine asse The article of claim®6, wherein

sai d conponent corrprl ses at | east one of a turbine blade, a turbine vane,
and a cofBstbept Eéripabrk #0%ghromany(Gricl e of claim 7, wherein said alloy is
di sposed at | east one conponent section selected fromthe group consi sting

of 2 | eadheipdapalldy b ALab AR SR byoRffe 84 A Rsllied ti cl € of any

one of clains 4 ein salrd alloy conprises
phase, and wherein the quantity defined by the expresswn ([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% 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




from about 7% to about 20% ruthenium and from about 1% t7oFebhey 2BH%
chromium 10. The article of any one of clains 4 to 8, wherein said alloy
conprises fromabout 8% to about 20% ruthenium and -9 7 February 2007
fromabout 1 %to about 10% chromium 11. The article of any one of clains
4 to 10, wherein said article conprises a repaired article. 12. A gas
t ur bi 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 her eof ; ffanoabealb d¥%tto Aboutdl 0&bchibmAd6 r ut heni um (Ru); and from about 1%to
about 25% chromum (Cr); wherein said alloy conprises |ess than about 50%
by volu of A3: structured has nd wherein the quantity defined by
t he exp?ﬁgsi oﬂﬂfﬁéﬂfegﬁé‘?ﬁ&f?fiﬂgl Sn“e(OI”@’ wheregesaid gRclssemprisesd t o about 50%
wher e [ Rydpapdafiicld 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 df saidgasdwpBrenginespmperant eropuigitg gr oup consisting of a |eading
edge, a trailing edge, and a blade tip. -10 7 February 2007

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.

-10-




ALLOYS FOR H GH TEMPERATURE APPLI CATI ONS, ARTI CLES MADE THEBRROMVZOOTAND
METHOD FOR REPAIR OF ABSTRACT OF THE DI SCLOSURE An alloy for use in high
tenperature applications is presented. The all oy 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 nati ons thereof, f}{%?g%@;{e}mﬁ&@EM%é ut henium (Ru); and from

about 1% to about 40% chrom um( erelnthe alloy conprises |less than
about 50% by vol ume AMPLIGATIINS ARTICILESI MARETHEERR@Er ei n the quantity

defined by the expression (hEQCrM + 2[Ru}{§ti s in the range from about 25%to
about 50% where [Ru] andA[ ETROPEO Eé)r‘ﬁIBé?Eent ages of rutheni um and

chromumin the alloy, respectively. Articles conprising the alloy and
met hods enploying the alloy for repairing articles are also presented.
(FIG1) -11

ABSTRACT OF THE DISCLOSURE

An alloy for use in high temperature applications is presented. The alloy comprises,
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 5% to about 24% ruthenium (Ru); and from about 1% to about
40% chromium (Cr); wherein the 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 the alloy, respectively. Articles
comprising the alloy and methods employing the alloy for repairing articles are also

presented.

(FIG.1)

-11-




