DESCRIPTION Ni-BASED BRAZING COMPOSITION, BRAZE REPAIR
METHOD, AND BRAZE-REPAIR STRUCTURE TECHNICAL FIELD
[0001J The present invention relates to a Ni-based brazing
composition, braze-repair method, and a braze-repair structure.

Priority is clamed on Japanese Patent Application No. 2007-227962 filed
on September 3, 2007, the content of which is incorporated herein by
reference. BACKGROUND ART [0002 Various parts of a gas turbine
such as a stationary vane, a n%@%%% dd@MNand 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
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superalloy or a Co-bas% @ﬁ | I e parts. However,
parts of gas turbines ma e%é%;uc %Igagfeﬁgsgtgnt alloys occasionally occur
damage such as cracks and fractures caused by thermal fatigue when the
parts arc used for a long time under high temperature conditions and are
subjected to repeated stressT@Cwﬁgjgfbgf% . [0003]

[oG@nventionally, when such damage is found under periodic inspection or
the like, the damaged portions are repaired by brazing (for example, see
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BACKGROUND ART
[0002]

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



2 same or closely similar composition as the composition of the base
material, filling the repair material in the damaged portion, and subjecting
the damaged parts to heat treatment under a vacuum (reduced pressure)
atmosphere. Further, repair has been proposed using a brazing
material in which the content of B is reduced and strengthening elements
such as Mo and W are added so as to improve the creep properties of the
repaired portion in the repair structure (Non Patent Reference : W.A.
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material and the alloy powder. Thus, the base material and the alloy
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to reduce the content of B added to the brazing material thereby improving
[@Pkreep strength of the repaired portion, there is no known method to
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improving creep strength of the repaired portion. [0005] 3 Based on

addedcoitisiderationsoflie Bhov&idbsdrbed tbomtitippaintitbaimsiamc estenm! is
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while keeping the melting point of the brazing material at a temperature
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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.

[0005]



Solutions of the problems [0006] The present invention provides the
below-described solutions. (1)A first aspect of the present invention is a
N'i-based brazing composition at least containing, 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. Where brazing is
performed by using the above-described Ni-based brazing composition, it
is possible to form dispersed phase containingﬁB or Si in the metal texture
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maximum length of the dispersed phase to be 30 urn or less, [0007]
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after the brazing, wherein maximum length of the dispersed phase is 30

tun or fawther object of the present invention is to provide a braze repair method which
enables appropriate repair of a damaged portion occurring in the members by using the
Ni-based brazing composition, and to provide a repair structure appropriately repaired by
the braze repair method.
Solutions of the problems
[0006]

The present invention provides the below-described solutions.

(1) A first aspect of the present invention is a Ni-based brazing composition at least
containing, 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.

Where brazing is performed by using the 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 ym 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



Preferably, the above-described brazing composition forms matrix of
polycrystalline alloy in the metal structure after the brazing, and average
diameter of the alloy of the matrix is 100 um or less. The
above-described Ni-based brazing composition may be used as a raw
material of a brazing material used inda braze repair method to repair a
defect generated in a member by brazing. By using the above-described
composition, it is possible to control the maximum length of dispersed
bratiag e wpPRATIIAJ B iRt pssenaBiaE Strochiie smetdpeartar after the
ool 00,19,06 AAUM.AI ﬂ&?@ﬂ%ﬂﬁ@ﬁ%é&%&%&&({s@ﬂﬁ g megmber) where
the damage is repaired. [0008] (2)A second aspect of the present
inventRafesaalprirabepaidasmetbwibteziepaimepoefioot fgeme ratetkinta
ember. by Qrazing, the method including: preparing a repair material
Sl i T Rt S R e e
alibe snembekiperfommingoneating to form a brazing liquid by heating a
portion of the member including the defect portion filled by the repair
materiaPRaEFSTHIRD ottitg BF ertRPRs SSRAIMRE Bisliig dtia,
WoeLelY 2 unayl a%ek%lgﬁwfﬁ%&'@%ﬁ%mm INOBrQY SdrkBted in
mcontrolled to beg;,% inn or less in a metal texture of the II?g;gaired po%on
a foembef Aftdragieccodtingsing theplureraisherivedrompevtoneSdppecr fapir
method, the .repair material.in ' ial y
o e
stpanglenf a repRirefiesabiyn dubingoperforrissgthecpooliugctine pertiins suenber)
crystallized from the prazing liquid around the outer surfaces of the alloy
WhETH AT JRAPABTdS FePairiSheterably, constituent elements of the brazing
[dmipl diffuse into the alloy powder particles during performing the heating,
and the rim portions are formed in integral with the alloy powder particles
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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]



Preferably, in the above-described braze repair method, the metal texture
of the repaired portion formed after the brazing includes a matrix of
polycrystalline alloy and a dispersed phase (particles of a dispersed
phase) dispersed in the matrix, wherein an average diameter of the alloy
of the matrix is 100 um or less. The Ni-based brazing material used in
the braze repair method of the present invention may be formed of the
brazi%g; composition according to the above-described first aspect.
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[0010]
3 A third aspect of 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 30pm 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 pm or less.
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The above-described repair structure may be a repair structure formed by
repairing of a base material having a damaged portion in accordance with
the repair method of the above-described second aspect. Effect of the
invention [0012] As described above, in the present invention, by
controlling the content of B and Si inthe 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
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group consisting of Pd, Zr, and Hf.

