-1 BRAZI NG REPAI R MATERI AL AND BRAZI NG REPAI RI NG
METHOD USI NG THE MATERI AL Technical Field The
present invention relates to a brazing repair materi al

and a brazing repairing nmethod using the ' d
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vane), concerning a nethod of elimnating a d
caused at the tine of repairing operation, thmﬂumwmmu"“"l"mm
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No. 57-62884 which discloses a "Wl ding Processing
Met hod". An object of the nethod described in the
above - 3 - patent docunment is to elimnate a welding
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[ Patent Docunent 5] Japanese Patent Application
Lai d-open No. 57- 62884 Disclosure of Invention
Such the high tenperature part of the gas turbine,
especially a first-staged stationary bl ade (stator
vanes) disposed at a conbustion gas inlet of the
turbine is exposed to the conbustion gas having the
hi ghest tenperature, so th there woul d be inevitably
and frequently generated nefiy cracks caused mai nly by
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as a crack or a thin portion hi ckness
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m xed material are subjected to a heat treatnent at
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deoxi di ze such al um num oxi de by neans of H2 gas which
is a sinple reducing nethod, and there has been posed
a problemthat this oxide reduci ng nethod cannot be
easily appli ed. The present invention has been
acconplished, in view of the above circunstances, and
it is an object of the invention to provide a brazing
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mass % of Co, 1 to 5 mass % of B, and bal ance of N,

and excl uding Al . Further, in the above brazing

repair material, it is preferable that the nolten

al | oy powder contains conmponents such as 0.01 to 0.05

mass % of C, 2.5 to 4.5 mass %of Si, 12 to 20 mass A)

of Cr, 17 to 23 mass % of Co, 2 to 4 mass % of B, and

bal ance of Ni, and a constitution ratio [Si+1.5x(C+B)]

of the conponents is 6 or mofe and 9 or | ess.
pateRtirddeumeint ishto eviedbe agi waidipgatefs®t gehatatdd wisen butt
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Ta by mass, 0.1%or |less Wby mass, 0.05% or |ess C by
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254€841ying out inspection of a base material of a gas
urbine part in which a defective including a crack
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[Fatent @ocudmehowgd dparmdi e P dte nt hepplicaRee LRAELS SN AE. 11-
a bottom of a penetrating crack, followed by renoving
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material, and foll owed by conducting a prelimnmnary .
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enetrating crack; - 9 - . a step of formng a
628&%0m#preventing surroundi ng for a brazing repair
material around a repairing portion; a step of
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heat treatment at a tenperature equ

mang BPAtkocPPiad Mbidlpephastembethfihuel rAlR@ 033 the time of
turbine part and equal to or higher than a nelting
starfog rdnadfstoppimploparatibhoyf pesvdess tthahebYHareediedl C¥-based
bondi ng the brazing repair material to the repairing
alloydvaviog, exaellé¢nt heatpast $tag cangrdpestyf ghdgekbellbntzepgiring
repair material by conducting a heat treatnent under
propsres N\@s begnausedpfarr eonstituting tbeeptadfonsayr plate dor a long
finishing processing including inspection of a brazing
termy Bpdr@@Wporti on, additional repairing operation of
p i al defective gortion,and repairing processing of
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preferable that a weight ratio of the non-nolten all oy
powder of the brazing repair material is set to 0.8
times or nore of the nolten alloy powder, and a
particle dianmeter of the non-nolten alloy powder is
set to 2 tinmes or nore of the nolten alloy powder,
t hereby enhanci ng a chargi ng degree of the brazing
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Brief Description of the Draw ngs Fig. 1is a
graph show ng a test result of oxidation of a repaired
portion which is repaired using brazing repair
mat eri al according to the present invention and ot her
repair materials. Fig. 2 is a graph show ng
conpari son data of creep strength of repaired portions
repaired using the brazing repair material according
to the present invention anfi-other brazing repair
opergirey itehsperature &f Bhe 3ghs ﬁJrBF@@hsSnﬁ%gge‘aof@aﬁé S®Nigher
of low cycle fatigue strength of repalred portions
temperaturecsaizisntd rbelipe azilgheeraticidrdyerthal ras4£ieedi &¥8ount is
to the present invention and other repair materi al s.
disafivantagesuslybliockealseqr afhghodpriredh puptivh e i9f liable to be
construction process of the repairing techni que using
deforme dbyztheymalpiaifiueraeeaindl residoatistg ssotidtea s geertrated at
invention. Fig. 5 is a graph show ng conparison
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or thetie &l addetiaioe nedtehiaghardhgca taoripb8BIcHO8iANAF 88 that of a
coati ng appar at us. Fig. 9 is a graph show ng a
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outl et tenperature of the non-nolten coating
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repair material defined in the present invention has a

mateyoapasdttherthsm midrtiontis bwidtt upfartchthibkenenat eri al of
t he above part. - 13 - [Table 1] CM1 Si NN O WFe
cé&onventionally, in order to enhance the oxidation resistance of a
potion to be repaired, Al is added to the repair material, especially non-
molten alloy powder in many cases. However, alumina (Al03) is

unavoidably formed by reacting Al with oxygen included in the base



B 0.26 0.42 0.78 10.59 29.53 7.04 0.62 Bal. 0.012

It is necessary that the nolten alloy constituting the
brazing repair material defined in the invention is
stable in terns of structure even after this nolten
alloy is alloyed wth non-nolten alloy which has a
conposition simlar to that of the above part base
material, and the properties are the sanme. In order to
stabilize the structure of” 2he nolten alloy after the

matériazahan pR8ifacedbenpeahi the. déf@ctee' bSRIGH k¥d P@baﬁea and
Ni which is austenite stabilizing elenent as a

the bawmeomeaterizAntbris| Beeth A0 hif®r elpegphbﬂmsum éQ’d)er web-
by mass so as to enhance the oxi dat| on resistance. In
shapeddilm dnstwibrk-she perde fidm$t difidrefste, utfareehathbe€h posed a
content is set to 25% or |ess, and preferably in a
protrleﬁgéhaﬁth@wnesm@m esteengthois IHrgIedayssieterloraté%Urthmner it is
(Co) in a range of 15% or nore and 25% or |ess
d'ff'?%'téad&ﬂiu&les%r ﬂﬁ%lf#l@@e@u%r&wwnbm axiste byemsass of Ho gas
n alloy powder as

terial ndt e.non- t
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thatgfEREide fed bl il Raf et naine Basy Vaabp %gt .anms of
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Further, both carbon(C) and silicon re a
capabléeaft gifesiahn braginte! reipadriRg! Nh OWRIdUIGn efS €9Qbs8h crack
molten alloy. In view of the helting point |owering
genefdtedt snok shefaCearaf &i higlhetemepératareopait o$ segasudibine
that it - 14 - becones equal to the diffusion heat
stationedy neladet arfpehaisudetetiotatatd @rneamageddyntoperatiorsof an
| ower than a nelting point of the base material by
actughgnechng withorgoo mpdeteletrenyovingethsootased afack iby means
a range of O. 001 to 0.05% while the
of C@&H'Bﬂt%&%. likes “and cmpable of f%ﬁ@@ermg anherev, properties of
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m c
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I's added to secure excellent oxidation resistance,
whatifidciurego véva s lifd tmie bﬁelﬁ@O'flgﬁX gerftardtyart sUBEE a gas
is deposited and precipitate so that netal structure
turbirec ostatianeryabladeanis t tdeformia¢iomdperadded t bgf Welding and

content is limted to 45%or |less. The Cr content is
repapriegepp@ratiaret Thienhias dhe prgeessirig@ynethowifer prdvahting the

or | ess. Further, Ni is effective elenent to
defogmaliqn Laysed amsttéﬁ. fepakinganaration, athepresent inventors

t r at i 0 so that 10 wt% or nore of N is
hadéﬁ%&ﬁ ﬁamﬁ\ﬁ‘eﬂ% ?ﬂf'%r@qhﬁlé\%uee%las Rpth ¢hgdaauuehérazing

t n the high tenperature region is
Pr°°&is§é{b@§ﬁ‘@a5é%%§wzg%tfa TBeHEE. ( (dFsiing b Pregessingusdch as
HIP?FeJt'Fnérﬂ be added should be set to 25 wt% or |ess.

a case of a base material having a heat resistance
property, about 7 wt% of Wis usually added. However,
in the present invention, Ta of the same anount (6 to
8% is added instead of Wso as to avoid the
instability of structure caused by formation of a
phase, to adjust the melting point of the non-nolten
povvder and to enhance the precipitati on - 15 -
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- 16 - The stability of structure was eval uated
dependi ng upon presence or absence of formation of
brittle and coarse boride phase by observing the
structure after the gap wettability test. A result of
evaluations is shown in Table 2. [Table 2] Mterial C
SS N & Co B Si+1.5(C+tB) Gap Wettability Test Result
Structure Stability Molten Al oy Powder 1 of This
Invention 0.002 3.9 Bal. 1300 20.0 2.6 7.8 @0

According to this repairing technique, an alumina (Al,O3) oxidation
layer is formed at the interface between the base material and the repair
material by thermal processing at the time of brazing using a gas,
especially oxygen contained in the base material. The content of the
oxygen is increased by the continuous operation of the gasturbine.'rhe'
alumina (Al,O3) oxidation layer deteriorates the bonding strength of the
repair material. _

Therefore, in order to prevent the bonding strength of the repaw
material from being deteriorated, a material containing no Al (Al free
material) is used as the repafir material, which is capable of being
subjected to hydrogen cleaning so that the repairing operation can be
carried out repeatedly.

