1 DESCRI PTI ON 159159* N - BASED BRAZI NG COVPQCSI Tl ON,
BRAZE REPAI R METHOD, AND BRAZE- REPAI R STRUCTURE
TECHNI CAL FI ELD [00011 The present invention rel ates
to a N -based brazing conposition, braze-repair

nmet hod, and a braze-repair %tructure Priori

clamed on Japanese Patent Application No. Zﬁwmnwmwuwwmmn
filed on Septenber 3, 2007, the content of whig g

i ncor por ated herein byEE§€Bﬂ§H§%J BACKGROUND® ART> —- - - -

[0002] Various parts of a gas turbine such as a
stationary vane, a noving blade, and a conbustor
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an i ndustrial appliance are ’exposed to high

t enper at ure condi BRAZE-RERAIR STRUY TURE. Ther ef or e,
netallic materials having excellent heat resistance,
for exanple, a Ni-based superalloy or a Co-based

superal |l oy is used | g&ﬂﬁﬁﬁ R?HEED However, parts of

gas turbines nmade of resi st ant aIons
[o8¢casi onal | y occur damage such as cracks and fractures
caused by thermal fatigue when the parts are used for
a | ofitye premant inveidionhelgtas toaricrasdd hrazinggaodipositos beaze-repai

ggected to repeated stress (e.g., by vibration).
“T@ 3Td€HﬁVéWPW6ﬁ&FPVC when such damage is found under

per | ?’gigrlty 3 paggr{eset ent Aégl’icatl mo %W%ﬁ?%@%é& Sihs

are or e, see

e’?@fnﬂfef—‘ﬁl 10007, the &a&anml@nemmpeﬁ&dmateamy Bppdnceat i on,
rst Publication, No. 2005- 103641). Practically, in

the braze repairing of gas turbine parts, repairing of
t he danaged portion is er f or ned preparing a
repair material by m%qgc%ﬂwp%%ﬁed brazing materi al
Uﬁ@@der added with nelting point |owering el enents
h

as B and Si and all oy powder having the ~ 2
Various parts of a gas turbine such as a stationary vane, a moving blade, and a

combustor liner used in an air craft engine or a gas turbine of an industrial appliance are
exposed to high temperature conditions for a long time. Therefore, metallic materials
having excellent heat resistance, for example, a Ni-based superalloy or a Co-based
superalloy is used in those parts. However, parts of gas turbines made of such heat
resistant alloys occasionally occur damage such as cracks and fractures caused by thermal
fatigue when the parts are used for a long time under high temperature conditions and are
subjected to repeated stress (e.g., by vibration).
[0003]

Conventionally, when such damage is found under periodic inspection or the like,
the damaged portions are repaired by brazing (for example, see Patent Reference 1:
Japanese Unexamined Patent Application, First Publication, No. 2005-103641).
Practically, in the braze repairing of gas turbine parts, repairing of the damaged portion is
performed by preparing a repair material by mixing an Ni-based brazing material powder

added with melting point lowering elements such as B and Si and alloy powder having the
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same or closely simlar conposition as the conposition
of the base material, filling the repair material in
t he danaged portion, and subjecting the damaged parts
to heat treatnment under a vacuun1(reduced pressure)
at nosphere. Further, repair?has been proposed using a
brazing material in which the content of B is reduced
and strengthening el enents such as Mo and Ware added
sagie onslosely simparmpeppsiton asitheqpnposipien of thesbase matesiak & g thed
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Super al [ oys 2000, January 9, 2000,
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Probl ens to be solved by the invention [0004] Since
B fsreduded amiscerdnmh@zngrgl,emmwiﬂms M@érdi Wrarg pided so as to improve the

b d bed b
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i'quid at a tenperature |ower than the ting point
Nodzles URRIgISADE9 Bedze Kilialy, Superafloys|260a, Banuaryt % 2640, THES2000, phees
base material and the alloy powder. In the sane tine,
7308 i tuent el ements of the brazing material diffuses
into the interior of the base material and the all oy
powder. Thus, the base material and the alloy powder

are joined in ipiE@IHSURE dpvEYEINVENRdsied in the
Ni - base brazing material forms granular or aggregated

Pioaleshs &nlek doivietl by éhepinastion n t he nmetal lic structure after
t he brazing. Were this phase increases, the
hani cal properties of the repaired portion are

det er§ Q ?ﬁeelgl %brggﬁg r?s%]tgg{l ugé%qﬁ thgﬁa)ﬁg @ésyr?oe?%gizg }e(ﬂglr is

of Si a SO res or ma Oor granul ar or

a9 Ve 3feBRnB 3lich 23 BChnlSi thal BwWRNAE Riciting pbt, et tRhdingCmaterial is
structure after brazing. Al though Non-Patent Reference

mbltgr Gped)as fanretrasug liquid gduerpdritercdonr ¢l tof m@iting pelaicof

to the brazing material thereby inpr e cree
tl@tbaf@nmtwabm Is thwsﬁr%t'éeﬁ lpmethawaterﬂfﬁ Q%F §HW0P(¥¥Y98am In the

S t{rﬁe c?nsEJ uent Gcmen?s o(f%e b?%;]ng} rgﬁgrwdlfﬁugés 1&8%heslh{eﬂgrg(§fhhe
bk Fr%&gfhhan@fthet Ry rp@Wé‘érr e(ﬂhlﬁolhb |b§)£ me{t@ﬁoﬁid thet ﬁloy powder are
joined in integral. However, B added in the Ni-base brazing material forms granular or
aggregated hard and brittle phase in the metallic structure after the brazing. Where this
phase increases, the mechanical properties of the repaired portion are deteriorated. On
the other hand, excessive addition of Si also results in the formation of granular or
aggregated hard and brittle phase in the metallic structure after brazing.

Although Non-Patent Reference 1 proposes a method to reduce the content of B
added to the brazing material thereby improving the creep strength of the repaired portion,
there is no known method to provide excellent thermal fatigue strength to the repaired
portion while improving creep strength of the repaired portion.
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3 Based on the consideration of the above-described
conventional circunstances, an object of the present
invention is to provide a N -based brazing conposition
that enables repair by brazing capable of refining B
or Si-containing phase fornkd in the netal texture
after the brazing, and while keeping the nelting point
of the brazing material at a tenperature simlar to
t he Basedenthesmaensidargtioardf tie abyeedeisatibag cenvertidnelircumstances,
chanical prapert.ies such as fatique strength to, the
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texvere lafiet thdbrating, and bhis keeping o helting podmaif therazingdasragut dt a
portion_occurring in the menbers by using the
ternpergurs sHnikar 4 the gorventinmel material, pipidding expebent echanicabai r

tructure ropriately repaired by .the braze.repair
privifs ien s PREHE REsn g s fhe il phietthe Mrb gyt A b LS
propfvRRALE BB coiveMiishableldle bel ow described sol utions. (1)
A first aspect of the present invention is a N -based

br azAngtherarjxesofithopreseht inedsion isco ptorideiarbgaze irdpairasshodwhich

1.0%or nore and 1.3%or less of B, 4.0%or nore and
engblemoapgropripte sepapsof samaged pertian peerEEdn the manthersthy usheg e

. i le..] R . razi i S rfor
NABRIRL SBB L TRNE MRIEBERF Pl o LISy

thE€RASHdid B&hod.t 1S possible to form di spersed phase
containing B or Si in the netal texture forned by