The above-described repair structure may be a repair structure formed by
repairing of a base material having a damaged portion in accordance with the repair
method of the above-described second aspect.

Effect of the invention
[0012]

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



FIGS. 3A and 3B show optical microphotographs of metal structure in the
repaired portion of Comparative Example I. The scale bar represents 100
iun in FIG. 3A, and the scale bar represents 20 pm in FIG. 3B. FIGS.
4A and 4B show optical micrograph of metal structure in the repaired
portion of Comparative Example 1. The scale bar represents 100 pm in
FIG. 4A, and the scale bar represents 20 p.m in FIG. 4B. FIG. 5
shows a graph in which creep properties measured in Example 1,

bycwih bEreriFe AR MEs |, 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 INVENTRBREOBXR] ANATEREREDRNREASeY brazing

[089 position, braze repair method, and a repair structure according to the
present invention is explained with reference to the drawings. Ni-based
brazing Gempositichare croskiksitigra didragedehrazilegloompositierample of a
according to the present invention is explained. The Ni-based brazi
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texture atter the brazing, and maximum length of the dispersed phase is
theoipfroledito bEFIGN Br less. [0015] The Ni-based brazing

compgsiion according fo the prasent invention ey uther sentains. 25%.
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ropdirdd @ A6:06 feS&ay NBSSTo §3all8b6Epresents 100 pm in FIG. 2A, and the
scale bar represents 20 pm in FIG. 2B.

FIGS. 3A and 3B show optical microphotographs of metal structure in the
repaired portion of Comparative Example 1. The scale bar represents 100 um in FIG. 3A,
and the scale bar represents 20 pm in FIG. 3B.

FIGS. 4A and 4B show optical micrograph of metal structure in the repaired
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.



In the following, the reason for controlling the elements and their content
in the Ni-based brazing composition according to the present invention
and a metal texture after the brazing are explained. [0017] Boron (B):
1.0% or more by mass and 1.3% or less by mass. B is an clement
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,
wherd & e orREmesi BBt P I By AATAEEP e HiSPETEEY BReen 18
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0018] i(]i0 on (Si): 4. ?/ orm re]g) ma, %% S 1SS
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containing B or Si is coarsened and creep properties are specifically

pljstdfispatediet e Rsfope OfHeStontent of Siis preferably, in mass %, 4.0% or

[Or@grsle and 6.0% or less, and more preferably, 4.5% or more and 5.5% or
less. 100191 Chromium (Cr): 25% or less by mass. Cr is an element
that cdriteibides<d lsekithschmiprsitiandenmgiznt imppossestoxigationmay further

resist , and may be added where necessar weyer, where content
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mass.
[0016]

In the following, the reason for controlling the elements and their content in the
Ni-based brazing composition according to the present invention and a metal texture after
the brazing are explained.

[0017]
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
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[0020] Cobalt (Co): 15% or less by mass. Co is an element that
contributes to solid solution hardening and may be added where
necessary. However, where content of Co exceeds 15% by mass,
wettability of 15the brazing material is deteriorated Therefore, content of
Co is preferably 15% or less by mass. [0#021] Aluminum (Al): 4.0% by
mass or less Al is an element that contributes to precipitation

iststythestidg Endhmpilsvdendoxieatithe osisaieeB srgaeds dded Wnatess, the
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wettability of the brazing material is deteriorated. Therefore, content of Al
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strengthening, and is added where necessary. However, where content of
[PAMceeds 4.0% by mass, wettability of the brazing materia.1 is

@]gltgﬁil%ﬁ;e{@)'l_’ hereforg. cantentef Ta is preferably 4.0% or less by mass.

Cr is an element that contributes to solid solution hardening and improves
oxidation resistance, and may be added where necessary. However, where content of
Cr exceeds 25% by mass, wettability of the brazing material is deteriorated. Therefore,
content of Cr is preferably 25% or less by mass.

[0020]
Cobalt (Co): 15% or less by mass.

Co is an element that contributes to solid solution hardening and may be added
where necessary. However, where content of Co exceeds 15% by mass, wettability of
the brazing material is deteriorated. Therefore, content of Co is preferably 15% or less
by mass.

[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.
As the unavoidable impurities, oxygen, nitrogen or the like may be included.

