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(54) Title: NICKEL DIFFUSION BRAZE ALLOY AND METHOD FOR REPAIR OF SUPERALLOYS

(57) Abstraet: A braze alloy powder mixture that includes a low-melt powder composition and & high-melt powder composition.
The low-melt powder composition is made of one or more fow-melt powders and includes 50-70 % Ni. 8-20 % Cr, 8-15 % Ta, 4-10
%o Co, 2-7 % Al, and up 10 2.25 % B. The high-melt powder composition is made of one or more high-melt powders and includes
o 50-70 % Ni, 2-10 % Cr, 2-10 % Tz, 5-15 % Co, 2-10 % Al, 2-10 % W, and up to about 3 % each of Re, Mo and HI. Up 10 about |
% Ti, W, Mo, Re, Nb, HY, Pd, P, I, Ru, C, Si, and/or Zr may be included in the low-melt powder, while the high-mell powder may

- include up o about | % each of Ti, Nb, C, B, §i, and Zr.
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such as boron and/or silicon of elements. Unfortunately though, éhe gﬁgbof
boron 30 and silicon in braze alloys can have a negative inpact-% ©
mechani envi ronnmental properties of the repair t he
part. |ﬁ@%£3@ﬁég ar, large, blocky or script-Ilike brittﬁgngﬁgggg&are
formed which decrease the ability of the material to resist rupture from
stress. These brittle phases are conposed of refractory elenrents,

chrom um and/or titanium conbined with boron, silicon and 35 carbon. For
the braze repair of directional solidified (DS) superalloys with 6 June
2005 WD 02/050323 PCT/USQ /47838 2 columar-grained (CG and
single-crystal (SC) mcrostructure, B and Si are particularly detrinental
to the mechani cal properties and oxidation resistance. A need therefore
exists for inproved braze repair alloy powders with mninml anmunts of B

and/or Si, that can be use f iring superalloys such as 5 those
Hg .-éﬁ%%ééog?f’e%% E%‘«é tion addresses that

found in % et engi ne turbi i
R PFAIIREBALEQNARY OF THE

S

r
need. 6 June 2005 V@@%@H@Fﬁ

| NVENTI ON I n one aspect of the present invention, there is provided a braze

al l oy powder conposition conprising: (a) at |east one |lownelt alloy
powder, and (b) gﬁlel Teessnt inyeatipn hatesegeneralyl tp gympesiirms andyiethedsfosai d at | east
one | owygel t 1 ' : 00 NI e t: 82208 % Ta, 4-10%
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al | oy powder bzawppiisefnidksl- 20d/@Niobalp-bis08s1@eralldy p@¥% Ta, 5-15% Co, 2-10% Al
2-10% W 2-4% Re, and up to 3% each of Mo and HE In the nost preferred
enbodi ments the | ownelt powder conposition also conprises up to about |%
each of any or all of theBASKGROUYD OF THR/INMENTRON No, Hf, Pd, Pt, Ir,

12 2B el o BSjet corpocl .00, alo, comr ses up

15 aerospace and power industries for components such as turbine vanes that will be
subjected to high temperatures and stress. While such alloys are inherently strong
and resistant to damage, cracks and ruptures occasionally occur. ' When the damage
is relatively minor, repairs can be made, such as, for example, by braze repair.

High temperature diffusion braze technology is normally used to repair

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



& Accordingly, the braze alloy mxture (that is, the conbi nati0é1 of

| ow-nmelt and high-nelt powders) preferably conprises 50-70% Ni , e 7892 Cr,
8- 10% Tayg o999 Co. 4-7% Al, 2-4% W about 1-2% Re, and ahout .9 1% each
of Mo and HE In the nost preferred enbodi nents the braze —allT oy m Xxture

al so conprises up. to about 1% each of any or all of the followng: Ti,
No, Pd, Pt, Ir, Ru, C B, Si, and Zr. In another aspect of-+the present
invention, there is provided a nethod %f repairing an article nmade of a

ni ckel - based superall oy material, said“method conprising: (a) providing a
braze all oy wder ca | t.on comprising. (i) at least one lownelt alloy
powder, and E‘g??ngfgﬁg%g@@ﬁ@gﬁﬁngﬁ?ﬁﬁw (%)IIBS?T%MEBM&@F% said at |east
one | ow nel t patitudulpdetiant 40 HensRBarAt pRYerib and®x Mo resis@rdkd% Ta, 4-10%
Co, 2-7%Al, and up to 2.25%B; and 6 June 2005 3a wherein said at |east
one hi gh-nel t aII%?%U\'REF@W%%&S?%B@P@W%&rﬁli'a,ir@lﬂ)mw@§W'Ehlo% Ta, 5-15%
Co, 2-10% Al mimii0%. 0% . h. of E, (b)

brazi ng a damaged po%??ﬁﬁo%ﬁtﬁﬁgl'g{r}g fdg:llﬁjgtu\%?c?%}g%%ngfﬁalgﬁg%fﬁaspOMer
conposi t Pon, thegsdpaidingetiedsine turbingvanes. dBrepresent ievaneipa bddressesafiathet¢dveen  about
2150F and about 2350R One object of the present invention is to provide
braze all oy powders useful for the braze repair of N - and/or Co-based
superal l oys. Ot her objects and advantages will be apparent fromthe

foll ow ng description. 6 June 2005 WD 02/050323 PCT/USQO /47838 4 BRI EF
DESCRI PTI ON OF THE DRAW NGS



