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ABSTRACT
Disclosed 1s a Ni-based sintered alloy used for
preparing a high temperature part utilized under a high
temperature gas atmosphere, characterized i1n that the
Ni-based sintered alloy is prepared by mixing and
heating two kinds of Ni alloy powders differing from

each other 1n the melting point.
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DESCRIPTTION

N1-BASED SINTERED ALLOY

Technical Field

The present invention relates to a Ni-based
sintered alloy, used for forming high temperature parts
in gas turbines, Jjet engines, etc., particularly, for
forming a dynamic vane or a static wvane.

Background Art

It is known to the art that a cast alloy or a
forged alloy 1s generally used for forming dynamic and
static vanes used under high temperature atmospheres,
such as 1n a gas turbine or jet engine. However, these
alloys are insufficient in the workability and the
formability. On the other hand, a Ni-based alloy has
good formability characteristics, making it possible
to manufacture or repalr a part—-easily. Further, a
Ni-based cast alloy, which exhibits the characteristics
of a Ni-based alloy, is excellent in mechanical
strength under high temperatures and, thus, is widely
used for the manufacture of dynamic and static wvanes.

It should also be noted that known parts made of
a Ni-based cast alloy or a Ni-based forged alloy and
used under a high temperature environment are indeed
excellent in mechanical strength under high tempera-

tures. However, 1f exposed to a high temperature
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atmospheres for a long time, the known part noted above
incurs damage during the operation, due to thermal
fatigue in the portion that is brought into direct
contact with a high temperature gas. If the damage 1s
found in, for example, a periodical inspection, welding
or brazing is carried out for locally repairing the
damaged portion.

However, if welding is carried out on the damaged
portion defects such as welding cracks are generated.
Also, if brazing is carried out on the damaged portion,
the creep strength and thermal fatigue strength are
rendered insufficient. Further, since the brazing
material differs from the material of the part to
be repaired, the coupling strength is weak at the
interface portion between the brazing material and
the portion to be repaired. Still further, since the
brazing material is low in viscosity, it flows out 1if
the repaired portion 1s large.

Disclosure of Invention

An object of the present invention 1s to provide
a Ni-based sintered alloy, by mixing and heating two
kinds of Ni alloy powders of different melting points,
so as to render welding unnecessary and, thus, to avoid
the generation of welding defects caused by welding,
and overcome the deficiency in mechanical strength.

For achieving the object noted above, claim 1 1is

directed to a Ni-based sintered alloy used for the
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manufacture of a high temperature part utilized under
a high temperature gas atmosphere, the alloy being
manufactured by mixing and heating two kinds of Ni
alloy powders differing from each other in the melting
polint.

In this case, a high melting point Ni alloy powder
having a melting point higher than the heating
temperature 1n the sintering treatment and a low
melting point N1 alloy powder having a melting point
lower than the heating temperature in the sintering
treatment are used as the two kinds of the N1 alloy
powders as recited in claim 2 so as to permit the low
melting point Ni alloy powder alone to be melted during
the heating for the sintering treatment, thereby
allowing the molten low melting point Ni alloy powder
to fill the clearances among the high melting point
N1 alloy powder particles and achieving a mutual
diffusion. 1In other words, the low melting point Ni
alloy powder 1s mixed with the high melting point Ni
alloy powder so as to make it possible to obtain a Ni-
based sintered alloy having a high mechanical strength.

In this case, the mixing ratio of the low melting
point N1 alloy powder 1s set at 30 to 60% by weight
based on the total amount of the Ni alloy powder
prepared by mixing the high melting point Ni alloy
powder with the low melting point Ni alloy powder.

If the mixing ratio of the low melting point Ni alloy
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powder 1is lower than 30% by weilight, 1t 1s 1mpossible
to obtain a sufficient sintering function because the
amount of the low melting point N1 alloy power, which
1s melted, 1s insufficient. On the other hand, 1f the
mixXxing ratio noted above exceeds 60% by weight, the
amount of the low melting point N1 alloy powder, which
1s melted, 1s excessilively large. In thilis case, the
proportion occupied by the liquid phase portion is
increased, resulting i1n faililure to obtain a sufficient
mechanical strength.

