; UWWKe3eK$KT6T$_zWD 02/ 050323 PCT/ US01/ 47838 5 NI CKEL DI FFUSI ON BRAZE

ALLOY AND METHOD FOR REPAI R OF SUPERALLOYS The present invention rel ates ,
gener al | wo 02/azwapB0si ti ons and net hods for 10 repairing superalshoym3s and

nore particularly to conpositions and nethods for the braze repair of

ni ckel - and/ or cobal t-based superall oy parts. BACKGROUND OF THE | NVENTI ON

Ni ckel - and/or cobalt-based superall oys are comonly used by the 15

aerospace and power industries for conponents such as turbine vanes t hat

wi |l be subjected to high tenperatures and | e such alloys are

i nherently strong and resistant to“mﬂmm mmm&cks and ruptures occasionally
occur. Wien the damage is relative pairs can be nmade, such as,

.for exanple, by braze repair. H gh tem®rsature diffusion braze technol ogy

-

.fol | owing: TiSOVipymeAtal gropeytie

is normally used to repair 20 turbine vanes nade of N - and Co- based

superal | oys. The braze al | RYCReX!DIFFUMPDNBRAYE AELeAes two powder ed
constituents. The firS{NPMRIHOIROK l?ﬁiﬂ?gﬁi’ﬁRAﬂﬁ_, §) is a high

tenperature powder with a chemstry the sane as, or simlar to, the
conponent being repaired. The second constituent (the braze all oy powder)

consists of a hig ze all t hat mel ting
tenperature 25 meﬁﬁeb‘g?%ﬁﬁbﬁ 109 eﬁ;{t%seéeﬁase g]po%}gx S gnﬁ%f? gcfraze al | oy
powder |510user¢pa1ungsmperailb§zs,bmﬁomqiaﬂicumm@conwsmoﬁéaﬁirhab@istfexrthe and to
join the conmposi te er, m x e areas of the conponent being

repai r ed. an‘?ﬁ%‘f R BP&E@(C?I*’P%? f)‘g\ﬂﬁ S&”ﬂﬁrgityﬂ?ﬂ%ont ain nelting point
depressants such as boron and/or sili con of elenents. Unfortunately though,
the use of boron 30 and, silicon in braze aIIo can have a negative i npact
on the mechanical and/or eRATHHRENNE Nt he repaired area of
the part. In partigukar andt&rceean-tmsaftﬁ%semoﬁ%é wmxhbdi u&tﬂbé,tttee phases are

formed which decrease the ability of the material to’resi rupture from
stress. TheseadHpspaea and pRueradusiries yrmoawenEnts suplefy i yanes thatevitlde chroni um

and/ or titani [ r. he braze
repair of di rée#ge?%ggéf &gglt%%je Pﬂ ut}ggf)% trééssugg}?a gg%lﬁ%l ‘fi % IWQ%E?Q%ﬁ%a( 1323
PCT/ US01/ ~783&dxesigshnt rﬁmémn@pamm afdD@ptuagschesasinghity cqcys tWhex( B€ylamage

m crost ruct ur t cul arl detrl nent e nechani cal
properties ani om% | oor bt glllrg angceemal n%gas ISHEPBICe %@%etrgp‘%r i mpr oved

braze repair all onygb\tﬂﬂmesatumtjiffusionlbmab t@hﬁ(ﬂﬁg)&sﬂf)m&ll@!ﬁl@écﬂb répair that can be

used for epai ri.n h as. .5 thgse fqQund in_jet engine turbine
vanes. at ?ﬁg 5‘3?\‘? E\Y shased f‘H’ﬁfa?l e bragpyaf !1325“("1‘&1323 3
SUMVARY OP Tk@plbmaamh&s t%};bw&&ad coridBierms. 'Ehd Msﬁ@'ﬁﬁ&h&ﬁ (e BAE npgapect of
the present invention there is provided a braze alloy powder m xture

conpri si ng a BUNEeRdS # high emreratenssawren With aehgmistey; thisams as. 5siwaidar to,

conposi ti on. tibeoﬂlwenedctngqeﬁma q%t@&;%hab&ﬁutteﬂt e w&é%uéy pdwdgrp single
|l ow-nelt all oy powder It may be a m xture of nore than one l'ow nelt

al | oy powder .coppisgjof ﬁh#ghéﬁf@?fat“@%qumwetanﬁbthﬂ@rasém temperayreef er abl y
ip To abant 5 SRRy upb b Phmeidt popin st Sl podact BBt jom oy be
0 y
trrﬁde fr omlg shebase mtggom@aﬁ@e@yoagdmd@n? thoqpmlthe mypt G{Sﬁe ppr:meﬁnmtlerteof \Arrgr e
an one er even e high-nmelt powder
conposi ti on prg% ra °§ &?%P?‘geesgg‘%}e\ae%ht 50- 70% Ni , 2-10% Cr, 2-10% Ta,
5-15% Co, 2 10% A|D1ffzs1¢m%awalmq»owpemmymdaﬂiytoﬁ@memmtnmmmpmdm@r H . In
conpr | ses. up TE SEROT B st O et Onfbr BTy e et AEEorat - w o,
Re, Nb, 36 HfandRilicolin brhae,allBys cabha ane'gﬁdvezmpaamﬂ tlﬁé’iﬁeéhaﬂibalmﬁﬂlbr powder
conposi tion aI SO conprises ugal%]tgeabout % each of any or all of the