FIG 1 is a graph showing the results of a stress rupture test %ejuf]g?%d on
an article repaired with the inventive braze repair alloy powders of One
preferred enbodi nent of 5 the present invention. FIG 2 is a graph show ng
the results of a low cycle fatigue test perforned on an article repaired
W t hyidgdsgyanti ve braze repair alloy powders of one picafnimtkisenbodi ment
of the present invention. 10 FIG 3 is a graph show 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 ment of the present invention5 15 FIG 4A shows an engi ne vane
segnent with fine cracks in the vané. FIGS. 4B and 4C show cracks in an

engi ne vane segnment such a j _ , after repair with the
i nventive braze repair all W?M;@%&%ﬁg@t i nvention. 20 FIGS. 5A
and 5B show | egdii0aspagt & fic! prB@nedkentbslemerf isaprudided acgamntlleri or to

(5A) and after (5B) braze repair using the inventive braze repair alloy
powder s ofowdee coppesiépit i nvention. 25 6 June 2005 WO 02/ 050323

PCT/ USOl/ 47038, 5. (BERLPILOMChrell o RERERRERAEVBERN R RBnEae L he pur poses
of pr ormt‘f%&;p an erstanding of the principles of the i E%?B%Hgn

r ef er enc eallaly lpbwdowwhereivesdid o lsag ong Kvrmsk alley POVEE FHBRTSR " speci fic

| anguage gu heqused 108, 869c19%08, dlaapsa s B, sidWhendy eait el ess be
under st oo%\ﬁ{%éﬁaqr’%lggcﬁ%’ galzo%on of tohe scope of . y[?fy i n\éigﬁ)t?i‘?n 4 f<4,her eby

i nt ended, lestait Gikh-erdtalloyowdeg comprss SOTOR M- 2% (& TH% ke T Pust r at ed
devi ce, and f ey @PRE I C.8 | APt bhte diNiesidles of the invention as
illust rat@ﬁ"?@él%_ygiﬁ%’ ‘%%t%h%} at eg as would normally occur to one

skilled in the art to which the i nveg]tion rﬁl atces%.j 10031-0{195gcated above,
one aspect of e prasapierrhembrdigrnt fedew T PPEhEI S

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



useful for the braze repair of superall oy conponents such as tursbbw; vanes.

In a preferred enbodi nent one or nore lownelt alloy powders i 2wt h
one or nore high-nmelt alloy powders to forma powdered braze all oy m xture
that can be wused for the repair. 15 Another aspect of the invention
relates to nmethods of repairing superalloy conmponents by using the subject
braze alloy m xtures at braze tenperat upes of about 2300F;=-fol | owed by a
st epped, diffusion heat treatnment cycle at tenperatures rangi ng from about
1900F to about 2100F. 1. Substrates. 20 The braze repair conpositions and
met hods of the present invention can be used to repair a wde variety of
substrates, including nickel- or cobalt-based alloy substrates. Specific
exanpl es of alloys that can be repaired with the conpositions and nethods
of the present inventiweitinchiddeleasiwne high-mat alloyrpowddr campmsecieTdbased

al l oys such as Mar- 6 r-M4r7- sl t N 1,0 uch as
CVBX-3, CVBX- 25 4, and- %ﬁ%{%‘s‘%‘%a‘r%’ ?8‘3%‘ f"%%%‘d% @‘oé'sl%?u?n A B V0o
and X40. 2. Braze Al | oydRBpwsldtesaclantivibl RediHEs Thereof . The braze al |l oy
powder m xtures of the present invention . include both | ow el t powder
conposi tion and aPhi gHXTaRg 2 femeesH PeBIRTSY s BhCle ¥ Smﬂg’\ﬁzﬁ%ﬁ%y al | oy powder
CoOnposi ti on h&wdh céthp@Miondlvharell aldbezing isaloh®yempratr30f bethatant i al | y
nmelts bel ow the braze tenperature (hence the name "lownelt"). In

contrast, th#M§hoferd adrroddSidnder conposition is an alloy, or a nixture
of alloys, that remains substantially unnelted at braze tenperatures
because the 6 June 2005 WO 02/050323 PCT/USQO /47838 6 conposition has a
mel ting tenperatuyre above. the braze tenp tur.

e T e L o e
repair N - bRsed bedipedpallod )& mdeh CashabddRupfdiloysr CVBX-3, the |ow nelt

powder 5 conposition_is preferabl e froma mxture of alloys that melt
bel ow about — 225¢iker ajscts aPﬂédY?é‘F?Egﬁ‘gﬁ PBW‘E%%%/@'&E@?%W 13 R EE so t hat
the | ownelt powder . ‘



conposition as a whole substantially nelts in the range of about {2}%}0%5
+/-100F. The high-nelt alloy powder conposition used in such enbotiP Mt s
is prefe < de of a single high-nelt alloy that doegp: until it
gets abof/vg)qg 8‘5??2400F. 10 I'n the nost preferred enbodi nggy@sﬁlggﬁsow mel t
powder conposition accordingly conprises one or nore alloy powders and has
a resulting conposition of about 50-70% Ni, 8-20% Cr, 8-15%-Ta, 4-10% Co,
2-7% Al, and up to about 2.25%B and/or Si, by weight, and has a
conpositional nelting range of bet ween? about 2000' and 2250F. In certain
preferred enbodi nents the | ow nelt powder 15 conposition also conprises up
to about 1% each of any orB%ﬁF%ESQ@ETWPEﬁ%BRﬁWN% Mb, Re, Nb, Hf,
Pd, Pt, Ir, Ru, C and Zr. Mdst preferably, the alloys used to prepare the
low-nelt alloy powders each contain between about 0.65 and about 2.25% B,
with the total afi&dtis agraph showingibe rasvltsnsiatstrgss mentire tashpsofoimedom qoragiods abl y
bei ng bet wee . 0 Hgg I ac | so
pr ef er abl cge rﬁ%ﬁ%%%ﬁ%m Yo SI, Avb%éw%&se&tog?éﬁcp%#ggﬁﬁ oc(ﬁ; elgicgi n the