It is effective to carry out the highly densifying process by utilizing
the hot isostatic pressing (HIP) treatment so as to improve the fatigue
strength of a portion to be repaired (hereinafter referred as “repairing
portion”). At the time of brazing operation, paste should not be mixed
into the repair material, a weir (bank) is provided around the repairing
portion to prevent the repair material from flowing so that the ab_ove
processing effect can sufficiently be exhibited. Under this condition, the
repair material in a form of powder is charged into the weir, and the
blazing treatment is conducted. As a result, the repair material does not
flow out, and the repairing portion can be highly compacted and
densified.

Concerning the mixing ratio of non-molten alioy powder such as
Co-based alloy constituting the brazing repair material and molten alioy
powder such as Co-based or Ni-based alloy, when the weight ratio of the

non-molten alloy powder is set to 0.8 times or more of the molten alloy



Mol ten Al oy Powder 2 of This Invention 0.001 3.0 Bal.
12.0 18.0 2.4 6.6 0 O Molten Al oy Powder 3 of This
| nvention 0.003 3.0 Bal. 12.0 21.0 2.9 7.4 @0 Ml ten
Al'l oy Powder 4 of This Invention. 0.002 4.7 Bal. 12.0

-7-
powder and the particle diameter of the non-molten alloy powder is set

to two times or more of the molten alloy powder, the charging degree
(filling-up degree) of the brazing repair material into the repairing portion
can be enhanced.

A cold spray method in which the repair material is sprayed at a
high speed onto a repairing portion by carrier gas having temperature of
800°C or less can be employed as the method of charging the brazing
repair material. According to this cold spray method, it becomes
possible to spray, charge and fix the repair material onto the repairing
portion including an inside of the crack.

In addition, it becomes possible to solve a problem that the
finishing precision degree of the repaired portion is largely varied due to
difference in inclination state (installation angle) of a treating surface of
the repairing portion at the time of thermal processing. |

The present invention has been completed based on the above-
described technical findings. That is, the present invention provides a
brazing repair material which is used in a repairing operation in which
the brazing repair material is charged into a repairing portion of a base
material.having a defective such as crack and corrosion, and a diffusion
heat treatment is carried out whereby the brazing repair material is
integrally bonded to the repairing portion so as to repair the defective
repairing portion, wherein the brazing repair material composed of a
mixture comprising: non-molten alloy powder having a composition
‘similar to that of the base material; and molten alloy powder which is
melted at a temperature of the diffusion heat treatment, and wherein the
molten alloy powder is a brazing repairing alloy containing 0.001 to 0.05

mass% of C, 2 to 5 mass% of Si, 10 to 25 mass % of Cr, 15 to 25



20.0 2.4 8.3 0 0 Conparative Alloy Powder 1 0.002 2.0
Bal. 13.0 20.0 4.0 8.0 A x Conparative Alloy Powder 2
0.002 3.9 Bal. 13.0 20.0 4.0 9.9 x x Conparative All oy

Powder 3 0.030 5.0

-8-
mass % of Co, 1to 5 mass % of B, and balance of Ni, and excluding Al.

Further, in the above brazing repair material, it is preferable that
the moiten alloy powder contains components such as 0.01 to 0.05
mass % of C, 2.5 to 4.5 mass % of Si, 12 to 20 mass % of Cr, 17 to 23
mass % of Co, 2 to 4 mass % of B, and balance of Ni, and a constitution
ratio [Si+1.5x(C+B)] of the components is 6 or more and 9 or less.

Further, in the above brazing repair material, it is preferable that
the non-molten alloy powder consists of 10 to 25% Ni by mass, 15 to
45% Cr by mass, 6 to 8% Ta by mass, 0.1% or less W by mass, 0.05% or
less C by mass and balance of Co.

In the above brazing repair material, it is also preferable that the
non-molten alloy powder includes 0.001 to 0.01% of C by mass and 18
to 25% of Cr by mass.

| In the above brazing repair material, it is preferable that the molten
alloy powder is prepared by adding 2 to 5 mass % of Si and 1 to 5
mass % of B to the non-molten alloy powder.

The present invention provides a brazing repairing method
comprising: |

a step of carrying out inspection of a base material of a gas turbine
part in which a defective including a crack and corrosion is generated
after operating the gas turbine, followed by disassembling and cleaning
a surface portion of the base material, followed by performing solution
heat treatment to the base material, followed by chipping the surface
portion and a bottom of a penetrating crack, followed .by removing an
oxide layer from the surface portion of the base material, and followed
by conducting a preliminary process of TIG drip-preventing processing

for the penetrating crack;
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Material CN O WCo Ta Fe Ai Oxidation Resistance
Creep Strength Low Cycle Fatigue Strength Overall
Eval uation Molten Al oy Powder of This Invention 1
0.0026 20.70 19.20 0 Bal. 6.6 0 0.0
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of the crack.

In the above brazing repairing method, it is preferable that the
weight ratio of the non-molten alloy powder of the brazing repair material
with respect to the brazing repair material is set to 1 to 1.5 times of the
molten alloy powder. |

In the above brazing repairing method, it is preferable that the
brazing repairing step is carried out by hot isostatic press (HIP), a
heating temperature is set to 1000°C or higher and 1300°C or lower, a
pressurizing force is set to 1000 atm pressure or higher and 2000 atm
pressure or lower, and the solution treatment and aging treatment are
carried out after the brazing repairing step.

in the above brazing repairing method, it is preferable that the
heating temperature in the hot isostatic press (HIP) is set to 1100°C or
higher and 1260°C or lower.

In the above brazing repairing method, it is also preferable that a
crack is formed in the to-be repaired portion, and composition of the
brazing repair material charged into the crack becomes closer to
composition of the molten alloy powder toward a tip end of the crack
from a surface side thereof.

in the above brazing repairing method, it is preferable that as a
charging method of the brazing repair material to the repairing portion,
the brazing repair material is carried using high velocity carrier gas fiow
at 800°C or lower at which the alioy powder is not melted or oxidized,
particle velocity of the brazing repair material is set to 300m/sec or
higher, and the brazing repair material is adhered to the repairing portion
or charged into the crack.

According to the brazing repair material of the above configuratio'n



O 00O Mlten Alloy Powder of This Invention 2 0.0400
24.50 44.00 0 Bal. 7.5 0 0.0 0 0 O O Molten All oy
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6.0 0 0.0
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and the brazing repairing method using the brazing repair material, since

the brazing repair material comprising non-molten alloy powder having a
composition similar to that of the base material of part and molten alloy
powder having a predetermined composition is used, it is easy to repair
and regenerate a high temperature part in which a failure and defective
such as a crack and corrosion is generated, and it is also possible to
largely enhance the operation economy and maintainability of a gas

turbine which uses high temperature parts as constituent material.

Brief Description of the Drawings

Fig. 1 is a graph showing a test result of oxidation of a repaired
portion which is repaired using brazing repair material according to the
present invention and other repair materials.

Fig. 2 is a graph showing comparison data of creep strength of
repaired portions repaired using the brazing repair material according to
the present invention and other brazing repair materials.

Fig. 3 is a graph showing comparison of low cycle fatigue strength
of repaired portions repaired using the brazing repair material according
to the present invention and other repair materials.

Fig. 4 is a block diagram showing an example of construction
process of the repairing technique using the brazing repair material
according to the present invention.

Fig. 5 is a graph showing comparison of improvement effect of the
low cycle fatigue strength when a repaired portion is subjected to the
HIP processing and when the repaired portion is not subjected to the
HIP processing.

Fig. 6 is a schematic sectional view showing a distribution state of
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non-molten alloys and molten alloys in a repaired portion repaired by a

diffusion brazing repairing method.

Fig. 7 is a conceptual diagram showing an example of a structure
of a non-molten coating apparatus. |

Fig. 8 is a graph showing a relationship between particle velocity
and adhesion efficiency of the particle when brazing repair material is
made collide against and adhere to a base material surface at high
velocity using non-molten coating apparatus.

Fig. 9 is a graph showing a relationship between the particie
velocity and nozzle outiet temperature of the non-molten coating
apparatus.

Fig. 10 is a graph showing a relationship between spray efficiency
of brazing repair material powder and powder particle diameter when the
brazing repair material is made collide against and adhere to the base

material surface at high velocity using the non-molten coating apparatus.

Best Mode for Carrying Out the Invention

Examples of a brazing repair material and a brazing repairing
method using the brazing repair material according to the present
invention will be explained below.

Material constituting a repairing part to which the present invention
is_ applied is mainly Co-based alloy which is high strength and
temperature resistant material. A typical material thereof is FSX414
material and has the composition shown in Table 1 hereunder. Non-
molten alloy constituting the brazing repair material defined in the
present invention has a composition similar to that of the base material

of the above part.



0 0.0 0O Ax x Alloy Powder of Conparative Exanple 6
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Bal. 5.0
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[Table 1]

C Mn Si N1 Cr A\ Fe Co B
026 (042 0.78 |1059 [29.53 |7.04 |0.62 |[Bal. |0.012

It is necessary that the moiten alloy constituting the brazing repair
material defined in the invention is stable in terms of structure even after
this molten alloy is alloyed with non-molten alloy which has a
composition similar to that of the above part base material, and the
properties are the same. In order to stabilize the structure of the molten
alloy after the brazing repairing operation, the molten alloy includes Ni
which is austenite stabilizing element as a base component, and
includes 10% or more of chromium (Cr) by mass so as to enhance the
oxidation resistance. In order to stabilize the austenite structure, the Cr
content is set to 25% or less, and preferably in a range of 12% or more
and 20% or less.