sepairodhared of theypast. Tppattisplan dargd | oy ni xture

(that is, t healsdk@‘@r B@*Ift—ﬁl&e Bifittlk PHAsBRAL fRdd hSHR- d%Eﬂe&seRHB"éiﬁl‘it?bf peef erably
conprises 50-70% Ni 15% Cr, 8-10% Ta, 20 8-10% Co, 4- /% 2- 4% W

. about 1- 29% REPALEHA 1o Fsaish rupturs. from sissh Bhesgbritlgphages alteﬁomneseﬁﬁét preferred

enbodi ment s tr@ﬁac%x?%ﬁ:nﬁhisoéfum}rp /8! tﬁﬁ’mﬁ‘rﬁ%ﬁtbﬁ@& with at)ﬂ)gag%%tn ahd % €ach of

any or all of the follown Ti, and Zr. One
obj ect 085 the"athoésé"ﬁtthfﬁhxﬂémqp@lmf@rqcmrtaﬂ@(ﬂldtfeed@éi@patalllo)ﬁ witwder s useful 25
for the braze repair of N - and/or uperal | oys. O her objects and
advantages will be apparent from @ﬂ@ \ﬂ@ﬁwl g description. WO
(12/(h11323 4 BRI EF DESCRI PTI O\I NGS PCT/U S111 /~ 7838 FIG 1
is a graph showing the results of a stPRYs rupture test performed 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 Iow cycle fatlgue test perforrred on an artlcle repalred

o Y I T B



25 4, and CM 186; and cobal t-based al |l oys such as Mar-M09 and X40. 2.
Braze All oy Powders and M xtures Thereof. The braze all oy powder m xtures
of the prveeembsismventi on include both a | ownelt powder cogrosol/4misand a
hi gh-nelt powder conposition. The lownelt alloy powder conposition is an
alloy, or a mxture of alloys, that 30 substantially nmelts bel ow the braze
tenperature (hence the nanme "lownelt"). 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 WO 021050323
PCT/ USO1/ ~7838 gﬂ%ﬁ@ he braze

t enperat ure (h?alg?:lg F\%@'ﬁ?éu@lé@%&Qgciﬁm@tg#c:??ggggﬁ%odr ment s of
braze repair ﬁﬁ%@‘dﬁ@%dﬁg@dmﬂhorﬂlﬂpmq{lawfﬂamrt@&p@ﬁ)@hﬂwg resistAncas MAR- M247
or CVMBX-3, the lo froma

m xture of all oysm%\@lf: 4 %&wg%lg{\%@ggh{o‘vgg@ﬁ 1%{;“5{ 'ﬁio R’o)&]ggﬁanﬁtr?atr on of

al | oys bei ng sshient adowds d)ﬂihandﬂdrreslItbwcmrebetuspmfwieepaﬂmgrmptrhﬂ@rs sah @ whol e
substant&ggly nel%) i, N t era gﬁ abo#h 2100F, +/ - F. The high-nelt

al oy powder HERpIoUR ?fno’ﬁ RING Y81 e %Bﬁeffé’ﬁ{né’e'?t?nﬁggrfeﬁe% {A%tde of a
single high-nelt alloy that doesn t melt until it gets above about 2400F.
10 In the nost preferred enbodi nents the | ownelt 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 between about 2000F and 2250F. In certain preferred enbodi nents
the lownelt powder 15 conposition also conprises up to about 1 % each of
any or all of the following: Ti, W M, Re, Nb, Hf, Pd, Pt, Ir, Ru, C and
Zr. Most preferably, the alloys used to prepare the lownelt alloy powders
each contain between about 0.65 and about 2.25% B, with the total anount of
Bin the |lownelt powler conposition preferably being between about 1% and
2% 20 The lownelt alloy powders each al so preferably contain up to about
3% Si, with the total amobunt of Si in the Iownelt powder preferably being
bet ween 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 the same as the alloy in 25 the substrate to be repaired.
Accordingly, to repair N -based superall oy conponents such as those nade of
MAR- M246 or 247, or CVBX-3 or -4, the high-nelt powder conposition
typically conprises about 50-70% Ni, 2-10% Cr, 210% Ta, 5-15% Co, 2-10% Al ,
2-10lo0 W 2-4% Re, and up to about 3% each of Mo and Hf. In the nost
preferred enbodi nents the high-nelt powder conposition 30 al so conprises up
to about 1 %each of any or all of the following: Ti, Nbo, C B, Si, and Zr.
WO 02/ 11S0323 PCT/USII1/~7838 7 The lownelt alloy conposition and the