| ow- el t powdherprgsertfieveatibry bei ng bet ween about 0.5% and 1% The hi gh-nelt
powder conposition preferably is an alloy (or mxture of alloys) with a
chem stry that is the sane or substantially the sane as the alloy in 25
the substrate toFi6e 2riepaiapleshowhchd thsulglof a Idvocychfaiignehbst bafeedopar al | oy
conponent s such as those de of. R-M246 or 247, or CMSX-3 aor -4, the

i gh- el t _potSF TR EIE AE DY TPy RAIPY BREestRRaRe SISTemsd N | 2- 10% Or
2- 10% Ta, Sedibddirabnt o th@esét invénddd¥o W 24% Re, and up to about 3% each of
Mo and . In the nost preferred enbodi nents the high-nelt powder

conposi t %n 30 al so conprises up to about 1% each of any or all of the

followi ng: Ti, is Beraphl show ecific x e
oltow ng: Ti. Mg ¢ aBg 1§l h| ﬁ%ﬁ?ezsrp i %H%ﬁt'%&du%fgéﬁcﬁ?gﬁ?%elt al | oy

PCT/USO /47838 7 The lownelt alloy conposition an
conposi tion %éﬁﬁogéqﬁélpeafqﬂyectmaﬁ@cdeapmreétw:ﬁsth@mvmﬂxazs 8ptioalidyout 3: 1
| ow-nel t: hi gﬁlivméfstofBgégﬁngggﬁ%ﬁ@ﬁ@ﬁt‘o‘?ﬁm%&s&ﬁt%ﬂ\;ﬁgﬁgﬁ. 1 being more preferred.

In the nost preferre

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



the ratio of |lownelt pomder to hrgh mel t pomder is typically in ghe 5&9ge
of 1:1to 5 1:1.5. In testing to date, conpositions conprising % £

40- 50% | gﬁhﬂEle?lloy powder, and about 50-60% hi gh- mel j~ppwAgLsRas been
preferred TOr répairing N - based superalloy parts such as vanes made of
CVBX-3. A ratio of about 45:55 Ilownelt:high-nmelt powders has been nost
preferred for those N -based superalloy 10 repairs. In seleeting the
proportions of conmponents used in the invention, it should be recognized
that hi gher weight percentages of hi ghd el t powder typically provide
better mechani cal properties in view of their reduced | evel s of boron
and/or silicon. Sinil @ESFRWWWQFMB‘&E%E% MBRIPBEEY TS owder s typical Iy
have 15 i nproved braze fl ow can be appreciated by persons skilled in
the art, a proper balance betmeen mechani cal properties and braze fl ow
nmust be est abI | shezthe msposek @ftpammilnbyn thdergandingdf thefprinciples efj teganyention,
application her . is alsao.desir ecause
Al -rich nﬁ@g F & n?ﬁ%?&@ Wrdﬁﬂ?Bn%%?afﬁ@gmgg?%gg?dﬁa%$%ggggégg?

Furt her, 5| Nche@st gdes@ibetihesak@. Qovill ameruhdeisrhe underﬁtm@hatlnnﬁlm@@l ofltee br aze

j oi nt mechani cal propertjes i,cul a addr S Sl t he
gamma and gaffitB® Btf)t ‘hﬁ“’ffﬁ%ﬁ’é‘é%thﬁ‘i?'by’in ?i%f;?rch@lt?rgtﬂ tﬁr@ f%?.%{lﬁﬁ'v' ew of
the above, i theGiRRREd 884%, ittiduct figthdrapplicaboizs tI&lﬁnﬁ&ist@pﬁihdf inménton e

preferably conprises 50- 70% Ni, 10-15% Cr, 8-10% Ta, 8- 10(V 4 7% Al
25 4% W 1- 20kppgatedghereimbsing contomplaed) a%)‘f’o‘% DOIRE IVIPCC“éFFb‘mﬁﬁE‘ %’I y aI so

corrprrses up haRq +%4 gaghh of any or all of the follow ng: T| Nb, Pd,
Pt w%i@ @% ﬁ%,n and Zr. As indicated above, in certain preferred

err{)odr mdﬁt s the I&wmdeatt%d alrdvgyonem@ﬂ@mwpr@e@"ﬁowel@fﬁf@%ﬁeﬁsm or nore
low melt al | r?s\béﬁll 4 Qheoﬁgze Iler g&%mﬁ? ﬁrﬂpﬁféh@%ﬁh a@ﬁfr&h@b'dn@{ I quseful for

repaiting N -pased supera ow nel.t all oy powder conprises:
(a) about’ SSﬁ@fmfrcdieﬂabm@melht@uw nmwrcrimw[t@lt afoyrpewdsisig mixgdFalh opa 9k Ni , about 6%

(():rz} Oggggg god/off’{‘jﬁ U%g%oy powders?cp H)n%%%%:[wdgr(g& grazé"éﬁo@r rﬁx&lre]tHﬂ%m?l%o 5 WO

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 powder 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



8 liquidus tenperature of about 2050; (b) about 45% of a second ng
powder conprising about 42% Ni, about 31% Cr, about 26% Ta, anosﬁi%&? 1%
B, with us tenperature of about 2250F; and (c) ﬂgllq of a
third Io‘&?r‘r’g'lloﬁghgomder conpri sing about 64% Ni, about 69 *,j%mg'ggu/jth 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 tenperature of about 2000F. In one preferred

enbodi mrent the high-nmelt powder conposition conprises about 55-60% N,
about 7% Cr, about 6% Ta, about 12%08 about 6% Al , about 3% Re, about -
1.5% Hf , and about 5% W 10 Table 1 bel ow shows the conpositions, by weight