Further, cobalt (Co) in a range of 15% or more and 25% or less is
added also in a fused portion between the base material and the non-
molten alloy powder as a component for stabilizing the structure. Boron
(B) lowers the melting point of the molten alloy and enhances wettability
and flowability at the time of divfoSion heat treatment of the molten alloy
powder, and 1% or more of boron (B) is added. In order to prevent
boride phase from being formed, the upper limit of an amount of boron is
set to 5% or less, and a preferable range of B is 2% or more and 4% or
less. |

Further, both carbon(C) and silicon (Si) are also added to obtain
the melting point lowering effect of molten alloy. In view of the melting

point lowering effects of the C and Si, the melting point is set such that it



0.0 x 0 A x Alloy Powder of Conparative Exanple 8

0. 0026 20.70 19.20 0O Bal. 6.6 0 3.0 0 A x x Alloy
Powder of Conparative Exanple 9 0.0600 20.70 19.20 0
Bal. 6.6
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becomes equal to the diffusion heat treatment temperature so that a

melting point becomes lower than a melting point of the base material by
about -50 to -100°C. Concretely, the content of C is set within a range
of 0.001 to 0.05%, while the content of Si is set within a range of 2 to
5%, preferable a calculated value of Si + 1.5 x (C+B) becomes 6 or more
and 9 or less.

Composition of non-molten powder constituting the brazing repair
material defined in the invention is similar to that of FSX414 material
which is base material and prevents a problem caused by difference in
conflation with respect to the base material and properties after
completion of the repairing operation. As a concrete composition of the
non-molten powder, 15 wt% or more Cr is added to secure excellent
oxidation resistance, and when the content thereof exceeds 45 wt%, o
phase is deposited and precipitated, so that metal structure becomes
unstable, and thus, the upper limit of Cr content is limited to 45% or less.
The Cr content is preferably set within a range of 18% or more and 25%
or less.

Further, Ni is efféctive element to stabilize the austenitic structure
in a low temperature region, so that 10 wt% or more of Ni is added.
However, if more than 25% of.Ni iIs added, the strength in the high
temperature region is disadvantageously deteriorated. Therefore, the
amount of Ni to be added should be set to 25 wt% or less.

In a case of a base material having a heat resistance property,
about 7 wt% of W is usually added. However, in the present invention, Ta
of the same amount (6 to 8%) is added instead of W so as to avoid the
instability of structure caused by formation of o phase, to adjust the

melting point of the non-molten powder, and to enhance the precipitation
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strengthening by carbon.

Concerning the molten alloy powder, 2 to 5 wt% of Si and 1 to 5
wt% of B can be added to the non-molten alloy powder so as to lower
the melting point, and the resultant alloy powder can be used as the
molten alloy.

As the base material, the present invention can be applied not onIy'
to the FSX414 material, but also to other Co-based alloy or Ni-based
alloy containing 15 to 30 wt% of Cr.

(Example 1)

Each of molten alloy powders set for Examples and Comparative
Examples having compositions shown in Table 2 were preparéd.
Concerning the molten alloy powders thus prepared, wettability as
brazing material and stability of structure were evaluated based on a
gap wettability test method adopted from wettability test methods of
brazing material defined in Japanese Industrial Standards (JIS Z3191).

That is, based on the Standards, an inner tube B having outer
diameter of 13.5mm and inner diameter of 8.5mm was inserted into an
outer tube A having outer diameter of 19mm and inner diameter of 14mm.
Then, 10g of the molten alloy powder was placed on a lower portion of
the outer tube A. This assembly was heated to a temperature of 1200°C
in a vacuum atmosphere and held for 30 minutes. Under this state, a
rising height of each brazing material which risen in the gap between the
inner and outer tubes by capillary action was measured, so that a
brazing performance of each molten alloy powder was evaluated on the
basis of a difference between a narrow portion and a wide portion of the
gap and depending upon the rising height of each brazing material. A

result of the test is shown in Table 2.
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The stability of structure was evaluated depending upon presence

or absence of formation of brittle and coarse boride phase by observing
the structure after the gap wettability test. A result of evaluations is

shown in Table 2.

[Table 2]
. , . . Gap Wettability| Structure
Material C. Si Ni Cr Co B | Si+1.5(C+B) Test Result Stability
Molten Alloy Powder 1 0002 | 39 | Bal | 130 | 200 |26 78 © O
of This Invention
Molten Alloy Powder 2 0001 | 30 | Ba. | 120 | 180 |24 6.6 o) O
of This Invention
Molten Alloy Powder 3
of This Invention 0.003 3.0 Bal. | 120 [ 210 | 29 74 © O
Molten Alioy Powder 4 0002 | 47 | Bal. | 120 | 200 | 24 8.3 o O
of This Invention
Comparative Alloy Powder 1 0.002 20 Bal. | 13.0 | 200 | 40 8.0 A X
Comparative Alloy Powder 2 0.002 3.9 Bal. | 13.0 | 200 | 40 9.9 X X
Comparative Alloy Powder 3 0.030 50 Bal. | 140 | 220 | 3.0 95 A A

As is apparent from the results shown. in Table 2, among the
molten alloy powder sets of the Examples of the present invention, the
molten alloy powders each having component ratio defined by
Si+1.5(C+B) close to 6 which is a lower limit value have a low rising
height of brazing material which risen in the gap. If the component ratio
reaches around 9, there is a tendency that the rising amount became
great at a portion which has narrow gap between the inner tube and
oﬁter tubes. In contrast, the wide portion had a smaller rising amount,
and its difference was increased.

Here, the test result was evaluated in such a manner that the
molten alloy powder having both values satisfying reference values
(standard values) is shown with a mark of ©, the molten alloy powder

having any one of values close to the reference value is shown with a
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charged into the grooves. Thereafter, a diffusion heat treatment was
carried out for 20 minutes at temperature of 1200°C and then, it was
quenched. Subsequently, a solution heat treatment at a temperature of
1150°C for 4 hours and an aging heat treatment a.t a -temperatufe of
982°C for 4 hours were carried out as thermal processing of the FSX414
base material, and characteristics of the repaired portion were evaluated.

As a molten alloy powder used for comparative non-molten alloy



- 21 - [Table 4] Material CS N C Co B Ta
Si+1.5(C+B) Gap Wettability Test Result Spreadi ng Test
Molten Al oy Powder 5 of This Invention 0.003 3.9 20.7
19.2 Bal. 2.6 6.6 7.8 0 O Molten All oy Powder 6
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powder 8 shown in Table 3(b), an alloy powder which is prepared by

adding the same amount of Al as the amount of molten alloy powder
defined in the present invention was used.

After the repairing portions into which the brazing repair material
was chérged was subjected to the diffusion heat treatment, oxidation
resistance, creep strength and low cycle fatigue lifetime of the repaired
portion subjected to the solution heat treatment and the aging heat
treatment were measured.

In this connection, the oxidation resistance of the repaired portion
was measured as an oxidation- increased amount (g) when the repaired
portion was heated to a temperature of 1000°C for 1000 hours. While,
the creep strength was measured as a creep rupture time (h) in a state
where a tensile stress of 103.4MPa was applied at a temperature of
816°C. The low cyclé fatigue lifetime was measured as repeatable times
of operation until total strain of 0.4% is generated at 816°C.

A result of measurements is shown in Table 3(a) and Figs. 1 to 3.
In Table 3(a), a result in which the Comparative Example alloy powder
sets were used and a result when only the basé material per se was
used as it was is shown. Further, a result obfained when the
conventional TIG welding repairing operation was carried out is also

shown in Table 3(a) and Fig. 3.
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[Table 3]
(a)
_— Low Cycle
Material o] Ni Cr w Co| Ta | Fe | Ai Rc::ii::n sg.’:?;h Fatigue EoTer:."n
ce Strength valuatiol
Molten Alioy Powder
of This Invention 1 0.0026 [20.70 (1920 O |Ba.|[66 | O [00 @] © ®) O
Motten Alioy Powder
of This Invention 2 0.0400 | 24.50 | 44.00 0 Bal. | 7.5 0 {00 © (@] O (@]
Moiten Alioy Powder
of This Invention 3 0.0010 [ 10.00 | 15.00 0 Bal. | 6.0 0 |00 (@) (©) O (@]
Alioy Powder of
Comparative Example-4 145600 | 1060 {2050 | 7.04 | Bal | 0 [062]{00| O N x x
(Composition of Base
Material)
Alloy Powder of 00030 {3000 {2000 | o |Ba.|65| 0 [00| O© A x x
Comparative Example 5
Alloy Powder of
Comparative Example 6 0.0030 | 15.00 {49.00 0 Bal. | 6.5 0 |00 (@) A x x
Alloy Powder of
Comparative Example 7 0.0020 |21.00 | 10.00 0 Bal. | 5.0 0.0 X (@] PaN b
Alloy Powder of
Comparative Example 8 0.0026 |20.70 | 19.20 0 Bal. | 6.6 0 (30 O A X X
Alloy Powder of 00600 {2070 {1920 | 0 |Ba.|66 | 0 |00| & N A A
Comparative Example 9
Alloy Powder of
Comparative Example 10 0.0400 {20.70 | 19.20 0 Bal. | 9.0 0 |00 A A O A
Base Material (FSX414) ]0.2600 | 10.59 |29.53 | -7.04 | Bal. 0 |062)00 © © O ~
TIG Welding - - - - - - - - - © o) _
(b)
Material C Si Ni Cr | Co| B Ai
Molten Alloy Powder
of This lnvertion 00020 | 3.2 Bal. 170 1200 ¢ 25 | 0.0
Moften Alloy Powder for 145550 | 39 | Bal. | 170 200 26 | 30
Comparative Example 8

As is apparent from the results shown in Table 3(a) and Figs. 1 to
3, when the Cr content was less than 15% as in the comparative alloy
powder 7, it was confirmed that the oxidation resistance was
deteriorated. Further, when an alloy to which 3 wt% of Al was added
was used as in the comparative alloy powder 8, the increased amount of
oxidation was small and the oxidation resistance was excellent. However,
an oxide was formed at the interface of the repaired portion, and és a
result, creep strength was slightly deteriorated and the low cycle fatigue

strength was largely deteriorated.
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In addition it could be also confirmed that if Ni, Cr and C are

excessively added, the resultant alloy structure is prone to become
unstable. In particular, it could be also confirmed that if Cr content
exceeded 45 wt% as in the comparative alloy powder 6, brittle ph'ase
such as o phase is precipitated and deposited, so that the creep
strength and low cycle fatigue strength were deteriorated.