Where a content of each of the impurity elements is 0.05% or less by mass the
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[0023] 30Balance: Ni and unavoidable impurities. As the unavoidable
impurities, oxygen, nitrogen or the like may be included. Where a content
of each of the impurity elements is 0.05% or less by mass the impurities
have no specific influence on tile microstructure after the. brazing or
mechanical properties. [0024] The Ni-b&sed brazing composition

.accoro.ling to the present invention may 5further contain one or two or
imprei GesderetnsneRic Zapack Prdamigerisrt s ciidbs tiadngithg

Igg&?gn\(gge[;poﬁwgg melting point lowering element is added, it is

preferable to control the amount of addition within a range such that the
[®&3dium length of dispersed phase containing B or Si of the brazed

portion;¢ee§ MALLXEEEHS 30 MBbs KRGS Matal Jentusr (shisie) @fteny

the brazing The Ni-based brazing compagsition according to

. h
vl Ik Bh QMY T8 PaHaIOr ERJorebated s r%se%‘lﬁi%{ism that
CONAINING B0k Shiihevmetal dexursaitas thadirrzirgind erextie imedakd, it is

texture after the brazing denotes a solidified texture formed b .
preferable to control the amount of addition within a range such tha%/the maximum
length of dispersed phase containing B or Si of the brazed portion does not exceeds 30
pm.
[0025]
Metal texture (structure) after the brazing

The Ni-based brazing composition according to the present invention generates
granular or aggregated dispersed phase containing B or Si in the metal texture after the
brazing. Here, the metal texture after the brazing denotes a solidified texture formed by
melting and subsequent solidification of the Ni-based brazing composition according to
the present invention or brazing material containing the Ni-based brazing material. The
solidified texture includes polycrystalline metal and the dispersed phase dispersed in the
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 Sito 30
um or less, more preferably 10pm or less. Where the solidified texture has a
microstructure in which the maximum length of the dispersed phase is 30 um 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



tSmelting and subsequent solidification of the Ni-based brazing
composition according to the present invention or brazing material
containing the Ni-based brazing material. The solidified texture includes
polycrystalline metal and the dispersed phase dispersed in the polyerystal.
By specifying above-described optimidm content range of B and Si, it is
possible to control the maximum length of the dispersed phase containing

B or Si to 30 20].tm or less, mok{f%é)referably | Opm or less. Where the
foupgdimitPiekiure hee Rimisroutiuet e mewel she dldsimhifitseiyther the

didisRessadenasads AR ghiesemidila UsNga brRzing MRLGHRL AR

melting point similar to the conventional case, and while keeping the
posithifatoctes ifepemaie tieimbaaicidtar the dotidifingl ascinl tivatooriodomadr

case, it is-possible to perform repair by brazing that further.improves .ather
e e g R R R U R B
actatidjue strenpitsenAB ecdigpeisechpisitde todnigiovagnBohnStait propasisioie doe

ohserve horide, silicide or the li Ice. In the present inyention, fine grains of
RS RBE Bhase RISEIRIFG eGP Srare™ HERRIT QhHARJ ASLYeRGTal is 50
urgkudky of the metal polycrystal is inhibited by the dispersed phase, and

the average grain diameter is refined. In the present invention, it is
[0Bd8sible to control the average grain diameter of the solidified metal

Blt%tpgga;pn}%@&{gnq”&%r ;_I;_nﬁrig;gre, by performing repairing of a member

using the brazing composition according to the present invention, it is

possib¥exo impromimectiadicad propartitsoithecrepdine dhperiisent Auveotion
arFg:(f rable average grain diameter of the metal polycrystal is 50 pm or

es T&f 7] Braze repair method and repair structure

A brazing material that contains the above-described Ni-based brazing
composition is used in a braze repair method applying the present invention. The brazing
material may be a brazing material powder prepared to satisfy the compositional range of
the Ni-based brazing composition of the present invention. The brazing material powder
may be a powder of a single alloy. Alternatively, the powder may be a mixed powder of a
plurality of metal powders prepared such that a total composition satisfies the
above-described compositional range. The above-described powder is molten at a
brazing temperature.

Preferably, grain diameter of the Ni-based brazing material powder is 10 um or
more and 300 um or less. Where the grain diameter of the Ni-base brazing material
powder is smalier 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 wm or more and 300pm
or less, more preferably, 10 um 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.



Next, braze repair method and a repair structure according the present
invention are explained. A brazing material that contains the
above-described Ni-based brazing composition is used in a braze repair
method applying the present invention. The brazing material may be a
brazing material powder prepared tol8atisfy the compositional range of the
Ni-based brazing composition of the present invention. The brazing
material powder may be a powder of a single alloy. Alternatively, the
[O%}\/der may be a mixed powder of a plurality of metal powders prepared
RSHGHNGLA total composition satisfies the above-described compositional
range. The above-described powder is molten at a brazing temperature.
Prefeidbiye graimatiagrarspiof ine Nibhseef breivintmitesiaigdwelaiigna@rial
. pinor more and.300. or less, Where the grain diameter of the Ni-base
o e A L Y, i ofthe powder during

produttiorepaiceteriorhtesyarad inetaasesathiechrociuttianhcesic OritkhieNithese
hand, where the grain diameter of the Ni-based brazing material powder
O R B T 1SRN B 7GH GRS RO EREBS Mélt thrszing
poNeHEg PG Hhatiaging: Presassad NRfROKR, YIansianelss phthgal powder.
Ni-based brazirrgﬁrsnaterial powder is preferably 10 tirn or more and 300ttm
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grain diameter of the brazing material powder to be 90 um or less.
m{BoR8] Répaifonsateialreferablthibre theddlmagevgeneratparideaaheambey biang
structure is repaired, repair material includi e above-describe brazin
© BRI oD et T o R RABT Wateh ARy BEviTh At goathoned of
a pacludes the RhevedesuibedNihasadrazingJaatariakpordrcandsa.
owder of an alloy (hereafter, referred to as an alloy powder) having a
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powder of an alloy that has mechanical properties substantially similar to
paivdsehef thethpsstinateialaTabyefordaitistimiedé tho e thatathgaalloy powder
IS, a powder of an alloy having a composition close to that of the base
[ material. The alloy powder may be composed of a powder of single

