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Abstract: A braze alloy powder m xture that includes a | ownelt oG

conposi t hi gh-nmelt powder conposition. The |lo er
CONMpPosi t#g&z@@q%‘?de of one or nore | ownelt powders and.m?érf@hgjodgg 0-70 %
Ni, 820 %Cr, 8-15 % Ta, 4-10 %Co, 2-7 %A, and up to 2.25 %B. The

hi gh-nmelt powder conposition is nmade of one or nore high-nett powders and

i ncludes 50-70 % N, 2-10 % Cr, 2-10 % Ta, 5-15 % Co, 2-10 %A, 2-10 %W
and up to about 3 % each of Re, Mo and Hf. Up to about 1 %Ti, W M, Re,
Nb, Hf, Pd, Pt. It, Ru, C, Si, and/or Zr may be included in the | ow nelt
powder, while the high-nelt powder may include up to about 1 % each of Ti,
Nb, C, B, Si, and Zr 6 June 2005 WO 02/050323 PCT/ US01/ 47838 5 NI CKEL

Dl FFUSI ON BRAZE ALLOY AND METHOD FOR REPAI R OF SUPERALLOYS The present
invention relates general |y 0 itions. and met hods for 10 repairing
superal | oys, and nore partie éﬁ? Ié@%%@%@i%&wnd net hods for the
braze repair of ni cke\YUMETHOR EQR REBA QFW%LW%HS. BACKGROUND OF
THE | NVENTI ON Ni ckel - and/ or cobalt-based superall oys are commonly used by
the 15 aerospace and power industries for conponents such as turbine vanes
that will be subliecresgntipventighrelasesgencaallyrte somperitime erdsmetipdsifer such al | oys

are i nhegent : ' o ures

occasi oﬁlgle I yl%{é%gé %gg%?ﬁéﬁggﬁg@ﬁuﬁy &%&?ﬁ&?x&%ﬁnﬁﬁgﬁﬂ% @gg‘fer s can be
made, such abrazd mpaiesfangkek andyr dwbalz-based paperalloypgts. t enper at ure di f f usi on
braze technology is normally used to repair 20 turbine vanes nmade of Ni -
and Co- based superall oys. The braze alloy mxture typically includes two
powder ed constituents. Th8ACKGROUDISOF THETNVENEOPASe netal powder) is a
hi gh tenperature powder wt chem stry the sane as, imlar to, the
conponent bei ng r%ﬁgg'r@ﬂygr?%@?@é‘%ﬁﬁp%ﬂ@f Fﬁeﬁgﬁ’i’f“"(’gﬂ’ée‘g&%%% al | oy powder)
consi st 950f @&rdip@R e PPLErahdikictid boghaRnb kahts dlrbaY vidathahadi @ mel ting
tenperature 25 well below that of the base netal powder. This braze all oy

powder is us¥BICFEd fohigh temperafiesandatres. Poieschslpys at wheewetiez, and to
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repaired. Diffusion braze alloy powders typically contain nel t1ng point
depr essant s 18 saktivelysnibor enpaiaheih de meide.isedrasofor exasmpdn by bragafeprir.unat el y

though, the use %glp %Fn%grature diffusion braze technology is normally used to repair

20  turbine vanes made of Ni- and Co-based superalloys. The braze alloy mixture

P
s

typically includes two powdered constituents. The first constituent (the base metal
powder) is a high temperature powder with a chemistry the same as, or similar to,
the component being repaired. The second constituent (the braze alloy powder)
consists of a high temperature diffusion braze alloy that has a melting temperature
25  well below that of the base metal powder. This braze alloy powder is used to join
the base metal powder particles together, and to join the composite powder mixture
to the areas of the component being repaired.
Diffusion braze alloy powders typically contain melting point depressants
such as boron and/or silicon of elements. Unfortunately though, the use of boron
30 and silicon in braze alloys can have a negative impact on the mechanical and/or
environmental properties of the repaired area of the part. In particular, large,
blocky or script-like brittle phases are formed which decrease the ability of the
material to resist rupture from stress. These brittle phases are composed of
refractofy elements, chromium, and/or titanium combined with boron, silicon and

35 carbon. For the braze repair of directional solidified (DS) superalloys with



30 and silicon in braze alloys can-have a negatl ve inpact on the j’recla%g cal
and/ or environnental properties of the repaired area of the part

parti culygp.phasge, blocky or script-like brittle phases %rrﬁj Bﬁiﬁ?z@ Whl ch
decrease the ability of the material to resist rupture roms ress. These
brittle phases are conposed of refractory elenments, chrom um and/or
titani um conbi ned with boron, silicon and 35 carbon. For the-braze repair
of directional solidified (DS) superall,oys with 6 June 2005 WO 02/050323
PCT/ USO / 47838 2 col ummar - gr ai ned (CG)2 and single-crystal (SC

m crostructur and Sj articul detrinmental to the nmechani cal
properties angﬂ%ﬁ?r P%Cl’](ﬁ'égﬁﬂg ﬂléérysﬁﬂ?ﬁgédn{cf?éM‘&PeBéﬂd%t%cfor i mpr oved
braze repai r patituiad ydseaiassab tHe md&hﬂﬁdmbmﬁéﬁeﬁm RidaBo@RYsQheeS . that can
be used for repai |ng superal | oys such as those found in jet engi ne
turbine vanes. T B?de@%‘ﬁf"f‘?W%ﬁﬁmfawﬁé@éspwynewdﬁs ®itiune 2005 WO
112/ 050323 PguikidSlnd, g)j\/gq% spect of the
present invention, th ug%?;%sﬁgjrogv d an%rugggfogwﬁ%k%b?%%ﬁ%og tion

conpri si Ag: thase fagnd iadetengine turbine vesks. "Hicl gsepowrdauwipn adiblesgéy)thatheddcast one
hi gh-nelt alloy powder; wherein said at |east one lownelt alloy powder
conprises 50-70% Ni, 8-20%Cr, 8-15% Ta, 4-10% Co, 2-7% At, and up to
2.25% B, and wherein said at |east one high-nelt alloy powder conprises
50-70% N, 2-10% Cr, 2-10% Ta, 5-15% Co, 2-10% A, 2-10% W 2-4% Re, and
up to 3% each of Mo and HE In the nost preferred enbodi nents the | ow nelt
powder conposition also conprises up to about 1% each of any or all of the.
following: Ti, W M, Re, No, Hf, Pd, Pt, Ir, Ru, C, Si, and Zr, and the
hi gh-nmelt powder conposition also. conprises up to about 1% each of any or
all of the followng: Ti, Nb, C B, Si, and Zr. &G Accordingly, the braze
alloy mxture (that is, the conbination of |ow nelt



and hi gh-nelt powders) preferably conprises 50-70% Ni, 10-15% Cr, ﬁTV%&)é) Ta,
8-10% Co, 4-7% A, 2-4% W about 1-2% Re, and about 0.5-1% each o‘%“

HE I n the nost preferred enbodi nents the braze alloy m xture al so conpri ses
up. to about 1% each of any or all of the following: Ti, No, Pd, Pt, Ir,
Ru, Gofospiys and Zr. In another aspect of the presemicriupeenigzgn, there is
provided a nethod of repairing an article nade of a ni ckel~based

superall oy material, said method conprising: (a) providing a braze alloy
powder conposition conprising: (i) at least one lownelt alloy powder, and
(i1) at least one high-nelt alloy powder, wherein said at |east one

| ow-nelt all oy powder conprises 50-70% N, 8-20%Cr, 8-15% Ta, 4-10% Co,

2-7% Al, and up to 2.25% QE“%T‘E erein said at |east one
hi gh-rrelt al | oy powder coﬁﬂ@%@%% %Q % Cr, 2-10% Ta,- 5- 15% Co,
2-10% A, 2- 100 We 258% Beihe [8&knt inventidh) iaehisqfroMaed anstakiEallgsh) brazing a
damaged portion of the article with said braze alloy powder conposition,

wher ei n spowdddpcampogtio’s done at tenperatures of between about 2150F and

about 2350R (ne, g e e oﬁéh%wpﬁleﬁ@n&yifﬁw(gptaha )lasleraaoaéawndﬁelbr aze all oy
powder s u€ETRIl the braze repajr

Ni - and/o eral | oys.
Ot her obj oy powda; wheraint saiges least jone kv @55&%‘%{’0‘?4@6&?‘?‘%“? §§1c}8vﬁuﬁ y

descri pt J 280 2P 03 2 dRip kb R3O B]ﬁﬂs»m iRt DESCRI PTI ON
OF THE Dﬁ%ﬁﬁg %figcyﬁ ?sm\a%b(?ap h show ;%;Et he. r?fyu ﬁ{r;.’i. s{{&gs rupture
test per fleasteat wghawletioy pp er cepaiea d0viPFNt R GE ﬁ’t Braze’r epai r

al Loy povgerss, @f, AN 16430 S k2R CHRA @ERE ofth oF Mémdmesent i nvent i on.