% of three cpEPRHHquas 2 pslingEmpegtyre ghove Mrspbreve tenmpseatys (heBRgMADE- 03) and one

potential highe:pglf. eﬁl)l oy (HVA-01). In the nost preferred enbodi nents
these alloys are rITnbl ned such that the lownelt alloy powder conprises
about 35% ADB- 01n &bpufcms%nbmelﬂedfm@faw}tmﬂ@%% oardie preferred

braze repai rb &ca\g,g %1@9&%%‘9&#}25»/@57’%9& aéfv'gﬁ&gt edjcpw- nmelt powders,

and 55% of th po ow shows ot her
| ow nel t5 andoinpgﬁmomk pre&kdbwmqtﬂavfcbmsnnhate otﬁaljoystﬂelt mekbelow abéis pr esent

I nventi on. s to. be prec Jative
pur poses, %hgquha‘{”ﬂh‘('j'f’c a‘F UBWOﬁ@lFOtyS %’Fm% F%%clgﬁ?gsp%hak& (g'?'én e:'lit S %own in 20
Table 2.) Tabinpos%cﬁlfh@wmreaﬁl@ternﬁﬂw hela 1h(ﬂ;e b getaf miemit IOOCHeS @00°bw- el t  and

hi gh- el t aIon powder s is also to ppr.eci ated t able3|sfor
il lustrative®h eﬁ{ghﬁ%gl@loygﬁ%deg RefrPgsytondsed %Skﬁﬁé@g‘&en%ﬁpﬁ’%f %nd hi gh- el t

powders ar e ngfagWha sni)x(% f[@mnﬁ:lt?allby ﬁaﬁ&ﬂ%&a’?ﬁ% untih@ K8/86@33ut2506WS01/ 47838 9
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10 In the most preferred embodlments the low-melt powder composition

~accordingly comprises one or more alloy powders and has a resulting composition
of about 50-70% Ni, 8-20% Cr, 8-15% Ta, 4-10% Co, 2-‘7% Al, and up to about
2.25% B and/or Si, by weight, and has a compositional melting range of between
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.
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The low-melt alloy composition and the high-melt alloy compesition are
generally combined at ratios of about 1:3 to about 3:1 low-melt:high-melt powder,
with ratios of 1:2 to 2:1 being more preferred. In the most preferred embodlments
the ratio of low-melt powder to high-melt powder is typically in the range of 1:1 to
1:1.5.

In testing to date, compositions comprising about 40-50% low-melt alloy
powder, and about 50-60% high-melt powder has been preferred for repairing Ni-
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
repairs.

In selecting the proportions of components used in the invention, it should
be recognized that higher weight percentages of high-mélt 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
'unpro#’cd braze flow. As can be appreciated by persons skilled in the att, 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
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-
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
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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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

O

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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'g.qn~."'.'.nm~AAM yC+21222222233: 6 June 2005 WD
02/ 050323 PCT/ USOL/ 47838 12 3. Methods of Use The fol | owi ng st eépding2a0s
typi cal r raze repair processes of the present ijp ' It isto
be appr e\fgi%autzgﬂsgﬁat certain steps nmay be adjusted, or evg%ﬁﬂ(g)dn%%??sgd,
depending on the nature of the conmponent being repaired. 5 The first steps
normal ly involve the inspection and cleaning of the conponent. Initially,
chem cal and nmechani cal cl eaning processes are generally wused to renove
dirt, debris, grease, oils, and | oose Krale fromthe conmponent. Fol | owi ng
that, chem cal strippi n% may be required to renove any coatings that may
be present. Then,?’fl u d €l eani ng (FI C) nmay need to be used to renpve
10 conpl ex oxi desTh¢ QMg st &@@ﬁﬁmr{h@%mzh&@afil%r&raﬁemm@é@bd Y, _

hi gh-tenperature vacuum cl eaning nmay be required'to renove Tresidual oxides
and fl uori deipvgntont dpimto beapprriated that essigin stips naly be ladiveiodner tisls are general |y
known to the g - | r ' Jhe.inpventive process on an
"as needed"” gg%t}ieg %ﬁgﬁﬁﬁﬁmﬁtﬁaﬂ!ﬁ&g’i%gf ?‘%g(%\cgﬁeﬁnﬁ.ljgg%ﬁe ol I owi ng cl eani ng,

t he hi gh 1 enper at Thefiisr geps npepdliyinvobve ileguspection anli aleanipg oftkes, the braze
referab usi ng_a,, bi nder

repair alloy powder, is.made intg a slurr. I

i Pactive ¢ ocPBRStr oRARY: Eheotti ot Restaiity SR hE PROSP A ReBuger s on t he
surface bei ngsadepainoed Hirg debrisSgraap) dile,dml tookd scakelffdniithe cothPéneionponent i s
then heated _i C i n an inertﬁggi; 0 a tenperature effective to

in a vacuum or
mel t the | owd WE‘?‘Y‘“&T bghesgjcal stripping may e REEROYEARY £P4UNGS PR crack bei ng

repaired. Inntagaaep{eeéﬁrrm,ﬂ@memnmﬁﬁgtm?% #8ed BBRAkALS fefadve bet ween
2150F and 2350F, with braze tenperatures of about 2300F bei ng nost
preferrel TRENPIPHoxdesitipm hayurase ndirasprinsigdp srackst Finally gk tompeabiset 40

m nut es, Wi t a2 Rahing Ry BF rBR4H to 20ndvR reiPaddl S48 Sind 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 certain preferred embodiments the heat diffusion cycle is performed for a

time and at temperatures effective to break down the script-like silicide phases into