specigs«ptaiBy 119 gampesecoiopawddrs bivaeas Moke alleyse WHEHre the
the base material is made of superalioéx, the alloy powder mixed with the

sBiadingiTandias pUNdRMHSY SIS s Raubbrmopyide BrarvasnuHae
pRRRMEHIRSRIbed AlRY.ROWIE Las & somegsiignsubstantially similar to

that of the base material. [0029] Preferably, the grain diameter of the
alloy powdepiset Gandh vhmoths Yie Bathetgrainhdiahosteroddhexetisly 90 pm,

itgso&%%utstg 1?'1!§ef tggv equnufanfﬁg?%%q of the powder during production is
eteriorated and increases the produc Ion cost.

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



On the other hand, where the grain diameter of the alloy powder exceeds
90 um, 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 um or
less, more preferably, 10 um or more and 38 pm or less. In the
preparation of the repair material, it iS3preferable 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

piesasinfiel ey Fstrrba ithin 2diANKLIGR 2PprerdratsIagreaRr diaretar of tHEoueh
h2LI0Y PANAGE L dERGrRGH ARV Freihibe @a&mg@wms@caﬁf%ﬁ%@nal

of a relatively large size, a coarse alloy powder, or 13 pieces of alloy may
pobelersed im atolitipnvidethie iabossbidsorisadreiphirithateighimaltinguhngss an

al %pn%\t/i%édtgsf Qbﬁd repair material is prepared by mixing the Ni-based

razing ma eﬁa?%owder and an alloy powder, it is possible to use a metal
[owath a high melting point as an alternative to the alloy. [0030] Repairing
process Next, the thus prepared repair material is filled in the
RP4HB8 8K Foition. Subsequently, a portion at least including the damaged

portioniissuliecied o heatdpertment{pihaatdreatnenhsienhotienheat
treatment temperature is controlled to be lower than the melting point of
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joins t ase material and the mixed alloy powder in integral along with
logli¢fusiontiaf weliponeint efémdnats mutetive interivrofththivade meltevgapeintol

R G SR e
joReriRmad HadeiPaMaGhe M AlMOBRTRIRder in integral along with diffusion of
component elements into the interior of the base material and the alloy powder.
Next, the heated portion is cooled to solidify the molten brazing material (cooling step).
The above-described heat treatment is performed under a vacuum atmosphere.
[0031]
Texture of the repaired portion
A repair structure obtained by performing the above-described repairing
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



[0031] Texture of the repaired portion A repair structure obtained by
‘performing the above-described repairing 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
popttsedeuEDIHpBSdle bEfie granset adiclusc slarmgnas haremePRIBAGHR of
oot g%fﬁﬁ@%ﬂ%%\@a% BEADETERRILALRRRIAD: dhiEAASSHRIE T im
observe dispersed phase coritaining B and Si dispersed in the
popddysrystalline matrix. The polycrystalline body constituting the matrix is
constituted of all articl lural alloy particles).used in the repair, .
materf%f,%r{fﬁ% rb%r i%/%gsv %rips%g?l 768" ﬂtolr%v%?g%h él ﬁ&{tj}? 5?861}? d ?F?ésgﬁsocyl/urmg
sopartickesnanthenysiahgrring orysislizedfrompiaechtazingnbqliigeasdiphase.
like.Since element diffusion from the brazing liquid to the alloy 14 powder
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particles and the rim portions. As described above, in the present
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liquid,is inhibited by the presence of fing disper h I ifi -
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caevvihi ob thedtinmportiar iis thithibétedthy theafing dispersédeplasatin the
addition, the alloy powder is partially molten at a surface portign being in
CSAG it R AT TSI RS RSN Yo AL T el Sfore,
[O(yg}gn the grain diameter of the alloy powder is controlled to be 90 um or
less in the present application, it is possible to control the average grain

diameferesnered. thesalidifie] ot rrarhth b p@roti amnoF gdngaply] in
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In a texture portion since the alloy powder and the brazing
ciiatelhial veddihsiithaedaieivitier ByoditfusionhanthelingoiMdewdaer stadn

the alloy powder has a small amount and.brazing liquid has a relatiyel .
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mechanical properties. Therefore, a ratio of the solidified texture of the
sbiféaiing Nqehanisahie aifsyepow by T TS e SRS REH b e
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texture i1s 9 or greatéer times the volume of the solidified texture of the
Theazing liquickssary Whdreviiercoafskeall by iwaddedtothis fepadraniatdiieds the
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Where the coarse alloy is added to the repair material to mend a large damaged
portion, the volume fraction may be different from the above-described range in a partial
portion.
[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