In the most preferred embodiments the low-melt powder co'mposition also
comprises up to about 1% each of any or all of the following: Ti, W, Mo, Re, Nb,
Hf, Pd, Pt, Ir, Ru, C, Si, and Zr, and the high-melt powder composition also
comprises up to about 1% each of any or all of the following: Ti, Nb, C, B, 51, and
Zr.

.Accordingly, the braze alloy mixture (that is, the combination of low-melt
and high-melt powders) preferably comprises 50-70% Ni, 10-15% Cr, 8-10% Ta,
8-10% Co, 4-7% Al, 2-4% W, about 1-2% Re, and about 0.5-1% each of Mo and
Hf. In the most preférred embodiments the braze alloy mixture also comprise;: up.
10 abolut 1% each of any or all of the following: Ti, Nb, Pd, Pt, I, Ru, C, B, Si, and
Zr.

In another aspect of the present invention, there is provided a method of
repairing an article made of a nickel-based superalloy ‘material, said method

COmprising:

(a) providing a braze alloy bowder cdmpoéiﬁou comprnsing:
() at least one low-melt alloy powder, and
(ii) at least one high-melt alloy powder;
wherein said at least.one low-melt alloy powder comprises 50 70%
Ni, 8-20% Cr, 8-15% Ta, 4-10% Co, 2-7% Al, and up to 2.25% B;

and



FIG 2 is a graph showing the results of a | ow cycle fatigue tegaﬂgséﬁgrnpd

on an article repaired with the inventive braze repair alloy p

one preferred enbodinent of the present invention. 10 FIG 3 is a graph
showi ng the specific weight change during a cyclic furnace oxidation test
performed on an article repaired with the inventive braze repair alloy
powders of one preferred enbodi nent of Bge present inventien- 15 FIG 4A
shows an engi ne vane segnent with fine €racks in the vane. FIGS. 4B and 4C
show cracks in an engi ne vane segnment such as that shown in FIG 4A after
repair wth the inventive braze repair alloy powders of the present

i nvention. 20 FIGS. 5A and 5B show | eading and trailing edge sides of a
vane segnent prior to (5A) and after (5B) braze repair using the inventive
braze repair alloy powdersinehidtaheastpnebmhtmélnalmytpoorder @BapdisdMe7PB05 WO

02/ 050323 PCT/ USO / 47838 SCRI PT. PREF =B S For
t he purposes of pr ono?[?lné‘slg%’[)gﬁgéaros%f a%_%%o I’Etz_ﬁéa%pgﬁga%p‘f eSg(% °t e
i nvention, reference amllup tmd% daech nfidie, tod HErt ai n preferred enbodi nents and

specific language will 5 be used to describe.the sane. 1t wl

neverthel ess be ufder StooeE ¢ Aanagsd PORR™ A theghids Wftﬁé‘glgé)%gaﬁ%ythe i nvention
is thereby ipéendesnp&uth, dhtemihidnszians doté hempsradidsiot bétwaars in  the
illustrated device, and such further applications of the principles of the
i nventi on as2bduf £L97% aidedort?d58iEn bei ng cont enpl at ed as woul d normal | y
occur to one skilled in the art to which the invention relates. 10 As

i ndi cat ed above, one aspect of the present invention relates to powders

useful for the braze.repair of superalloy, co S i ne vanes.
In a preferred e%o‘)&i‘er?ggﬂtth%ﬂlgse pnr‘r'%r?tg) g %Wprfr‘g?l {?@gr?%eo%}ﬁ)gg’mg%hﬁﬁhm xed with

one or  nor efohihgbraze tdparlof BY- Mdwe Coshatad supsraticyspowder ed braze all oy mixture

that can be us egmér%%jécps%ngl gg&alnidges will be apparent from the following description.



15 Anot her aspect of the invention-relates to nethods of repai risn‘g{n
superal l oy conponents by using the subject braze alloy m xtures °gP%e

t enper at {06323 about 2300F, foll owed by a stepped, dif j t
t r eat ment cy'g'f(en%t t enperatures rangi ng from about 1900FL€(§)M§@£/§£2100F.

1. Substrates. 20 The braze repair conpositions and nmethods of the present
invention can be used to repair a wide variety of substrates, including

ni ckel - or cobalt-based alloy substrates. Specific exanples of alloys that
can be repaired with the conpositions 4dnd nethods of the present invention
include, but are not limted to: nickel-based alloys _such as Mar-M46,
Mar- M247: single crystal rPRIESIPEICRIFEIQN, OF THE BRAWBIGCMSX- 25 4, and

CM 186; and cobal t-based al |l oys such as Mar- M09 and X40. 2. Braze Al oy
Powders, and M xtures Thereof. The braze alloy powder m xtures of the
present inventi ofifG-ids agephshawieg the sranliseif @ spesaenture sasprssiormestonamduticle

hi gh- nel t po“q,naﬁ It .08 sition is an.
alloy, or am xt%ﬁﬂggééﬂegéwse,b-{%%é?da%\gﬂgfu%&ﬂ%#tﬁépgg%ﬁcg{eg gﬁggcﬁ%%\? '®he braze
t enper at ut e (livcmsenttientieme low-nelt"). In contrast, the high-nelt alloy
powder conposition is an alloy, or a mxture of alloys, that remains
substantially unnelted at braze tenperatures because the 6 June 2005 WD

02/ 050323 PCT/ USEXG. 218388raph stooiiqeahe fesalt3 ofiaSovacyeh] faiifi@ € pafmatdisieaabove t he
braze tenperat.ure (hence the name "high.nelt"). In the preferred

embodi nent s 8‘%'0%?3%’36$365W‘M?Pgﬁe@¥edg¥ﬁg‘tﬁ8y Pé ders ofigne PisiEEd super al | oys
such as MAR- diMottiaént GBS plasert iveh@y: mel t powder 5 conposition is preferably

made froma mxture of alloys that nelt bel ow about 2250F, with the
conbi nation of alloys being selected so that the | ownelt powder

conposi tion as mgkﬁabﬁﬂﬁhﬁ%@{%d d 3pelIBL lveichfHatle dufl i 2100F
+/-100F. The high-nelt all oy pg\?}\m/(_tle%fjl co_rrpolsgihti or” u{%gg?ﬁwgﬁzﬁﬂ%%nbodi ment s
i s pref er abl §xid3iigadesbperfprnedhey) & anighrepaired vath thyinventive bosereptiralbiyt until it

gets above amlfers%‘%gg{grgr %ehgﬁni)&ﬁmgﬁ%%ﬂ]@?gsg{tmnﬁmom ments the |ow melt

powder conposition ngl'y conprises one or norfe alloy powders and has
a resulting conposition -

15 FIG. 4A shows an engine vane segment with fine cracks in the vane,

FIGS. 4B and 4C show cracks in an engine vane segment such as that shown in
FIG. 4A, after repair with the inventive braze repair alloy powders of the present
invention.
20
FIGS. 5A and 5B show leading and trailing edge sides of a vane segment prior to
(5A) and after (SB) braze repair using the inventive braze repair alloy powders of the

present invention.