Sofwtions efghg prablemn) and subsequent solidification of
brazing material containing the above-described
osition while controlling the maxi num | ength of

the %é@@geﬂ? vg&%ﬁ_ﬁg)vgo%amg bglgwmcqueél ?cﬁét{ong.oooﬂ The

above-descri be ased brazing conposition may

(1§ ur t RefirstG@pdctbfithe prdsentBS&ntidh st ked R E8AnDEontPositidP 0164t
| ess of Co, 4% or less of A, and 4% or Ig;iﬁ)f Ta.

comamingi inyagse &, Br0dE prrgore enp b8 ¥etdr dass a3 o @ ngmpbe aad .0dher
B R N R
cons '\hﬁ]te}erlgaﬁrﬁg is Iggrfor%(ed b?ﬂgné_ﬁe above-described Ni-based brazing
composition, it is possible to form dispersed phase containing B or Si in the metal texture
formed by melting (fusion) and subsequent solidification of brazing material containing
the above-described composition while controlling the maximum length of the dispersed
phase to be 30 um or less.
[0007]
The above-described Ni-based brazing composition may further contain, in
mass %, 25% or less of Cr, 15% or less of Co, 4% or less of Al, and 4% or less of Ta.
The Ni-based brazing composition according to any one of the above-described
constitutions may further contain one or two or more selected from a group consisting of
Pd, Zr, and Hf.

According to any one of the above-described Ni-based brazing compositions, the



According to any one of the above-described N -based
brazi ng conpositions, the 4 brazing conposition forns
di spersed phase containing B or Si in a netal texture
after the brazing, wherein maxi num|ength of the
di spersed phase is 30 mor 4ess. Preferably, the
above-descri bed brazing conposition fornms matri x of
polycrystalline alloy in the netal structure after the
brkzﬁ@zdong)psnamdfomedla@esed iphﬁetcerrtalmﬁ‘lgBhe Si &l 4 ioytabtextileafter the
matrix is 100 n1or | ess. . . The above-descri hed Ni -based
bragings wﬁ@rewdn%@vm. w%&y apispgEsedipise is SPaWD orESeri al of
a br zi-ng erla use a br e to
r epa?refe &%f eec%bov% ﬂ%sf %eedé’ e cogléésn{) rPtaLms 1@?&32 %gg By
pohEREIINR Q1P RMEe @ketapsrtﬂub@d: 4HePTAO Biakingandialerhge Qigh&etIfehe
to control the maxi mumlength of dispersed phase
allop nf te matrgx iB104 pugior fess.ned in the metal structure of a
repaired portion to be 30 [tmor less in a rg pair

st r udPuPReVEEREPTE - Hssbpgine w‘i‘é‘Pé‘t‘P’h@akﬂ Byl o & raw
mgtgl@ﬁ F ? gramilg %qgétlal Js’é& m'% b?%%(?% to QJ afr Q%ef%E@gSﬁ%ﬁted In

I nvent raze repair tO r pal r a

a @&H&fr%& ®fhzing. aByRsiigthe Byodéfcﬁgdrib@d cdnfip@sifieh, oM possible to
including: preparing a repair material including a
cobtrelzthwgammrlmth offdlmersa@phah@ccrn@p'ang Bmaﬁeforrmd linrliheanetal

def ect. portion of rfor ath

SIRIGHRR of aw?pgfr:q(i@orrl?fwmg piETa s i Ep o M eGP fmeben

wﬂ@@@@ﬁmné gPRQ the defect portion fllled by the
repair erl and perform ng cooling the portion

m0mqsolid|fy the brazing liquid, wherein a maxi mum
| ength of the disggrsed phase including B or Si are
(2t ont Poterad aspechef tBOPTIRseT invenion isr biazewenslr mfél%tddp &epgir 2
he repair.ed rtiaon for fter .the coo
T e
mﬁt@ﬁeﬁ'lﬁclmgq Br@im%ﬂ%fiﬂeﬁllmgﬂéﬁﬁﬁ nedr Rl inad deRRVBSHion SMFe

an [ oy powd aving a nelting point higher than
mEthdr gerforhing hbdtag itd fpriratbedzing| ligpidvby éveatirigragfoeticmbifyhe member
duri n perform ng the cooling, rimportions are
inglnging Hie|defeelPortiamited &y tlmraaqlrngatprwd; (And PerfermieR aeEnB e er
surfaces artic

PR Co TR e P s I PR 3 PRSI 1Rt PR iet phase

muﬂaﬁg B sRhre Q¥ntrdMRUEEe 13Uh | 1188 ik OeRBFl PiHE Bhikle
heating, and the rimportions are formed in

portion formed after the cooling.

Preferably, in the above-described repair method, the repair material includes
brazing material powder, and an alloy powder having a melting point higher than that of
the brazing material powder.

Preferably, during performing the cooling, rim portions are crystallized from the
brazing liquid around the outer surfaces of the alloy powder particles.

Preferably, constituent elements of the brazing liquid diffuse into the alloy
powder particles during performing the heating, and the rim portions are formed in
integral with the alloy powder particles during performing the cooling.

[0009]



integral with the alloy powder particles during
performng the cooling. [0009] 5 Preferably, in the
above-descri bed braze repair nmethod, the brazing
material is a Ni-based brazing materi al haV|ng a
conposition at |east contaithing, in mass % 1.0% or
nore and 1.3%or less of B, 4.0%or nore and 6.0960r
less of Si, with the balance consisting of Ni and
unav Brediaihle in thewbote-described btaherepsiomethdé she hrazing etgrial is a
repai r nmethod, the brazing. mate be the . o
NWaswa@éan%matfrlﬂ@awas e R RG2Sy % hHgLr
¢ f : I 9 S
e o TR o008 1 Hleor TN o(RES P ol Ry Aok

coRBiktRgl AINi aRE @Hadbiaghlé Pnpufiiedf the above-descri bed
constitutions used in the braze repair nmethod may
f urt hethe @bcmeaiesprtbn@br@ze ltemr oetheds the br@?érge'e@te@almadr?ﬁﬁh?e

oup, cqQnsi st . .
NG L GARE PRHA s Sk S ReoTAR > Reehet i LRRTR of
C9f4°f 5’1‘3655 e RRINEDoRRdst g ormed after t he brazi ng
I'nc es a matrix of polycrystalline alloy and a

di spemns&Gbpkaseizpaddrhl &sodingao ahysefelicadvetasied
di spersed in the matrix, wherein an average di aneter
cqustltuwmsasqdoy thefbrazg sepgixmicthed;neay foxthescojitain @aGOr tygQr more

sed brazi ng mater use n the braze repair
f"ﬁ eﬁ‘r?é‘pﬁ EBWO%IQJ& ‘?161 may be formed of the

br azi I u@m@@mm kest th
Pl o2 PEeaOIPRSh D ARG, 1ok ARIBIMMERARPRILRRSE the

rephiesigdttion Mgl iaéier the brazing prludesst matck of polyopgtallisd allgy and a
base material, a repaired portion formed by braze

dispspeeid phasg (xaarfdcéersaﬁa disemedgpbese) Bisearesd)in He nﬁﬁr@ Whggsin an
mat er i al epalr ortion includes a
AYPERSE | |d5?mt‘?8’fr\§€§‘ ‘3‘%’[ %tfif & 1aﬁl)lgl"l% Qrlesg | oy, and
di spef3ed. bQQ:%Sb?az(r%' A& a3 8bd Rfthk ibfdz€ febaifl et SEthe ipFesérdie
matri x; the dispersed phase contains B or Si, and has
nﬁermmﬂnmymelf@ﬂ@ﬁ lof thie bBZimgabmpesitsin aacwidiag td thaghova-described
partial portion of the dispersed phase and the matrix
fizgt espednposed of solidified texture formed by nelting