bei ng nost commonly used. 25 Followi ng the brazing itself, the cg@ogﬁﬁg IS
subjected to a diffusion heat treatnent cycle to honbgeni ze the Barted
region. The diffusion heat treatnment is preferably per

t enper alf €332400F bel ow t he braze tenperature, and foﬁreﬁ'{{ﬁﬂgg}sﬁ up to
about 24 hours. A vacuumor inert atnosphere is preferably used for the
diffusion heat treatnent. 30 In certain preferred enbodi nent-s the heat
diffusion cycle is perforned for a tinme and at tenperatures effective to
break down the script-like silicide pkases into 6 June 2005 WD 02/ 050323
PCT/USO /47838 13 fine discrete particles. The cycle also preferably is
per formed f dinedistierrpanicttsaThe dyelepboarefemblyes peatoringdior atimedadd t he size and

quantity of brittle ri.de phases. In_one pref@arr. Laent the
di f f usi on cﬁ%q“]éer’i‘t%re%&gef"é‘bept8(ﬁ“ﬁ8%§'e Ve fi%?qué‘i‘g{lt?fo g F’f@\%sbgg%%gh&aeat part to
1800- 2000F and ha ¢hefppsferdedentbotiiatehsthe diffusidaaycle isra stippedi@d0:y2L08F and hol d

for 1-4 hours; c. Heat part to 1950-2150F and hold for 1-4 hours; CL Heat
part to 200d°B6OF and hol d for 6 to 24 hours; and C. Cool to amnbient

tenperatyre. 10 The hgah bagi IR00260¢EF akd Yol@ & OmP4 hadied at a rate such that
the first heating step is perforned at a rate of about 20-40F per m nute,
9

the second heati hg stBentpat tod3p9-3106SH and hold fortle? U pout  10- 30F per minute,

the third heating stGfed PRl 660 .0RshF dhd Fold &a-phouabout 5 20F per minute,
the fourth heating step is perforned at a rate of about 5-20F per mnute.

15 I'n the nost pdef erHed paito@SDO8A0°F hed knld fardite g4 89ws:@nds a - st epped heat

cycle, as follows: a. 3 t 1900F at about 30F per m nute and
hold for 1 hour® b. ?—@?g par{&ttcgjgpé"%%#' 2000F at about 20F per m nute and

hol d f o102 TA® himiap s preferably accomplished at a rate such that the first heating step is
performed at a rate of about 20-40°F per minute, the second heating step is
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 per minute, the fourth heating step is performed at a rate
of about 5-20°F per minute.
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.



C. Heat part to about 2050F at about 10F per m nute and hold forﬁéI ?28

d. Heat part to about 2100F at about 10F per mnute and hold for

hour s; uum or inert gas furnace cool to about 1 rate
which is O%f'{%vybgieinough to avoid thermal distortion; and fgg?’ﬁ@?l(“ﬂﬁg f ah

cool to about 150 or | ess. Reference will now be made to speci fic exanpl es
using the processes 30 described above. It is to be understeod that the
exanples are provided to nore conpletely describe preferred enbodi nents,
and that no limtation to the scope ofl4 the invention is intended thereby.
6 June 2005 WD 02/050323 PCT/USO /47838 14 EXAMPLE 1 Braze Alloy Repair
A braze repair alloy mxture is prESaMNREBY conbining: (a) about 15% of a

first lownelt alloy powder conp 5.0, § 25% Cr, 6.15-6.35% A, 11.25
5 12. 25%Co 2-2.25% B, and the ?a?s—iawceiﬁ—g?wth only trace anmounts (i.e.,
less than 0. 1%a)A bfazotehsir albnpixneaisprapackddry compiningt {a@ shgut { I cdbout 20% of
asecondlow— | t | | ri | <0- 26. 2% Ta,
0.85-1. 15% Bﬁrnglﬂﬁ"‘{lﬂbal%&’f’&’ *‘c’:‘ec"Ri}Pﬂ(Bn@p??f %%f%o e é?% ";ﬁ?oﬁ?sﬁ “e., less than
0.1% of 50t hEx2saponens% B, aﬂﬁlér@rbalaﬁwm(twl@s)m t(aeé a@&ﬁmﬁ(léo%s@ﬁhma third

al | oy powder corrprl sing 5. 9%Cr, 10 6.15- 35% 7. 75-8. 25% Co

3. 25- 3. 75% \-1%) af ofbyer pamponentszaglippimpprifesyb) ppput 2% o o] low-gely_ 7 494 B,

2.75-3.25% SJ.IIo ?Wdérfaampﬁélagwsﬁu z@w:; hs Q6% TADBS-AIPH Y, ndthe. , | €SS
than 0.1% of her conmponents and inmpurities); and (d) about 55% of a

hi gh- mel t  pdigtrage Nohpmqﬂmtgaosaewuw@:e 65 ghagdh 14p), of etheacormonsats Co, 4. 7- 5. 1%
WL S L 19 Mo BBt a1 65 3 i shog phydekebhon @85 b0 bl ance N

(with only tra ess €f conponents and/ or
i mpuritil@s) .6.The35badeT. 7%&36%@ 133p-PEREI Y, Ii-b5Frated didloTa 1s1.5fry using a

comer ci al | Yy, 0.4.0.6% Ef, 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.



avai | abl e binder, and is then applied to a clean surface of a N ;ipasgtg)é
superal l oy material and the conponent is heated in a vacuum t o %YBf
tenperatures of about 20 2300F for about 20 minutes. Follow ng_brazing, a
st epped YPPRUIBHh heat cycle is used, as follows: a. HBYVUHWSHEE at 30F
per mnute and hold for 1 hour. b. Heat to 2000F at 20F per m nute and
hold for 2 hours. <c¢. Heat to 2050F at 10F per m nute and held for 2 hours.
25 d. Heat to 2100F at 10F per mnute and hold for 8 to 18 hours. e. Cool
to 1200F at a rate effective to avoid thermal distortion, and hold for at
| east 5 mnutes. f. Cool to 150F or less. 6 June 2005 WD 02/050323