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. | 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 ppepared by mixing 15 a Ni-based
brazing material powder 3 containing the Ni-based brazing composition of

the present invention and an alloy powder 4 having a composition similar
a X-Bsefb B At e d PasdsnhronsivneBadibecA Sarin e FRE aRiyjon of the

prPWARL A% REGANSIHLGH Af ARowder-OhAsiRglesRAGES &f AlaY o that of
having the same or cloSe composition as the base material 2 composed of
a ibbasedisuyehaltoshiCmbered Jigalitiony wtvhgwy Sasenativycbriiae
like. Alternatively, the all wder may be constituted of a. mixe wder
R S G
meenstiltesh oisRestNBGakeacnpdrild3 CoNawdd 2die oil ithe Hikéaterbinperalloy, or

diameters of the Ni-based brazing material powder 3, and the allo
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ofRRletiahmaybaa. slgwy dRawhishi Rindeidsd¥ixaday 8 examMRled of Rene 80,
Nicrobraze S cement (trade name, provided by Wall Colmonoy

IngurgbiafiEn)ina{2ee uséa ke thdpmtidrmeterapdiherhie-tristed o a
pcs;f iefurbing %%Z'go%va%l'Llea%vxgg%{g%ﬁm@ material asshownin FIG.

, and'is subsequently subjecte eat treatment under vacuum
(reducEikpeesisurelasmosphereshmryhis winieh, dfinblirbasesedraiogexample,
material Eowder 3 is molten at ai%%e%tﬂ% wer than the mel irrllg1 8int q
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aJills thedaterstices of the base material 2 and the alloy powder, and the
constituent elements of the brazing@liquid diffuse into the interiors of the

base ratériaf damreth e Aoy fOWBStURErRIZ g THebHER Hiatertd 2
n%%%@'@sysﬁ&mgfﬁén integrals Before e RiazingJitisprefemhie tagean

amaged portion d of the turbine nozzle 1. [0034] Next, the
vhraredrtudoinieprozzie) dtiscpbied. AftehitHencobitnyi-finist rooassisigradch
as olishin% of the re aireotl ortion it'%%)erform d. The ttho ﬂ];g rQSed]materi )
pP@ﬁ%frédsp% {ighh AL T RSTRIHS (RSN j

nrthe mt%tl oln
rom tne e material, wnere alloy

aPOWHEE anckine-hrazing materiphd easctag Nl eachiothee ki difusionband
melting. By the above described steps, it is possible to repair the
mepstiiagbang dhaGHAY BPTetLApTHBS oS IEVES Y A f e Sz g liquid diffuse

into the interiors of the base material 2 and the alloy powder, thereby joining the base
material 2 and alloy powder 4 in integral. Before the brazing, it is preferable to clean the
damaged portion d of the turbine nozzle 1.

[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]



As described above, in the braze repair method according to the present

invention, it is possible to repair a damaged portion d generated in the

turbine nozzle | appropriately, and it is possible to obtain the turbine

nozzle | (repair structure) appropriately repaired by the braze repair

method. [0036] The application Bf the braze repair method according

to the present invention is not limited to the above-described repair of the

crack (damaged portion) d generated in the turbine nozzle 1, and can be

wide ) SspREBrtbAY Felddhicdr e TRRTHEEH POrETHT GRn P AR PTFF TREIMISEHO
it RpNaging, Lharefare, dhe iepaihstusisrenairedidiibabraze iR8ffiately.

method according to the present invention is not limited to the turbine
anddtzizlpdseiblntpabegpathed whaok nEaariplkes {0GBFture) Msaptietsl Hiaprred by
h [)(erzaszeenrte igve&ngit%g J.S clearly explained with reference to Examples.

oweve}?, the present invention is not limited to the Examples explained

[ob&dpw, and various modification may be made within the scope of the

present invention. [0038] Exampl

el in Example 1, firstly, a repair. .
matortaIS B SRS R 1, ARG RGP S BRI DA R ISRl Pt Inbention s
ndViankel24 4 anshban dishase paing matesirl pewsesdaing pdeampastionte

consisting of 1.15 mass % of B, 5 mass % of Si, 17 mass % of Cr, 5 mass
tuoies B2 B mdssnboriiely wrlisdsomprepainpitthmhdrpassine thRsenrigted
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Ni-based brazing'material powder was 90 [un and the average grain
meliber etepoiith ¢oatho et evaa s Binm liThied ep dic tushindalares filddgn a

dam(?%edlportion actually generated in a turbine nozzle. Then, repair of

" arﬁaé:g'ed portion was performed by heat treatment under a vacuum

Eémgisphere of 1x1.04 Torr at 1200C for 15 minutes, and continuously at
1125C for 4 hours, and subsequent cooling. [0039] 17 FIGS. 2A and

[09B78how optical microphotographs of a metal texture in the repaired

portioR-of Exampig,d JD;EQ&{)&%%%MS biight capirastdnibe-fgwears

particles of dispersed phase containing B or Si, and the dark phase is the
Epotydeystaiiinvecatioyheamstitutingethiomiatdk {Sisilde éxplaiaioes canlpacd
bg]oa\lxq%rtxg \lfzalr%%s %Ao’dl%%hééb\rf r%g}g bAéEr’géde within the scope of the present invention.
[0038]
Example |

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 5S3um. 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]