@ﬁg]solidification of a brazing material. Preferably,
[ matrix of the repaired portion further includes

ﬁl | 0yA RAfL s&éc?ocff the present invention is a repair structure comprising a base
material, a repaired portion formed by braze repairing a defect (damaged portion) of the
base material, wherein the repaired portion includes a matrix composed of polycrystalline
alloy, and dispersed phase (dispersed particles) dispersed in the matrix; the dispersed
phase contains B or Si, and has a maximum length of 30um or less; and at least a partial
portion of the dispersed phase and the matrix are composed of solidified texture formed by
melting and solidification of a brazing material.

Preferably, the matrix of the repaired portion further includes alloy particles
having a melting point higher than that of the repaired portion.

Preferably, average grain diameter of the alloy of the matrix is 100 um or less.
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having a nelting point higher than that of the
repaired portion. Preferably, average grain dianeter
of the alloy of the matrix is 100 mor less. [0011]
6 Preferably, in the above descri bed repaired
portion, at |least a partial®portion of the solidified
texture constitutes rimportions crystallized around
the alloy particles. Preferably, the alloy particles
and Pwﬁerahlynilpthmabmsiewiéed repaitpd podipniny leabtearpartial portion of
di f.fus Preferahly, in the above-descriped re a|r
thf‘s%oﬁ G@‘Fﬁ fexturg gRostifptss T'Wg""ﬁ&l"é nyatPl%F?’ AW t%@@é{ PB'F‘& Png
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nor ePrfegabdy, GiYohe abdvesieswibeStepaivbtiudtukd) ehelbddzpCRaterial is a
consisting of N and unavoi dable inpurities.
Nthaeﬂrdén@mgymatﬁm\al hadngpenrepodidion p lbaéblcqnwang, i massCp.ul-@e or

L e om0l s Dbem g or FLath R fRhed ko,

cof¥istin® ®ENPand L@@vmdla%@ihphﬁﬁe% of Al, 4%or less of Ta. In
t he above-descri bed repair structure the Ni -based

br azPreferatdy, én thalabofe-dastyibed repaingratues ghedbesaing baterial is the
constitution may further contain one or two or

Nighaped hrazings raienial ﬁmhegm&mmesa SIS SEF orpeps of T, lé%gor Hifss of
(kjﬁﬁnﬁggygf pggﬂgq%gofﬁpalr structure nay be a repair

structure repairing of a base materia

havi nghaatdﬁme@ﬂbmeﬁammuﬂreaa@qmd)a&%ra@mghndtml bERRIOF
met hod of the above-described second aspect. Effect of

the dbové- dcﬁenlqu@nnst{tlomzf]amsrtl@esmallm eut aribev er mpre seleeted from the

resent, ntj on, controlling the content of B and
gr pqusthgo g@’lm r}%ge for achieving sufficient

: O\Nelﬂ]é’]g)ogé désjaﬁbémké nnsgru&g}.e ao% a% ﬁqras{rhagre fgi%e%rb'yal

whi | e avoi di'ng coarsening o ~cént al ning or

repaiirifgQ@Th dhadt ideri) AHEng 4 &arﬂa‘ée@ﬁ&ﬁd)rﬂh%ccdrdhnﬂé it € répair
Ni - based brazing conposition that enabl es braze

matlequlaif theralpoverdascréred seawsd aspedd! | ent mechani cal properties
E ﬂ?ﬁs fatl ue strength, while keeping the nelting
fﬁ% tt e%?“?ﬂ brazing material a tenperature sinilar
m@ﬁ]the conventional brazing material, and

As described above, in the present invention, by controlling the content of B and
Si in the optimum range for achieving sufficient lowering of the melting point as a brazing
material while avoiding coarsening of B-containing or Si-containing phase, it is possible
to provide a Ni-based brazing composition that enables braze repairing that ensures
excellent mechanical properties such as fatigue strength, while keeping the melting point
of the brazing material a temperature similar to the conventional brazing material, and
keeping creep properties of the metal structure after brazing at a level similar to the
conventional case.

In accordance with the present invention, by using the Ni-based brazing
composition, it is possible to provide a braze repair method that allows appropriate repair

of a damaged portion occurring in a member, and a repair structure appropriately repaired



keepi ng creep properties of the netal structure after
brazing at a level simlar to the conventional case.
In accordance with the present invention, by using the
Ni - based brazing conposition, it is possible to
provi de a braze repair net hod that al |l ows appropriate
repair of a danaged portion occurring in a nmenber,
and a repair structure appropriately repaired 7 by
bysuehbragedorainegthed met hod. BRI EF EXPLANATI ON OF
DRAWNGS [0013] FIGS. IAto 1C are cross sections of
a turbine nozzle shown as an exanple of a repair
structure of tHEEPEREENNATIONOF DRAWINGS LA shows a
schematic cross section of a turbine nozzle. FIG IB
[08Fdws a schematic cross section of a vicinity of a

crac fill by a repair. material. FIG 1C sho
sche_FrH:(_dﬁ'éAéP JEars RPiBHIOBY Of_raébéfnféla_ﬂﬁ%#waﬁs a f@m% e

r n .
SRR R ST ot 36N SR S Ot o
tudinembgzle. 1 HBG. H3 BowsAActisnthtid Brosdwevviodpifia@idinity of a crack d filled

m crophot ographs showi ng nmetal structure of a _
byraeplaanrreaferymgr t F16n 1 ofsh@xemishematic crasesestien ef rppaired portion after

repr.esent 00 in FIG 2A, and.the . scale r. .
g GBI ERE A 36PN dreine ot Yo B el g R shovn in
thORLH pakiofbEF@PNBt 0graphs of netal structure in the

repaired portion of Conparative Exanple 1. The scale

bar FHES.2demntl 2BLAOW wptidal micphddgrapbysiiotving nsedlseudyare of a
represents 20 min EFIG 3B. FIGS. 4A and 4B show
repayiet eAtioRPEREIPph  ofheserlabar serrgsents Q0 1 in KO- 2épanditag

i r ative, Exanple 1. The scal e bar
chg%érég%ﬁ%gts%gg&@%ﬁ% %’G 4A, and the scale bar
repr eRENBA ahd 38 shdw bpfizal hRroghbfographsdTaneial 3tr@dtdi iin 1h8

whi ch creep properties nmeasured in Exanple 1,
ref@onep aoion vECempargiveExamplarid Zhascaledenysaresents W0tnein FIG. 3A,
creep properties of the base material, and the creep

a“ﬂrﬂtf’déi‘lf’ib%rs’ellffseatsrzgrb% il“@éc'n%ﬁ-.eri al repaired in
3&%@?@%%8#d%ﬁgﬂ%gﬁﬁp é%%ér%adf it stribrd i PR p &R

portion of Comparative Example 1. The scale bar represents 100 pm in FIG. 4A, and the
scale bar represents 20 um in FIG. 4B.