25



of about 50-70% Ni, 8-20% Cr, 8-15% Ta, 4-10% Co, 2-7% A, and u ogﬁggut
2.25% B and/or Si, by weight, and has a conpositional nelting ra 6‘5'
Ibetween W%QB tuﬁ 00' and 2250F. In certain preferred enbgdy igg ?]

ow nelt "po 5 conposition also conprises up to about eac of any or
all of thefollovvlng Ti, W M, Re, Nb, H, Pd, Pt, Ir, Ru, C, and Zr.
Most preferably, the alloys used to prepare the Iovv- rrelt al+-ey powders

each contain between about 0.65 and about 2.25% B, with the total anount of
Bin the lownelt powder conposition ?)r ef erably bei ng between about 1% and
2% 20 The lownelt allo owders each also preferably contain up to about
3% Si, with the totalD El@ﬁoﬁmpwjgﬁpmo IS preferably being
between about 0.5% and 1% The high-nelt powder conposition preferably is
an alloy (or mxture of alloys) with a chem stry that is the sane or
substantially t hEorsl&rmlrmesdf@rcaﬁdtmg an nnde%andhle of thepringiples efgheaverdion; r ed.

Accor di ngl ] de of
VAR D46 ot BiFecE pathpsba BAAS o SRR bRkor LLATRARAD wis SR AReiapoam Made ©

typical | y copgiises aﬁdaahmtthé@:nEO%wi ne@:rthél%s(ﬁe un&ersta@%nataap lisnitation @ohe 2- 10%

A, 2-10%W 24% Re, . and, up bout ,3% eac nost
preferred entf9ns pihe g‘v?‘ﬁlé’“ﬁ? Flrc nf@ﬂ%\yﬂ&ﬁag |a{“i1 @'ﬁtﬂgdmdlléscgnéorrprl ses up
to about 1% @agHisRhte@BNi arid ductfurthéi@phlatationy of e phinciphbof the inBentiBh as and Zr .
6 June 2005 WO 02/050323 PCT/USQ /47838 7 The | ownelt @hl(ﬁ% coaﬁ)osi tion
and the hi ghillygiratedthereip beingsentpmplaied ay would aprally PGeug B SiEy® Bs of

about 1:3 to ﬂﬁﬂ'tﬁc BrehtibPi#®! t:high-nmelt powder, wth ratios of 1:2 to
2:1 being nore flerrteld’p I'n"the nost preferred embodj ments,  the ratio of

| ow nel t10powder t@ indightedrabave moasipectiof theypseserinyeniion ?H@ﬂ%ﬂ?@i@“@f 1:1to 5
1.5 1In teEser?o ﬁﬁ%e‘%:g%a?&g’gﬁ%&ﬁgfh?@érpﬁ&fgﬂﬂé L&ihng nababland0-m@% | ow el t

al l oy powder, powder. has been preferred for
repairing Ni prcfmsdaeinbmmmmtlohoyrmacﬂwmwhﬂaﬁpmsIméﬁé\’@‘ﬁlO@R/E}X 3. Aratio

P hoao N - basBaredtgral ahoy BoVUeltS forR 2 8RE R BALARY MG Bl BhREd o Tor
used for the repair.

15 Another aspect of the invention relates to methods of repairing superalloy
components by using the subject braze alloy mixtures at braze temperatures of
about 2300°F, followed by a stepped, diffusion heat treatment cycle at
temperatures ranging from about 1900°F to about 2100°F.

1. Substrates.

20 The braze repair compositions and methods of the present invention can
be used to repair a wide variety of substrates, including nickel- or cobalt-based alloy
substrates. Specific examples of alloys that can be repaired with the compositions and
smethods of the present invention include, but are not limited to: nickel-based alloys
such as Mar-M246, Mar-M247; single crystal nickel alloys such as CMSX-3, CMSX-

23 4, and CM-186; and cobalt-based alloys such as Mar-M509 and X40.

2. Braze Alloy Powders, and Mixtures Thereof.

The braze alloy powder mixtures of the present invention include both a
low-melt powdef composition and a high-melt powder composition. The
low-melt alloy powder composition is an alloy, or a mixture of alloys, that

30 substantially meits below the braze temperature (hence the name “low-melt”). In
contrast, the high-melt alloy powder composition is an alloy, or a mixture of

alloys, that remains substantially unmelted at braze temperatures because the



10 repairs. In selecting t he proportions of conponents used in th@ 00
invention, it should be recognized that higher wei ght percent ag% ng 2005

hi gh- mely,oR9NERk; typical ly provide better nechani cal prlp(pﬁ ' ,n view of
their reduced levels of boron and/or silicon. Simlarly ?%%g?sis

percentages of lownelt powders typically have 15 inproved braze flow As
can be appreciated by persons skilled in the art, a proper --bal ance bet ween
mechani cal properties and braze fl ow nust be established, as dictated by

t he demands of a particular application. H gher Al content is also desired
in sone enbodi nents because Al -rich conpositions inprove high-tenperature
oxi dati on prepessiiendias peltng femperie akovg dhe brgredteaperaure dhanebei n ¢ he

m xtures i npLOYes.f ey aze joint mechanical properties. In particular, Ta
addi ti ons strengt ﬁen t e gamma and gamma prinme phases by increasing

| attice ni smat chésthe preforicdwmbsdimpnss ableroze repair raiturgsasedioferaffdi- t he fi nal

b |1 i ) f i %0, 10-15% Cr,

B 1006 Ta, b OO Al HicRps MR GoR LY CHRIES IRaBn L L 106 each of W
and Hf , Jand compbsitonat prefeindbly midedronvaprikisesf aijoys chaaelibelovcabeth of any or
Il of the f ing: Ti, .No, P Pt, w19l As

?ndi gat edeaggéé, V\‘%’lﬂg @8F‘Ii’%l?l?lal%'ﬁPé’gé}oryéaelgérﬁ%%g%esﬂ&at Fﬁel&%'oﬁﬁ%glwté&al | oy

powder COoNplehb@Pssitebnts X hoR s@bstinyiBlyOmelin ehe rangerat hboua R1G0JE+/- 160°Ene pref erred
30 enbodi ment particularly useful for repairing Ni,-based s all oy parts,
izh ehagimeis s pRiEip!

the | ow mel (Thgpishymelcaliqs powdsspomresiion used imyspch cTRogimenis IS pretedably . e ¢

powder CoNpigh ik Ba siﬁgeﬂigh%f&?{oahﬁ)y thah@iebn’6HeiChntilab@titabb% but 0O  12% Co,
and about 2% B, with a 6 June 2005 WO 02/050323 PCT/USO /47838 8 |iquidus
tenper atQire of abuhe mpgEefeqad)embpdimenisgbs o -EEROVSHCMRREHONt powder

conpri sing 42% Ni e 2i02%0 TauaBdodpRitton1 % B, with a
| i qui‘dus te%@%?%fﬁ%&“%ﬁ%ﬁ#?%%eosﬁgyé’ﬁg'g%*g;m about 50%"0? a thoinr d lownelt

powder conpof giauty5BeshiNi. B4R INCT. Sabida 2684 0% CoabadtAlgandey oAbt 4% W about
5. 4% Ta, ab%%%3§/" A/Or sa}%“ eifgl{ o Rg 1?:? 9&{5;)0%;"(9011\59 mc?tﬂl% r%%gl&" b&%@l with a
| i qui dus té&npérature of ‘abou Wi 86 .
about 2000°F and 2250°F. In certain preferred embodiments the low-melt powder
15  composition also comprises up to about 1% each of any or all of the following: Ti,
W, Mo, Re, Nb, Hf, Pd, Pt, Ir, Ru, C, and Zr.
Most preferably, the alloys used to prepare the low-melt alloy powders
each contain between about 0.65 and about 2.25% B, with the total amount of B in
the Jow-melt powder composition preferably being between about 1% and 2%.
20  The low-melt alloy powders each also preférably contain up to about 3% Si, with
the total amount of Si in the low-melt powder preferably being between about
0.5% and 1%.
. The high-melt powder composition preferably is an alloy (or mixture of
alloys) with a chemistry that is the same or substantially the same as the alloy in
the substrate to be repaired. Accordingly, to repair Ni-based superalloy
components such as those made of MAR-M?246 or 247, or CMSX-3 or -4, the
high-melt powder composition typically comprises about 50-70% Ni, 2-10% Cr, 2-
10% Ta, 5-15% Co, 2-10% Al, 2-10% W, 2-4% Re, and up to about 3% each of

]
L

Mo and Hf. In the most preferred embodiments the high-melt powder composition |
30  also comprises up to about 1% each of any or all of the following: Ti, Nb, C, B, Si,
and Zr.