hi gh-nelt alloy conposition are generally conbined at ratios of about 1:3
to about 3:1 lownelt:high-nmelt powder, with ratios of 1:2 to 2:1 being
nore preferred. In the nost preferred enbodinents, the ratio of |ownelt
powder to high-nmelt powder is typically in the range of 1:1 to 5 1:1.5. In
testing to date, conpositions conprising about 40-50% I ownelt all oy
powder, and about 50-60% hi gh-nelt powder has been preferred for repairing
Ni based superall oy parts such as vanes nade of CVSX-3. A ratio of about
45:55 | ownelt: high-nelt powders has been nost preferred for those N -based
superalloy 10 repairs. In selecting the proportions of conponents used in
the invention, it should be recognized that higher weight percentages of

hi gh-nmelt powder typically provide better nechanical properties in view of
their reduced | evels of boron and/or silicon. Simlarly, higher percentages

.of lownelt powders typically have 15 inproved braze flow. As can be

appreci ated by persons skilled in the art, a proper bal ance between
mechani cal properties and braze fl ow nust be established, as dictated by

-the demands of a particular application. H gher Al content is al so desired

in sone enbodi nents because Al -rich conpositions inprove high-tenperature
oxi dation properties. Further, increasing 20 the Ta content in the m xtures
i nproves the braze joint nechanical properties. In particular, Ta additions
strengthen the gamma and ganma prine phases by increasing lattice

m smat ches. In view of the above, it can be seen that the final braze alloy
repair mxture preferably conprises 50-70% Ni, 10-15% Cr, 8-10% Ta, 8-10%
Co, 4-7% A, 225 4% W 1-2% Re, and about 1 %each of M and Hf, and nost
preferably al so conprises up to about 1 % each of any or all of the
following: Ti, No, Pd, Pt, Ir, Ru, C, B, Si, and Zr. As indicated above, in
certarn preferred enbodrnents the Iomrnelt aIon pomder conprrses a nrxture
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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,
20 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 preferred embodiments the braze alloy mixture 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.
One object of the present invention is to provide braze alloy powders useful
25 for the braze repair of Ni- and/or Co-based superalloys.

Other objects and advantages will be apparent from the following description.
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VV W ni1 n n n FIG. 4Ashows 4n éngire vané'segment with fine oracks in the vane: - - | | WO

02/ 0S0323 12 Met hods of Use PCT/US01/~7838 The foll ow ng steps are typi cal
for the braze repair processes of the present invention. It is to be
appreci ated that geist aBAnd 1€ RRowBMcISn @%ﬂg%ee@me@é nfRAERCR R hh&HowhiPENdI Ng
on the nature_of the conponent being repaired. f%e first steps normally

i nvol ve the | FKpdés piter repadr veithethe imygnive braze rmﬂmmwderwftth@rbgpnt cheni cal
and nechanlcaﬁwghﬁﬁnlng processes are generally used to renove dirt,

debris, grease, and | oose scale fromthe conponent. Follow ng that,
cheni cal 20t ri ppi ng may be required to reane any coatings t hat nay be
present. Then, fl i be used nove 10
orp! ex oxi des 1 g i 35 ShEPaifl bl (TPt B o Vo KByt ik

hi gh-t enper at (e avdafierSB) lﬁawmrqgummgbha: ihecntive brhz¢ ephie Albosjeponalsisdiele oxi des
and fluoride ions, fromthe FIC process. Al of these nmethods are generally
known to the BFYU BN, he i ncorporated into the inventive process on an
"as needed" basis w thout undue experinentation. 15 Follow ng cl eaning, the
high te rature braze repair is begun. In that process, the braze repair
all oy povider is nade into a slurry (preferably using a binder effective to
hol d the powders together and to help hold the powders on the surface being
repaired) and is applied to the surface. The conponent is then heated in a
vacuumor in an inert gas to a tenperature effective to nelt the | ownelt
alloy 20 so that the braze nmaterial fills the crack being repaired. In the
.preferred enbodi nents the braze tenperature is between 2150F and 2350F,

Wi th braze tenperatures of about 2300F being nost preferred. The braze tine
may vary from about 10 m nutes to about 40 m nutes, with braze tines of
-about 20 to 30 m nutes being nost commonly used. 25 Follow ng the brazing
itself, the conponent is subjected to a diffusion heat treatnent cycle to
honogeni ze the repaired region. The diffusion heat treatnment is preferably
performed at tenperatures 0-400F bel ow the braze tenperature, and for tines
of up to about 24 hours. A vacuumor inert atnosphere is prefer ably used
for the diffusion heat treatnent. 30 In certain preferred enbodi nents the
heat diffusion cycle is perfornmed for a tine and at tenperatures effective
to break down the script-like silicide phases into WO 02/ 0a0323