In Example 1, as shown in FIGS. 2A and 2B, it was possible to refine (to
control the maximum length to be 30pm or less) the dispersed phase
containing B or Si formed in the metal texture. In addition, an average
grain diameter of the metal of the matrix was controlled to 48 p.m or less.
The mechanical properties of the repaired portion of Example | were
examined by subjecting the repaired portion to a creep test and a thermal
fatigue test. In the thermal fatigue test, cycles of tepsile and compressive

stresda6 Werd bt A1 HIBHE PR IR SERSM S R B 4 (S
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test piece at constant level. In the creep test of test stress of 69IMPa
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evel as’the stress applied to the not repaired base material until a time a
whichia Exaslpledcunetbon thESififadeanf the, iestasipeeibihe cyihed forontrol

generating the crack was 100 cycles an average which was 40% of the .
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thngshanricalNropertiesinvarecentisnes (004} Laropaeative fofaepiatrix was
In Comparative Example 1, firstly, a repair material was prepared by
confraliRg & BIeY pbletfer composed of MarM247 and an 1\5-base brazing

materig| powder having.a campesition. consisiing of PximMmass&obBuined

mass % of Si, 17 mass % of Cr, 5 mass A of Co, 1.8 mass % of Al, 1.7
bynas &ingftiaropditethebmiatce corsistirg ob Nicamd! datéansithable In the

impuyrities. An average grain.diameter of the Ni-based brazin gtt%ﬁié’:d[ ¢
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pidRDHH PR BImTherpRAiEyatesiaavasfilled D mdasiagech pokiiepiactbaliain
%gnerated in a turbine nozzle. Then, repair of the damaged portion was
[e]

PRSI @Y AhR (SRS GHRR%™ W48um 18 atmosphere of Ix1.0-4

Torr af, 12006 forlopeies sa0d 6essiQuskysatd koG ok HRUraanes.s
subsequent cooling. 10041] FIGS. 3A and 3B show optical

henisrophchediamhs Gftigustédstesite rrest tpliepsirte ity periien could be
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the crack was 100 cycles on average which was 40% of the value shown by the
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 53pm. 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



In Comparative Example 1, a test piece showed a fracture time of about
17% (20 hours) of that of Example 1 in a creep test of test stress of
69MPa at 980C. That is, satisfactory mechanical properties could not be
obtained in the repaired portion. [0042] Comparative Example 2 In
Comparative Example 2, a repair mai&rial was prepared by mixing an
alloy powder composed of MarM247 and an Ni-base brazing material
powder having a4composition not containing Si and consisting of 2.3 mass
atoypghere1® Wy Alograt 200 mis! A ingtss audmerinyg it 314 H{ady g
hocg{.s'l"gngvgm)gghqjaglg&qg‘gonsistin_g of Ni and l_mavoidab_le impurities. An
average grain diameter of the Ni-based brazing material powder was 90
[00f J]and an average grain diameter of the alloy powder was 53 pm. The
repair erjal was filled in a damaged partion actuall neratedina .
e sk gl e e C e A
pdigat reatnenpistereE vacylen . atmosphere of 1 x1.07 Torr at 1200C for
15 minutes, and continuously at 1125C for 4 hours, and subsequent
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Comparative Example 2, as shown in FIG. 4.4, metal matrix had a finer
togh@firiisize ¥én that of Comparative Example 1. However, it was
imposgihle o refing e disperseRhaRe CAMAIRING B aFSiauch Hakthe, 2o
maxmumqerﬁ)gtfi was 30 um or less. 19 In Comparative Example 2, a
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stress of 69MPa at 980C. However, as a result of the thermal fa%i ue test
S REAEH IR BYTE 155 BRI B0 St BEIEP U CORTAGE of 44
[Melps were necessary to generate a crack, which was about 44% of that
of Example I. Therefore, in Comparative Example 2, the mechanical
Ceropentiss Brameleepaired portion were not satisfactory compared to
Example - j
Compa e e R e e e i e R ales
pivetal @xcpeddd100rpHiad ComhpatdtivesEkampioR hasing wdkathrepdine
matrix metal and Example 1 in which ay, e grain size.qQf matrj al
ARG ILPGEFINAR TS 1pamn]as R §a%§§c 5y ?)é’zsoﬁ I%si |1r(1g %S%réég::)%%étl.o
nfaympares 1o Comparaiivel Bxample 2 T W)ieftihe: maxizweodengib of Ni and
dispersed phase containing B or Si exceeded 30 um, Example 1 in which
ufREeARImAYERh SFHIREEIEE PR ALt B S Rarsan e R
pHRAL A0S 1REE.URELIO IRRIELIRIGUE SUSNAFIQRhess iasulit.
the followings could be understood. For improving the creep properties of
réhairepaired wortidiagd inis dffectiipottontuiiie gverage igraidiaemeterof
he matrix nf tal to 100 um or less. Fo#imgc[%viggamre B! egmalrlga%:g ue um
PBAGHY DI SRARST POHh B BT Yot Controlling the maximum
alengihat e dispérsad phase cavtainingnBar Hidtoodfnususly lgssl25°C for 4
According to the brazing composition of the present invention, and
hauEo Ak §RFIAEEFEFRH Rfethod using the brazing composition, both of the
@@@%e-described conditions could be satisfied, and it is possible to provide
a repair structure in which a repaired portion has excellent creep
propertié&awththed hdisharig optisientyiopfogusiphs 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.