In one preferred enbodi nent the hi gh- el t pomder conposition conprises
about 55-60% Ni, about 7% Cr, about 6% Ta, about 12% Co, about 6%8UAf 20890yt
3% Re, O‘ﬁi" ‘.g:%g% , and about 5% W 10 Table 1 bel ow shewsoi/hs3s

CONMpPosi wei ght % of three potential lownelt alloys (ADB-01,
ADB- 02, and ADB- 03) and one potential high-nelt alloy (HVA-01). In the
nost preferred enbodi nents these alloys are conbi ned such-that the

| ow-nelt all oy powder conprises about _35% ADB-01, about 45% ADB-02, and
about 20% ADB-03. One preferred br azer epai r powder. conpri ses 15 45% of
this mxture of lownelt powders, and 55% aof thjs. preferr. g gh mel t
powder. Table 2 Eeetlow—rsﬁb%@Y@Dﬁ’@?SWl@W“ﬁé‘l‘@c}“élhﬁwh' REROSY ?oy powder s t hat

oY ]?gr usle%e%eg%ﬁry tm&n@é E{}Ianésrﬁf%ﬂ&dt% to(ab&utBSL 15R- d@@t mgrprrempawed that Table

I'Vé purposes, hat not all low pelt or high-nelt
powder s ar e vathawtiosiofi 1200 IamengnqreF@&r@dSIleﬁewS‘lﬂfﬁff’é‘e RGNS 0y mi xt ures
of those lownel.t and hi | | &f Spicdiliin e BALQf 14 tbe
appr eci at ed tP‘?ﬁft‘o?%BWéneé oy Om% g‘?%e éE’)Iarr%{tousles ag%d that not all

m xt uressof {.py+nelt and h| gh- nel t povvders are shown in Table 3.) 6 June

00 1 2 S0 LR e by b, 20

powder, and about 50-60% high-melt powder has been preferred for rcpalnng N1-
based superalloy parts such as vanes made of CMSX-3. A ratio of about 43:55
low-melt:high-melt powders has been most preferred for those Ni-based superalloy
10 repairs. |
In selecting the proportions of components used in the invention, it should
be recognized that higher weight percentages of high-melt powder typically
provide better mechanical properties in view of their reduced levels of boron
andfor silicon. Similarly, higher percentages of low-melt powders typically have
15 'unprmrcd braze flow. As can be appreciated by persons skilled in the art, a proper
balance between mechanical properties and braze flow must be established, as
dictated by the demands of a particular application.
Higher Al content is also desired in some embodiments because Al-rich
compositions improve high-temperature oxidation properties. Further, increasing
20 the Ta content in the mixtures improves the braze joint mechanical properties. In
particular, Ta additions strengthen the gamma and gamma prime phases by
increasing lattice mismaiches.
_ Inview of the above, it can be seen that the final braze alloy repair mixture
preferably comprises 50-70% Ni, 10-15% Cr, 8-10% Ta, 8-10% Co, 4-7% Al, 2-
25 4% W, 1-2% Re, and about 1% each of Mo and Hf, and most preferably also
comprises up to about 1% each of any or all of the following: Ti, Nb, Pd, Pt, Ir, Ru,
C, B, Si, and Zr.
As indicated above, in certain preferred embodiments the low-melt alloy
powder comprises a mixture of two or more low-melt alloys. In one preferred
30  embodiment particuia:ly useful for repairing Ni-based superaltloy parts, the low-
melt alloy powder comprises: (a) about 35% of a first low-melt powder comprising

 about 74% Ni, about 6% Cr, about 6% Al, about 12% Co, and about 2% B, with a
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liquidus temperature of about 2056°F; (b) about 45% of a second low-melt powder
comprising about 42% Ni, about 31% Cr, about 26% Ta, and about 1% B, with a -
liquidus temperature of about 2250°F; and (c) about 20% of a third low-melt |
powder comprising about 64% Ni, about 6% Al, about 8% Co, about 4% W, about

5 4% Ta, about 3% Si, about 1% Re, about 1% Nb, and about 1% B, with a liquidus
temperature of about 2000°F,

In one preferred embodiment the high-melt powder composition comprises
about 55-60% Ni, about 7% Cr, about 6% Ta, about 12% Co, about 6% Al, about
3% Re, about 1.5% Hf, and about 5% W.

10 Table 1 below shows the compositions, by weight %, of three potential
low-melt alloys (ADB-01, ADB-02, and ADB-03) and one potential high-melt -
alloy (HMA-01). In the most preferred embodiments thése alloys are combined
such that the low-melt alloy powder comprises about 35% ADB-01, about 45%
ADB-02, and about 20% ADB-03. One preferred braze repair powder comprises

i5 435% of this mixture of low-melt powders, and 55% of this preferred high-melt
powder.

Table 2 below shows other low-melt and high-melt alloy powders that may
be used in the present invention. (It is to be appreciated that Table 2 is for
dlustrative purposes, and that not all low-melt or high-melt powders are shown in

20  Table2.) Table 3 shows braze repair alloy mixtures of those low-melt and high-
melt alloy powders. (It is also to be appreciated that Table 3 is for iflustrative
purposes, and that not all mixtures of low-melt and high-melt powders are shown -

in Table 3.)
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3. Methods of Use3The M@@E@Wﬁ@ﬁsteps are typical for the braze repair

processes of the pregamblinglspERt kibal fof the Brdz8 RREGE] Simehriddal certain
steps may be adj usted, o?ngesvieén %&ttg ' épeﬁ%%ﬁg on the t]ﬁ\ﬁ'lajl%rure of the

conponent beilfgntieap di is éqibe @th@teﬂlthaécef@méms mey paladipsteewok¥ea t he i nspecti on
and cl eani ng oﬂlﬁttctdh&pendmg on the nature of the component being repaired.

5 The first steps normally involve the inspection and cleaning of the
componemnt. Initially, chemical and mechanical cleaning processes are generally
used to remove dirt, debris, grease, oils, and loose scale from the component.
Following that, chemical stripping may be required to remove any coatings that
may be present. Then, fluoride ion cleaning (FIC) may need to be used to remove

10 complex oxides from the surface and from inside cracks. Finally, high-temperature
vacuum cleaning may be required to remove residual oxides and fluoride ions from
the FIC process. All of these methods are generally known to the art, and can be
incorporated into the inventive process on an “as needed™ basis without undue
experimentation.

15 Following cleaning, the high temperature braze repair is begun. In that
process, the braze repair alloy powder is made into a slurry (preferably using a
binder effective to hold the powders together and to help hold the powders on the
surface being repaired) and is applied to the surface. The component is then heated
in a vacuum or in an inert gas to a temperature effective to melt the low-melt alloy

20  so that the braze material fills the crack being repaired. In the preferred
embodiments the braze temperature is between 2150°F and 2350°F, with braze
temperatures of about 2300°F being most preferred. The braze time may vary from -
gﬁgut 10 minutes to about 40 minutes, with braze times of about 20 to 30 minutes
beiﬁg most commonly used. |

25 Following the brazing itself, the component is subjected to a diffusion heat
treatment cycle to homogenize the repaired region. The diffusion heat treatment is
preferably performed at temperatures 0-400°F below the braze temperature, and for
times of up to about 24 hours. A vacuum or inert atmosphere is preferably used
for the diffusion heat treatment.