PCT/ USOL/ ~7838 13 fine discrete particles. The cycle also preferably is
performed for a tine and at tenperatures effective to reduce the size and
quantlty of brlttle bori de phases. In one preferred enbodlnent t he

N L Y I o Y I T I o c 6+ Yy a2 oy v



W O 02/ 050323 15 EXAMPLE 2 Stress Rupture Testing PCT/USI1i/-47838 Stress
rupture (S/R) tests were perfornmed on representative base netals, 5 and on
articl es wepanses usi ng a preferred enbodi ment of the i nvaTVus1/4BaBler

m xture and repair process. In one aspect of the test, base netal materials
such as MAR-M247 and CMSX-3 were subjected to heat treatnents correspondi ng
to the steps used in the present invention (e.g., heating to braze
tenperature, followed by a typical stepped heat diffusion cycle) to test
the effect of the inventive nethod on 10 the base materials thensel ves. The
test conditions for theyhasapiRbabL Atk BREFERREBINDAMVEAISS! - |1 anot her
aspect of the SIRtest, repaired parts were tested to determ ne the
-mechani cal properties of parts repaired by the inventive process. The test

conditions for repaired parts. were. 2000F - i - (I b a
0.005-i nch 15 gap QY B4 oé?sr%@fonéonﬁlgfaglbﬁea}%%gﬁﬁé?é ?%I}cplg%rogéﬁeﬂ%%%h a
*0. 040-i nch gapfease Walpaow &8 madb® cersih prefatddtesnborhentst and tspeaifict lnezubgeaw 8l

repair process of the present inyention does not cause. .an igni fi cant

negative Pnpabt usﬁﬁt"c‘F?égWéP\eaWa t"b‘hd‘ﬁ%ﬂ%@? }?ﬁu"fiFfétoﬂgé}gt ﬁ%ﬁ%‘%hoé’&g “as
CVBX- 3.  Mor eoyghe of theinvERRIn £heRRBY Infendbd, 8¥dhi diefaBBnd W@ afiet alodiiicaaisin es
conparabl e to unrepaired superalloys such as MAR- M47. For exanple, the

average time the illustratad devigss endsuplbfuriherypplicadiopsetithe prngiplesRf the ipvaR¢an agyap
(test at 2000 in) BeAQN WduldonHAROREEo RAL LIGNANE tHBR: 168
hours for par lglgtg%% 2 {/réibte stoangllglrda PdAl ucoaoti ngs. Thg time to rupture for
25 coat ed 0. Owhichap ipemntien wdates153. 34 hours (test at 2000F and 3 Ksi). This
conpar es favorably,to.th 0 %:ﬂ?ﬂ: r wak@m MARM247,
whet her L}hcoat ed o‘?s @Sg?tgagﬁ‘{eh&gt%%ﬁe E%hﬁ]? cg‘g]ttf%ﬁéésl.gteg%%% 1 shows the
results of S/ ehadorthgbraAsrepainofizepsatoy dompomenksssugh aptiarbindieanesedhani cal

performance of parts repaired by the co i tiong and the 30
present i nvenPiehed§ 18’§mf(5’\78¥5'8f °W‘lq‘ﬁp‘iﬁir?épﬁ%§ réh“i%‘g‘?&ggé]‘g?%?%rance of
undarmaged MARnMRAY giRaelt Slloy polder(1d 2érabdRRleled Hragd MRb ik tinewth#Cyarl te Fat i gue
Testing PCT/USO1/.t7838 Low cycle fatigue (LCF) tests were perforned on
representati visegderdhegepaifs, and on articles repaired using a preferred
enbodi mens of the hnyRGHakNR: 5 (ROMUIGH R relhted @ ridiRbds P Riphiriaf 9GREdloy For t he

| ow cycle fatigue (LCF) tests, the test conditions were 1900F, R = 0, 0.53%
strain, and acémpapeeisby uging 1o supsdt beze aligyanixiurag b hEaze reoneedies € of the LCF
testing. As c . i if ormance of parts
repaired by t eu?%@ﬁ??@%@%%ﬁt%ﬁggg&%ﬁh’?ﬁg&%@gﬁcpﬁwenti on conpares
favorably wi t lenpemturescianging Etbmpbedtd POH dealwnt AW0Hdanaged MAR- MR47 parts.
EXAMPLE 4 Cyclic g)d daé'bgﬂatg;esti ng Cyclic oxidation tests were al so
performed on the braz ‘mens using a 15 cyclic oxidation test cycle of
2075F for2050 mi nutes dfie Hraue remid coatpositans ané methods of the present Mventiontcas,. The
speci nens congsi sted of base material .and brazed s | es., ! |