FIG. 5 shows a graph in which creep properties measured in Example 1,
Comparative Examples 1, and 2 are compared to the creep properties of the base material,
and the creep properties of a repaired material repaired in accordance with the

conventional art.

BEST MODE FOR CARRYING OUT THE INVENTION
[0014]
Hereafter, a Ni-based brazing composition, braze repair method, and a repair
structure according to the present invention is explained with reference to the drawings.

Ni-based brazing composition.



[0014] Hereafter, a N -based brazing conposition,
braze repair nethod, and a repair structure according
to the present invention is explained with reference
to the drawi ngs. N -based brazing conposition. 8
Firstly, a N -based brazing conposition according to
the present invention is explained. The N -based
brazi ng conposition according to the present jnvention
at | Bistly, 2 Nohesafl heszing gompasition aecosding tp. thopresent iyentigy is
gqass of B, 4.0%or nore and 6.0%or |ess by nmass of
eXRiainedii { h t he bal ance bei ng consisting of Ni and
unavehdrpb&ed PRk EdBSositid abtdkdieh tolthEprBdeaZinghtion at least
conposition, granular or aggregated particles of
cofliamp @ rged méraand t.oVt@iless hgmBss ob B, $0%earendroande@0%oer fess by

metal texture after the brazing, and n%éilrmm I,engtg of.
masp ef B Wik thedglangabeing cousitimgof Y gy AR GHPYLESe s 8Y USIng

015] The N -ba [ azi i 14 j :
o R sl iR By PREORL AR RS Ml
orlSe 8% fEiynedas s mefal fekturcldifd e blaiig, dnd naxdsumienGih, of M dispersed
| ess by mass of Al, and 4%or |ess by nmass of Ta.
pha&0is 6dntioHed toebefu drdeisng, the reason for controlling
the elenments and their content in the Ni-based
0B}z ng conposition according to the present invention
and . i ' i inf3 Gurther
001 7R Bhesh Bt oM lon kbR BB RheiyGERig PR
cdnBHE 28Y, ¢Fa&sS by ndsd & Gl b enesstby tnfuas ofl @@ Yisorriess by ngss of Al,
poi nt. However, where a content of Bis I|ess than
antl 4996yssibsigrass efika. el ti ng poi nt does not decrease
Oﬁg{fi ciently, and the wettability of the brazing
[ lerial is deteriorated. On the other hand, where the

cont §the fOfovBnEXifea8sen tor GatRNIiERRS elethéifts £idIPEF Sodebnt in the
phase containing B or Si is coarsened and creep

Npbapebiiazies cangssipe ecdordieg foyhaaesent ioyeatien/andihmetel toxture after
content of B is preferably, in mass % 1.0%or nore

thg REpzing 3% IP12sds, and nore preferably, 1.1%or nore

[O%W] 1.2%or |ess.

Boron (B): 1.0% or more by mass and 1.3% or less by mass..

B is an element that lowers melting point. However, where a content of B is
less than 1.0% by mass, the melting point does not decrease sufficiently, and the
wettability of the brazing material is deteriorated. On the other hand, where the content
of B exceeds 1.3% by mass, the dispersed phase containing B or Si is coarsened and creep
properties are specifically deteriorated. Therefore, content of B is preferably, in mass %,
1.0% or more and 1.3% or less, and more preferably, 1.1% or more and 1.2% or less.
[0018]

Silicon (Si): 4.0% or more by mass and 6.0% or less by mass.

Si is an element that lowers melting point. By adding Si with B, it is possible to

reduce the added amount of B. However, where a content of Si is less than 4.0% by

mass, melting point does not decrease sufficiently, and wettability of the brazing material



[0018] Silicon (Si): 4.0%or nore by mass and 6. 0% or
less by mass. Si is an elenment that [owers melting

point. By adding Si with B, it is possible to reduce
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[0021]

Aluminum (Al): 4.0% by mass or less

Al is an element that contributes to precipitation strengthening and improves
oxidation resistance, and is added where necessary. However, where content of Al
exceeds 4.0% by mass, wettability of the brazing material is deteriorated. Therefore,
content of Al is preferably 4.0% or less by mass.

[0022]
Tantalum (Ta): 4.0% or less by mass.

Tantalum is an element that contributes precipitation strengthening, and is added
where necessary. However, where content of Ta exceeds 4.0% by mass, wettability of
the brazing material is deteriorated. Therefore, content of Ta is preferably 4.0% or less
by mass.

[0023]

Balance: Ni and unavoidable impurities.



Tantalumis an el ement that contributes precipitation
strengthening, and is added where necessary. However,
where content of Ta exceeds 4.0% by mass, wettability
of the brazing material is deteriorated. Therefore,
content of Ta is preferabl y%4. 0% or |less by mass.
[0023] Balance: N and unavoidable inpurities. 10 As
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polycrystal. By specifying above-described optimum content range of B and Si, it is
possible to control the maximum length of the dispersed phase containing B or Si to 30
um or less, more preferably 10um or less. Where the solidified texture has a
microstructure in which the maximum length of the dispersed phase is 30 pm or less,
while using a brazing material having a melting point similar to the conventional case, and
while keeping the similar creep property in the metal after the brazing as in the
conventional case, it is possible to perform repair by brazing that further improves other
mechanical properties such as fatigue strength (for example, thermal fatigue strength).

As a dispersed phase containing B or Si, it is possible to observe boride, silicide or the
like.

In the present invention, fine grains of dispersed phase containing B or Si are
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brazing temperature.

Preferably, grain diameter of the Ni-based brazing material powder is 10 pm or
more and 300 pm or less. Where the grain diameter of the Ni-base brazing material
powder is smaller than 10 pm, yield of the powder during production is deteriorated and
increases the production cost.  On the other hand, where the grain diameter of the
Ni-based brazing material powder exceeds 300um, it is difficult to form uniform
(homogeneous) melt (brazing liquid) during the brazing process. Therefore, grain
diameter of the Ni-based brazing material powder is preferably 10 pm or more and 300pum
or less, more preferably, 10 pm or more and 150 pm or less. Where the powder is used
to fill a minute crack, it is more preferable to control the grain diameter of the brazing

material powder to be 90 um or less.
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On the other hand, where the grain diameter of the alloy powder exceeds 90 pm,
it is difficult to fill the powder in a small crack.

Therefore, grain diameter of the alloy powder is preferably 10 pm or more and 90
pm or less, more preferably, 10 pm or more and 38 um or less.

In the preparation of the repair material, it is preferable to mix the alloy powder
and the brazing material powder such that the volume of the alloy is 9 times the volume of
the brazing material.

The repair material may include a binder to form a slurry.