30 In ccrtam preferred embodiments the heat diffusion cycle is performed for a

time and at temperatures effective to break down the scnpt—hke s111c1dc phases into



conponent. Initially, chem cal and.nechani cal cleaning processes, are
generally wused to renove dirt, debris, grease, oils, and | oose ss‘ilugﬁgfoqsrom
t he conponent. Follow ng that, chem cal stripping nmay i to
rermveng‘fﬂ/"%&*’tz?ngs that may be present. Then, fluori dggF&ﬁggf@gﬁi ng (FI Q)
may need to be used to renove 10 conplex oxides fromthe surface and from

i nside cracks. Finally, high-tenperature- vacuum cl eani ng may be required
to renmove residual oxides and fluoride ions from the FIC process. Al of

t hese nethods are generally known to the art, and can be incorporated into
the inventive process on an "as needed" basis w thout undue

exper i ment atfinediscitfe prnicleowlimgrycleadsoipngsrablivés prrfprmediopaiae ardator aze repair

i s begun. In that rocess, the braze r i [ i.§ made into a
slurry {pr eft%tP%eﬁﬁ‘t‘glfeg"sf%ﬁﬁ"eam r%(i?’ﬁed@? Slé?la%cg‘%)l 9{3}% (%Ibﬁ%llegg %%?hﬁ%e\?\her s toget her
and to hel p hol dif &if pag¥veer ssabodinichethe diffukiva eydeisngtappphiicesyyleamd i s appl i ed
to the surface. The conponent is then heated in a vacuumor in an inert
gas to a terfﬂé?“&fure effective to nelt the lownelt alloy 20 so that the

braze magerial fills e pst RAKONLOIEF bePRila & 0.9-0hédrg pref erred
enbodi ments the braze tenperature is between 2150F and 2350F, with braze

tenperatures of &AboutHexgpattod 800310458 endhald far lehbouffie braze time may vary

from about 10 n.nut .4 8.0k 4950 il Rd ritimducaze {1 mes of about 20 to
30 mnutes being nost conmonly used. 25 Followi ng the brazing itself, the

conponent is subfect edeat parhioc0PP-32005H apdbald farbda LAbpNrsi@pel e t o honpgeni ze

the repaired region. di f.fusi treatnent is preferably perforned
at tenperatures 5‘-400@%& %%Il#ﬁgc?%’regdg%%’t enperature, and for tines of up to

about 2%0 ho(hs healiny &quutfarably acovenpliskddrap 8 piesush ithst fhedfreshedbing sigpesd  for t he

di ffusion heat, treatnent.. 30 tain prefer I ts the heat

di ff usi on cyEfEme ab%ﬁafeoqfﬁg‘a“#@‘#ﬁ?pef% and Sﬁ%‘%%él%%%gteg?%s effective to

tF)> g_ 71 ES% 07\2 7t 380@%13 iafc)g rald dgab@jt lL0-G0Wepep hﬁml 8BS tliertmh' d Beaiﬁlu [ aeiﬁg ®5rfor\ﬂ¥ad0 2{3 PSOS 23
1 ine discrete partic . .The, cyc al so preferably is

performed f @& 9fpow a0% Pert“éﬁ‘ﬁgrté‘?{?f"ﬁgﬁ%qﬂf‘%étt@& 338@%&6&‘&? he size and

quantity of Jpbpdut 52049kt Aewhases. In one preferred enbodi ment the

diffusion cycle is a stepped heat cycle, as . .
15 In the most preferred embodiment the diffusion cycle is a stepped heat

cycle, as follows:
a. Heat part to about 1900°F at about 30°F per minute and hold for 1

hour;
b. Heat part to about 2000°F at about 20°F per minute and hold for 2
20 hours;
c. Heat part to about 2050°F at about 10°F per minute and hold for 2

hours;
d. Heat part to about 2100°F at about 10°F per minute and hold for 8 to

18 hours;
25 €. Vacuum or inert gas furnace cool to about 1200°F at a rate which is
slow enough to avoid thermal distortion; and

f. Inert gas fan cool to about 150°F or less.

Reference will now be made to specific examples using the processes
30  described above. It is to be understood that the examples are provided to more
completely describe preferred embodiments, and that no limitation to the scope of

the invention is intended thereby.



follows: 5 a. Heat part to 1800-2000F and hold for 0.5-4 hours; . t
OQ“B’ng%’asand

part to 1900-2100F and hold for 1-4 hours; <c¢. Heat part to 195

hol d for,A-4 rs; CL Heat part to 2000-2200F and hol d to 24 hours;
and C. “C':égfﬂb}tagganbi ent tenperature. 10 The heating is pé(gf’é'g%%ﬁ@”
acconplished at a rate such that the first heating step is perforned at a
rate of about 20-40F per mnute, the second heating step is—perfornmed at a
rate of about 10-30F per mnute, the third heating step is perfornmed at a
rate of about 5-20F per minute, the foldrth heating step is perforned at a
rate of about 5-20F per mnute. 15 In the nost preferred enbodi nent the

di ffusion cycle is a -stepped heat EX&PlE 1as fol l ows: a. Heat part to

about 1900F at about 30F per mn%traezeq\r]@ Iﬂy %Ifor 1 hour; b. Heat part to
n

about 2000F at about 20F per m for 2 20 hours; c.. Heat part
to about 2050F atA ahetiepdiDlgyanixadroistpeepared byebobinmg: @) abomti $% ofla Heat part

Vacuum or 1 it OyZE HlowaeueGomEE AT 1006k o0 SRRl Usch i< of ow

enough tg@ avi.zh% eI MBLsAirs Ak tHe®alandd W (withl oABI thac@ ABodrd(i 69 ks thén about 150
or less. Reference will now be nade to specific exanples using the
processes 31 @eeiathessamapensots anglor npurigey)o(b) ahrst A% e 199889 IPWemek anpl es are

provided to m?ﬁowﬁ&@hﬁﬁﬁhg/w!@%ﬁfz%@r,QB.QIL%ff?@@a,moﬂi%@, gnd@d that no
limtation to the scope of "the invention is intended thereby. 6 June 2005

WD 02/ 050323pabar Nemrifhvongsgace amomxa . fess than 0.1%) of other components

and/or impurities); (c) about 10% of a third alloy powder comprising 5.9% Cr,

10  6.15-6.35% Al, 7.75-8.25% Co, 3.25-3.75% W, 1-1.5% Re, 4-4.5% Ta, 1-1.5%
Nb, 0.4-0.6% Hf, 1.2-1.4% B, 2.75-3.25% Si, and the balance Ni (with only trace
amounts (i.e., less than 0.1%) of other components andlf;r impurities); and (d)
about 55% of a high-melt powder comprising 6.6-7% Cr, 5.9-6% Al, 11.4-12.1%
Co, 4.7-5.1% W, 1.3-1.7% Mo, 2.6-3% Re, 6.2-6.5% Ta, 1.3-1.7% Hf, and the

15  balance Ni (with only trace amounts (i.e., less than 0.1%}) of other components
and/or impurities).

The braze repair alloy powder is made into a slurry using a commercially
available binder, and is then applied to a clean surface of a Ni-based superalloy
material and the component is heated in a vacuum to a braze temperatures of about

20  2300°F for about 20 minutes.

Following brazing, a stepped diffusion heat cycle is used, as follows:

a. Heat to 1900°F at 30°F per minute and hold for 1 hour.
b. Heat to 2000°F at 20°F per minute and hold for 2 hours.
Heat to 2050°F at 10°F per minute and hold for 2 hours.
25 d Heat to 2100°F at 10°F per minute and hold for 8 to 18
hours.
e. Cool to 1200°F at a rate effective to avoid thermal distortion,
and hold for at least 5 minutes.

f. Cool to 150°F or less.



Braze All oy Repair A braze repair alloy mxture is prepared by cegp‘oi 3(%?
(a) about 15%of a first lownelt alloy powder comprising 5.75- .UE%)é. ,
6.15-6.35% A, 11.25 5 12.25% Co, 2-2.25% B, and the bal ance_ Ni éjvm th only
trace a4 e less than 0.1%) of other conponentSYY3HA3E?
inmpurities); (b) about 20% of a second |lownelt alloy powder conprising
30.8-31.2% Cr, 25.8-26.2% Ta, 0.85-1.15%B, and the balance-N (with only
trace anmounts (i.e., less than 0.1% of other conponents and/or
inpurities); (c) about 10% of a third & oy powder conprising 5.9% Cr, 10
6.15-6.35% A, 7.75-8.25% Co, 3.25-3.75% W 1-1.5% Re, 4-4.5% Ta, 1-1.5%
No, 0.4-0.6%EIf, 1.2-1.4%B, 2.75-3.25% Si, and the balance NI (with only
trace anounts (i.e., less than 0. 19 , her conponents and/ or
inmpurities); and (d) about 55% of =fflel t powder conprising 6.6-7% Cr,
5.9-6% A, 11.4-12.1% Co, 4.7- Fubkl% Mipute Bestind% M, 2.6-3% Re, 6.2-6.5% Ta,
1.3-1. 7% H, and the 15 balance NN (with only trace amunts éf .e., less
than 0.1% of ot hekess BHBYREHRS testa HeTederiPsd ORI PRISSEPLSYEDPAEG 6@ISy anai r al | oy
powder i s5 Mg birfclds RpMEddhisthg apeerariQmbBlifieAd dfYhe iaVentivepdvwdebi nder, and is
then applied to a clean surface of a N -based superall o%/_ material and the
conponent i s MHsEreddd repais preretiu iR ors aspast efzke ednfnse Betat BaBils gisBat 20 2300F
for about 20 m! . i i i HeYal t cycle is
used, as foll OWSfﬁﬁg_m@%ﬂ?‘é@%ﬁ%@%@@?O%ag%%&?n&%uﬁggiﬁﬁg&ﬁ%ﬁ&ﬁ?m 1 hour.
b. Heat to 26@pFused inaBépemnt mventice (apdhdatngiofbaze Zeripseatare, foklowaddwt t o 2050F