conpati bl e Pt g\? LgegaR f°H§‘§f“wf?‘?evﬁmﬁ{yé’its‘fvgatﬁ?’énzceu g 'g‘[yﬁ?%#ﬁ O)%tcﬁgagtts&ps)geﬁr%ﬂgy med nuch
better than pgitgiraey. tSpetificexamplésbfaloyhthatgn béwephissitwith fiitheompsitiops adder r ed
enbodi ments achi eved a nore 20 than 10-fo| d ir%hovemgr]t. %fl oxidd tispn
properties ov&etheds o fhe Bresest qyenuop ippjudey bye appncl e iq: gickeld a31(9,?lcent age

of boron and th& RiMHRM24EMEMAGEsiffle adystal fek# alldySsuch =8 lodsX sheMspeci i ¢
wei ght change during cyclic furnace oxidation tm at 5& 5F for 500 cycles.
QY- Maoang

(Fi ve huridr ed4cindl @4-1g8sanderbaltbaged Jloys such g Mag n pproxi mati on of

target engine flight |pf6. hSAPRl@RVEAENxiGRATEGEMEr € TN wei ght gain or
wei ght positive gain bu ecreasing werght. e sanpl es_gain weight due to
the formation of piht leterd alley privdersnixtwss©h themsesgrtipeantipy ingludebetim oxi des.
Some oxi de spel]ing- G e t i - S i@ omBoMEsONt . Byt protective
.layers still ?‘le&mh?%pgﬁﬁ%rhcgm g?lpﬁéehldaandghAffgggn d‘?f?ug(e) fromthe braze

m xture to théowueitatioy pov®d compesitivpws pr altogcoriavpixbxe oalloypdrati ve wei ght

gain is ngt desirabl | MpsSt.__never occupr ' «qRQC clg tests.
WD (12/0S 32§§‘r‘-§81‘?1@§’0‘f%%%£%”n%?5” © HERH ‘E‘ilh‘teﬁéeje th 8{'}@? 1??%@/?0&%
appr eci at ed t kaftrdst) eherfiigh-@sh elayt powelendonpoiitids isematley, onatmiixtuteeoft echnol ogy of

t he present inyention contains v fe i f _an hases. t hat .ywoul d be

det ri ment al tBu?ﬁ%ﬂ?ﬂ$ﬁ?mﬁé@ﬁﬁﬂPgéﬁmgﬁﬁg%ywﬁgf%%Wﬁﬁﬁgﬁ%P??gfFm%he i nventive
m xtures al so possess acceptable | evel of braze voids after brazing
process. Wiile the invention has been illustrated and descri bed in detai

in the drawi ngs and foregoing description, the sane is to be considered as
illustrative and not restrictive in character, it being understood that
only the preferred enbodi nent has been shown and descri bed and that all
changes and nodifications that come within the spirit of the 10 invention
are desired to be protected. WO U2/ U~U323 18 CLAIMS What is clained is:
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5 said conposition conprises about 45% of said at |east one lownelt alloy
powder and about 55% of said at |east one high-nelt alloy powder, wherein
said at Wwae20wa2 | ownelt all oy powder conprises a m xt uP€ETAfSO1/h783%

| ow-nelt alloy powders, including: (a) about 35%of a first lownelt powder
conprising about 74% Ni, about 6% Cr, about 6% Al, about 12% Co, and about
2% B; (b) about 45% of a 10 second |l ow nelt powder conprising about 42% N,
about 31% Cr, about 26% Ta, and about 3% B; and (c) about 20% of a third

| ow- mel t powder conprising about 65% Ni, about 6% Al, about 8% Co, about 4%
W about 4% t 3% Sh: 9 Hf , and B;
and wherein g@%ﬁ%%dg %r%'ltmggﬁﬁgx{r ?tgff%?%—f/@%%\?%é{? égfggﬁgg%%ﬁﬁaceﬁ%ut 59% N ,
-about 7% Cr, nafetiigh%eRd). about 15 12% Co, about 6% Al, about 3% Re, about

1.5% Hf, and abou % W, 9.. A braze al.loy m xtur I:SELng . essential |y of
50-70% Ni, 10- 15%?’6% P@?ﬁﬁ%‘““f‘%’f’d@lﬁﬂﬁ%‘c&%& EFP%J%W}‘%gQ%&?%éBg‘ﬁ@?about 1%
each of M, MRBasedanstritfoys fith :AMARM24F] dr GMSIKBS the bove-arlipstvidery essential |y of
about 58% Ni, about 20 11% Cr, ab?ut 9% Ta, tiltflout 9t%§p 1ab%tt5% Al , about
3% W and ab&ORPaAgHQis prefaray, mage.from 3 pupure ghalloys fhptmeltbalowebont o\ o
accordi ng t 0 285@EMyfih WARbRbRatteH 8 allbyd b sBlesRd 6O tHar the BRv-telt powadrout 1 %
each of one or nore nenbers selected fromthe group co si&tin Qf : Ti, Nb,
Pd, Pt, Ir, RoMPGitis as apyhoimppbstantiaply mejs ipthggangs gf @Putrg‘&& rT/hgo% article
made of a ni - 3 erial,; h dibBdi s GOBEtablyng: ()
providing a Eﬂéglgleéﬂgﬁﬁgzywmy% Og&g P%Elrcl:%%lﬁ?i Si r%gf:égt(i at | e}ra]tst one