PCT/ US01/ 47838 15 EXAMPLE 2 Stress Rupture Testing Stress rupture (S/R)
tests were perforned on representm nmetals, 5 and on articles
repaired using a preferred enbodi e inventive powder mxture and
repair process. In one aspect ofgielRipRat Tedage netal materials such as
MAR- 47 and CMSX-3 were subjected to heat treatnents corresponding to the
steps used in t heSHPeElHe (3B e ST Rrgimed 0B JeRIeR PRV IASC B Sper at ur e,
fol l oved 9y a3d &y RIOE! repliffRRfs AGAfeftidlehibshiRnCof thethvdntivé gskdet he ef fect of
the inventive nethod on 10 the base materials thensel ves. The test

condi tions f orxtuseang sepairpeacass- tiearesespgst @f the gomse mgtabBmaRE#s sYch aanot her
aspect 0f 't Ngr e RridShd CMERI L ABfcbia WAl ARhs dofedBh@hiidNge t he
mechani cal properties of parts repaired by the inventive process. The test
condi ti ons f etepywpdinrtbelpesant si1vevsioe (2Q0FALRg VG bRazk smpfegtupfellewdddywhi ch a

0. 005-inch 15 gap, was r ired, an L : i.n which a
0. 040-i nch ggﬁﬂ)\}éytei"rpg%g?%gbf& S‘PHéy%cl%’ég%S‘E‘E%%?es???ﬁﬁ% g‘a?r[euvtg%%ﬁtdﬁg braze
repair pricess hafe thir@iqds emedlves. The test conditions for the base metal tests were

1800°F and 36 Ksi. .

In another aspect of the S/R test, repaired parts were tested to determine the
o,

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.



i nventi on does not cause any significant negative inpact on the t??chg @af
properties of the base netal, such as CMSX-3. Mreover, the repa B

20 exhi hani cal propertles conparable to unrepalred superal | oys
such asb"‘/k’/&%'{gg% For exanple, the average tine to stre¥sl/F¥Y F‘Wé f or
repaired parts that had a 0.005" gap (test at 2000F and 5 KSI) was 46. 98
hours for uncoated parts and 186.48 hours for parts coated-w th standard
Pt/ Al coatings. The tine-to-rupture for 25 coated 0.04"-gap parts was
153.34 hours (test at 2000F and 3 Ksi)l6 This conpares favorably to the
performance of undamaged parts nmade from MAR- M247, whet her uncoated or
coated with standard Pt/ Al coati ngEXAMRIE3 shows the results of S/R
testing. As can be seen fromt % %h chani cal performance of
parts repaired by the corrposH*30 w £ Rt ud Teulle of the 30 present invention
conpar es favor abl kowicydie fahiguen@®CFaite aderegmrfbﬂnemmncreprea‘entauvmgmged MAR- V247
parts. 6 June 05 , WO 02/ 050323 PCT/ US 8 16 VPLE.3 Low Cycl e
Fati gue Test Pﬁégﬂﬂﬁ %Ié Sr%?ﬁ"ﬁgé}m%%tﬁff%‘@é LOgEMEnt oL RN

repr esentsat i p@w&a&ﬁxtuf%ak@mr@f&eﬁn Faf the RivesycledRiadut GUCESbsRgthR gk ef er red
enbodi nent of the inventiv m xture and repair process. For the

| ow cycl e fafqngifions E’@Fﬁ)lf’f)‘éﬁ 3 Q 9@3?%%1'@1“’ ashafireduensy ohe? EPY9epF, R = 0,

0.53% strain, andgye. h@%@ﬁs%gﬂ{s o%ﬁae@ﬂiﬂttﬁ{m Aﬂaﬁbc%eem&%m&@& pesul ts of
the LCF testing. As can be seen fromthe graph, the nechani cal perfor mance

of parts repﬁlPFT@éh@ycaiP@%@h‘ﬁé@f?ﬁ@ﬁ@aﬁmﬂbmﬁﬁmﬂosﬁfmsﬁh@nﬂh@g@ﬁt i nvention
conpares fav [ ged MAR- M247
PR el oy R A0 R L PR

parts. EXAMPLE I C OXi atlon tests were al so
per f or mel® onundamapaddASR-MBdétparens using a 15 cyclic oxidation test cycle
of 2075F for 50 minutes and fan cool at room

EXAMPILE 4
Cyeclic Oxidation Testing

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.



tenperature for 10 m nutes. The speci nens consisted of base material ,and
brazed sanples, both with conpatible PtA coatings. The inventifi/‘&'“ﬁrzﬁ%
alloy m xtures perforned nuch better than prior art braze 'x% es during
t he test¥O0FAP3Hbst preferred enbodi nents achi eved a rmrPeCT’%”%ﬁ 10-fol d
i nprovenent of oxidation properties over diffusion braze alloy systens due
to the | ower percentage of boron and the higher percentage-ef al um num
FIG 3 shows the specific weight change during cyclic furnace oxidation
test at 2075F for 500 cycles. (Five huffdred cycles was selected to as a
reasonabl e 25 approximation of target engine flight life.) Sanple weight
changes were in wei gliwnd3ite Dovayeiigh bepopictiated thpaihe nbupstereefsi ng wei ght .

