H GH TEMPERATURE ALLOYS, AND ARTI CLES MADE AND

REPAI RED THEREW TH BACKGROUND OF THE | NVENTI ON The
present invention relates to nmaterials designed to

wi t hstand hi gh tenperatures. More particularly, this
invention relates to heat-resistant alloys for

hi gh-tenperature applications, such as, for instance,
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further relates to met hddBEREWI¥Hpairing articles for
hi gh tenperature applications. There is a continuing
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all away fromthe part.
n t e 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 1100°C, while airfoil leading and trailing edge and tip temperatures can reach
about 1150°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 materjal 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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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
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the turbine stages without the flow of the gas being
1 converted into nmechani cal energy. Wen efficiency
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rhodium up to about 49% of a first material, from
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embodiment is an alloy comprising, 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, chromium, 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.-



and up to about 10%of a third material. The first
material conprises at |east one of palladium

platinum iridium and conbinations thereof. The

second material conprises at |east one of tungsten,

rheni um and conbi nations thereof. The third material
conprises at |east one of ruthenium chromum and
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The alloy of the present invention balances a number of competing material

requirements, including, for example, strength, ductility, and oxidation resistance.
The composition ranges developed for this alloy have been selected based on the need
to achieve sufficient strength to withstand the stresses associated with many industrial
machine components, while maintaining sufficient ductility to allow the material to be
formed into complex shapes. All of this must be done while preserving very high

resistance to oxidation;

In accordance with one embodiment of the present invention, the alloy comprises, in

atom percent, at least about 50% rhodium and up to about 49% of a first matenal,

. where the first material comprises at least one of palladinm, platinum, iridium, and

combinations thereof. These platinum-~group metals are all highly resistant to most
forms of environmental attack and provide the alloy of the present invention with

extraordinary oxidation resistance at high temperatures. The elements comprising the

- first material have Al crystal structures, as does thodium, and at temperatures above
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formed into conplex shapes. Al of this nust be done
whil e preserving very high resistance to oxidation.
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second
key concern. For example, in partlcular embodiments the second material is present

in an amount from about 1 atom percent to about 6 atom percent; and the third

material is present in an amount up to about 8 atom percent. In these embodiments,

. the composition of the third material is controlled within the above constraint such

that ruthenium is present in an amount up to about 4 atom percent and chromium is

present in an amount up to about 6 atom percent.

In certain embodiments, a fourth material is added to the alloy to provide even further
strengthening. The fourth material comprises at least one element that not only
provides a certain degree of solid solution strengthening when the element itself is

dissolved in the Al-structured phase, but also forms a highly stable oxide. Such
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and third materials added to the alloy are broadly
governed by the respective solubilities of the
constituent elenments in the Al -structured phase, to
avoid precipitation of deleterious anounts of
secondary phases. Moreover, the allowed anounts are
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thereof. A sum of the amount of thodium in the alloy plus the amount of the first

material 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, rheninm, 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 chromium 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,



environment, a process that is wdely known in the art
and an exanple of which is described in U S. Patent
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and trailing edges of blades and vanes, and blade tips. In certain embodiments, the
article 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 knowﬁ 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
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i ngots of these alloys. Thermal and therno-nmechanica
processing techniques comon in the art for the
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drawgacks have a reduced effect on the overall

disBeRsBnahtanyeserivr  of pthen eridapdeesedy & yree;q@@ ndiev @egprnance
CIHRR3& sAkd S’B’thé E&Jaﬁtlhz\(tgnélo 'ﬁl%%@’ %ﬁ{zbr%niﬁ!ﬂu G u(-?tlral'ng)YGS, Yhe leading

conpri ses onl y a fraction o overa ace area

altﬂ‘tralheggdgﬁ:poﬁarﬁnls'ﬁndbﬂudap@slies of the conponent are
thus "tail ored” to t he expect ed | ocalized

wronme CI ng, t ed.far ¢ rom se d
g e ﬁ’“ﬁ’PS S 4 d?%%ﬁ%ﬂi’ﬁwgl thell M pmsgeiated from the
spec1ﬁcat10n 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.