Although a preferable grain diameter of the alloy powder is described above, in

the case of repairing a defect portion of a relatively large size, a coarse alloy powder, or




production is deteriorated and increases the
production cost. On the other hand, where the grain
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interior of the base material and the alloy powder.
[0kt , the heated portion is cooled to solidify the

nol t en  brazin terial (cooling step). The
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portion
comprises a main portion composed of the base material, and a repaired portion. The

repaired portion has a texture in which a solidified texture formed by melting and
solidification of the brazing material fills the interstices of the alloy powder. The
solidified texture includes polycrystalline alloy, and dispersed phase containing B or Si
dispersed in the polycrystalline alloy. The dispersed phase is composed of fine grained
particles having a maximum length of 30 pm. Under the observation of the repaired
portion, it is possible to observe dispersed phase containing B and Si dispersed in the
polycrystalline matrix. The polycrystalline body constituting the matrix is constituted of
alloy particles (plural alloy particles) used in the repair material, rim portions crystallized
from brazing liquid around the alloy particles, and crystal grains crystallized from the

brazing liquid or the like.  Since element diffusion from the brazing liquid to the alloy
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[0033]
In the following, as an embodiment of the present invention, repair of a crack d
(damaged portion) generated in a turbine nozzle 1 as shown in FIG. 1 is explained.

When the crack d generated in the turbine nozzle 1 is repaired by the braze repair

method according to the present invention, firstly, a repair material is prepared by mixing
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[0034]

Next, the brazed turbine nozzle 1 is cooled. ~After the cooling, finish processing
such as polishing of the repaired portion is performed. The thus formed repaired portion
has a texture different from the base material, where alloy powder and the brazing material
reacted with each other by diffusion and melting.

By the above described steps, it is possible to repair the damaged portion d of the
turbine nozzle 1 by brazing.

[0035]
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material 2 and the all oy powder, and the constituent
el enents of the brazing liquid diffuse into the
i nt ekd desgibedl abdye, lbah,febrmrewranetbodaaﬁeorﬂ% tmhe@ye%mﬁﬂon
t her joi ni ng the base nater
it PTG g mapat e BREERt oF pfiae Bigl BB Rfg.
t r teBaited b
onf 53804 RE kg SR ARG B le (b Bk I IAF fuiod by
thbragsrepavemebed. i ng, finish processing such as
olishing of the repaired portion is perfornmed. The
[093is f or ned repalred portlon has a texture different
fro r I
br agllr eapr?gf ra Eherb éaazg{eé’alr% ﬁhagéc d"g%)tt\gqﬁer%g&gt ‘i’?ﬁ‘é‘f’%ﬁ
no@nﬂlté'ﬂ?dotthd'@ovayesbh&d&b@%ﬁ)f ﬂ&&ﬁd’ckb&ﬂﬁla@é&ﬁmlonﬁd deBerated in the
possible to repair the damaged portion d of the
tutbineliorale howd e te widelyapplied go the 0p3B of the dameged@@mnkgéwated
above, in the braze repair pethod accor

in ﬁreé“é’éﬁtbyl FF | SROSREe e gt SIrbrae Rl e s fadea
m8RSd Ac%}d ﬁ)%rp &g ilvendida8s B&rlihh{é@ td¥R& &lrGind nozzle having a

approprla IS possible to obtain the
mﬁ@kbbn@knozzle 1 (repalr structure) appropriately
repaired by the braze repair nethod. [0036] The
Exapwlascati on of the braze repair nethod according to
Oéﬂﬁ present inventionis not limted to the
[ ve-described repair of the crack (damaged portion)

d geRgL @itf&gof tHe Enl'égent TrNERIoASs d’]@a?l%leﬁpllmediWﬂh EdEreRR to
wi dely applied to the repair of "the damaged portion

Exg@iptisat Howeven theprbensiniantibn aszionigmiteide thef namplets lerplained
repair structure repaired by the braze reﬁalr net hod
bedevs andivaitpus modiisatinngayrhe madg snthinghe scopspkthe presenbvension.
ngg turbi ne nozzle having a repaired crack. Exanples

37]

Example 1

In Example 1, firstly, a repair material was prepared by mixing an alloy powder
composed of MarM247 and an Ni-base brazing material powder having a composition
consisting of 1.15 mass % of B, 5 mass % of Si, 17 mass % of Cr, 5 mass % of Co, 1.8
mass % of Al, 1.7 mass % of Ta, with the balance consisting of Ni and unavoidable
impurities.  An average grain diameter of the Ni-based brazing material powder was 90
um and the average grain diameter of the alloy powder was 53um. The repair material
was filled in a damaged portion actually generated in a turbine nozzle. Then, repair of
the damaged portion was performed by heat treatment under a vacuum atmosphere of
1x1.0"* Torr at 1200°C for 15 minutes, and continuously at 1125°C for 4 hours, and
subsequent cooling.

[0039]



The effect of the present invention is clearly
explained with reference to Exanpl es. However, the
present invention is not limted to the Exanples
expl ai ned below, and various nodification may be made
within the scope of the préddent invention. [0038]
Exanple 1 In Exanple 1, firstly, a repair material was
prepared by m xing an all oy powder conposed of

I\/ar VBUTS. 3Acind ABNhow agr@abmazqnhgtoalap@rqum%m@rre HF ng

rel%lrs nglll &égwio % o I nglo oﬁbréﬁfo}%ﬁﬁs&{? tﬂ%ﬁg\re Qre Sﬁ%es
of%;spﬁked apkal d&ﬁéﬁu l%r §1aand\%é ek PRasO RISy FR0Hirfetal Bg

unav0| l'e inpurities. An average grain

coditRiiigalie @htrik Io&nmar babaetidircaa bmgnaqlretp G313 pSRcdh, and ¢B).
90 mand the average _grain dianete

povian Exarslbie Y B A s sl p ey cgntrol
th% glfngiﬂ%\d I%l%ﬁ 0061 uoal‘I %sy) tﬁ%ﬁ‘i?p%a § gh%@ c@ntngan I8t Si formed in

portion was
th@%fapfemﬂgs byhhzﬁﬂttnoh r@adveaagé grindieameter\od thi mata off the [rkeri>ewas
X 1.0-4 Torr at 1200C for 15 m nutes, and
amonmmnué&gmyna351125c for 4 hours, and subsequent

cool ing. 0039 1 17 .FIGS.
i or OPRBEbEP AR ofheirpe e SRR Rk Eipines
bypé?ﬁal Eﬁ)&ftﬁé reFéén?éWo?tlo]'l to Ibﬁe&@gttah@ﬁ%e%alkﬁt dgih@ tesE ONA RSt

are particles di spersed phase
theiil ﬂitl@hd'\@stB:)@res Sf tensilednd bt&npiénskze ptlms&s wese ddpbed to the test
pol ycrystalline alloy constituting the
plé:®| byi Herforreinp b hera ey dmiestdistwsen fie apg ¥ @svh'ls}seepm thesirain

in FIGS. 2A and 2B, it
%a‘? aﬁ@%ﬁ”o‘fr}éhettssﬂpéef? %11 CO@%‘%E‘%mr ol the maximum | ength
to bg, ﬁ%g‘ré&ﬁ tés?ﬁélzst L& OF GREPSRIsPLaGe faQbtedint We 1B56r
Si forned | t netal texture. In addition, an
hax€r dgeheghainal fiigureessthodtressapplinitta thegepairad pmpn pqyld,\h%

controlled to 48 gmor |ess.. Th h
mefntaitked at @paﬁm%@‘@@ﬁ theéﬁe%@prés@aﬁﬁ?‘i gﬁ% fgglfgg E&%’m “é‘cj‘ “‘E@

bj ect th d
“1?1% 8{' Y%glf:l!l ? grtacr'lbﬁcc{nier 1 & s&?aﬁé bﬂ[’]%{egt IPETCQ][ Z’?l%g%yg§% gcg%gne@atmg
trFeBéchE wafl00 8REs b a@éﬂ@geaﬂmrﬁ@%waofsmermaaom bethe

applied to the test

not-repaired base material. Thus, satisfactory mechanical properties were confirmed.
[0040]
Comparative Example

In Comparative Example 1, firstly, a repair material was prepared by mixing an

alloy powder composed of MarM247 and an Ni-base brazing material powder having a
composition consisting of 0.75 mass % of B, 7.5 mass % of Si, 17 mass % of Cr, 5
mass % of Co, 1.8 mass % of Al, 1.7 mass % of Ta, with the balance consisting of Ni and
unavoidable impurities. An average grain diameter of the Ni-based brazing material
powder was 90 um and an average grain diameter of the alloy powder was 53um. The

repair material was filled in a damaged portion actually generated in a turbine nozzle.