(Example 3)

As the same manner as in Example 1, C, B and Si as the melting
point lowering element were added to the alloy powder shown in the
Example 2 having a composition similar to that of the base material, so
that various molten alloy powder sets having composition shown in Table
4 were prepared. Then, wettability (bonding property) as the brazing
material was evaluated.

In also the present Example, the gap wettability test based on the
wettability test method defined in JIS Z3191 was carried out as the same
manner as in Example 1. In addition, a spreading test of the brazing
material was additionally carried out, and wettability and flowability as
the brézing material were evaluated.

The above spreading test of the brazing material is a test method
in which 0.1g of the brazing material is held for 30 seconds at the
brazing temperature and then it is quenched, and wettability is compared
depending upon the size of the spreading area. Since there was
supposed that the alloy powder of this Example 3 had inferior wettability
and flowability, evaluation by the spreading test of brazing material was
additionally performed. A result of the measurement evaluation is shown

in Table 4.



As is apparent fromthe results shown in Table 4, it
could be confirnmed that if C, B and Si were added at
anmounts within the predeternm ned range as the nelting
poi nt | owering el enents as the same manner as in the
Exanple 1, the nolten alloy could be used w thout
arising any problens of the flowability and
wettability which were forgﬁlly concerned at the
initial stage. - Next he nolten all oy powder
[Tabt@apri si ng the Co-based alloy and non-nolten alloy
powder 4 conprising Co- based aI I oy havi ng a
CO oSTtion T ar—tjo tirat e Thase TTater .
9@ her eby t°o pr¥gafie|ab ézl ng |rTep i G %EB:% ﬁfy SprTeeascima
marEHhIdy PEnasaMe| I epal I | 1 pST RS t|hat| _off the EXanple Z
WETSis bEnton ed oﬁ‘?og 33 %b) osP1i|8A4 *B1 the Hipl teR ©

Mdkd 208y PR@vGEr §0£n135heu'p()%gmlateqs LL oy powder 4 used

ofhe feentisr eselt 1| nyentli‘on|are| shdwn |in|Tabl e % (t%e ©
MR i@ ok 70y pgwder, . 3 ,0f |1 BLESENE il nvent i on shown
i°ﬁTh'fﬂa‘.lt?r‘*e”4 cbrresponds 7 g } I'tge O Al | oy powdegB 8 of ©

en_al | oy [pow B _an non- nbl t en aIon©

6
e
Comea(t)lv\edA%oy Powd rr1§ %&e 5§UC\QGE Eal. Z%E I69ht raté o beQOFTES

22 |- Dr g rlepdir material was

oompmt. gy%s;lﬁd JAWJ%% e el 3! ésg@ “EQ.S_%Q Qf |FSX4ld matgrial o

orne th grooves ¢ avi-nd wildt h of’ 6
thereby to forma repairing portion for the test
eveé Uigt iappar&Renfroi ahknge§6R81 EhBWNENh alrsblgmaxed could be
powders) were charged and injected into the grooves.
conflimedatfthat , if diCf,f Bsi amd h&at wiereatatrdéd was smioingsl @ithin the

under the same condition as that of the Exanple 2, and
predgtersidnediranigesasfthe reeltemmipodnt [mweiing elements as the same
evaluated. A result of the evaluations is shown in
manmgsl @ssimdheubdemplpTabltbesmoterralidy C@ildNbeQus€d Bithout
Ta Si +1. 5(C+B) Oxidation Resistance Creep Strength Low
arisfg| any Pé@P@E@S sef eHig nflowEdility 2t weitalilityenwhighoywere

forma(w\fI conce rnegrgtsthlenl\r/\?trlgll sotgge

&

D Eﬂﬁ n

Comparatlve A{R&ﬁ/%§wedg't1 rdgo%m 2.9n 2§b(;¥12 Bal 31’!-.\)' E ﬁ) TRat
hay
azl

Next, the molten alloy powder comprising the Co-based alloy and
non-molten alloy powder 4 comprising Co-based alloy having a
composition similar to that of the base material were mixed. thereby to
prepare a brazing repair material, and the same repairing test as that of
the Example 2 was carried out.

Compositions of the molten alloy powder 8 and the non-molten
alloy powder 4 used in the present invention are shown in Table 5 (the
molten alloy powder 5 of the present invention shown in Table 4
corresponds to the molten alloy powder 8 of the present invention
shown in Table 5).

That is, the molten alloy powder 8 and the non-molten alloy

powder 4 are mixed such that the weight ratio becomes 5:7, so that a



0.003 3.9 20.7 19.2 Bal. 2.6 6.6 7.8 0 @@ @

Non- Mbl ten Al l oy Powder 4 of This Invention 0.0026 -
20.7 19.2 Bal. - 6.6 - As is apparent from
the results shown in Table 5, even in a case where a
m xed powder of the brazing repair material conprising
Co- based nolten all oy powder and the non-nolten all oy
powder 4 is used, it could be also confirmed that the
same or nore excellent charkcteristics as those

bra2hyar@esirWiriteNal baaed prephedd alA WafOVRRte P MSRPosed of
coul d be obt ai ned.
FSX414 material was formed with grooves each having width of 6mm,
thereby to form a repairing portion for the test evaluation. Then, brazing
repair materials (mixed powders) were charged and injected into the
grooves. Thereafter, diffusion heat treatment was carried out under the
same condition as that of the Example 2, and characteristics of the
repaired portion were evaluated. A result of the evaluations is shown in

Table 5 hereunder.

[Table 5]

Low Cycle
- Fatigue
Strength

Total

Material c si | Ni| or| co| B Ta| siviscem | Oidation | Creep Evaluation

Resistance | Strength

Molten Alloy Powder 8

of This Invention 0.003 39 | 207 | 192 | Bal |26 | 6.6 78

O © © ©
Non-Molten Alloy Powder 4

of This Invention

0.0026 — | 20.7 | 19.2 | Bal. | — } 6.6 —

As is apparent from the results shown in Table 5, even in a case
where a mixed powder of the brazing repair material comprising Co-
based molten alloy powder and the non-molten alioy powder 4 is used, it
could be also confirmed that the same or more excellent characteristics
as those obtained when Ni-based molten alloy powder was used could
be obtained.

(Example 4)

Next, flow of prbcess of the brazing repairing method using the
brazing repair material according to the invention will be explained. In
addition, the processing temperature, diffusion heat treatment operations
to be performed in a plurality times, and operation for mixing the repair
material in a flat portion without using paste will be explained. |

The processing procedure of the brazing repairing method of the
invention inciudes the following steps as shown in also Fig. 4.

The processing procedure of the brazing repairing method of the



(Exampl e 4) Next, flow of process of the brazing
repairing nethod using the brazing repair materi al
according to the invention will be explained. In
addi tion, the processing tenperature, diffusion heat
treatnment operations to be perforned in a plurality
times, and operation for mxing the repair material in
a flat portion wthout us[?g _paste will be explained.
The processing procedure of “the brazing repairing
inventibhoid cbfdashehe steps iodn i ncl udes the foll owi ng steps
as shown in also Fig. 4. The processing procedure of
1) adrdinmatrdmgf repeptiong +et hod of the - 23 - invention
i ncl udes the steps of: eél) confirmation of reception;
2) lmplog)emerniuméel@lwemlug iseseepIlg; dPsassenbl e; -> (3)
renoval of surface oxide er/accretlon bl asting
3) reFee R %fnsurféce(%' RoAYE (3LIES'S 2 5 OcPr?r@&'é’ﬁ
)

|tr€SOHIC aw detection_test aqﬂ

4 afelaf: ﬁ%ﬁctﬂ\g‘%texa@m?%?nS%W%C%s Qﬁé f#fla\g detection test
6) hyd I - 7

and QF PBY FlAN0 aRPF ISR 183Eset ng of the repair material to

(5) Qﬁf&?@%h’lﬂpﬁ?wdf@ré‘@glrp% %'o?ﬁoﬂpﬁia“ ons of

penetr ating pait material flow

(6) By riBQaa(P\(P\A%aLLOH m Xi ng of nol t en powder and
non- mol t en po and charging of the repair naterial

(7) ldﬂp’-p&éﬁerﬁﬁrﬁ’@\{\ﬁt@@e@ﬂhb' @1, the ré@airdmidtesizontdiené used in
treatnment in ich the steps of (8) and (9) is

sealirgeatdwel dinghep e estpees iof aregtaatinggrack] -ons
(processing surfaces); -> (10) non-destructive

(8) espair nrvait@mna b fidw iprlevepwtim@p@ipnerafionepaixingaof unelten powder
portion; -> (11) H P processing; (12)

andnﬁﬁnd@ﬁtﬁ@cplovéd%rxaﬁﬂﬁa@héfg'ﬁﬂdOﬁlihe UePeépdnatesial into the
repair failure portion; --> (13) finishing

repﬁif‘@@e@@ﬁlﬂ:}" =>  (14) cool | ng hole forming; -> (15)

(9) §Ruigingrhes a&egir%%qﬁﬁﬁvzhmmy‘%égn%ﬁg@ &8 (p)dy repeated

ecti az ng

to thE3BEFEHAVe PRpSlriS sRttiBRE hrarPriit e S0 EeR) 074

(10) non-destructive examination and fill-up repair of repair fallure

(
(
(
(

portion; —»

(11) HIP processing; —

(12) non-destructive examination and fill-up repair of repair failure
portion; —»

(13) finishing processing; —

(14) cooling hole forming; —

(15) solution heat treatment; —»

(16) aging heat treatment; —

(17) core plug assembling; —»

(18) inspection prior to shipment.