at 10F per mnute.and hold for. 2 hqur : OF per

m nut e and hgltg’lc\‘ab%e e?geaﬂglfgﬁﬁ? rcgag)et.gte&z)lg &{e&k@hﬁfﬁg gg{rég@go%ffecti ve to
avoi d t hBr nakhedthiast matéd dnthemaditesh Theltefaonditionds éasthe Baseetd ests were Cool to 150F
or less. 6 JTE&PE%%%I%\Q 02/ 050323 PCT/ USO1/ 47838 15 EXAMPLE 2

In another aspect of the S/R test, repaired parts \;rere tested to deteﬁn_l}_jne the
mechanical properties of parts repaired by the inventive process. The test
conditions for repaired parts were 2000°F and 5 Ksi for parts in which a 0.005-inch

15 gap was repaired, and 2000°F and 3 Ksi for parts in which a 0.040-inch gap was
repaired.

The test results indicate that the braze repair process of the present
invention does not cause any significant negative impact on the mechanical
properties of the base metal, such as CMSX-3. Moreover, the repaired parts

20  exhibited mechanical properties comparable to unrepaired superalloys such as
MAR-M247.
For example, the average time to stress rupture for repaired parts that had a
-0.005” gap (test at 2000°F and 5 Ksi) was 46.98 hours for uncoated parts and
- 186.48 hours for parts coated with standard Pt/Al coatings. The time-totupture for
25  coated 0.04”-gap parts was 153.34 hours (test at 2000°F and 3 Ksi). This
* compares favorably to the performance of undamaged parts made from MAR-
M?247, whether uncoated or coated with standard Pt/Al coatings.

FIG. 1 shows the results of S/R testing. As can be seen from the graph, the

mechanical performance of parts repaired by the compositions and methods of the
30 present invention compares favorably with the mechanical performance of

undamaged MAR-M?247 parts.



Stress Rupture Testing Stress rupture (S/R) tests were perforrredspim 5
representative base netals, 5 and on articles repaired using a e &PP%q
enbodi ma\PbO?{f _leg)e inventive powder nmixture and repair process. ln one
aspect of VA& PHEst, base netal materials such as MAR MRRGT/USAHER8X- 3 wer e
subjected to heat treatnents corresponding to the steps used in the
present invention (e.g., heating to braze tenperature, foll-owed by a

typi cal stepped heat diffusion cycle) to test the effect of the inventive
met hod on 10 the base materials thenselfves. The test conditions for the
base netal tests were 1800F and 36 Ksi. In another aspect of the S/R test,
repaired parts were tested to det eEXAMPLEEZ nechani cal properties of parts
repaired by the inventive procgss.. Th g é nditions for repaired parts
were 2000F and 5 Ksi for partsﬁgWC B 58 < %-i nch 15 gap was repaired,
and 2000F and 3 Kkow tgale fasiphes(LIOF) whts ederegpefofiddi-dnnepresgagptivistaise r epai red. The

test results_ipndicatje that the hraze repair ocess aof the present

i nvention doB]§{21 o?naatc%éi%paéﬁc HPRS & B crﬁﬁgﬁg‘g’?‘g’é‘c?tr?gg@t‘m@ﬁg‘f%e nechani cal
properti es opowdte nhRGR B IreHair pidéeR. B6r hdXr ScleVRIREVECF) thdstHeefal red parts
20 exhi bited mechani cal Bro erties conparable to unroggai red superall oys

such as MAREQpEMEPDS pgre 18VE R & 0. Opd %xrainand & frsagency ok £ S8M fofipt ure for
repaired parts thaig Baghw thOre99R of 421 dH BSinghs ZRREcATborhEStaphvas 46. 98

hours for uncoated parts and 186.48 hours for parts coated w th standard
Pt/ Al coat i nthe merhaniqal pasformance of parts repsiredBy e somposdiops andyagihgrsiof s was

153. 34 hours 0 bk wid M GONNAT ly to the
per f or mance %%bﬂeﬁ%é%gé@d&p%@ggﬁgdg@wgﬁ% e 7',:&lllp 8%“%%4?&?200& ed or
coat ed wii0t h widamdgaddMBRAMR24Epatsi ngs. FIG 1 shows the results of S/R
testing. As can be seen fromthe graph, the mechanical performance of
parts repaired by the conpositions and nethods of the 30 present invention
conpares favorably with the nmechanEKaMRI& 4 or mance of undamaged MAR- M247

parts. 6 June 2005 WO 02/ 0503%3%1]1'3(:(8-)/& Stl%n/TAézgn?@ 16

Cyclic oxidation tests were also performed on the brazed specimens using a
15 cyclic oxidation test cycle of 2075°F for 50 minutes and fan cool at room
temperature for 10 minutes. The specimens consisted of base material and brazed
samples, both with compatible PtAl coatings. '
The inventive braze alloy mixtures performed much better than prior art
braze mixtures during the tests. The most preferred embodiments achieved a more
20  than 10-fold improvement of oxidation properties over diffusion braze alloy
systems due to the lower percentage of boron and the higher percentage of
aluminum.
FIG. 3 shows the specific weight change during cyclic furnace oxidation
test at 2075°F for 500 cycles. (Five hundred cycles was selected to as a reasonable
25  approximation of target engine flight life.) Sample weight changes werc in weight
gain or weight positive gain but decreasing weight. The samples gain weight due
to the formation of protective oxides, which are primarily aluminum oxides. Some
oxide spelling-off could result in reduction in weight. But protective layers still
remain on the surface and Al can diffuse from the braze mixture to the surface to
30  form new protective oxide. Negative weight gain is not desirable, and almost

never occurred in the 500 cycle tests.



EXAMPLE 3 Low Cycle Fatigue Testing Low cycle fatigue (LCF) tests wer
performed on representative base netals, and on articles repai r%ﬁ’“ﬁgg%g a
preferred enbodi nent of the inventive 5 powder m xture and r i§- process.
For the WOW2836te fatigue (LCF) tests, the test condi ti%@”ﬁ'ﬁﬁé 3$900F, R =
0, 0.53%strain, and a frequency of 20 CPMfor. FIG 2 shows the results
of the LCF testing. As can be seen fromthe graph, the nechani cal
performance of parts repaired by the conpositions and net hods of the
present invention conpares favorably w7h the mechani cal performance of 10
undamaged MAR- M247 parts. EXAMPLE4 Cyclic Oxidation Testing clic

oxi dation tests Wetshoahdy tRebos, iEs todr dphecibred ded s péapsteaiiasf ng a 15

cyclic oxidation test cycle of 2075F for 50 mputes a ceol at room
t enper at ur e JOHRS B1G2SH "h‘ﬂ{ég techology ﬁg&cﬁéﬁgmd‘&\@ﬁ%‘f %O&t%rpqﬁ{fggwﬁgt erial and
brazed sanphgs phded Hatwduli StBRBhénd €0 Be Minapahhdigs andidxedationent i ve braze
all oy m xtures perfornmed nuch better than prior art tures during

) S ich | braze m

the tests. Thepaiet Thearwentiegmasealsearssssacrepiplylerr! Abbaz WS han 10-fol d
| mpr ovemgnt %er%glg;jﬂgggsspr operties over diffusion braze alloy systens due
to the | ower percentdge of boron and the higher percentage of al um pum
FIG 3 shows theWhpetiefinventigsi @abe@tiamj@teé@ﬁﬁg Aeperilrd ip detpil B drayiigy a9 on
test at 2075F. [ Qs MOrlpliGh G sabid/B HBUBRARE LU FIREIR G RGEHRSAVE h S 2
reasonabl e gaprj‘r oXi iI'on of target engine flight Ii1fe.) Sanple weight
changes wer eclafacedj ighdingaidarstmod e gily theqaéfeiradengndimdaphasdeen $avnsgd wei ght .