Then, repair of the damaged portion was performed by heat treatment under a vacuum



pi ece by performng a heat cycle test between 550C and
950C whi l e keeping the strain of a parallel part of
the test piece at constant level. In the creep test of
test stress of 69MPa at 980C, the fracture tine was
115.5 hours. In the ther maf fatigue test, the stress
applied to the repaired portion could be naintained
at the sane IeveI as the stress applied to the &
atmesphere efil ‘Jalk €Tarnatd 2PAC fomt5 mingtes,@apdgontinuguslycas 12506 ond
occurred on the surface of the test piece. The cycles
hoprsy and sHSFAThYlifSie crack was 100 cycles on average
[%nlch was 40% of the val ue shown by the not-repaired
e material. Thus, satisfactory mechanica
DI OPBIGS. 83 and BB show bpticabmicrogho0g@phsampa! seiure oftharappised
In Conparative Exanple 1, firstly, a repair nmateri al
mm@gnﬁﬂ@éam@&ﬂﬁveﬁﬁ%vmg an all oy powder conposed of

Nar NE480 a?atir’% E'thgffé%eaé%’h@% NOFIERE £4 bad 31 Qﬁaﬁ&e}!ﬂnﬁ& Wag
hpOSH

'on conSisting o .75 mass % of B,

coﬁﬁ&ﬁd%n@ﬂt Waks, impdssIBRstd cOntedl tl@avet’égd@&ﬁ dvéneter Gbthe In@lx metal

mass % of A, 1.7 mass % of Ta, with the bal ance
tododamstrilasgy of Ni and unavoi dabl e |npur|t|es An

average grain dianmeter of th zi.n %

mat elhf %‘(Pmpgﬁweﬁxawﬁ@e lgbteétrﬁ %ﬁ% &L\Iowe% fe acture 9 me ogabout 17% (20

an aver age g

ho%'rs? of‘EfxartnPl% 18h h @ep RUT esh@RsstHOMPaeL 98()@(Dal That is,
erla l'ed in a damaged portion actually
safiSRabFtnRdhanicat pilopértitn®ulianr beeobtaiiduen therreppdied portionhe
damaged portion was perforned by heat treatnent under
[08424acuum 18 at nosphere of 1 x 1.0-4 Torr at 1200C for

15 nlnuggs ﬁ?d conti nuously at 1125C for 4 hours,
Canperati¥s E84MBKE cool i ng. [0041] FIGS. 3A and 3B show

opti Rl RHLS MR RLAPIER ASelr Al wheprbparel Wfmixlhg an alloy
repalrea portion of the Conparative Exanple 1. In
p&OdEp adrApdsveo B aivfHl4g aild aalli-bisehrazing nﬁleml p@yilenhay ings:
metal texture was_ coarsened, 0Sg) b
cmqsw@n n@&?@n@vw"r%fgén@ Fofisisting %fﬁ 'E?Sso/f \Aﬁ ISR i °fl(”et a(?
QSR Oi{?\élala of A 3@ 5/‘3‘61i Eﬁ%aﬁmé‘e cosibtftof Ni and

fracrur ut 17% (20 hours)
uﬁ’efvotd%\% i urﬁé@nmrﬁ‘a\lerdge gﬁlﬁdlaﬁ&eﬁdﬂ}te Nifbas@btirazhg mssrigf

9MPa at 980C. That is,

powder was 90 um and an average grain diameter of the alloy powder was 53um. The
repair material was filled in a damaged portion actually generated in a turbine nozzle.
Then, repair of the damaged portion was performed by heat treatment under a vacuum
atmosphere of 1x1 0" Torr at 1200°C for 15 minutes, and continuously at 1125°C for 4
hours, and subsequent cooling.
[0043]

FIGS. 4A and 4B show optical microphotographs of metal texture of the repaired
portion of the Comparative Example 2.

In Comparative Example 2, as shown in FIG. 4A, metal matrix had a finer grain

size than that of Comparative Example 1. However, it was impossible to refine the

disperse phase containing B or Si such that the maximum length was 30 pm or less.




sati sfactory nmechani cal properties could not be
obtained in the repaired portion. [0042] Conparative
Exanple 2 In Conparative Exanple 2, a repair nateri al
was prepared by m xing an alloy powder conposed of
Mar M247 and an Ni-base bra2zPng material powder having
a conposition not containing Si and consisting of 2.3
mass % of B, 15 mass % of C, 10 mass % of Co, 3.5
nas sinGaipagitive Bxampia2sa gmidr ralt apthahofiixemplel lageuk be
consi sting of NI and _unavoi | e ippurities. An

i S,

obiayiefl e s Af Wtatfetsef OgvIFe i BXFVBir &4 FgH It of the
ARl PSR 20 0L A0S RO T veras o

44entley Wak nv@@Ssafyl thlgetkratd a arackg Whibhdvag abdut dhdead thaabf Kxample 1.

generated in a turbine nozzle. Then, repair of the
Theeefugde Cpaparpiys Kxamplsel thermashanigpl propgrties of dherepaired pagion

a vacuu at nospher.e of 1.0"4 Torr at 1200C for 15
Wis ﬁ%f%g?gcg’%co ARty ﬁ%’f’éfle )aflt 1125C for 4 hours, and
[og4dpsequent cooling. [0043] FIGS. 4A and 4B show

optical m crophotographs of metal texture of the

r epalm thelaboyerdescaibe dodesutlth eonGimngaian Epimpearativealimaimple2] inlwhich the

Conparative Exanple 2, as shown in FIG 4A _netal .
avRige §rRinig ohtheimaaix gptal iCeedpd L0 By ripggatiy} EXAmPle 2 having

Conparative Ex . vear,. | ' S
R P TR B el B b Sl (PRI, o

wdshat lafgBLthBR X0 shVed tshisfi@fory3 bsultsGfi tHe@s®p tb®  dompared to
Conpar ative Exanple 2, a simlar result as that of

Cdaxmmpive Etamaple R dn Which Breanaxéndum tengtheod gispessad phifisercestaining B or
stress of 6 a at 980C. However, .as _.a result.gf the

S| ENPIRd Ot L geaP st P e T on g et Gt Rest

coln 0P Q%asABarkelian 80 EEAAGurior it FAtRSe WRinBth.
necessary to generate a crack, which was about” 44% of

Frbfakhes@festixsathp lfelolvings Theld ®& anderstoad. CBomiapaivingsth&Exraepl e

2, the nechanical properties of the repaired portion
progartées o the senaired partion: jit ie offigstiyei@ corratiieraypraga gramotiamgter|oh

N T ot B
reﬁ%{/eiﬁ :;])grti'gﬁ,ti?is eREGRE FG LorRNidR thCrRARAuA le&h EX@BRIsBerded phase
containing B or Si to 30 um or less. According to the brazing composition of the present
invention, and according to the repair method using the brazing composition, both of the
above-described conditions could be satisfied, and it is possible to provide a repair
structure in which a repaired portion has excellent creep properties and thermal fatigue
strength.