| ow- el t  al | oyadp ot eingledngh-elt dlleatthdtadaesn’ tonmdt Untid {-gats Rbovg|abeyf 2400 EHer ; 30

G o 1597, "4 1 Geieaoiber Bl Embodi Y pRN ey IR 870l 10) 05 1325 20

PCT/ LI S01 / 7&3&rihglyeiompsisds dnabr themstioppewdergimdek & reailting cpropwsdtionconpr i ses

cach of b, rEsaRa0dE WL G St B aniChor 1 g B BT, 00

sai d braze aldpy:, B 4pames], b§ aepas iahd Bas,a sokpositionad aietling rawge nfjbétyeaone  at
tenperatures of between about 2150F and about 2350F. hlﬁi Thli rre(tlhod of
claim 12 and 3ewt2R80 Feadg2 i & nh qepaingyredprres enBaguugnisng (o8- Wb PR%“r ticl e to

a_st eppeqls di fcfoH%BQHoﬁ YIS Sordprist P8 RBoMI O5eaeh ob@iyw2aN orbRyblckARgAiand about
2100F. 10 14. The nethod of claim 12 wherein said providing step conprises
provi ding a HVable, Bed Ny Hiokdi 8t s BipGsndiZsn conpri sing about 45 % of at
| east one |ow nel tyal, bféﬁrgﬁyﬁﬁ{ alﬂ)?gué'%g?b’?rea?g RN loMimdiCARY peRgerdi gh- mel t

at lea 0 't all

¢
al | oy powder, wheréein-sai t one mel t oy powder conprises a
m xture of t lemeecdntaimbétvea dboyt peiwaierabouti 2:23% Bi, wigh ﬂ(eaytagwmt ofidof a first

| ow- el t powder. 15 conprisin ut %N i 9 19Phauly, 6% Al , about
12% Co, andwz}ﬁ%m" 'W/g g;gw?%)cmgg(gsgt onﬁ%@wabeé@%%w cﬁg%v-&a’rtrél c’f‘éﬁpqvxd_er
conpri si pg abThetlow2elNilloy pbwddrs 8dcHalZo, prefmblly cRGN TR to abayt At witly B; and

(c) about 20% of third_low nelt er . CONRLIS| % Ni , about 6%
Al , about 8%t%i)t,°t Wﬂtﬁﬁ)wtg%%m"%%%?ergb ‘Hf‘g‘é%‘ gg?&g%%lﬁé%%@ Re, about
1% Nb, and almsd, aada 8. and about 20 55% of a high-nelt alloy powder
conprising about 58% Ni ) about 7% Cr,  about. 6% Ta out 129% Co, about 6%
Al 2-4% Re. 1- 296 e higtigelhpRYYer SompNisition preferablys %ﬁﬁégmc‘f“éf“ﬁr? % and
further inclugiohg wiltea SHeBist9thRXPME ke drtabdrtiaRgl thdsime hethe allay iat epped
diffusion cycle as follows: a. Heat part to 1800- 2000F apd hold for 0.5-4
hours; 225b. theaubsisateto beyepaisd. 2coudinglydtoepalr Nishbasad HPEBUPY%: ¢. Heat part
to 1950- 21 50F.and,fat glcflqg ihbsem AR MAR- MRS A9 dr AMSROAR-Z2R0F and hol d
for 6 to 24 hours; and e. Cool to anbient tenperature. 16. The nethod of

cl ai m 15 wherlsgnnteheohderdomgosiiopiypicelnesmyprises 2esbip{1% Med- % 124t e such
that the firs atj ep 1} es f k g o4 -#40F per
.mnute, the s{eoﬁ)ﬁa’%gg?ﬁfgg%?%pﬁfglgzor (’)??r% %’taﬁgglr)g{%b%of ag%ﬂtoé_lo- 30F per
m nute, the tkioradd Bali thg nebteprefesedenbwiimends the highrraelepfdeapuRosEORPOF W O

112/11S11323 PCT/LISI| 1 /7838 e i nut - [ ep is
. per for maﬁsat aJsq camprises up o o%ﬁ%%cﬁgﬂnrﬁoﬁgpg?H’%‘;&?%}égnrlg’?ﬁ%g]%f §£§I aim 15
wherei n sai d gidepped diffusion cycles is as follows: a. Heat to 1900F at
30F per mnute and hold for 1 hour; 5 b. Heat to 2000F at 20F per mnute
and hold for 2 hours; c. Heat to 2050F at 10F per mnute and hold for 2
hours; d. Heat to 2100F at 10F per minute and hold for 8 to 18 hours; e.
Cool at a rate effective to avoid thernmal distortion.