Also, as recited 1n claim 3, 1t 1s desirable to
set the compositions of the high melting point Ni alloy
powder and the low melting point N1 alloy powder such
that the composition of the Ni-based sintered alloy
formed after the sintering treatment is rendered
substantially equal to the composition of the Ni alloy
used as the base material of the high temperature part.
If the Ni-based sintered alloy formed after the
sintering treatment is rendered substantially equal
in composition to the base material of the high
temperature part, the Ni-based sintered alloy 1is
rendered compatible with the base material of the high
temperature part 1n the interface between the Ni-based
sintered alloy and the base material of the high
temperature part so as to make 1t possible to increase
the coupling strength between the two.

Also, as recited in claims 6 and 7, the high
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melting point Ni alloy powder contains N1 and Cr as
constituents of the alloy and also contains at least
one of Co, W and Ta as an additional constituent of
the alloy, and the low melting point N1 alloy powder
contains Ni, Cr, Co, Ta, Ti, Al and B as constituents
of the alloy.

Further, as recited in claims 8 and 9, where
IN738LC constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
point N1 alloy powder has a composition of Ni-16 to 18
Cr-0 to 5 Co-0.0 to 3.5 W-0.0 to 1.0 Ta-0.0 to 1.0
Ti-0.0 to 1.0 Al1-0.15 to 0.3 C-0.01 to 0.03 B-0.0 to
0.1Z2r, and the low melting point N1 alloy powder has
a composition of Ni-8 to 12 Cr-16 to 20 Co-2.0 to 3.5
Mo-1.5 to 2.5 W-5 to 9 Ta-7.5 to 10 Ti-8.5 to 10.5 Al-1
to 3 Nb-0.5 to 3.5 B-0.00 to 0.35Zr.

Also, as recited in claims 10 and 11, where
MGA1400 constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
polint N1 alloy powder has a composition of Ni-10 to 20
Cr-0 to 7 Co-0 to 2 Mo-0 to 9 W-0.0 to 0.3 C-0.00 to
0.03B and the low melting point Ni alloy powder has

a composition of Ni-3 to 13 Cr-14 to 24 Co-1.5 to 7.5

Mo-0.5 to 11 W-5 to 9 Ta-4 to 9 Ti-7.5 to 11.5 A1-0.00

to 0.02 C-0.5 to 3.5B.

In the Ni-based sintered alloy recited in any of

claims 2 to 7, the high melting point Ni alloy powder
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has a melting point not lower than 1,300C and the

low melting point Ni alloy powder has a melting point
not higher than 1,200C in the case where IN738LC
constitutes the Ni-based alloy used as the base
material of the high temperature part, as recilted 1n
claims 12 to 17. Also, the high melting point Ni alloy
powder has a melting point not lower than 1,300T3enui'
the low melting point Ni alloy powder has a melting
point not higher than 1,250°C in the case where MGA1400
constitutes the Ni-based alloy used as the base
material of the high temperature part, as recited 1in
claims 18 to 23.

For forming each of the Ni-based sintered alloys
described above, a mixture of the high melting point Ni
alloy powder and the low melting point N1 alloy powder
1s heated under temperatures of 1,150 to 1,250C for 2
to 12 hours, as recited 1n claim 24. The sintering
temperature and the sintering time noted above can also
be applied to the manufacture of the Ni-based sintered
alloy recited in any of claims 3 to 23.

The present i1nvention will now be described more
1n detail.

<Brief Description of the Present Invention>

In the present invention, two kinds of Ni alloy
powders differing from each other in the melting point,
e.dg., a N1 alloy powder having a high melting point

(hereinafter referred to as a “high melting point Ni
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alloy powder) and a N1 alloy powder having a low
melting point (hereinafter referred to as a “low
melting poilnt N1 alloy powder), are mixed and heated

so as to permit the low melting point N1 alloy powder
alone, or the low melting point N1 alloy powder and

a part of the high melting point N1 alloy powder, to be
melted and involved 1n the reaction, thereby achieving
a liquid phase sintering. FIGS. 1A and 1B show how

the high melting point N1 alloy powder (H) and the low
melting poilnt N1 alloy powder (L) are mixed and heated.
Before the heating, the N1 alloy powder particles (H)
and (L) are mixed so as to permit the low melting point
N1 alloy powder particles (L) to be positioned in the
clearances formed among the high melting point Ni alloy
powder particles (H), as shown in FIG. 1A.

Then, the mixture of the high melting boint N1
alloy powder (H) and the low melting point Ni alloy
powder (L) 1s heated under temperatures higher than the
melting point of the low melting point Ni alloy powder
(L) and lower than the melting point of the high
melting point Ni alloy powder (H) so as to melt the low
melting point Ni alloy powder (L). As a result, the
molten low melting point Ni alloy powder (L) fills most
of the clearances between the high melting point Ni
alloy power particles (H) by the capillary phenomenon
so as to form a molten Ni alloy portion 1, as shown in

FIG. 1B. It follows that 1t 1s possible to obtain
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an alloy having a high mechanical strength by this
liquid phase sintering.