[0045]

The creep properties of the Examples and Comparative Examples of the present
invention were compared with the creep properties of conventional braze repaired member
in FIG. 5 where vertical axis denotes stress, and horizontal axis denotes Larson-Miller
parameters.  The Larson-Miller parameter is a value calculated by a formula of

T(C+logt), where T denotes an absolute temperature, C denotes a material constant, and t



relatively fine matrix netal and Exanple 1 in which
average grain size of matrix netal was not |arger
than 100 m showed satisfactory results in the creep
test. Conpared to Conparative Exanple 2 in which the
maxi mum | engt h of disperse&ophase containing B or S
exceeded 30 m Exanple 1 in which the maxi num | ength
of di spersed phase containing B or Si was not |arger
denptame BEtyre mewetersuthe matsriakgepiiaivas sitpfe st rengt h.

From h | he fol | ow .
oy bt BRAEREGHC | Nreaiie) % hEHsREEs O b Salti of Comparaie

ELaRRR I G5 ARHia08n open disndptif BE Uty 6f ¢ sinfediive Bxarhple 2 were
average dgrain dianmeter of the matrix netal to 100 pm

plottedlag sliristdrasses (DGr oAs Gonviehonaheemigers, Creep gropersiey efimepaliredf
the repaired portion, it is effectiye for _con [1in
eGSR R P E NGRS QT M S e PR ESTTH
wite Qlott= ad IR-fRE c%rﬁﬁ(g& ieqssﬁowéﬁf Qél Ifghelel , hRERAERAd M Rample 2
¢BRpoST L1 on of the Bresent I nventi on, and accordi ng
shb@n bepénaigadres @B NECPAt&it BRgferdhee br WzA. Mo fesignodn,
both of the above-described conditions could be
Bwhtges fané 8, Haned, [mprovingRepsir Quality of Brbinediozales Epiag $A659

BareAioh BT Be0 T irp R 400, EASH0R o dIBE 1R Hftrregee
E%Jxﬁgﬁg SRRl LRRSF fhk fSHafld hBRbEIGAREESiIRNCbrEaRPRABREAIV e

es of the present invention were conpared with
cdnbignifig 28RIOP bOBLndiReEerafce ERamsal slorvald dotaaf esprizghineraber

menber in FIG 5 where vertical axis denotes stress,
regpicedsing 2 Srazing materdl HomeleB cpapn 3RS fRdupedito %f) 3?%\%16&&@'? 1%,

The L n-Ml | t ' |
e b N RS
prtggém&r atififresfectds BXetPatéialBnRoksed ofdRBata@Rlper@ty, éreepl

denotes a fracture tine. Here, the material
plopeErtitsastirwinbase sietterats, RIRrM M Teand Reae88xwerplskowin hesodid lines in FIG.

plotted as open circles (o), the datum of .Conparatiyve
5 ExBipPEE SHELPBPTITR] RO MRS HFEANGY FORv s et

ar Al Ye; ! 1! epleRbeS £583. Joh
e B S O AR Sy I SepleoRE B39 John
Wifl®ak ISefs, pA@eaey.s repaired using N -base brazing
&ﬁ?@%ialzpdescribed in Non-Patent Reference 1 were
[GPH6) t ed as Reference Exanple 1 shown by open

LS4 L RO 5 BB ol 2R Rl P B
prSo'pgl%{eg J:(gr(b%red% Reference Example 1 using conventional brazing material, and
shows substantially similar creep properties as Reference Example 2 of improved creep
properties.

Comparative Example 2 shows creep property similar to those of Example 1 and
Reference Example 2, but as explained above, shows thermal fatigue strength inferior to
that of Example 1.

From the above-described result, it can be understood that, when repair is
performed using a brazing composition of the present invention, repaired structure and

metal texture of the repaired portion show creep property similar to the conventional case



Budi nger, and E. Huron, Inproving Repair Quality of

Tur bi ne Nozzl es Using SA659 Braze All oy, Superalloys

2000, January 8, 2000, TMsS2000, pages 713-720).

Ref erence Exanple 1 showed data of the repaired

menber repaired using a br&%ing material containing

2.3m % of B, and Reference Exanple 2 showed data of

repai red menber repaired using a brazing material in
andhaieshcalenton pthat maghgnicd drrpstiics gich as Histmal f4ieus STRER- 104

and creep strengthening el enents such as Mo and Wwere

added to strengthen the creep properties. Wth

respect to base MRRISTRIACAPPRSCABRATY - based

superal l oy, creep properties of two base material s,
[oMmM247 and Rene80, were shown by solid lines in FIG

5. Data of the creep properties of the bgse n&teriaIsT

wer e AGeseing tq the RTesgh insgrtion; it ispepsible fprowdq Ebrzingomposition

LS. Stol of f,. WC. I . : €drmed

th%@éa/b.lesf i by\}&)ﬂ\l’%l"g/m onas E‘g@% gzlé %ﬁgg&l%i %%nzaé?ﬁ%gﬁfﬁ own
inlaindrdl @xtire aferangbrezidg Brefinkd, apd eddekecpimgarsirhiten neltngpoint as

far superior creep properties conpared to Reference
thExanvphtenal aasd, aud whitedeaping sigiilaberecsi nneperties of thgmetad gfier the

shows substantiglly simlar cree opertie .
RBTEFORLE BRI E - S| TSV PP RUgT ieh srefhy fisue

eep - prope
[ anpl e 2 shows creep property simlar to

“%ﬂ%@gkébké§§§§|e I and Reference Exanple 2, but as
expl ai ned above, shows thernmal fatigue strength
inferior to that of Exanple 1. Fromthe
above-described result, it can be understood that,
when repair is perfornmed using a brazing conposition
of the present invention, repaired structure and
metal texture of the repaired portion show creep
property simlar to the conventional case 21 and are
excel l ent in other nmechanical properties such as
thermal fatigue strength. | NDUSTRI AL APPLI CABI LI TY
[0047] According to the present invention, it is
possi ble to provide a brazing conposition that
enabl es repair by brazing in which the grain size of B
or Si-containing phase formed in a netal texture
after the brazing is refined, and while keeping a
simlar nelting point as