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 cafculated by a formula of T(C+logt),
where T denotes an absolute temperature, C denotes a material constant
and t 20 denotes a fracture time. Here, the material constant was set at

20. In GorardeavE RampRe Prpnpitissr HeohenciFeiannls) | grlddteim of
obzoRaraliv Exemnle davas plediad.As agoepengiamand, dhedaia Pie

omparative Example 2 were plotted as christerosses (X). As

th@onvénigonaistienmbersinine dpap roplertiestofrepairad et BEPSG epainaepge of

using Ni-base brazing materials descriged in Non-Paien erence 1
T STt e L SO B I CL e
TiRefReNeebxpaiple 2rshewn by thperdsaurie srip(ioniRatenidReleremioe

I: W.A. Demo, S.Ferrigno, D. Budinger, and E. Huron. Improving Repair
WeNARty B REIEMERIB2AR L FEHYREAB59 Braze Alloy, Superalloys 2000,
odapuary 8, 2000, TMS2000, pages 713-720). Reference Example 1
[ooft! ! . . . .

showed data of the repaired member repaired using a brazing material

contaihiftee 2!@xeodest Eed es e fyBRRE ERArABIRAPAEHY d §f which the

avgpalred. member repaired ysina.a brazing matedalinhicheR SoNEnh AR,
reduced to be not igher than 1%, and creep strengthening elements such

redgiddoy dind Mawierecadded fostrendthenltib oreegquopesicso Withriresptdt
to base material composed of Ni-hased sumeralqu, creep prop ties of

WRY B AL TAEEr L MRS ET AR R ERe B We P ShEWH B S oli YRS ©

CEhparaiataoh heciesnipreperiesRithelase RRRIS pHese Guetdthg B or
from Non-Patent Reference 2 (CT. Sims, N.S. Stoloff, W.C. Bagel,

SisupprsiedIdyam, Seprelnbep 1ISH Berpryimiey et ‘Bé@f‘éssﬁ%ﬁ{afsma]
As.shong 0 E1G, 8 Exanple 4, 9hthe Bssentinyanian shews: [AE sHRgKer

creep properties compared to Reference Example 1 using conventiona
Fhrazinganatetiathalfidishvings subdstantialbyssimilar ireeprpropertieswsp

Refer,encteztExample 2 of ,impmve%creeept %%1 t%Ei S.

; t veraceorp{%raf r(ﬁtir\llx%ter of
PERSFHRIE P HS R EPRB orb Pty St 't g Se '6F EXARTSIE 1 Ahd

iRefarenaeExaMpe.s bukas explaingdabeve, mbaws thenrakfatigher the
strength inferior to that of Example 1. From the above-described

repaigte RosHRI D insEErENsOaTReRURHBR NstaR I pereRstR AT Brad piygse
cggt%lﬁ oe'ton of the @ L%?SPH&VG QR dRaYad SEHGHS AP smeiRd fad W8sent

e répaired portion show creep property similar to the conventional
icaseioRland 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



and are excellent in other mechanical properties such as thermal fatigue
strength. INDUSTRIAL APPLICABILITY [0047] According to the
present invention, it is possible to provide a brazing composition that
enables repair by brazing in which the grain size of B or Si-containing
phase formed in a metal texture afte?&he brazing is refined, and while
keeping a similar melting point as the conventional case, and while

keepin_ similar creep properties of the metal after the brazing as the
deapi§tentashir tae, o%?é‘? rhe PAFHIRAFPREBRIHIGS &I HS thermal fatigue

strengif). 3k, @Qﬁgﬁfed} \Mrgﬁdﬁéd Rs BgeQ EAIMS oYL the Nithaseddragingive

composition at least containing, in mass %, 1.0% or more and 1.3% or
Exesslofl By 096tet #noncoastldroum ér thesdatst SiCapparas trakaiaew ohsidiing

of Ni and unavoid i ities, 2. I}I1Jl i ition .
a(?&. "%P 1 & e%é QR é}f&-
pl%%gcgo?(sjlcnél%rc aim ,?urt gﬁogﬁféﬁtﬁ?r% 25%%?% %e%g ygr%gss ofqgg 5%/§dor
migssRydpass] 0k NA-BiLe brdeisg hnmass dbat Edd o Rntées B Hyraasd

T RS S Seo oA e G L b ety
stV B%B8.FOMBRSIHIONReRaraing te @i, fwrthepeniairiagieng or two

or more selected from a group consisting of Pd, Zr, and EIf.
Budinger, and E. Huron, Improving Repair Quality of Turbine Nozzles Using SA659
Braze Alloy, Superalloys 2000, January 8, 2000, TMS2000, pages 713-720). Reference
Example 1 showed data of the repaired member repaired using a brazing material
containing 2.3wt% of B, and Reference Example 2 showed data of repaired member
repaired using a brazing material in which B content was reduced to be not higher than 1%,
and creep strengthening elements such as Mo and W were added to strengthen the creep
properties.  With respect to base material composed of Ni-based superalloy, creep
properties of two base materials, MarM247 and Rene80, were shown by solid lines in FIG.
5. Data of the creep properties of the base materials were quoted from Non-Patent
Reference 2 (C.T. Sims, N.S. Stoloff, W.C. Hagel, Supperalloys II, September 1987. John
Willey & Sons, page 640).
[0046]