operating lifetines for new and repaired conponents.
‘Furt-her enbodi nents of the present invention include
nmet hods for making the article described above, and
nmet hods for repairing such an article. The nethod for
making the article conprises providing the all oy
descri bed above. In the nethod for repairing an
article, an article is provided. The article, in
certain enbodi nents, conprises a conponent of a gas
turbi ne engine, including, for exanple, a blade, a
vane, or a conbustion conponent. A repair material is
provi ded, and this repair material conprises the
al l oy described herein. This repair material is joined
WHAT 0s s gse. In sonme enbodi nents, joining is
acconplished, at least in part, by disposing a coating
conprising the repair material onto the article being
repaired. In other enbodinents, the repair materi al
is joined to the substrate by one or nore conventiona
jloi ni N pr sceAkgcomprizing iimatont pereacanpl e, wel di ng,
brazi ng, or diffusion bondi ng. Regardl ess of whether
tﬂqearf:% r‘tsg%tﬁ]r&dﬁlmj s in the formof a coating or a
SolTd sec ron, 1T may be °disposed at any section of
the ' [ [ [ .
 CHEbLEASH IR, i Sl i el SrRAGe sl gng of
palladiung Iplatieui, oridiexs mpt epmblatioas tienspf; and traili ng edges
of airfoils, and blade tips. Wile various enbodi nents
diremabeat 1 B ad aheutel 5% of & setdnid thatenglpsadd sextoad rhateraltdomprising
at leaststg%c&ffthrg%ttén? Thdridh X@c{ LOHBinSROR fakLp %ﬁg"f el ements,
varlatrons, “equivalents, “or 1nproverrents therein may
[ Q. It - e -St i
o (B Yo Ma0nR e By id oo B AR EISE b epsg one of
ruthenmppehdediuel, andeombindfionkitiered; CLAIMED |S: 1. An al | oy
' conprising, in atompercent: at |east about 50%
rwaiemregpid gllayoccabprises 49 % bftrectfiied phasest ¢erhpdratuges gicater than
' s ] hL.Sl of pal |l adi um
axm{g*%f?%ﬁﬁ%§%#?%Pﬁﬁgﬁéﬁﬁkg%%%?ﬁgeﬁg%gggﬁéreof; from
about 3% t OB Riby dPuh 12WhERANE SR b imodi'df thodium in said
second nmaterial conprising
-alloy plus the amount of said first material in said alloy is at least about 75 atom

percent.

3. The alloy of claim 2, wherein said sum is at least about 85 atom

percent.
4, The alloy of claim .1, wherein

said second material is present in an amount from about 1 atom percent to about 6

atom percent; and

said third material is present in an amount up to about 8 atom percent, wherein said

ruthenium is present in an amount up to about 4 atom percent and said chromium is present

-

-8-



at | east one of tungsten, rhenium and conbi nations
thereof; and up to about 10% of a third material, said
third material conprising at |east one of ruthenium
chromi um and conbi nati ons thereof; wherein said alloy
conprises an Al -structured phase at tenperatures
greater than about 1000 C, in an anount of at | east
about 90% by volunme. 2. The alloy of claiml1l, wherein
a sum of the amount of rhodiumin said alloy plus the
unt of first material in said alloy is at
’na"aV§%§&“QﬁﬂﬂEPu gagwﬂﬁ?“ﬁ%&cent. 3. The aIonyof claim 2,
wherein said sumis at | east about 85 atom percent.
‘4. Théb.al | o¥hohileyt 6fi dhaidn 1 \aahet domsgiging 66 aeh pateait al
IS present in an anount fron1about 1 atom percent to