In the above brazing repairing step, in order to sufficiently exhibit



the effect of the H P processing which is carried out
for conpacting and densifying the repaired portion at
a post processing, it is preferable to use, as the
brazing repair material, a nmechanically m xed powder
in which only the nolten all oy powder and the
non-nolten all oy powder are m xed w t hout using paste
mat eri al . In this casg, apparent viscosity of
the brazing repair material“7i's small and it flows
the etfiect pf thkelHHP preceissing devichoispcamead dutefonrarnpgceting and
repair material fromnoving, it is preferable to set
densifiyingcthendepaireshglostion aha postquoicegsing.f dcis prefemable to
repairing portion with respect to a horizontal plane _
usep@soiiee BEZNI| eeBairamatenialcrgearhapicilys fnixgdopovyder in
_brazing repajr material and the diffusion heab
whigfy @Hhﬁgﬂ‘ﬁ plepaloLpoyder and theagopnmghiescaday Pqwder are

: Cge\zg_{nitnl(]:] the re airtnat rial fromflow ng, m xed
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r dur @ Al [Gh, t ipher; r I, L | ;
small ST oWl ML LhFRBRLIREEI Blat 3ol BRAVEANByg bracing
repdEREAIRR RORVoViRgONtdRS pteXePBBME RS sSt@arPiPdAintion angle of
repair material fromflowng or moving, it is
the epiRigsvegt eukRre tEe Weocmiﬂmgsgsénm h@ithz gekpely to a
or al nost horizontally. Wien many damaged portions are
horigentdlapkthe hewtambs 980t ephesy uaadptid ,chdrgirsg processing of
necessary to repeat the procedure in step (8) (repair
the bmazinigarepaiownateriahtene thgediffusion meai trgadmerieare carried
nol ten powder and the non-nolten powder, and charging
out.of the repair material into the repairing portion) and

the procedure in step (9) é_diffusi on heat treatnent) _
byAtrdh¢ Proeadet rfééprﬁdieﬁ ing thRereRAbhdpatgrial from flowing,

i OSSR ABIS A e BTSSR TS 8, s
e BEp, Fa 5pRLEE, 5P Ut L FRRBS e
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can! & BRGESY. ApRSASRON 53 FUR I hétipflery of, tnd Wpairing

portid £ 34 BRirfo Urfd@E R §'Hedtprébetdpazing repairing
processing wll be explained. That is, nmelting points

of A¥ &fd St P ib®Vedlih WrdeoWeebreeért Bl braRMEPH Sir material
al | oy powder sets having the conposition shown in
frond B wirfy T mdwEAgUrieds byffectivel es exdemlthehproméssing surface
anal ysi s net hod. That is, a sanple (alloy
horipontadiy) candlmostfraraadadgnp/Wheer enayyrdgtmagat| portions are
di sposed in a furnace, the tenperature was increased
genaratedcomse et higdl demperatiest ipaytr it é§ .nedessary to repeat the
tenperature difference between the sanple and the .
progegwice it Steanif)e(rwRainmatertal, flawd pacventieg reration, mixing
thermal anal ysis neter which vvias a device for plottin

of thetMaeHeowdey antetherntimglicas PRI &1d FBRfIKG b the
oints of the |ten all oy and non- ten all wer e
repdigBareit it sEPalied S amorRar the Aroge Sl i estep ()
. T I e di ff tial ther
(airiySieh, Gkt ke EFRCHRCEY 2HahU Ble B0 fERsBpsing ¢B3he number of
[ 6 t j ti.n j f :
pro @R ATEERS  *VIFER, FaRaE RS g cte s t
be FE Y th & enigR*feifl g?éﬁfr'eak,a\“ﬂ'oqf}h'esabhfmb § turbine, the
terial, a tenperature, at ich local neltihg was
generated, obtained by a structure observation after
the sanple was heated to a predeterm ned tenperature
and quenched was obtai ned together with the nelting
poi nt obtained fromthe DTA curve. The local nelting
tenperature was 1261C. From t he above dat a,
1200C was adopted as the diffusion heat treatment
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of This Invention 0.002 3.90 Bal. 13.0 0 20 2.6 0 O
1130 Molten Alloy 2 of This Invention 0.001 3.00 Bal.
12.0 0 18 2.4 0 0 1183 Molten Alloy 3 of This

I nvention 0.003 3.00 Bal.
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brazing repairing processing is carried out in accordance with the

processing procedures shown in Fig. 4.

That is, the setting procedure of the diffusion heat treatment
temperature in the brazing repairing process_ing will be explained. That
is, melting points of various molten alloy powder sets and non-molten
alloy powder sets having the composition shown in Table 6 were

measured by a differential thermal analysis method.

That is, a sample (alloy powder) and a reference sample were
symmetrically disposed in a furnace, the temperature was increased at a
constant velocity (heating rate). Then, a temperature difference between
the sample and the reference sample was measured, and a differential
thermal analysis meter which was a device for plotting with respect to
time recording was prepared. Melting points of the molten alloy and
non-molten alloy were measured using a differential thermal analysis
curve (DTA curve) measured by the differential thermal analysis meter.
The respective melting points are shoWn in Table 6 together with the
melting point of the FSX414 material which is the base material.

Concerning the FSX414 material which is the base material, a
temperature, at which local melting was generated, obtained by a
structure observation after the sample was heated to a predetermined
temperature and quenched was obtained together with the melting point
obtained from the DTA curve. The local melting temperature was
1261°C.

From the above data, 1200°C was adopted as the diffusion heat
treatment temperature which was higher than the melting point of the

molten alloy powder and which is lower than the local melting



12.0 0 21 2.9 0 0 1151 Molten Alloy 4 of This

I nvention 0.002 4.70 Bal. 12.0 0 20 2.4 0 0 1112
Non- Mol ten Alloy 1 of This Invention 0.003 0.00 20.7
19.2 0 Bal. O
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temperature of the base material.
[Table 6]
Material c si | N | e w | c B T F Melting
ateria 1 I r 0O a e Point (0C>
Molten Alloy 1 0002 |390 | Bal | 130 ol 20 26 0 ol 1130
of This Invention
Molten Alloy 2 0001 | 300 | Bal | 120 o| 1| 24 0 o] 1183
of This invention
Molten Alloy 3 0003 | 300 | Bal |120 ol 21 29 0 ol 1151
of This Invention
Molten Alloy 4 0002 | 470 | Bal | 120 of 20 24 0 ol 1112
of This Invention
Non-Molten Alloy 11 4 505 | 000 | 207 | 192 0| Bal 0 6.6 o] 1331
of This' Invention
Non-Molten Alloy 2 1 540 | 0.00 | 245 | 440 ol Bal 0 75 o| 1245
of This Invention
Non-Molten Alloy 3 1,501 | 000 | 100 | 150 ol Bal 0 6 o| 1353
of This Invention
Base Material
exar 0260 |078 | 106 |205 | 7 | Bal 0.012 0 062| 1366

(Example 5)

Next, a mixing ratio and a grain size ratio between the molten alloy
powder and the non-molten alloy powder are important factors in the
high temperature brazing repairing technique, so that an influence of the
mixing ratio and the grain size ratio (particle diameter ratio) exerting on
characteristics of a repaired portion will be explained based on the
following Examples.

At first, concerning the mixing ratio between the molten alloy
powder and the non-molten alloy powder, if the ratio of the molten alloy
powder is increased, shape retainability of the repair material is
deteriorated. On the other hand, if the ratio of the non-molten alloy
powder is increased, the flowability of the repair material is deteriorated.

As a result, there is a tendency that the repair material does not
easily flow to the tip end of a crack, whereby the charging property of

the repair material is deteriorated, so that porosity (air hole ratio,



6.6 0 1331 Non-Mdlten Alloy 2 of This Invention 0.040
0.00 24.5 44.0 0 Bal. 0 7.5 0 1245 Non-Mdlten Alloy 3
of This Invention 0.001 0.00 10.0 15.0 0 Bal. 0 6 O
1353 Base Materi al
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brazing failure) of a repaired portion is increased.

The mixing ratio between the molten alloy powder and the non-
molten alloy powder was concretely varied as shown in Table 7, whereby
various brazing repair materials were prepared, and the maintainability
of a shape (shape- retainability) of the repair material was confirmed in a
state where the inclination angle of the repairing portion (processing
surface) was changed.

in addition, the diffusion heat treatment was carried out in a state
where the processing surface was set to be horizontal (inclination angle
was 0°), the cross sectional structure of the repaired portion was
observed, and generation status of failure such as air hoies (pores) was

checked. A result of the check is shown in Table 7.

[Table 7]
i S C PSS | pure st
Inclination Angle of
o e oy Powder/ 1 10| 15 | 30 | 45 | 60 | 75 | 90 zero
90/10 O|Oo|lO|[O|O]| a A Large Porosity
80/20 O|l|O0O|lO |0 a]l A A Large Porosity
70/30 oOjto|o|lalaja)a Medium Porosity
60/40 C|lo|lOo |1 Al A A A Small Porosity
50/50 O NON NG X ot X X Small Porosity
40/60 O O}10Aa] x x X x Small Porosity
30/70 O X X X X X X Small Porosity

QO : Shape-retainability of repair material was good.
A :In case of using a paste, shape—retainability of repair material was secured.

X :Even if a paste material was used, shape- retainability of repair material could not be obtained.