Where a Ni alloy powder, hereinafter referred to
as a Ni-based sintered alloy powder, prepared by mixing
a low melting polnt Ni alloy powder and a high melting
point N1 alloy powder is used for the sintering, the
mixing ratio of the low mélting point N1 alloy powder
should be set to fall within a range of between 30 and
60% by weight based on the total amount of the Ni-based
sintered alloy powder. If the mixing ratio of the low
melting point Ni alloy powder is lower than 30% by
welght, the low melting point Ni alloy powder fails to
be diffused sufficiently, with the result that the
sintering does not proceed sufficiently. On the other
hand, 1f the mixing ratio of the low melting polint
N1 alloy powder exceeds 60% by weight, the portion
occupled by the molten Ni alloy portion 1 relative
to the clearances formed between the high melting point
N1 alloy powder particles is rendered large, which
increases the liquid phase portion. It follows that
a sufficiently high mechanical strength cannot be
obtalined.

A N1 alloy containing at least Ni and Cr, and an
additional element selected from the group consisting
of Co, W and Ta, is used as the high melting point
alloy powder contained in the Ni-based sintered alloy

powder. Also, a Ni alloy containing at least Ni, Cr,
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Co, W, Tl, Al and B 1s used as the low melting point
N1 alloy powder.

The composition of the alloy components of each of
the N1 alloy powders contained in the Ni-based sintered
alloy powder 1s controlled according to the melting
points of the alloy components. Also, the composition
noted above 1s controlled such that each alloy
component added produces its effect after the Ni-based
sintered alloy powder obtained by the mixing at a
prescribed mixing ratio is subjected to the reaction,
and that a harmful brittle phase such as a ¢ -phase is
not generated. Further, the composition of the alloy
powder of each of the Ni alloy powders contained in
the Ni-based sintered alloy powder is set such that the
composition ratio of each alloy after the sintering of
the Ni-based sintered alloy powder is rendered close to
the composition ratio of each alloy contained in the
Ni-based alloy used as the base material.

In heating the Ni-based sintered alloy powder
described above for the sintering purpose, the heating
temperature should be within a range of between 1,150C
and 1,250°C, and the heating time should be within
a range of between 2 and 12 hours. If the heating
temperature is lower than 1,150C, the low melting
point Ni alloy powder fails to be melted sufficiently,
with the result that a liquid phase is not generated by

the capillary phenomenon. On the other hand, if the
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heating temperature exceeds 1,250C, the base material
tends to be melted. Incidentally, it is desirable to
carry out a stepwlise heating treatment after the heat
treatment for the sintering purpose. To be more
specific, a solution treatment after the sintering
treatment is carried out at 1,120C=*10C for 2 to

4 hours, followed by further applying an aging
treatment after the sintering treatment at 850C+10C
for 1o to 24 hours.

In the stepwise heat treatment described above,
the solution treatment after the sintering treatment is
intended to permit the y’-phase (Ni3zAl intermetallic
compound) 1n the base material, which is precipitated
in the cooling process included in the heat treatment
for the sintering noted above, to form a solid
solution. In this case, the solution treatment should
be carried out under the temperature of 1,120C in
order to prevent the <y ’-phase from forming a solid
solution and from being subjected to the initial
melting. Also, the solution treatment should be
carried out for 2 to 4 hours in order to permit each
of the alloy components to be diffused sufficiently.

On the other hand, the aging treatment after the
sintering treatment is intended to permit the vy ’-phase
to be precipitated uniformly. In this case, the aging
treatment after the sintering treatment should be

carried out under the temperature of 850C in order to
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permit the y’-phase to be precipitated uniformly and
to be made fine. Also, the aging treatment should be
carried out for 16 to 24 hours in order to achieve the
precipitation adapted for the alloy composition.

After the heat treatment for the sintering purpose
or after the heat treatment after the sintering
treatment, 1t 1s desirable for the area ratio of the
pores 1n the Ni-based sintered alloy formed from the
Ni-based sintered alloy powder to fall within a range
of between 0 and 5% based on the entire Ni-based
sintered alloy. It is unavoidable for the pores to be
generated durlng the sintering treatment. However,
where the area ratio of the pores exceeds 5%, the
mechanical strength and the ductility of the Ni-based
sintered alloy 1is adversely affected.