B3 o e T REAR PPl Yl i e  oast one of
zirconiwimg ryedﬁmnsaia&xiunutdmiumnazmsupémsemhmnm samcﬁﬂmuﬂhmtﬁﬁtsm the
t. 4 at C m.l S ese .

tantharf R R E 5T 5 Bl s5% o OPhUTYoReBF St ips fyeeoine.

of claim1, further conprising, in atompercent, up to
about 8% oleae dlbyr eftclarat Brwisdreinssaidfoboh mdeniaitiepieadnt in an

AP AR R bAoA T b 2468 eum Scandi u

el enents of the Ianthanide series, elements of the
actinide s eTﬁ@Qloyarfd:lzimﬁ)iwiminmsidrﬂloarfynbér dolneprises a plurality
f i . . - , utS

ESSERERIS: T oINS, RS gL gyt
Cothpatoan dxide ddisaidtfoltlancm®d. 7. The alloy of claimb5,
wherein said alloy further conprises a plurality of

oxi de gparti-g d}lnegffl] 3}&%%{1 o Tl & H%&%xﬁ idleh g}é prgsent in said

wher ei n sai dles conprise B 6
Qﬁpﬂlﬁmamhummcla@but 8vorﬁh@ mirdey. of claim7, wherein
said oxide particles are present in said alloy in an

anounig up tﬂa@ﬁ%of@léﬁﬂl & Phe PG GE Mast a portion of said fourth material.

is-present as a solute dissolved in said A1 structured phase.
10. An alloy comprising, in atom percent,

at Jeast about 50% rhodium;

up to about 49% of a first material, said first material comprising at least one of

palladium, platinum, iridium, and combinations thercof; -

from about 1% to-about 6% of a second material, said second material compiising at

least one of tungsten, rhenium, and combinations thereof; and

up to about 8% of a third material, said third material comprising at least one of

-rutheni_um, chromium, and combinations thereof, wherein said ruthenium is present in an

‘amount up to about 4 atom percent and said chromium is present in an amount up to about 6

atom percent; and



9. The alloy of claim6, wherein at |east a portion of
said fourth material. 1is present as a solute

di ssolved in said Al structured phase. 10. An all oy
conprising, in atompercent, at |east about 50%

rhodi um up to about 49%of a first material, said
first material conprising at | east one of paIIadium
platinum iridium and conbinations thereof; from
about- 1% to about 6@6of a second material, said second
mat erial conprisin | east one of tung sten

r p2 Y 2havt fotcolon aw@?@ o0 Fatsth maﬁa%mwmﬁtle@%ﬂe of
mrconﬁlfm Y&:ghﬁidhﬁfﬁiu% e talufiafholibhid GERGH] @inGORPEleflcnts dtlihe

| eas ne of rutheni um chron1un1 and conbi nati ons
lanthagie serdgs, clpmentsi of thepalinide sedias.candicompirations of anyef the foregoing;
amount up to about 4 atom percent and said chromumis
pybereht saiqhallgy coraprines ap Adosteusbired phasgtab mparatures gregies than

about 1&)0"@ frFar?QlﬁUﬁnt%%apfeaﬁ BH‘Lr éd% "Egt\%?ﬂrﬂé rand "i'vl'férélﬂ . LH; of the

matertal comprising at least on Zi'rconi um
amouny pf rhadigmiimszidatipy phwthe ampunt of saidfinst mitesial iprsaid alloy is at least

bout £ Qﬁﬂ“ a%lﬁlenents of the | anthanide series, elenents
abou ? eﬂactlnlde series, and conbi nati ons of any of the

foregoi ng; wherein sai d al l oy conprises an
Al - st r ikt ur édr gatiels dorusetie apgintempentyreepxidativegnyironment, said

aggykcgggg,gln&n an anount of at |east about 90% by

vol une erein a sumof the anount of rhodiumin
said alloy plus the amount of said first material in