As is apparent from the results shown in Table 7, when the mixing
ratio between the non-molten alloy powder and the molten alloy powder
is 40/60 also, the shape-maintainability of the repair material can be

obtained to some extent. However, it is preferable to limit the mixing



(FSX414) 0.260 0.78 10.6 29.5 7 Bal. 0.012 0 0.62 1366
(Exanpl e 5) Next, a mxing ratio and a grain
size ratio between the nolten alloy powder and the
non-nol ten all oy powder are inportant factors in the
hi gh tenperature brazing repairing technique, so that
an influence of the mxing ratio and the grain size
ratio (particle diameter raggio) exerting on
characteristics of a repaired portion will be
raticespl abnied eixaeed 4A/Gtheandl itood ngb&Exeomplimeed Ahati thet air hole
~concerning the mxing ratio between the nolten alloy
ratipRe@sitndstthe povaliest and aptbpapwen the rappe ehthe mixing
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ratiq i ép@%it@iﬁ%/‘*ﬁf the repair material is deteriorated.
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tailure) of a repaired portion is increased. The

MThEparidl® dehveten ¢heneahdemaltedyapeypdgswaed whe set to
non-nol ten all oy powder was concretely varied as shown

abouh 4bahlierohs wardethye particlesdarmztargof ¢hai momteneailayspowder
were prepared, and the maintainability of a shape

was(ehage-fromt dihtdid limgs of thewgarbipte diamedei af thesron-molten
confirmed in a state where the inclination angle of

alloy hpomedeli r whergbyt fowr (lgpesesdi mjazing apainaaterials were

changed. In addition, the diffusion heat o

Preﬁﬁr@égnelﬁﬁ'%éhéﬁﬁrp@ilagt reppis HEdedalhethe tazing repairing

rocessi ng sur.face s set to be horizontal
opelRiRh  Was SaTHRG CWainas R T2DEs CBlBRaps that of the
Exa Igc%ure of the repaired portion was observed, and

Eﬁ] ration status of failure such as air holes (pores)

%T%Q%ﬁé?@ﬁug%ﬂ&%‘t‘ﬂo% Rast BEr FhEHUt Wh B WYL diRg R Fepaired
portion horizontally (inclination angle was 0°). Study of the optimal
particle diameter (grain size) ratio was carried out by observing the
structure of the repaired portions and comparing the magnitudes of the
air hole ratio (porosity). A result of the study is shown in Table 8.

[Table 8]

Grain Size Ratio

(Particle Diameter Ratio) Structure at Inclination Angle of

Non-Molten Alloy Powder/ Zero
Molten Alloy Powder

3 ' Small Porosity
2 Small Porosity
1 Small Porosity
05 Large Porosity

As is apparent from the results shown in Table 8, when the ratio of



M xing Ratio Inclination Angle () and Shape-
Retainability of Repair Material Structure State at
Inclination Angle of zero Non-Mdlten Al oy Powder/

Mol ten Al oy Powder 10 15 30 45 60 75 90 90/10 0 0 O
O 0 A AlLarge Porosity 80/20 00
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the particle diameter of the non-molten alloy powder and the particle
diameter of the molten alloy powder was 1 to 3, a compact and densified
structure having small air hole ratio (porosity) was obtained, and when
the particle diameter ratio was 2, the optimal compact structure was
obtained.

(Example 6)

Next, an influence exerting on a structure of a repaired portion
when high temperature brazing repairing operation was carried out uéing
a brazing repair material in which a predetermined amount of binder was
| added was studied as an Example 6.

In a high temperature part having a light damage, when a portion
having a large inclination angle with respect to the horizontal surface of
the processing surface is to be repaired, even if a block of flow of
brazing repair material is formed, it becomes difficult to hold a sufficient
amount of repair material on the repairing portion in some cases.

In such a case, it is necessary to use a repair material in which a
binder of such a range that quality of repaired portion can be maintained
IS mixed.

In this Example, a mixing ratio (weight ratio) of a binder with
respect to the brazing repair material (mixed powder) was varied within a
range of 2 to 20% as shown in Table 9 thereby to prepare repair
materials having different viscosities (flowability).

Using these brazing repair materials, the brazing repairing
operation was carried out under the same condition as that of the
Example 2. The influence of the mixing ratio of binder exerting on the
structure after diffusion heat treatment was checked by observing the

textures of the repaired portions and comparing the magnitudes of the



O OA A A Large Porosity 70/30 0 0 0 A AA .6, Mdium
Porosity 60/ 40 O00A A A A Small Porosity 50/50
000x
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air hole ratio (porosity). A result of study is shown in Table 9.

[Table 9]

Mass Ratio of Binder (%) Cross Sectional

Binder/ (Non-Molten Alloy Powder +Molten Alloy Powder) Structure
20 Large Porosity
15 Medium Porosity
12 Small Porosity
10 Small Porosity

Small Porosity

Could not Mixing

As is apparent from the results shown in Table 9, it could be
confirmed that when the mixing ratio of binder with respect to the
brazing repair material was set to about 5 to 12%, the air hole ratio
(porosity) was small and brazing failure was light and small.

(Example 7) _

Next, condition of a hot isostatic press (HIP) processing was
studied. In the Example 7, the molten alloy powder 1 of the present
invention and the non-molten alloy powder 1 of the i'nvenltion were mixed
at a weight ratio of 5:7 to prepare a brazing repair material. Then, a
brazing repairin.g operation was carried out under the same condition as
that of the Example 2 using this brazing repair material.

Test pieces including the above repaired portion were subjected to
the HIP processing under the conditions shown in Table 10. Concretely,
the pressure was set to 1000 atm, the heating temperature was varied
within a range of 1000°C to 1350°C and the HIP processing was carried
out. A structure of a repaired portion of each of the test pieces was
observed, and charging state of the repair material charged into cracks
was checked. Further, tensile test of the repaired portion was carried

out, and tensile strength and tensile elongation of the repaired portion



X X X Small Porosity 40/60  OO0O0AxxXx X Smal
Porosity 30/70 ()XXX x x x Small Porosity

0: Shape-retainability of repair material was good. In
case of using a paste, shape-retainability of repair
material was secured. X :Even if a paste material was
used, shape- retainability of repair material could

not be obt ai ned. As L‘ﬁn apparent fromthe results
shown in Table 7, when the“mixing ratio between the

weraoneasliteen Al fesylpofvtes neealst lemenk t€_halWoyn Fapsen oi s
40/ 60 al so, the shape-nmaintainability of the repair

[Tabhatlé®]i al can be obtained to sone extent. However, it
is preferable to limt the mxing

HIP Treatment Condition Structure Observation Result Tensile T“t Res.ult
of Repaired Portion
Temperature| Pressure Structure of Structure of Chargi_ng Statg of | Tensile Tansﬂ.e
(°c) (atm) Base Material Repaired Portion Repair Material | Strength | Elongation
into Crack (MPa} %
HIP Condition 1 A :No Change in Structure
of This Invention 1000 1000 © Q:Porosity was Reduced o 597 8
QO Structural Fusion of Non-
HIP Condition 2 molten and Molten Alloy was
of This Invention 1100 1000 © Observed @ 669 108
QO : Porosity was Reduced
O Structural Fusion of Non-
HIP Condition 3 moiten and Molten Alloy was
of This Invention 1200 1000 © Observed. © 724 15.8
QO :Porosity was Reduced.
QO :Sign of Partial QO : Structural Fusion of Non~
HIP Condition 4 Coliapse of Cell moiten and Molten Alioy was
of This invention 1260 1000 Structure was Observed. © 700 170
Observed. Porosity was Reduced.
Comparative A :Partial Collapse of '?o:lft;uc::r:‘lofl:tusioAn”of,Non—
Example 1 1265 1000 Cell Structure was en a en Alloy was © 654 146
Observed. Observed.
O :Porosity was Reduced.
Comparative A :Partial Collapse of o . .
Exemple 2 1200 - 1000 |Gell Structure was | Sien of Partial Melting and N 597 23
Observed low of Material was Observed.
Comparative X :Collapse of Cell . )
Example 3 1350 1000 Structure was X : Part of Material wes Molten A 485 1.1
Observed. and Fiown.

As is-apparent from the results shown in Table 10, it could be

confirmed that when the HIP processing was carried out at a
temperature higher than 1260°C, the structure of the base material was
collapsed. Further, when the HIP processing was carried out at a
temperature higher than 1300°C, a part of the repaired portion was
melted and flowed out.

On the other hand, when the processing was carried out at a
temperature of 1000°C, almost no change was found from textures of the
molten alloy powder and the non-molten alloy powder after completion of
the diffusion heat treatment, and textures'were homogenized from the

temperature of 1100°C.



- 28 - ratio so as to exceed 40/60, and it can be
confirmed that the air hole ratio (porosity) is the
smal | est and optimal when the range of the m xing
ratio is 50/50 to 60/ 40. On the other hand, also
aratio of a particle dianeter (grain size ratio) of
the non-nolten all oy powder and a particle dianeter
(grain size) of the nolten,al |l oy powder constituting
the brazing repair material largely influences on the
sduhreltess pifcehovhicpawese puwbjcicded to the Hifk treatmenteunder
di anmeter of the non-nolten alloy powder was set to
the ah:btfbt pASCEIINEnsoNEitionhd pipreissueedi HRE eptf tevwperature:
ta1wloy powder was varied from1/2 to 3 tinmes_ of
120@?@ ﬁértPPcP"eescﬁ'Hn@tV@r”t@m afembrRZiBat@padlineyopei@ien using

V\,here four ki nds. of brazin erials were
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st ze) ratro out structure’
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the air hole ratio (porosity). A result of the

to tBEUHYPI pradesdingnuidbl ¢h8. HiPabrec&$singr abndficre Raand low
(Particle Dianmeter Ratio) Structure at Inclination

cyclanfategué [etiondoof Mbist éastAipiege Paademieddireen AAkothe same
Powder 3 Snmall Porosity 2 Small Porosity 1 Small

marnP®To’s tify tbesEkampde Bhrits tow cycle fatighe Ipf@rttmelle shown with
di ameter of the non-nolten all oty powder and t

the p'é@rP(Q%tﬁé qli Hf@serofoforaration tenlilalthey tEEﬁ/\déFF%S of PeA% is

nmpact. and densifjed st r1ucture having small air

genREd af tBe(t&m%rattyyeﬁéﬁ “Gbt al hedesuHdolHEn maasurement is
cnof! el S T ah Rl BTy ch s BibABlq oot
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O e A —
condfiftafl vwierst ek ebragimy FepEMiRg6: operation, the compacting
phenomenon (densification) of the repaired portion proceeds irrespective
of the type of the alloy. Therefore, low cycle fatigue lifetime which is
equal to or more excell_ent than that of the base material could be
secured.