The Ni-based sintered alloy formed from the
Ni-based sintered alloy powder as described above can
be utilized for, for example, bulk molding, coating,
and local padding. The bulk molding noted above
denotes that, after the Ni-based sintered alloy powder
1s molded in the shape of a vane by the pressure
application, the molded alloy powder is sintered.

The coating denotes that, after a thinned portion
caused by, for example, a high temperature oxidation,
1s coated with a Ni-based sintered alloy powder by
means of, for example, a low pressure plasma flame

spraying method or a high speed flame spraying method,
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the coating 1s heated for the sintering purpose.
Further, the local padding noted above denotes that,
after a Ni-based sintered alloy powder is padded on
the portion to be repaired, such as a cracked portion,
the padded portion is sintered.

According to the present invention, the Ni-based
sintered alloy is prepared by mixing and heating two
kinds of N1 alloy powders differing from each other
in the melting point so as to make it unnecessary to
employ the welding treatment. It follows that
the present invention makes it possible to provide
a Ni-based sintered alloy that permits avoiding the
occurrence of welding defects caused by the welding
Creatment and also permits overcoming the insufficient
mechanical strength. Also, it is possible to render
the composition of the formed Ni-based sintered alloy
substantially equal to the composition of the base
material of the high temperature part. It follows
that the base material is rendered compatible with
the Ni-based sintered alloy at the interface between
the two so as to make it possible to overcome the
insufficient coupling strength after the repair.

Brief Description of Drawings

FIGS. 1A and 1B collectively show how a Ni alloy
powder having a high melting point and another Ni alloy
powder having a low melting point, which are used for

preparing the Ni-based sintered alloy of the present
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invention, are mixed and changed after the heat
treatment;

FIG. 2 1s an oblique view showing a turbine made
of a Ni-based sintered alloy in Example 1 according to
the first embodiment of the present invention;

FIGS. 3A and 3B are oblique views collectively
showing a turbine made of a Ni-based sintered alloy in
Example 2 according to the first embodiment of the
present i1nvention; and

FIGS. 4A and 4B are oblique views collectively
showlng a turbine made of a Ni-based sintered alloy in
Example 3 according to the first embodiment of the
present invention.

Best Mode for Carrying Out the Invention
<First Embodiment>

A first embodiment of the present invention
wlill now be described. In this embodiment, IN738LC
1s used as the base material. The material IN738LC
noted above has a composition of Ni-15.7 to 16.3 Cr-8
to 9 Co-1.5 to 2.0 Mo-2.4 to 2.8 W-1.5 to 2.0 Ta-3.2 to
3.7 Ti-3.2 to 3.7 Al-1.5 to 2.0 Nb-0.09 to 0.13 C-0.007
to 0.012 B-0.03 to 0.082Zr.

The Ni-based sintered alloy powder in the first
embodiment of the present invention contains a high
melting point Ni alloy powder having a melting point
not lower than 1,300C. The high melting point

N1 alloy powder noted above has a composition of, for
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example, Ni1-16 to 18 Cr-0 to 5 Co-0.0 to 3.5 W-0.0 to
1.0 Ta-0.0 to 1.0 Ti~0.0 to 1.0 Al-0.15 to 0.3 C-0.01
to 0.03 B-0.0 to 0.1Zr. 1In this case, each of the
alloy components added to Ni produces the effects
described below.

First of all, Cr is an alloy component serving
to Impart an oxidation resistance and a corrosion
resistance to the alloy. Cobalt (Co) permits
increasing the upper limits of the ranges in the
amounts of Al and Ti, which are alloy components
effective for improving the high temperature mechanical
strength by forming a vy ’-phase (Ni3Al intermetallic
compound), within which a solid solution is formed
under high temperatures. As a result, Co contributes
to the improvement in the high temperature mechanical
strength. Tungsten (W) is effective for strengthening
the solid solution so as to contribute to the
improvement in the high temperature mechanical
strength. Further, Ta contributes to the strengthening
of the solid solution and to the improvement in the
high temperature mechanical strength by the strengthen-
ing of the precipitation achieved by the vy ’-phase.

BEach of Ti and Al contributes to the improvement
in the high temperature mechanical strength by the
strengthening of the precipitation achieved by the
y " -phase. Carbon (C) forms a carbide and, thus,

Lo strengthen mainly the crystal boundary so as to
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contribute to the improvement in the high temperature
mechanical strength. Further, each of B and Zr serves
to increase the coupling force at the grain boundary so
as to 1mprove the high temperature mechanical strength.