&ﬁiﬂkglkgaangyagn¢ﬁ§§% about 85 atom percent. 11. An
article for use in igh tenperature, oxidative

sal rticle conprising: an alloy, said

enviro
al | oy E‘geﬁﬁlag‘?‘f‘@ %f%"@ﬁ’é’i’ about 50% r hodi um up, to

about 49% rst terial s; first ter _

conpr i U HAst $2Uet adiat matenah SR ek sl Fropome a least one
of palladitifhi, phatin@nd uﬁidlﬁi‘ihl, Bd ¢SinhieksQfiEseof;r OM about 1%to

about 15% of a second nmaterial, said second materi a

c 0 rrp ri fromtabatit | Bastabowel 596 of u@w:arinatézhw Nédidecdnd material

ations thereof;. and
comprlsmg atrfeast one of tungsten, rhemum, and combinations thereof; and

up to about 10% of a third material, said third material comprising at least

one of ruthenium, chromium, and combinations thereof;

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

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

g2, The article of claim 1 1, 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 atom

percent.
13. The article of claim 11, wherein

said second material is present in an amount from about } atom percent to about 6

- 10-



up to about 10% of a third material, said third
material conprising at |east one of ruthenium
chrom um and conbi nati ons thereof; wherein said alloy
conprises an Al -structured phase at tenperatures
greater than about 1000 C, in an anmount of at |east
about 90% by volune. 12. The article of claiml11,
wherein a sum of the anmount of rhodiumin said alloy
plus the amount of said first material in said alloy
ast about 75 atom percent. 13. The article of
monlpgpgp"@Tf wherein said second material is present in
an anmount from about 1 atom percent to about 6 -10
ahidithipe meapdrial mamsesmindaﬁ hinb Gnt gt @Wrabakie 8 atopd péxeéﬁt Wwheih said

.anount up .to about 8 at rcent wher ej
rothens iy 1 B0 P & APRUBH P oy S 4 AR TS LB i prosent
manamem&r;itoamdutsamdnc}bwaéﬂtum is present in an amount up

to about 6 aton1percent 14. The article of claim

rein,said allo rth r [ n atom,
per évﬂt nn} CFTHPE o © é’%“ ?‘F nﬁ ﬁﬁ?éf‘fﬁ‘ﬂef campgises, in atom
petceht) naterlal conprising at |east one of zirconium
yttrium hafniun1 tantalum alum num titani um

|
BRI P Pl S od S0 o
zucomtﬁmr ggoiung hafbium, letabuhj db@imim,aitadinm] 4candlish &ii¢mems df the

ol el Sty SOBBL 5832 UL L0 o i

said oxide particles conprise an oxide of said fourth
mat er ilél . [ht6tide of Thanddt whkeim$aid hAbyfukther wdsmpﬁkd?. a

B b S ke ORGP D BB B

pmmmhmenﬁmdmﬂpmbgﬁhcﬁkmﬂéﬁ&ﬁhnﬁwmndﬁ a turbine bl ade,
a turbine vane, and a combustor conponent 18. The

g(!l%:[)ml% of 'I%le %l% f chhrgr wherel sa(fc? DR Eengdné:{? ngg} c%?nponcnt

ating, and said coatlhg conprises
of a gas turbine assembly.

17. The article of claim 16, wherein said compenent comprises at least

one of a turbine blade, a turbine vane, and 2 combustor component.

18.  The article of claim 17, wherein said component comprises a coating,

and said coating comprises said alloy.

19.  The article of claim 17, wherein said alloy is disposed at at least one
component section selected from the group consisting of a leading edge, a trailin g

edge, and a blade tip.

20. A component for a gas turbine assembly, said component comprising:

an alloy, said alloy comprising, in atom percent,

-11-



19. The article of claim17, wherein said alloy is

di sposed at at |east one conponent section sel ected
fromthe group consisting of a | eading edge, a
trailing edge, and a blade tip. 20. A conmponent for a
gas turbine assenbly, said conponent conprising: an
alloy, said alloy conprising, in atom percent, -11 at

| east about 50% rhodi um up to about 49% of a first
material, said first material conprising at |east one

of || adi latinum iridium and conbinations

tﬁtelF%SP%’oqtljlg%HE’gmm’l%to about 6% of a second .