(Example 8)

Next, in the brazing repairing method of the present invention,
influence of the particle diameter ratio of the molten alloy powder and
the non-molten alloy powder exerted on the characteristics of repairing

portion will be explained based on the following Example 8. A brazing

repair material used in the Example 8 includes molten alloy powder and



In a high tenperature part having a |ight damage, when
a portion having a large inclination angle with
respect to the horizontal surface of the processing
surface is to be repaired, even if a block of flow of
brazing repair material is forned, it becones
difficult to hold a sufficient anbunt of repair
material on the repairing eﬁgtlon in some cases.
In such a case, it is necessary to use a repair
nonsmodenalaliay vmmtiea bavichey odmpositian r ahgert hat Table 11, a
quality of repaired portion can be maintained is
partrﬁlge@ameter (grain size )Erhitpeemoltem ailny pawider (imesethto about
i 0) a binder with respect to the brazing repair
halfn%ft Hw aqar('m%(@damme@f thes nparmedten oy powgeje tbereby to
S %i 8Wﬂ n_ Tabl e ? t hereby to prepare reF r
'mp'ﬁ%}tee he [lowabilHy of thempiten aleyiat dae (timswahidi fy§)qn heat

t kJs these brazing repair materials, the brazing

rea r@ I'ring operati on vvas carrl ed out under t he sanme
c | uence of
tﬁggfm d, e Frazils JR gl Gt iR Bréperett thatng B manner

the 6 ﬁ‘@éloﬂ' bf hﬁr}erb%ﬁttrlgé c%?ér'%ﬂ}n Wers SQﬁqggquHyunder the same

servi ng t t ext e repalre I ons

con@ﬁf&?ﬁébﬁ%a‘ﬂ%ﬁ theopkaHfRe 2f e structlre o@'tﬁe g%lfe?d bBrtion

(porosity). Aresult of study is shown in

was| bdkevOl amMisss Ratrieeudf ﬁlé“cgifuc(t%}e@gsef?h&%tir?rﬁ'g 6 was
Structure Binder/(Non-Mlten Alloy Powder +Molten

obtaAhedy Pohderis, R@.L6r g #oscbétmatits ddudiarmalPeresi siol2ng a
Smal | Porosity 10 Small Porosity 5 Small Porosity 2
distdbutidnnstataofiagon-moltemallioy ampar evtltdm amhoyhier the repaired
results shown in Table 9, it could be confirned that
ort\maarﬁepﬁgem Ky e iffusiast braziagr mathadr e peas confirmed that if
brazin air material was set to about 5 to 12% the
a brgzingd @aﬂ am%e('ebr%gpfrw'ma@ arfapiteanalley Howger (O) and a

failure smal |
non- molten a oy po% er W) was charged into a crack 2 generated in

the base material 1 and the diffusion heat treatment was carried out,
since the flowability of the molten alloy at the time of the diffusion heat
treatment was improved, the repair material effectively penetrated from
the surface portion P1 of the base material to the tip end P4 of the crack
2 through intermediate portions P2 and P3, and the charging property of
the repair material into the crack 2 was extremely excelleht.

An analysis result of the alloy composition at the surface P1 of the
base material, the intermediate portions P2 and P3 of the crack 2 and
the tip end P4 of the crack 2 in the repaired portion shown in Fig. 6 is

shown in Table 11.



(Exanpl e 7) Next, condition of a hot isostatic
press (H P) processing was studied. In the Exanple 7,
the nolten all oy powder 1 of the present invention and
the non-nolten all oy powder 1 of the invention were
m xed at a weight ratio of 5:7 to prepare a brazing
repair material. Then, a brazing repairing operation
was carried out under the me condition as that of
the Exanple 2 using this bfazing repair material.
[Tabmeéﬂ]pleces |nclud|ng the above repalred portlon wer e
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range—ef—1000Cc+te—1p50Ccand—the—H-PiprecesstRg-was
c ale'tea Ay ftowvdex stru*Q-W@ of3-% | H84&i redBpof t308n |of2.6ealch0.0
of IHgiLest pl eces has olservefd, and charfin tate pf
t hel(sepab Pomber i al | XM4F ded% nf 526r 4c k&3 wh ghecl?éd. 4.6
Fur [RRL, BENSI T € tept_of [t he rERar, rgd $ |on was
AnalG@d [(h@fndldte Porineh) t eh3P928 |stldenptH3arfd 1¢@nsit®e | 09 3.9

ResBlts0 ﬂ%&% of The TEpai rdd porfion 3T § Werg
’(M{e

meag diafd BEGHH L pPORg #as Jr"é‘ﬁert 185 shdvin |i 1 3.3
Tab [ rapte 10 HR—Treaf ment {Conmdr {Ton

St r ,{%Eg; ¢|Rgg§§5,¥,g,§)| pPOREgul2A7 Tesitl g Test F@@ul t 16 20
r\cp.,l et—Por-tt+of rcTrpPet e M\ Presstte \cu. ||y

StAsiappaee of fridas ¢hibtemuial sﬁowucwbke ol drepHiged, it could be
Portion Charging State of Repair Material into Cr ack
conflensd|tbabtsirogtthe( NPapbildysot th&Elnoljani ailoy at the time of the
diffusion heat treatment was improved, the repair material effectively
penetrated from the surface portion P1 of the base material to the tip
end portion P4 of the crack 2 through the intermediate portions P2 and
P3, and the charging property of the repair material into the crack 2 was
extremely excellent.
As a result, as is apparent from the analysis results shown in Table
11, it was confirmed that the alloy composition became closer to the
molten alloy powder composition from the non-molten alloy powder
composition toward the tip end P4 of the crack 2 from the surface layer
P1 of the repaired portion. Although Si and B component amounts were
slightly lower than the original molten alloy c'omposition by the diffusion
heat treatment, there was a tendency that the Si and B component
amounts became closer to the molten alloy powder composition toward
the tip end of the crack.
(Example 9)
Next, an example constituted such that brazing repair material

comprising moiten alloy powder and non-molten alloy powder is charged



(9) HP Condition 1 of This Invention 1000 1000 0 A

:No Change in Structure 0: Porosity was Reduced 0 597

8 HP Condition 2 of This Invention 1100 1000 O

O: Structural Fusion of Non-nolten and Molten All oy was

bserved 0 :Porosity was Reduced 0 669 10.8 H P

Condition 3 of This Invention 1200 1000 QO

O: Structural Fusion of Non—@olten and Molten All oy was
- (oserved. 0:Porosity was Reduced. Q) .
into a to-be repaired portion by high velocity gas flow in the brazing
repairing method of the present invention will be explained based on the
following Example 9. in the Example 9, the non-molten coating
apparatus as shown in Fig. 7 is used as a charging apparatus of brazing
repair material into a to-be repaired portion.

The non-molten coating apparatus has a structure similar and
close to a thermal spray apparatus used for coating processing of a gas
turbine movable blade (rotor vane). The non-molten coating apparatus
includes a powder supply device 4 which supplies brazing repair material
3, a gas heating device 5 which heats compressed gas (high pressure
gas) such as nitrogen and He gas or the like, and a supersonic nozzle 7
which injects the brazing repair material 3 supplied from the powder
supply device 4 as high velocity gas jet 6 dispersed by heated high
pressure gas.

When brazing repair material 3 is charged into a repairing portion
of a base material 1 having a failure or defective such as a crack, repair
material is dispersed and conveyed by high velocity gas flow of a
temperature at which alioy powder constituting the brazing repair
material 3 is not melted or oxidized.

Then, the repair material is made to collide against the repairing
portion, the mixed powder is adhered to the repairing portion by the
collision energy, and the repair material is pushed into a deep portion of
the crack.

That is, the flow velocity of compressed air or compressed gas
such as nitrogen and He gas or the like is accelerated through the gas

heating device 5 and the gas is supplied to the supersonic nozzle 7, the

gas is mixed with powder of the brazing repair material 3 which is



724 15.9 H P Condition 4 of This Invention 1260 1000 O

:Sign of Partial Collapse of Cell Structure was

Observed. 0: Structural Fusion of Non-nolten and

Mol ten Al oy was Observed.O: Porosity was Reduced. fp

700 17.0 Conparative Exanple 1 1265 1000 A : Parti al

Col l apse of Cell Structure was Qobserved. O0: Structural

Fusi on of Non-nolten and Myten All oy was Cbserved. 0

:Porosity was Reduced. (c) 654 14.6 Conparative
sepdbadelyl supplig€d0 tha OtdwApatPaiinithle Sapkapsmicohofeld 7 is further

Structure was Cbserved 0:Sign of Partial Melting and
narrewed, dherelb e fuehergascoebeeatieg.the gas flow velocity, and the gas
is allowed to collide against the repairing portion and it is coated with
the material.