As shown in FIG. 5, Example 1 of the present invention shows far superior creep
properties compared to Reference Example 1 using conventional braziﬁg 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



s.A Ni-based brazing composition according 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 um or less. 6. A Ni-based brazing composition
according to any one of claims Ito 4,Avherein 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
angraiseYeq et MethisH s TheHer lPeRaeidieg SV atdbermal REmseT 5y 8tazing,
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 fOYRAEBRIARGIJUIHB\BREBtMg a portion of the
[O%Tber MOB 1. LP 23 including the defect portion filled by the repair
material; and performing cooling the portion to solidify the brazing liquid,
whereixthel maxinhemrieagtn ohitivm disperssith jphaseoividiudingzB o Biposition
thggg?% ?gnrcgarags g? {)rr]a%irr\%%%avlvﬁc tl{ﬁ% gltatlgesirz%%?léegr %?—gg%?aig{r@% a%g%rg]lgd
in a metal texture after the brazing is refined, and while keeping a similar melting point as
the conventional case, and while keeping similar creep properties of the metal after the
brazing as the conventional case, other mechanical properties such as thermal fatigue

strength are improved.



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, with the

balance consisting of Ni and unavoidable impurities; and  the repair MCSLLP

material includes powder of the brazing material and an alloy powder

having a melting point higher than th2& of the brazing material. 10 8.A

braze repair method according to claim 7, 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 409%f3ess by mass of Ta. 159.A braze

repair method according to claim?, wherein the brazing material further

contains one or two or more selected from a group consisting of Pd, Zr,
Land Jilt 10-Bedmdbzermgaiompettioch at bord iog to e nn8nusk éseindtfier more and

zing material further contains gne or twa ar more selected from a gr

i A e S s

anf, WheiRIKbR IeXiuie«f 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 um or less.

225 12, AfeRaif %Viiﬁ{g r&)ﬁ%@lﬂﬂﬁj@gcording to claim 1, further containing 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.

3. A brazing composition according to Claim 1, further containing one or two or

more selected from a group consisting of Pd, Zr, and Hf.

4. A brazing composition according to claim 2, further containing one or two or

more selected from a group consisting of Pd, Zr, and Hf.

5. A Ni-based brazing composition according 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 um 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 pum 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
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a base material, a repaired portion formed by braze repairing of a defect
of the base material, wherein the repaired portion includes a matrix

composed of polycrystalline alloy, 30and dispersed phase dispersed in the MCSLLP

matrix; the dispersed phase contains B or Si, and has a maximum length
of 30 umor less; and MCSLLP 24 %t least a partial portions of the
dispersed phase and the matrix are composed of solidified texture formed

ibylndéﬂtmgeaéﬁf@émﬁMiﬁlﬁQﬂfWbﬁﬁ?@%%ﬁﬁﬁlé andyherein the brazing
materigl 4t Ieast coRiaiBShin,Bass %5010 e0nEerE, AR 4:3%0 or less of B,

4.0% or more and 6.00/% or less of Si, and the balance consistin%lof Ni and

unavoliiboleiirppesnanlenstinel hatinrtidiedqarnciudiedhey Si to be 30
havipe.a meltingpaintigheutba thatigidhe RiznaImaterind. A,

repair structure according to claim 12, wherein the brazing material further

10contliserBohobress By REEE LRCICAEE Sp B IBSS By ESS b T 4%ogore and
PRESS BYMASB of 0% or more and 6.0% or less of Si, with the balance consisting of

Ni and unavoidable impurities; and
the repair material includes powder of the brazing material and an alloy powder

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

8. A braze repair method according to claim 7, 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.

9. A braze repair method according to claim 7, wherein the brazing material further

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

10. A braze repair method according to claim 8, wherein the brazing material further

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

11. 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 um or less.

12. A repair structure comprising

a base material, a repaired portion formed by braze repairing of a defect of the
base material,

wherein the repaired portion includes a matrix composed of polycrystalline alloy,
and dispersed phase dispersed in the matrix;

the dispersed phase contains B or Si, and has a maximum length of 30 um or

less; and
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Al, and 4.0% or less by mass of 'fa. 14. A repair structure according to

claim 12, wherein the brazing material contains one or two or more

selected from a group consisting of Pd, Zr, and 15 15. A repair structure MCSLLP
according to claim 13, wherein the brazing material further contains one or

two or more selected from a group conéfsting of Pd, Zr, and Hf. 16. A

repair structure according to claim 12, wherein an average grain diameter

of 20tHé eielaafatialmertivis q_mqﬁi,sg@qv@gg)hase and the matrix are composed of

solidified texture formed by melting and solidification of a brazing material,

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; and

the matrix includes particles of alloy having a melting point higher than that of

the brazing material.

13. A repair structure according to claim 12, 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.

14. A repair structure according to claim 12, wherein the brazing material further

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

15. A repair structure according to claim 13, wherein the brazing material further

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

16. A repair structure according to claim 12, wherein an average grain diameter of

the alloy of the matrix is 100 um or less.