The sanpl es gain weight due to the formati.on of protective oxides, which
are primaril| P B‘ﬁﬁﬂﬂﬁ‘f‘b‘g? Efé]%'?"?%r?gthed)ﬁsﬁ’ét 'gﬁ’:)egﬁ?rll %og?a(:)rgﬁ/ te}c,yof%V “result in
reduction i nyywebehits thBUbould 8 @6trhetat kethe fintShéchhnicdl emboxidationt he surface and
Al can diffuse Tromthe braze m xture to the ip‘lgoré)ia]ge tg 30 form new
protective oRriogerienakjitaveatvRapiFHEespioPosesTASECRPRlS el RO nost  never
occurredsin bﬁ%glg(;%géegs_tests. 6 June 2005 WO 02/050323 PCT/USO /47838
17 As shown by the ove, it is to be appreciated that_ the mcrostructure
of joints brazeWhile the investiorss hesngYystestedend deseabegiip detail @i FAVEEAA ns
very few, if. any L0 ' i L @iditve IEChani cal
and oxi dati oﬁoreg%?ﬁ@pdgg%i)gég’%e [ nS{P/]Jg(ril)t‘e P%@#ﬁ%ﬁ%ﬁ?@%ﬂ%g@gess accept abl e

| evel of br agieraceirdsbeily widemtoot timz dndy therpoeferserd eniypidiresnt has beep®aWnéRd has been
illustrated and described i.n detail in the i . LNng -

descri pti on, g?sﬁ’ébegéﬁg thaggl ‘3“’5%35@8%308@’? &t ngg{aﬁ%lﬁ%?lrt %?ﬁl\?gggiﬁl ngt
restrictjgve jmRentlarddkiedd toibk ploddcid. under st ood that only the preferred
enbodi nent has been shown and described and that all changes and

modi fi cations that cone within the spirit of the 10 invention are desired
to be protected. 6 June 2005 WD 02/050323 PCT/USO t/ 47838




18 CLAIMS What is clainmed is: 1. A braze alloy powder conposi ti?n
conmprising: (a) at least one low 5 nelt alloy powder, and (b) af“4"832% one
hi ghwieel2to>@32f oy powder; wherein said at | east one | d¢TBSI/a$I80y powder
conprises 50-70% Ni, 8-20% Cr, 8-15% Ta, 4- 10% Co, 2-7% A, and up to
2.25% B, and wherein said at |east one high-nelt alloy powder conprises
50-70% Ni, 2-10% Cr, 2-10% Ta, 5-15% Co, 2-10% Al, 2-10% W--2-4% Re, and
up to 3% each of M and Hf. 10 2. Asgbraze all oy powder conposition
according to claim1 wherein said at |east one lownelt alloy powder also
conprises up to about 1% each of cppgmsor nore nenbers selected fromthe
group consisting of: Ti, W M, Re, Nb, H, Pd, Pt, It, Ru, C Si, and Zr.
3. A br az¥hg{|is g§ims8¥der conposition according to claim 1l wherein 15 said at
| east one high-nelt alloy powder also conprises up to about 1% each of one
or nore nenbers selected fromthe group consisting of. Ti, Nb, C, B, Si,
and Zr. 4. A Br azeAdirdzopligopwieter conpsgionicompageg (adi abdpastonglaw-m 1 wher ei n

said at | 0 t er . c( ' t % Ni.;q.qbout 17% Cr,
about " 10 b Sl PSR 1EREREN RS RRAL i 87000 57 A b aze
al | oy pouetst oredopasittaion paedo coinpgses S0-CD% My, 8-20MarreB15% B, d- at | east one

| ow nel t er, ri ses 1 re,of three |ownelt. all powder s,

o udi ndPHGS 2EB I 858 12 BPiek afe Pheeert Bk gpe bishpti g about 745
Ni , aboutali6¥péwder atiaptiseH0- A% NALDUO% ICEY2-T0% TRNSL18%aTd, 22009BA1,( b) about  45%
of a second | ownelt powder conprising about 42% Ni, about 31% Cr, about 25
26% Ta, &h’dw?ig’oaf“%%ﬁf‘dém&’%%)ea%{b?ﬂ}\([gﬂm/ﬁgf athird | ownelt powder '

conpyg si ng about 64%HE alineﬁ%lﬁpo]sitioﬁQ@é&djgé’/&)%albﬂh@miﬂ%W about 4%
Ta, about 3% Si, about 1% Re, about 1% Nb, and about 1% B. 6. A braze
al.l oy povitid At lesshpessiorimat Aloy pedidarpltarorpaiseh vP AUE L caghipiengt | east one

about | 6T R B O B S AR 7 My KB So6 b, ana
about 59%P@Pt, Ir, 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.



6 June 2005 WD 02/050323 PCT/USQ /47838 19 7. A braze alloy powder
conmposi tion according to claim| wherein said -conposition conprd&882%out
45% oftvsaiidormt | east one lownelt alloy powder and abett/uSEMiof said at

| east one high-nelt alloy powder. 8. A braze alloy powder conposition
according to claim1 wherein 5 said conposition conprises about 45% of said
at least one lownelt alloy powder and about 55% of said at-| east one

hi gh-nelt alloy powder, wherein saiggat |east one |ownelt alloy powder
conprises a mxture of three lownelt alloy powders, including: (a) about

35%of a first.|low melt %%ﬁéw%&g%?%ki%ggg%g%%%%ﬁﬁﬁ 1 wh@dput 6% Cr, about

6% Al , about 15% Co,” and "a 5% of a 10 second | ownelt
powder conrpdicsinpgsitiddainpA2oabbyt 4aM0ftsaid BYie@t onalbvounel? dloyiwwdeand about 1%