CA U ARYL. A& Al A9. AA& A& . A& A A9. Ay& . A9| . A& . A A& As&L. Ar. A 9y). A9r. A A&
A&2+ a; Wwot  8kJ

} xrmhc”Y] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] c4a] ca] ca] ca] ca] ca] ca]ca]ca]c
aJca] ca] ca]ca] ca]ca]calcalcTa] ca]jca! 2h=&c\OH

| wmhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca]ca] ca]ca



aUc aJc aUc aJc aUc alJcaUc aJjcHal]c aUc a]calc
alJcaUlcalcaU calcalUcalc aUc alJc aUc alJc aUc alJc aUc alJc alc
a0?H?J?ZWOh2AIB? 22?2?2722 ?7QF-CHARE @@ @ @@ @3 uoj d_YTzupkf/yspe4m8c a] c
aUc aJc aUc aUc aUc aJc aUc aJc aUc aJc aUc aJc,aUc aJcaUc a]c
aUc aJc aJcalc aUc aUcalJcaUc aJc aUc aJc aUc
a CaoaaaaoaaoAAA! ASASA: A>AJ AKAAABB6B8B?BWBeB} wr | ga[ Uzupkf "[]J Ul ¢ aUc aUlc
aljc aUjc aJc aUc aJc aUc aJca]c,alc a¥c alJc aUlc a]c aUc ajJc aUc aJc
aU]BcBa]B(éngB(é ajc aUc aJcHal]c aUc aJcHa]jc aUc

aeBgBr BBB* ote EW aUc alc
aUc aJc aUc a]JcaUcaljc a cg)a@}ﬁH ‘{5{ g Bi gl bﬁ%ﬂ'ﬁﬁ% ajc g%}eghg] (l:J]aU] c]
-aU] ca] ca] ca] cgabflatly ajrobined at rafjos of bt 23]te abgue 3:1 low- melt high-melt powder,

e & B e ks T pran}eéstl WEURMACaY Snitlafindid C @l callc

ajc ajc

the ratio of low-melt powder to high-melt powder is typically in the range of 1:1 to
5 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 45:55
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
and/or silicon. Similarly, higher percentages of low-melt powders typically have

15 improved 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 mismatches.

In view 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, Ry,
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 particularly useful for repairing Ni-based superalloy parts, the low-
melt alloy powder comprises: () 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



ajcaljc aUc alJc aUc alJc aUc alJc aUjc alJc alJcalJcalUc alJc aU c aUca]calc
aljc alUc a]c aUlc a] ca] caEEEEEEEEEEEEEEEEEEF

FF @ DFG-RFOIRYBR0B2FbFf Fi F~ysnhc] XRzupUl ¢ a] ¢ aUl c a]c al] c PATASAp®3&a] c al] c
ajc aUc a W]c aUc alJc aUc alJc aUc alJc aUc aJc aUc aJc aUc
aJjcalU]ca]caUcalUc alJc aUc a]c

ai FuFy FFFFFFFFFFGGGEEGEE3 Gh G Gox Gz GEGEGEGEH! HEHF Hyt ni dMWRzup] ca UV] caV] ca] ca] ¢
aUc aJc aUc aJc aUc alJc aUc alJc aUgaljc alUc alJc aUc alJc aUc a]c
aUc aJc aUc a W]c aUc alJc aUc alJc aUc a]c

a* HOHQHT HVHN Hi it gt W‘A!db{kﬂlﬁ)lsbdl?lt b mv)pz@ec%ham bl pBG 2l ¢ aUl c
aljc aUc aJca]Jc aUc a]cUZ]caca c aljc ay c aJc aUc
-a]c aUc a]c avperis}gahou) 42%Ne about 31% Cr dbOUt 26% Ta, and about %B w1tha

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 these 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

15 45% 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
illustrative 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 illustrative
purposes, and that not all mixtures of low-melt and high-melt powders are shown

in Table 3.)
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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 eifective 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
temperaturcs of about 2300°F being most preferred. The braze time may vary from
about 10 minutes to about 40 minutes, with braze times of about 20 to 30 minutes
being 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
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d. Heat part to 2000-2200°F and hold for 6 to 24 hours; and
€. Cool to ambient temperature.

10 The heating is 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 e. 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.
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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 and/or 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% HI, 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.

c. 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.
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10%9¢& () -a28 steps used in the present invention (e.g., heating to braze temperature, followed by
a typical stepped heat diffusion cycle) to test the effect of the inventive method on
10  the base materials themselves. 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
mechanical propetties 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 to rupture 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-M247 parts.
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the present invention compares favorably with the mechanical performance of
10  undamaged MAR-M247 parts.