TR SR 00 8 ST SRR BB o ot
palladauigl, plairtiuen, dlditin, 3%l ebmbirddliohslthepdogy i al , said-third

mat erial conprising at | east one of ruthenium
choanabiont 1%nd abosid® af hescoridaitenil, sald e¢cdnd i@eflal comprising at

rut heni um i resent in,an . anpunt _up .to about 4 atom
teast g of Bt Fhe BT S SR BA O AT TR B A o Srrount -

t o abqut 0 ercent: and.up to .apout 2% of a,

¢ Seif 1 B o PR, s8R it mp R UMY RS Aigoit one of
mthenlitlﬁﬁﬁc_thrﬂﬁﬁn@,fandﬁoﬁﬁmﬁﬂtidﬂs él)éiréd’f'l. Wlﬁkrehﬂfaiti ﬂ?ﬂlerfﬂi]ﬁﬁtiﬁbw%nt in an

al um num titanium scandium elenents of the
amouit kntp QH?‘&é‘ agm; P&‘f"*“é?‘é‘ﬁﬁﬁ‘ ShIgmipmds Rrasenf; ig an amqugg up to about 6
atom pékn€aiai nati ons of any of the foregoing;, wherein said

alloy. conprises an Al -structured phase at
t @ppedtaintp BSofQ PAFR mdtéddl, said CodirthkRAri &) conlprisingafledit one of
) of at | east about 90% by. vol une, and wherein a sum of
zircontyfy, YiHRTRATRIT (RN, AHIRAPE Hiapgin,seaadippe el of the
lanthafilde Sédich, ElefnehtsBFRE hatiniddlsesids,thndlcbRbina$iondbf hifPst the foregoing; -
~about 85 atom percent. 21. A nethod for nmaking an

article f.or .use in hight erature, oxidative
b il aUSY Srprivet B o RS BECHRRaSH b PP reater than
about labub@’yc, gﬁhrd agio%}ﬁtyﬁﬂ NRaitSAbdgt 90%b|@t oazgg, Q?ﬂtwt}er@h a sum of the
| east out 5Q%r hodi u up to ou oof a first
amour; of 2q $m i 5?13 ﬂﬂlrw?usrfg% BFeYPt At st Mpterta! iospid afigls at least
about 8% atoppdragitum platinum iridium and conbinations

t her eof ; '

21. A method for making an article for use in high temperature, oxidative

environments, said method comprising:

providing an alloy, said alloy comprisiﬁg, in atom percent,

at least about 50% rhodium;

up to about 49% of a first material, said first material comprising at least one of

palladium, platinum, iridium, and combinations thereof;

from about 1% to about 15% of a second material, said second material comprising

at least one of tungsten, rhenium, and combinations thereof; and

up to about 10% of a third material, said third material comin‘isi_ng at least one of

-12-



fromabout 1% to about 15% of a second material, said
second material conprising at |east one of tungsten,
rheni um and conbi nati ons thereof; and up to about 10%
of athird material, said third material conprising at
| east one of -12 ruthenium chrom um and
conbi nations thereof; wherein said alloy conprises an
Al -structured phase at tenperatures greater than
about 1000 C, in an anmount of at |east about 90% by
vol une. 22. The nethod of claim 21, wherein said alloy
ruthenipgy, ehremivmnend eumbinpiionsghefReier cent, up to about 3% of
a fourth material, said fourth mat er i al conpri sing at

|vﬁﬁ§ém QAR oy EbipARsUIR AMtdthickifed pabsd Hﬂlerﬁp’&‘it@fddr@rcater than
al um num titanium_ scandium elenents of the