According to these charging operations, repair material can be
efficiently adhered without using a binder which easily generate a failure
and without providing any complicated flow-preventing measure.
Especially since it is possible to strongly adhere the brazing repair
material to the base material surface and inside a crack by the above
charging operation, even if damage such as a crack is generated over
the entire surface of a gas turbine stationary blade (stator vane), the
number of diffusion heat treatment times can be limited to only two, i.e.,
one time when a ventral side of the blade surface is oriented upward and
"~ the other time when a ventral side of the blade surface is oriented
downward, and the efficiency of the repairing operation can be largely

enhanced. S

Fig. 8 is a graph showing a relationship between the particle
velocity and adhesion efficiency of the particle when brazing repair
material is made to collide against and adhere to the base material
surface using the non-molten coating apparatus. As shown from the
result shown in Fig. 8, since the adhesion efficiency is enhanced in a
range where the particle velocity of the brazing repair material is
- 300m/sec or higher, it is extremely effective to spray carrier gas having
the particle velocity of 300m/sec or higher, and to charge the repair
material particle to the base material surface or inside the crack.

Here, the adhesion efficiency is defined as a ratio of amount of

repair material actually adhered to a base material surface and inside a



A 597 2.3 Conparative Exanple 3 1350 1000 x : Col | apse

of Cell Structure was Qbserved. X :Part of Materi al

was Molten and Flown. A 485 1.1 As i s apparent

fromthe results shown in Table 10, it could be

confirmed that when the HI P processing was carried out

at a tenperature higher than 1260C, the structure of

t he base material was col I_aﬁsed Further, when the H P

processing was carried out at a tenperature hi gher
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Exanpl e The structure of the repaired portion was
observed and as a result, the structure as shown in
Fig. 6 was obtai ned. That is, Fig. 6 is a schematic
sectional view showing a distribution state of a
non-nmolten alloy and a nolten alloy in the repaired
portion repaired by the diffusion brazing nethod. It
was conflrrred that |f a brazmg repalr rraterlal 3
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[ Tabl e 11] Material ¢ Si NN C Co B Ta Non-Mlten

Al l oy Powder 0.0026 0.0 20.7 19.2 53.5 0.0 6.6 Mdlten
Al l oy Powder 0.0020 3.9 60.5 13.0 20.0 2.6 0.0

Anal ysis Results Portion: P1 (Surface Portion)

-38 -
According to the brazing repair material of the Examples and the

brazing repairing method using the brazing repair material, since a
repair material comprising non-molten alloy powder having a
composition similar to that of the base material of part and molten alloy
powder of predetermined composition is used, it is easy to repair and
regenerate a high temperature part in which a failure such as a crack
and corrosion is generated, and it is possible to largely enhance the
operation economy and maintainability of a gas turbine which uses high

temperature part'as constituent material.



0.0024 1.2 32.6 17.3 43.4 0.7 4.6 Portion: P2
(Internmediate Portion) 0.0024 1.6 37.3 16.6 39.5 0.9
3.9 Portion: P3 (Internediate Portion) 0.0023 2.0
40.6 16.1 36.7 1.1 3.3 Portion: P4 (Crack Tip End
Porti on)

-39-
CLAIMS

1. A brazing repair material which is used in a repairing operation in
which the brazing repair material is charged into a repairing portion of a
base material having a defective such as crack and corrosion, and a
diffusion heat treatment is carried out whereby the brazing repair
material is integrally bonded to the repairing portion so as to repair the
defective repairing portion, wherein

said brazing repair material composed of a mixture comprising:

non-molten alloy powder having a composition similar to that of the
base material; and

molten alloy powder which is melted at a temperature of the
diffusion heat treatment, and wherein

the molten alloy powder is a brazing repairing alloy containing
0.001 to 0.05 mass% of C, 2 to 5 mass% of Si, 10 to 25 mass % of Cr,
15 to 25 mass % of Co, 1 to 5 mass % of B, and balance of Ni, and

excluding Al.

2. The brazing repair material according to claim 1, wherein said
molten alloy powder contains components such as 0.01 to 0.05 mass %
of C, 2.5 to 4.5 mass % of Si, 12 to 20 mass % of Cr, 17 to 23 mass % of
Co, 2 to 4 mass % of B, and balance of Ni, and a constitution ratio

[Si+1.5x(C+B)] of the components is 6 or more and 9 or less.

3. The brazing repair material according to claim 1, wherein the non-
moiten alioy powder contains 10 to 25 mass % of Ni, 15 to 45 mass % of

Cr, 6 to 8 mass % of Ta, 0.1 mass % or less of W, 0.05 mass % or less



0.0022 2.7 48.6 14.9 30.0 1.8 2.0 As appar ent
fromthe results shown Table 11 and Fig. 6, it could
be confirned that since the flowability of the nolten
alloy at the tinme of the diffusion heat treatnent was
I nproved, the repair material effectively penetrated
fromthe surface portion Pl of the base material to
the tip end portion P4 of the crack 2 through the
i nternedi ate portions P2 and P3, and the chargi ng

of Cramgpdvaignoé afHeorepair 'material into the crack 2 was
extrenely excellent. As a result, as is apparent
fromthe analysis results shown in Table 11, it was

confirmed that the alloy conposition becane closer to
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expl ai ned based on the foll owi ng Exanple 9. In the
or ld@anpWé, 0,05 masofe opllees afdatand) bappaeanias shown
in Fig. 7 is used as a chargi ng apparatus of brazing
repair material into a to-be repaired portion.
The nop-nolten coati ng apparatus has a structure
Bt
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gas. When brazing repair material 3 is charged
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wi t hout using a binder which easily generate a failure
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Fig. 9 is a graph showing a relation between
tenperature of conpressed gas at a nozzle outlet of
the non-nolten coating apparatus and particle
velocity. There is apparent tendency that the particle
velocity is increased proportional to increase of
conpressed gas tenperature at the nozzle outlet. In
order to set the particle veII ocity to 300m sec or
hi gher, it is sufficient f87set the t enper at ure of
for thenmpeesisatingasagk; carrier gas at the nozzle outlet to
200C or hi gher. However, if the tenperature of
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39 - Al M5 1. A brazing repair material Wwhich is
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repair material is charged into a repairing portion of
a dasep redtrerasase mivinggthe depaiced \gasstobime partgsk and
corrosion, and a diffusion heat treatnment is carried
out whereby the brazing repair material is integrally
bonded to the repairing portion so as to repair_the
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B, and bal ance of N, and excluding Al. 2. The
brazing repair material according to claim1, wherein
said nolten all oy powder contains conponents such as
0.01 to 0.05 mass % of C, 2.5 to 4.5 mass % of Si, 12
to 20 mass % of Cr, 17 to 23 mass % of Co, 2 to 4 nmass
% of B, and bal ance of Ni, and a constitution ratio
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a step of formng a flow preventing surrounding for a
brazing repair nmaterial around a repairing portion;
a step of charging the brazing repair nateri al
according to any one of clains 1 to 6 into the
fl ow preventing surroundi ng, the brazing repair
material conprising a mxture of non-nolten all oy
powder having a conpositio 2s__irrilar to that of the
base material and nolten alloy powder which is nelted
brazang aepenmpmedtuaktothdirepasiing pediort,r@ad metgncing flowability
brazing repairing step of repeating, a plurality of
of the madten lwdloyi powsiesnnhid@ noneataitan pawden angeliptemdeportion
equal to or lower than a nelting point of the base
of thea€EdGkal of the gas turbine part and equal to or
hi gher than a nelting point of the nolten all oy
powder, thereby integrally bonding the brazing repair

eri,ial_to the repairi ortiaon,. anq for .conpacting.
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cool i ng hol e; a step of carrying out solution
treatment and aging heat treatnent for the repaired
portion subjected to the finishing processing; and a
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8. The brazing repairing nethod according to claim?7,
brazihgrrgpaitngest@m is gairvedfouhdynotilirnsig enhat lisystpbivderessing
of the brazing repair material is set to 0.8 tinmes or
(HImpmetbedtinewiich ¢h hglatiog troweeraturedisasphte i@ °C or higher
di aneter of the non-nolten alloy powder is set to 2
andt13Ry° oremeof PIRSSIIZIBE TArE8yispirider 1 0PReatanpressure or
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crack. 9. The brazing repairing nethod according to
claim8, wherein the weight ratio of the non-nolten
112l TRy mw% @pdiNfgPrrAhBe £688tdinGRISIAIm WA Nwherein the
respect to tThe brazing repair material is set to 1 to
heafing fdrperaturéhia Y hon isbeariPPYESsing (HIP) Aéthod is set to
brazing repairing nethod according to claim?7, wherein
1100P€ & Righreg 4RPAIZB0PC 6F epwks carried out by utilizing
a hot isostatic pressing (HP) method in which a
heating tenperature is set to 1000C or higher and
1300C or lower, a pressurizing force is set to 1000
12at h@r bsazing depRirgh@r metbodoaocarwingr dosatamor? | eviegrein a
and the solution treatnment and aging treatnent are
cragiais ifegmedt inatherepgeing HAntie . epd raatgpesiéipn of the brazing

reP A ATl hENRESS rigrd ARBcr Al BoPRMA SRS Godt apinposition
of thagpelan pliakIpcWogs oledis 1ix /S ShAFiHaCharABUS surface

siged cq&Q%ng to claim7, wherein a crack is fornmed in the
S %iﬁ%ng portion, and conposition of the brazing
repair material charged into the crack beconmes cl oser
to a conposition of the nolten alloy powder toward a
t n ingh i S§ her A
R B SRS HRE Ao B e, as 2
the repairing portion, the brazing repair material is
carried using high velocity carrier gas flow at 800C
or lower at which the alloy powder is not nelted or
oxi di zed, particle velocity of the brazing repair
material is set to 300m sec or higher, and the brazing
repair material is adhered to the repairing portion or
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charging method of the brazing' repair material to the repairing portion,

the brazing repair material is carried using high velocity carrier gas flow
at 800°C or lower at which the alloy powder is not melted or oxidized,
particle velocity of the brazing repair material is set to 300m/sec or
higher, and the brazing repair material is adhered to the repairing portion

or charged into the crack.