B; and (c) about %.0f ;a.third |l.ow nel owder conprising about. 65% N,
about 6% Rpga%?ﬁbﬁg%/g%?ﬂﬁﬁbﬂ{eIH@?{WW?%%%?{)ROW % Ta, about 3% Si, about 0.5%
to 1.5% each of. Re, AMgazelfioy povilleBromditishat@iding® ddaiat 1 Whasih one hi gh-nel t .
al | oy powder conprises about 59% yi , %Bouf 7% Cf’w agl(gu]% 6% Ta, about 12%
Co, abdut saif5ogpgsion capwrises 3RS %edf Sag 21 leadong OWaRET AW W 9. A braze
al 1 oy powdgs JsRIPHS of § 2D aAEKPEE High-hbit 6ll6Y owher, Whefoli fid Aigeasover al |
conposition conprises 50-70% Ni, 10-15% C 8-10% Ta, .8-10%, Co, 4-6% Al
2-4% W awde owelt algypericosommisermigiere pEtss o mrlealley 2PWESTSpowder
conpositi ¢ i t i QNS Sk siap sest7adlg, of about 58%
Ni , about ?'ikf‘%@)faqaa %ﬁtﬁ%%f%g&g%‘g&t&% %wgo&?cogﬁ%ut§5% Al about 3% W and
about 1% ebat 66fCiVahouR6% AlnahauE1 A% Copartskabewt 2% Bo(p) abott 5% ohacor di ng t o

cl ai wher ei. n_sai Lture .als ;| Rk 28%pgach of one or
or e Hormared brEBe P b Rpath SR GO PRE N Rt Rk 2R RECT B OTT,
Ru, C, Si and®aboanttsA; an@E) iBout 20%eeif hddrddbwrregbpawdegcamprsingabPd made of a

kel Do SUREhL L o 6 o P TR (o) o e
powder, ambut 0.5% to 1.5% each of Re, Nb, Hf, and B; and wherein said at least one high-melt
alloy powder comprises about 59% Ni, about 7% Cr, about 6% Ta, about 12% Co, about
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 comprises up to about 1% each of one or more members selected from the
~ group consisting of: Ti, Nb, Pd, Pt, ¥r, Ru, C, Si, B, and Z.
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



(i1) at least one high-nelt alloy powder; 30 wherein said at Ieasj one

| ow-nelt all oy powder conprises 50-70% Ni, 8-20% Cr, 8-15% Ta, #'8¢§%,
2- 7% MQoEd3p to 2. 25% B; and 6 June 2005 WO 02/ 058328sHATA3ISO / 47838
20 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 M, and Hf; (b) brazing a damaged portion of the art4cle with said
braze alloy 5 powder conposition, whgrein said brazing is done at
tenperatures of between about 2150F and about 2350F. 13. The nethod of

claim 12 and furtherwmgmmgasﬁQ&ﬁgeemﬁfan@%mcpeom%d&@smmd article to
a stepped diffusion cycle at tenperatures of between about 1900 and about

2100F. 10 14. The ne¥ingdOBfCreP-dPvh TR Svirér €p.?-Kib a7 8% W.igd%tRep conpri ses

providing a braze aljh@¥ipROYHRLHRTROSIHIAN conprising about 45% of at |east
one lownelt alloy powder and about” 55% of at |east one high-melt alloy -

powder, wher eif{t) saitdazisig dMetbp@nbmmﬁﬁmhmcblmaysaphmtemﬂcpnpr ises a

mxtur% of%‘ﬁeggolow nmeli al oxbpowder %I udl about 35% of a

first Fow SjHopgWherEin sud by bou I[We[a out %vd?ﬂrbr about 6% Al

about lz%mutfaﬁd%ﬂwbou%@ﬁ(b) about 45% of a second | ow melt powder
conpri sing abo 420 Ni , ut . 31% bout 26% Ta,  and about 1% B; and
(c) about 20%;5(5 Ogﬁﬁg {‘?15113[2/ STEMPAFLE Hly IBSHEXROAVENI | about 6%
Al, about B¥bkaed :&bélbl'to AepNed dERRIGN cﬁ&feiﬁen@&@m}es%%&veerﬁdb@uﬂ 1% Re, about

1% Nb, and, about 1% B, and 20 said high-nelt alloy powder conprises about
580 Ni , abblOFaRdaPout2A80F- 696 Ta, about 12% Co, about 6% Al, 2-4% Re, 1-2%

Hf, ang about 5% W The mefltR JTelal?9 42 Qhel r?éaf&&évn&'ﬂdst%PE'Slﬂﬁ{scé ncl uding the

step  of exposing the brazed article to a ste fusion cycle as
fol | ows: aProvigae apare alley naplr CUORFIioAEONpHNS ebouo4ﬁ3 af #depsione

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



25 b. Heat part to 1900-2100F and hold for 1-4 hours; c. Heat (gj %@0
1950- 2150F and hold for 1-4 hours: d. Heat part to 2000-2200F ant’H8PP% or
6 to 24wmweresp3zand e. Cool to anbient tenperature. 16. PXhUspetg3d of claim
15 wherein the heating is' 30 acconplished at a rate such that the first
heating step is performed at a rate of about 20-40F per mnute, the second
heating step is perfornmed at a rate of about 10-30F per m#naute, the third
heating step is perforned at a rate ofyabout 5-20F 6 June 2005 WO

02/ 050323 PCT/USO /-47838 21 per mnute, the fourth heating step is

per for med_alyeAnf o AR R Dol e of houTi90ERROd OF ¢l aim 15

wherei n sai d steppe usi o s I's as at to 1900F at
30F per m nmlmltand hold for 1 hour, 5 b. Heat to 2000F at 20F per m nute

o L T
Cool at a r d@lpwaf f ectd.ve tHeaBreai9d0 T ue BOFEIpedingiuerand bold for 1 hour; :
5 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;
d.  Heatto 2100°F at 10°F per minute and hold for 8 to 18
hours;

€. Cool at a rate effective to avoid thexmal distortion.