about 1090 Rain ancanaeipt o at lepe APAVOIOSH by yelwBs-i ni de seri es,
and conbi nati ons of any of the foregoing. 23_ A nethod
for repairiTig ABhaAEeladn 23 2ivile@Ri £88 Aoy RIribEr BSnprises, in
providing an article; provi di ng a repair material,
atom pergeR r epai r material conprising, in atom percent, at
| east about 50% rhodi um up to about 49% of a fi st
rﬁ?tts ab@lt,395 af 8 féurttbinatdhiag shidl foG@RIat &Gl gomprikidg 3t leafeone of
al l adi um pl at| num i ridium ,.and conbi nations
zircomiiihie YRBHID, R B G812, BTy 4Bl FOALOBUR CFlgments of the

lanthanfid ®Fik&leleridtitél of @6 ABHNIAB k& dsdhn COIMbInGI MG ofainylof #5d foregoing.
one of tungsten, rhenium and conbi nations thereof;

and u toaout 0% of a third. pateri al aldthlrd
mat er | heefgF EPeiBE AP AR 59 M oeRTRAS
chrom um and conbi nati ons thereof; wherein said alloy
poowpding es amicleAl - st ruct ured phase at tenperatures
greater than about 1000 C, in an amount of at |east

?p&}a n%Q‘;/erthI;é &LH&BM@& aljr_l_ A cGiAbskifE m&n@&@éﬂ al

0 sal -13 2 e method of claim
wherein a sum of the anbunt of rhodiumin said alloy
ot leasttabguindRaabodipmsai d first material in said alloy
i's at | east. about 75 atom

up to about 49% of a first material; said first material coriprising at least one of

- palladium, platinum, iridium, and combinations thereof;

from about 1% to about 15% of a second material, said second material comprising

at Jeast one of tungsten, rhenium, and combinations thereof; and

up to about 10% of a third material, said third material comprising at least-one of

ruthenium, chromium, and combinations thereof;

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

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

- joining said repair material to said article.

-13-



percent. 25. The nmethod of claim 23, wherein said
“repair material further conprises, in atom percent,
up to about 3% of a fourth material, said fourth
material conprising at |east one of zirconium
yttrium hafnium tantalum alumnum titanium
scandium elenents of the |[|anthanide series, elenents
of the actinide series, and conbinati ons of any of the
foregoing. 26. The nethod of claim25, wherein said
repair _materjial further conprises a plurality of L
oxi de phrti dihednethedeldaim 23 Whegeidn sumphthgamepnt of thodium in
said alYEPI6E theSRhShnR¥F S6d AP Thdt&hiASn SAARAILS §s ANeRKXhblRt 95 atom
said fourth material. 27. The nethod of claim 23,
percenfher ei n j oi ni ng conprises di sposing a -coating onto
said article, said coating conprising said repair
materigs. 2&ne Hghd®sN A nPh3 ShitirBinZdid MP&AF laferial further
di sposing said coating conprises disposing said
COmpREgHUN AP PEREENL east one process sel ected fromthe
group consisting of thermal spraying, plasna
SHY Ryatdiie 390EHa PRAAYhAEH 21286d FRSB mERRARd driifdingZ® leakh8ne of
. met hod of claim 23, wherein joining conprises at | east
zirconpgypy Wiriuigehafpivgn. il glunginymg tifminoicapdie, plgments, of the
lanthari08 s&RdsD O R hitsrdhdctini dRBES MATBhibitioh§ bPaWhe Bi8eoing.
a conmponent of a gas turbine engine selected fromthe
group consisting of a blade, a vane, and a conbustion
conponéfit . e methodefiqlaim 31, vehessimsais repaiematerial Birther g
comprise§R b Sisy df SRR Jagi A& dlspdr&RRhfouPRLEY daf alRly, FheleBPSHid oxide
. .one conponent section selected fromthe group
particlesgpmpiiseny Qfideof Jaidhtpusly redfgBal- o trailing edge, and a
bl ade tip. -14 32. A nethod for repairing a gas
t ur bi ng7.engirAe mMeBPsFNMim 3Rivhai®h 6iRingCOMiises dpodihg a
. providing at |east one gas.turbine engi ne_conmponent
Coatmgevfecﬂfi@omﬁfﬂsnﬁ%eowéﬁﬁ%ﬁagsﬁar%ﬁpmé@%ermlade, a
vane, and a conbusti on conponent; _
t 28,  The method of claim 27, wherein disposing said coating comprises