The sanpl es qai i ght to the fornmati . i M gxipdes, which
are primaril S&Mﬁﬂ%abarﬁﬁeg"s% Od&%%%)élsg%te I?eg\éﬂ%]?&eggﬁl g%result in
reducti g i NinvehtdAtare dsiredo Ok patdcied. | ayers still remain on the surface and
Al can diffuse fromthe braze m xture to the surface to 30 form new

protective oxide. Negative weight gain is not desirable, and al nost never
occurred in the 500 cycle tests. 6 June 2005 WO 02/050323 PCT/USQ /47838




17 As shown by the above, it is to be appreciated that the mcrostructure
of joints brazed with the technology of the present invention o 853%5

ver yWMOe/059323 any, phases that woul d be detrinmental tRCT/h®1j43838t nechani cal
and oxidation properties. The inventive m xtures al so possess acceptabl e

| evel of braze voids 5 after brazing process. Wiile the invention has been
illustrated and described in detail in the drawings and fo+egoing
description, the sane is to be conggdered as illustrative and not
restrictive in character, it being understood that only the preferred
enbodi ment has been shown and degaigmied and that all changes and

nodi fications that cone within the spirit of the 10 invention are desired
to be pro¥bedtiedaimgdine 2005 WO 02/ 050323 PCT/ USO t/ 47838 18 CLAI M5 What
is clained is: 1. A braze alloy powder conposition conprising: (a) at |east
one low 5 nelt alloy powder, and (b) at |east one high-nelt alloy powder;
wherein said dt | éddsizealey bovwicmedibpeaitiooycopouses: (@otprastsms 160- 70% N, 8-20%

Cr, 8z15% - % Ca,~.2- (% d % nd. wherein said at
Ieastsone&%&éﬁi}ﬁg%ﬁer’% I(bo)yz/a *g%’% enrb h%r‘rmﬁ%ifgﬁeog’pé&% gr(')%%gﬁﬁeﬁ’ S%fdi\%%Cr, 2-10% Ta,
5- 15% Co,leadt dieYowmelt aloil PS& Ibf c2mfHbeRE0-7adNL B-20% QI8 da&hTol- Mp and Hf . 10
2. Abra | Qy. er. co i, t]j on,accor di oclajmil erein said at
. | east onéﬁfﬁ’o %‘éﬁfg 13 P %@%"téalag%w %rﬁﬁ%s?@gléfcﬂ%op%h%ﬁﬁ%ipl% each of one
a; rmrg rﬁﬂﬁjapcﬁwides%@@{seﬂSG—V@mbgl'@l@%Cﬂ‘tm-Qo%SIiasﬂlFl‘lga @, 21\2;%; AW M, Re, Nb,
, Pd, Pt It, C, .Si, and Zr. 3. A braze alloy powder conposition
accor di n&"tdt?’ (‘E\f’é’tﬁ%BemQPBF%3%§3§hﬁ’Wﬁf‘“qg‘gst one high-nelt alloy powder

al sojgonpri ses, up A®RPaMHy fodRAE st Bccoind B BaiiBRBSinSel ected from
the group consisting of. Ti, Nb, C B, Si, and Zr. 4. A braze al | oy powder

conposi t YA abletsd pe Ing-relt dlogirivenitir @mprisearPdo aout d%schpkoicow mei t powder
compr kfje%gﬁﬁ? thermcts MocicBBRH nd EubloonRAY br: 1A% N2, REMAHrS% Co. about
Pd, Pt, I, Ru, C, Si, and Zr.
3. A braze alloy powder composition according to claim 1 wherein
15 said at least one high-melt alloy powder also comprises up to about 1% each of one
or more members selected from the group consisting of: Ti, Nb, C, B, Si, and Zr.
4. A braze alloy powder compoéition according to claim 1 wherein
said at least one low-melt powder comprises about 57% Ni, about 17% Cr, about
12% Ta, about 6% Co, about 3.5% Al, and about 1.5% B.
20 5. A braze allojf powder composition according to ¢laim 1 wherein
said at least one low-melt powder comprises a mixture of three low-melt alloy
powders, including: (a) about 35% of a first low-melt powder comprising about
74% Ni, about 6% Cr, about 6% Al, about 12% Co, and about 2% B; (b) about
45% of 2 second low-melt powder comprising about 42% Ni, about 31% Cr, about
25  26% Ta, and about 1% B; and (¢) about 20% of a third low-melt powder
comprising about 64% Ni, about 6% A1, about 8% Co, about 4% W, about 4% Ta,
about 3% Si, about 1% Re, about 1% Nb, and about 1% B,
6. A braze alloy powder composition according to claim 1 wherein
said at least one high-melt powder composition comprises about 58% Ni, about 7% .
30 Cr, about 6% Ta, about 12% Co, about 6% Al, about 3% Re, about 1.5% Hf, and

about 5% W.



20 5. A braze alloy povvder conposition according to claim1 wherein said
at least one |ownelt powder conprises a mixture of three | ow neéldn@ppy
powdensy oZa3cizudi ng: (a) about 35% of a first | ow nelt powdsriesprising
about 74% N, about 6% Cr, about 6% Al, about 12% Co, and about 2% B; (b)
about 45% of a second | ownelt powder conprising about 42% N, about 31%
Cr, about 25 26% Ta, and about 1% B; and (c) about 20% of a-third | ow nelt
powder conprising about 64% Ni, abqgt 6% A 1, about 8% Co, about 4% W
about 4% Ta, about 3% Si, about 1% Re, about 1% Nb, and about 1% B. 6. A

braze al | oy poyder g%ngoahég{gonw&?s&ﬁ b0l B dyhergii Said at | east

one high-nelt powder CO ion conprises a 58% NI, about 7% 30 Cr,
about 6% Eaid cﬁrhp&kﬁtxth%r@ﬁsesabauMS&%fAblﬂ anlseu pn3vReclt abninowdes% Hf ,  and
about 5% 02/ gg{% PJS:T/ Usge/ 47838 19 7. A braze alloy

T T
powder coﬁB‘B%‘?quf b ot 20T 8t 918 rei’n said conposition conprises
about 45% of sgid aAdr@asnop@ﬁﬂde@%mpismoaIab@yd;ppmﬂmm Jawhbrabout 55% of said

at | east one high-nelt alloy V\g% ALE aze, al Io 120 corrp05| tion
accor df ng S%Iécema?srrﬁ%wgisr?bgut o°f<:°‘6‘ﬂfj‘ Y PBR OopY PRSP oﬁt 45% of sai d
at | east Qpg.bRVSTELE Ak hQ¥asPOWdEEn- meR diabRIKdeh $Hein @i 4 1akt | east one

hi gh-nelt all oy powder, wherein said at -l'east _ one | vv- nel aﬂal | oy powder

conpr i ses oae Hwxmek allsf paieReommeHRIYX AP I"f)?“"eﬁdﬂ?\)ﬂé‘i@t loy REYVEHTng: “ (a) about
o0 2 fdidhod M ﬂalttssw»q%tq&meusdome A Yol Tapaiout 6% G, about