the conventional case, and while keeping simlar creep
properties of the netal after the brazing as the
conventional case, other nechanical properties such as
thermal fatigue strength are inproved. 22 CLAIM 1.
A N -based brazing conposi@?on at | east containing, in
mass % 1.0%or nore and 1.3%or less of B, 4.0% or
nore and 6.0% or |less of Si, and the bal ance
consisting of Ni  and una®bPd™Bl e inpurities. 2. A
Ni - based brazing conposition according to claiml1,
further containing 25%or |ess by nmass of Cr, 15% or
1.1 ess ALYi-BEB&Srafinddmpbsifdh fledsEntaliingrasasno,Al0% anlore and
4.0%or less by mass of Ta. 3. A brazing conposition
1.306 oolesh of g3, #®YObranere and 6.0%etdndgss eF¥it andnihahplanaecasistipgoidyi
HPre seLected.fron1a group consisting of Pd, Zr, and
angyenay oidablg AMBYNIHies-c o nhosi ti on according to claim 2,
further containing one or two or nore selected froma
group consisting of Pd, Zr, and HE 5. A N -based
2.br aziAngi-esediasiing compasition skicoglirtgdo alaim dfertidr comtainimg 265% or
to 4, wherein the brazing conposition fornms dispersed
legsthasrast ofifiral 3o oy lem yr mas o? Qo.o- (Y prless kyxnass ef Al @@5) 4.0%40s
lbrazin%%)f,lrand a maxi mum |l ength of the di spersed phase
LY IFRI | ess. 6. A Ni-based brazing conposition
according to any one of clainms 1 to 4, wherein the
brazi ng conmposition forns matrix of polycrystalline
3.al | oW brazihdhenipebiibn bextdireao &ldimrl, funther dongimimgoneam tvo or
aver age dianeter of the allaoy of the matrix is 100 m
meyje seladed from agraywgopsisigp af P 84Tt 0 nend a def ect
generated in a nmenber by brazing, the nethod
conprising: preparing a repair material including a
4.braz 'Anlﬁa[lﬁ% SrhyRsition hédoldirtto khagn DeRAhdr cORbRINgaIne bAtwd or
defect portion of the nmenmber; perform ng heating to
mbersatectedfram iarggoupicquiiding pf Rddriand Hf. portion of the
menber 23 including the defect portion filled by the
repair material; and perform ng cooling the portion to

S.SO| i (R ltl}[bz}sgc? b%iﬂé E&xgpclsitlgH iag(:’ording to any one of claims 1 to 4, wherein

the brazing composition forms dispersed phase containing B or Si in a metal texture after

the brazing, and a maximum length of the dispersed phase is 30 pm or less.

6. A Ni-based brazing composition according to any one of claims 1 to 4, wherein
the brazing composition forms matrix of polycrystalline alloy in the metal texture after the

brazing, and average diameter of the alloy of the matrix is 100 um or less.

7. A braze repair method to mend a defect generated in a member by brazing, the
method comprising:

preparing a repair material including a brazing material;

filling the repair material in a defect portion of the member;

performing heating to form a brazing liquid by heating a portion of the member



wherein the maxi mum | ength of the di spersed phase
including Bor Si to be 30 mor less in a netal
texture of the repaired portion forned after the
cooling. 8. A braze repair nethod according to claim

7, wherein the brazing matéPial at |east contains, in
mass % 1.0%or nore and 1.3%or less of B, 4.0% or
more and 6.0%or less of Si, with the bal ance

ingJuding & defgctaprtian fhled by fgvenaiaptiagiabdpdrities. 9. A

braze repair t hod accordi pnget L.m:8..;wherein the
br az Pﬂ&orﬁﬂlgecrofqgrl'g ij‘f‘ﬁ%’} ° S&’Q‘ﬂfyz;ﬁ%@la%gg/}lg?ld’l ess by mass
of  Ciuhert RN OMatiftish [BYctiBStHe BikpdeRd past Hchididges 6r $iyto bBSE
of A, and 4.0%or less by nass of Ta. 10. A braze

prh eplassrin Aetekrd texare off the regaited portmnde@ied wherths epofing

brazing material further contains one or two or nore
selected froma group consisting of Pd, Zr, and HE 11.

8.A br 2§t 2SO mg{ﬁcwjaflg rﬁﬁg @5 ghiw,t\@lefelir@ﬂh%l%zinyﬂfaﬁe@ianat least
the Brazing material turther contains one of two or

cONBMR, iBehBcle U.0fd @mae gidoLYooolesi oftB, #P%0br Roke afd 6.0%nat less
HE 12. A braze repair nethod according to any one of

ofi.avithsthg balance tonsigiag ef Ni andaingwojidable ImpRHtes; al * i ncl udes
powder of the brazing material and an all oy powder
having a nelting point higher than that of the

9.br aziNgra Bk fdil Abthodabcordingt@2iBint §RdefeinTBit BREIng Gddriil Agther
to claim7, wherein a texture of a repaired portion

cdneningeXs Yadrtless by hescafalri Hys brlessiyasassrof €6, %¢.036 or less by mass of
EO| crystalline all%y and the dispersed phase

AljanhdP%en l4sh by massa{tlri x, and average dianeter of the
alloy of the matrix is 100 mor less. 14. Arepair
structure conprising 24 a base material, a repaired

uEOf t 1 OBrab Ofe PRAMBY o PERE RIS Blalnh BIvIRkeif thddF 2y rodteridh urther
ase material, wherein the repaired portion includes a

comiding one oo aubre felgtddyfomy s grabip consisting ofyPd, Zgad HE.

di spersed phase dispersed in the matrix; the dispersed
phase contains B or Si, and has a maxi mum | ength of

180 Pm B I%ﬁg'lr mefdd %colcﬁr%gb cRiR 8/ Whedin BRIYrd ASm Ak ridl R@ther
dlsperseé phase and the matrix are conposed of

csidihfiriof tlvd E¢hore Selécdddesn b group korisisgn@oiPd, Zr, and HY.
solidification of a brazing material. 15. A repair

structure according to claim 14, wherein the brazing

rial I . . .
lg.a te A abrazéjl Eepai? ?nsé%hod according to any one of claims 7 to 11, wherein the repair

material includes powder of the brazing material and an alloy powder having a melting

point higher than that of the brazing material.

13. A braze repair method according to claim 7, wherein a texture of a repaired
portion formed after the cooling includes matrix of polycrystalline alloy and the dispersed
phase dispersed in the matrix, and average diameter of the alloy of the matrix is 100 pm or

less.

14. A repair structure comprising




contains, in mass % 1.0%or nore and 1.3% or |ess of

B, 4.0%or nore and 6.0%or less of Si, and the

bal ance consisting of Ni and unavoidable inpurities.

16. A repair structure according to claim15, wherein

the brazing material furthé contains 25%or |ess by

mass of Cr, 15% or |ess by mass of Co, 4. O@bor Iess by

mass of AI and 4.0% or |ess by mass of  Ta.
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the brazing material further contains one or two or
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glaneter of the alloy of the matrix is 100 mor |ess.
15. A repair structure according to claim 14, wherein the brazing material at least

contains, in mass %, 1.0% or more and 1.3% or less of B, 4.0% or more and 6.0% or less

of Si, and the balance consisting of Ni and unavoidable impurities.

16. A repair structure according to claim 15, wherein the brazing material further
contains 25% or less by mass of Cr, 15% or less by mass of Co, 4.0% or less by mass of

Al, and 4.0% or less by mass of Ta.

17. A repair structure according to claim 15, wherein the brazing material further

contains one or two or more selected from a group consisting of Pd, Zr, and Hf.

18. A repair structure according to claim 16, wherein the brazing material further

contains one or two or more selected from a group consisting of Pd, Zr, and Hf.

19. A repair structure according to any one of claims 14 to 18, wherein the matrix

includes particles of alloy having a melting point higher than that of the brazing material.

20. A repair structure according to claim 14, wherein an average grain diameter of the

alloy of the matrix is 100 pm or less.