disposing said coating by at-least one process selected from the group consisting of thermal

spraying, plasma spraying, HVOF spraying, and laser deposition;

29.  The method of ciaim 23, wherein joining comprises at least one of

welding, brazing, and diffusion bonding.

30. The method of claim 23, wherein said article comprises 2 component
of a gas turbine engine selected from the group consisting of a blade, a vane, and a

combustion component.

31.  The method of claim 30, wherein joining comprises disposing said
repair material at at least one component section selected from the group consisting of a

leading edge, a trailing edge, and a blade tip.
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providing a repair material, said repair materi al
conprising, in atom percent; at |east about 50%
® ‘rhodium up to about 49% of a first material, said
first material conprising at |east one of palladium
platinum iridium and conbinations thereof; from
about 1% to about 6% of a second material, said second
mat erial conprising at |east one of tungsten,
rhenium and conbi nations thereof; and up to about 8%
of athird material, said third material conprising at
| east 3fhe A methoddbrepaiting agas mtbiumengmjcmnpdmiemsaidmthod
com nstnhereof wherein said rutheniumis present in an
POStifbunt up to about 4 atom percent andsaid chromiumis
present in an amobunt up to about 6 atom percent; and
previdingitdenst N6 g tirbingenginercampenert selseipdifrpouthe proup consisting
ofa bla ,taeJaJnQ'a rhédsﬂgn@{)m:p%ﬁéﬁt one of zirconium
afnifum tanta al um num titanium
scandl um el ements of the |anthanide series, elenents
providieg arappisinpseriab spidrepain nagesieh FoTaP I HMS | "b*FtDWf@Pf st he
foregoi ng; wherein said alloy conprises an

& lesdt hUSRII0LE ridtiRGA; at tenperatures greater than
about 1000 C, in an anmount of at |east about 90% by

up kalaBut 30eh YMefist MaterRlBatd fifdd ehataiD UonpAting AORELtBNE Bf
said alloy pl usatnae ampunt of sald first material in

Palladl%urdatgr%yn#&"%t é’&g’cb‘"aéﬁﬁ‘ﬁt‘ °55° at om percent; and

OI ' n 31 I ; reﬁ%é)‘% qTaal%Jél? g}a Iég‘dcﬁ%g r%g{qgaycompnsmg at

least oné@llmﬂfg@f&l ﬂﬁﬁidn@%ﬂ%bﬁﬁx%ixcfn&@iﬁr&&f?mﬂi oup consi sting
of a leading edge, a trailing edge, and a bl ade tip.

ag fo about 8% of a third material, said third material comprising at least one of
ruthenium, chromium, and combinations thereof, wherein said ruthenium is present in an
amount up to about 4 atom percent and said chremium is present in an amount up to about 6

atom percent; and

up to about 2% of a fourth material, said fourth material comprising at least one of
zirconium, yttrium, hafnium, tantalum, aluminum, titanium, scandium, elements of the

‘lanthanide series, elements of the actinide series, and combinations of any of the foregoing;

wherein said alloy comprises an Al-structured phase at temperatures greater than
about 1000° C, in an amount of at Ieastrabput 90% by volume, and wherein a sum of the
~ amount of thodium in said'éiloy plus the amount of said first material in said alloy is at least

'about 85 atom percent; and

joining said repair material to said component by disposing said repair material at at
least one component section selected from the group consisting of a leading edge, a trailing

edge, and a blade tip.
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