6% Al , about and about 2% B about 45% of a 10 second | ow nelt
powder combwuté%r@ ammﬁ%éleﬂ%mut 1%%&19‘5 1@@@7%853@1&[3%%9?6’” and about 1%

about 156 FECalsnuRokpBtat Behiing SR T PCERBA AR out 0 5o
to 1.5% eandamii R ,B;hhd (cbiﬁbotmraﬁl% aamdi l\afﬂs:n@t povgigr comprisingabpulone hi gh- nel t
oo Povih FoTBl| SEyaHRHsE IS Doy SO b Byl T soout 12%
al [ oy powalssut 0.68p0SI. 3% @actacicRy, INbN §Ift ;d &; anMprMen@aﬂcashene hgla}rr&:ltl
composi ti glli]dycp% dte# cso%'lsprggs sz%(l)J/(t) M% N;1L aboutozﬁ’/O’Cr aboutoé)0 ?‘h a%ouflﬁol%a/ceb abomg% ’
15 6% Al, about 3% Re, about 1.5% Hf, and about 5% W.
9. A braze alloy powder composition according to claim 1, wherein the
overall composition comprises 50—70% Ni, 10-15% Cr 8-10% Ta, 8-10% Co, 4-6% Al,
2-4% W, and about 1% each of Mo, Re and Hf.
10. A braze alloy powder composition according to claim 9 consisting
20 essentially of about 58% Ni, about 11% Cr, about 9% Ta, about 9% Co, about 5% Al,
. about 3% W, and about 1% each of Mo, Re, and Hf.
11. A braze alloy mixture according to claim 9 wherein said mxiture
also compnses up to about 1% each of one or more members selected from the
: group conmstmv of: Ti, Nb, Pd, Pt, Ir, Ru, C, Si, B, and Z1.
25 12. A method of repairing an article made of a nickel-based superalloy
material, said method comprising:
(a) providing a braze alloy powder composition comprising:
(©) at least one low-melt alloy powder, and
(ii) at least one high-melt alloy powder; _
30 wherein said at least one low-melt alloy powder comprises 50-70%
Ni, 8-20% Cr, 8-15% Ta, 4-10% Co, 2-7% Al, and up to 2.25% B;

and



2-4% W and about 1% each of Mo, "Re and HE 10. A braze all oy powder
conposition according to claim9 consisting 20 essentially of abiine 28%u
Ni , abome2/de983Cr, about 9% Ta, about 9% Co, about 5% APCT/Uséowrs3s3% W and
about 1% each of Mo, Re, and HE 11. A braze alloy m xture according to
claim9 wherein said nxiture also conprises up to about 1% each of one or
more nmenbers selected fromthe group consisting of: Ti, Nbos—Pd, Pt, Ir,
Ru, C, Si, B, and Zr. 25 12. A nethogphof repairing an article mde of a

ni ckel - based superalloy material, said nmethod conprising: (a) providing a

braze al |l oy powder %{HPQ§%&HQHC&9WH1$H - allt()}l povitler E&ﬁ%%se@ﬂ??é%’"‘* mel t all oy
powder, and (ii) at |east one powder wherein said at

| east one | ownelt dfi Woﬁd\?ﬁé*rw%o%ﬁlé@sc@@- IJQY'%"d N-10BYR®IGRe, 8- 15% Ta,

4-10% Co, 2-7% Al , aaﬂguyg)j%egc%'}%[? ;anddfyd 6 June 2005 WO 02/050323
PCT/ USQOl / 47838 20 wherein said at |'east one high-melt alloy powder

corrprl ses 50- 7049 N|bxazm,gld)%r®g¢dﬁerm@9/@ﬂ'ta¢ aficlk504Gaid Razt@ie , 2-10% W 2- 4%
239 Uperbs 3. E880, L M0y B0Sct, f Blocl 21,00, 8. AR TRARE, POr tion of the

artl cl. e Wi sal raze’ a er ~conpaosition wherel % said brazi ng
i s done atattoanx)ﬁt}ﬁwrdasomfnbe“l{?meen about 2150F and about 2350F. 13. The

nmet hod of cl ai rther co t he st ep of ex osin the brazed
article to a st ppe hﬂl“?#]ﬁ)sdi"gﬁ g? ‘gt““g%?ﬁ?&%i‘f‘ﬂ 8%%3%@ about 1900
and about 4 8&ked ﬂraclé,éoaEﬁb@emm@dm@&dehabmpélamvdaeﬂfeemeaﬁabdutpr oviding step

conpri ses 9Dr goviding a braze all oy powder conposition conprising about 45%
of at | east?0gdeand|ahout#dP¥ al | oy powder and about 55% of at |east one

high-nplt all 0y14p0wd@.5metwae;feraimawle@rnéaﬁpp%&wemeskﬁ%rﬂﬁhstes al | oy powder
conprises a mxture of three low nelt alloy powdérs, including: (a) about

35% of a fRrPYEIng \Rraze pllopprtder composition corfiprising about 45% of at least one 7
low-melt alloy powder and about 55% of at least one high-melt alloy powder,

wherein said at least one low-melt alloy powder comprises a mixture of three low-
melt alloy powders, including: (a) about 35% of a first low-melt powder

i5 comprising about 74% Ni, about 6% Cr, about 6% Al, about 12% Co, and about
2% B; (b) about 45% of a second low-melt powder comprising about 42% Ni,
about 31% Cr, about 26% Ta, and about 1% B; and (c) about 20% of a third fow-
melt powder comprising about 64% Ni, abbut 6% Al, about 8% Co, about 4% W,
‘about 4% Ta, about 3% Si, about 1% Re, about 1% Nb, and about 1% B, and

20 sald high-melt alloy powder comprises about 58% Ni, about T% Cr about 6% Ta, about

12% Co, about 6% A1, 2-4% Re, 1-2% Hf, and about 5% W.
15.  The method of claim 14 and further including the step of exposing

. the brazed article to a stepped diffusion cycle as follows:
T a Heat part to 1800-2000°F and hold for 0.5-4 hours;
25 b. Heat part to 1900-2100°F and hold for 1-4 hours;
Heat part to 1950-2150°F and hold for 1-4 hours;
d. Heat part to 2000-2200°F and hold for 6 to 24 hours; and

o

e. Cool to ambient temperature.
16.  The method of claim 15 wherein the heating is
30 accomplished at a rate such that the first heating step 1s performed at a rate of
-about 20-40°F per minute, the second heating step 1s performed at a rate of about

10-30°F per minute, the third heating step is performed at a rate of about 5-20°F



15 conprising about 74% Ni, about 6% Cr, about 6% Al, about 12%05,) 2@%
about 2% B; (b) about 45% of a second | ow nelt powder conpri si n% "QB 42%
Ni , abWweoalEes2@r, about 26% Ta, and about 1% B; and (c)Peabis/+20% of a
third low nelt powder conprising about 64% Ni, about 6% Al, about 8% Co,
about 4% W about 4% Ta, about 3% Si, about 1% Re, about 1% Nb, and about
1% B, and 20 said high-nelt alloy powder conprises about 58%-Ni, about 7%
Cr, about 6% Ta, about 12% Co, about,p% Al, 2-4% Re, 1-2% Hf, and about 5%
W 15. The method of claim 14 and further including the step of exposing

the brazed ' Is ' YGhE oRsholPs @S,y . Heat part to
1800- 2000F ?%‘L‘hﬁ%f%a*“?é‘?“%%?@ﬁ@%ﬁﬁr'i?‘%’5@9‘1‘3‘%a 5 part to 1900- 2100F and
hold for 1-4ufmsers; c. Heat part to 1950-2150F and hold for 1-4 hours; d.

Heat part to 2000-220QF a ld.for. 6 to 24 LS ool ..t o anbi ent
tenperature. 16. ?Fﬁ'heaﬂgt%%go%ﬁcgﬁ“gﬁ%‘ﬁ S é%%?%ﬁfﬁgfﬁgg? Fﬁcéesiqgg 30

acconpl i shedolwiwsa rate sudeat foaid00%Fet BOFpbr ihdmte and haltidor 1 louger f ormed at a -
rate of _ about 20-40F per _m nut fhe cond. heat i t is.perforned at a
rate of about 10- 30Pper htﬁt:@f}o L2 ipFHmH]é‘E?tai"ﬂBglg?%rg‘p]?%“perfor nmed at a
rate of about 5-20F &, Jungiedid2050% 0 20°97esRthulRGEhd WEIDor 2idda 21  per

m nute, the fourth heating step.is perfornmed at a E tz o% qgout 5- 20F per
mnute. 17. The met hdll of HeREPHAIIGTE g LOEiPAr it 2nd %ﬂ of &i°r'fusi on cycles is

as follows: a. fggl. to 1900F at 30F per minute and hold for 1 hour, 5 b.

Heat to 2000F at 20F per minute and hold for 2 hours; c¢. Heat to 2050F at
10F per minute and hotd f &icobatgatesifectiyve topvpid thermal diglortign. 10F per mi nute

and hold for 8 to 18 hours; e. Cool at a rate effective to avoid thernmal

di stortion.