EXAMPLE 4

Cyclic 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 were in weight
gain or weight positive gain but decreasing weight. The samples gain weight due
to the formation of protective oxides, which are primdrily 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.
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10  invention are desired to be protected.
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alloy powder comprises 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 Mo and Hf.

10 2. A braze alloy powder composition according to claim 1 wherein
said at least one low-melt alloy powder also comprises up to about 1% each of one
or more members selected from the group consisting of: Ti, W, Mo, Re, Nb, Hf,
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 composition 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 alloy powder composition according to claim 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 a second low-melt powder comprising about 42% Ni, about 31% Cr, about

25 26% Ta, and about 1% B; and (c) about 20% of a third low-melt powder
comprising about 6% 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.

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.
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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 a
10 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 low-melt powder comprising about
65% Ni, about 6% Al, about 8% Co, about 4% W, about 4% Ta, about 3% Si,
about 0.5% to 1.5% each of Re, Nb, Hf, and B; and wherein about 55% of a high-
melt alloy powder comprising about 59% Ni, about 7% Cr, about 6% Ta, about
15  12% Co, about 6% Al, about 3% Re, about 1.5% Hif, and about 5% W.
0. A braze alloy mixture consisting essentially of 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 mixture consisting essentially of about 58% Ni, about
20 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 8 wherein said mixture
also comprises up to about 1% each of one or more members selected from the
group consisting of: Ti, Nb, Pd, Pt, Ir, Ru, C, Si, B, and Zr.
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:
(i) 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



10%9& ()-a28 10%& ()-a28 10%& ()-a28 10%g& ()-a28 10%& ()-a28

10%g&' ()-a28 10%g& ()-a28 10%g& () - a2B=C=D=E=F=H=qW8}cl /08 8 10%g& ()-a28
10%9&' () VeQv2/08328 10%9& ()-a28 10%g& () - a2H=J=L=M=N=O=P=QCTAE 087538

10%g9& ()-a28 10%g& ()-a28 10%g& ()-a28 10%& ()-a28 10%& ()-a28

10%9& ()-a28 10%& ()-a2@R=S=T=U=V==t Z@08 Y "e= 8 10%& ()-a28

109g& ()-a28 10%g& ()-a28 10%g& () -a2V=WeX=Y=Z=\ =] ="=x"D/ 08 Y8 10%g& () - a28
10%g& ()-a28 10%g& () a28 10%g& ()-a28 20%& ()-a28 10%&' ()-a28

10%& ()-a2"=_= =a=b=c=d=}cD/ 08 Y8 10%g& ()-a28 10%& ()-a28 10%& ()-a28
10%& () -a28 10%& () - a%ﬁcrgﬂ% a( kad dfte hlgh melt allo owder com Tises 50 70%
10%& () - a2d=e=f =h=z={ =| =0 101 10! & ()-8 109g& ()-a28

-10%&' () -a2Y ~e= | =}=== 1;£>1&% ﬁr R-106/da&- (é%ps PIQ‘@%lezﬂ %]\5{ @dm% & ()-
10% & ()- 10% & () 1 >>>[79-/ P P 10%t7& ()-]5! OP
10% & ()-]15 P 10%u3&&‘(°}33670§§ iM Re )ﬁf])5 ]P 10%& ()-]5 P ]
10%2q& () -] 5>>?#2(19??| brazihg pdmnsgem@wm&of)he]aawne WiBdeddbaye 3oy P 1098 ()-]5

v (15 T obylar OTb il HBieiiatd B i R Ao B PP () - (5.1 P

10%&' () - ] 5A>AlBKAATRBlahd about 2330H0%&' ()-15 P 10%& ()-]15 YP 10%& ()-]15 'P
109 ()-15 P 109 ()-]5.YP 130@‘#%]5\/\59 BrBRBB* C2Y8-/ PP 109& ()-15- "Z P
109& ()-]15- P 10%A@ns (e pethodef daimel 4 and feathepcamprsing the sep efexposing

109& () -] 5* @&E@SEQL %M%}ie’ toasteBpécp&(ﬁlusﬁ%n dyRie at Rerdfd¥ires of barieeh Qb () -15!

10%EE& ()-]15 10%&'5
1900°F and about 2100"F
10 14.  The method of claim 12 wherein said providing step comprises

providing a braze alloy powder composition comprising about 45% of at least one
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
15 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 209 of a third low-
melt powder comprising 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 about
20  55% of a high-melt alloy powder comprising about 58% Ni, about 7% Cr, about
6% Ta, about 12% Co, about 6% 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 article to a stepped diffusion cycle as follows:
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;
C. 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
€. Cool to ambient temperature.
16.  The method of claim 15 wherein the heating is preferably
30 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
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