On the other hand, the Ni-based sintered alloy
powder according to the first embodiment of the present
invention contains a low melting point Ni alloy powder
having a melting point falling within a range of
between 1,120°C and 1,200°C. The low melting point
N1 alloy powder noted above has a composition of, for
example, N1-8 to 12 Cr-16 to 20 Co-2.0 to 3.5 Mo-1.5
to 2.5 W-5 to 9 Ta-7.5 to 10 Ti-8.5 to 10.5 Al-1 to 3
Nb-0.5 to 3.5 B-0.00 to 0.35Zr.

The effect produced by the addition of each of the
alloy components 1s equal to that in the case of the
high melting point Ni alloy powder. Also, Mo, which
1s not contained in the high melting point Ni alloy
powder, produces the effect of strengthening the solid
solution and contributes to the improvement in the high
temperature mechanical strength like W. Further, Nb
forms the vy ’-phase together with Al like Ti so as to
contribute to the improvement in the high temperature
mechanical strength. Still further, the low melting
polint N1 alloy powder contains additional elements Co,
Mo, Ta, Ti, Al and B in amounts larger than those in
the high melting point Ni alloy powder. The additional

elements noted above are intended to lower the melting
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point of the low melting point Ni alloy powder.
Particularly, B produces a prominent effect of lowering
the melting point of the low melting point Ni alloy
powder. However, B renders the alloy brittle when
the alloy 1is sintered. Therefore, it is necessary to
suppress the addition amount of B.

When the bulk molding, the coating or the local
padding referred to previously is performed by using
a Ni-based sintered alloy powder prepared by mixing
a high melting point Ni alloy powder of the composition
described above and a low melting point Ni alloy powder
of the composition described above in a manner to
permit the mixing ratio of the low melting point Ni
alloy powder to fall within a range of between 30 and
60% by weight, the Ni-based sintered alloy powder is
sintered by the heating at 1,150C to 1,250C for 2 to
12 hours. When the base material and the Ni-based
sintered alloy are cooled after completion of the heat
treatment for the sintering purpose, it is possible to
apply a stepwise heat treatment such that the heat
treatment is applied at 1,120C=*10°C for 2 to 4 hours,
followed by applying an additional heat treatment at
850 C*t10C for 16 to 24 hours.

A sintering treatment using a Ni-based sintered
alloy powder according to the first embodiment of the
present 1nvention will now be described. Incidentally,

the numerals etc. of each part referred to in the
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Examples described 1n the following are no more than

examples and do not specify the claimed scope of the

present invention.

(Example 1)

In this Example, the bulk molding will be
described with reference to FIG. 2. First of all,
the two kinds of N1 alloy powders forming the Ni-based
sintered alloy powder are formed of the powders having
the compositions given below:

Low melting point N1 alloy powder: Ni-10.7 Cr-17.2
Co-2.6 Mo-2.0 W-5.8 Ta-8.6 Ti-8.7 Al-2.6 Nb—-1.2
B-0.27Zr

High melting point N1 alloy powder: Ni-17.1 Cr-3.1
W-0.19C

A Ni-based sintered alloy powder was prepared
by mixing in, for example, a ball mill, 45% by weight
of the low melting point Ni alloy powder of the
composition glven above and 55% by weight of the high
melting point Ni alloy powder of the composition given
above. After the Nili-based sintered alloy powder was
subjected to a compression molding in the shape of
a vane, the molded powder was sintered by the heating
at 1,215C for 8 hours. Then, a stepwise heat
treatment including the heating at 1,120C for 2 hours
and the additional heating at 850°C for 24 hours, which
correspond to the solution treatment and the aging

treatment, respectively, was applied to the sintered
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molding for increasing the mechanical strength of
the molding, thereby preparing a dynamic vane 11 of
a turbine as shown in FIG. 2.

According to Example 1, the dynamic vane 11 was
prepared by mixing and heating two kinds of Ni-based
alloys. Therefore, the capillary phenomenon described
previously was brought about between the low melting
point N1 alloy powder and the high melting point Ni
alloy powder, as shown in FIGS. 1A and 1B, so as to
make 1t possible to obtain the dynamic vane 11 having
a sufficiently high mechanical strength. Also, a
stepwlise heat treatment consisting of the solution
treatment and the aging treatment was applied after the
heating for the sintering purpose so as to permit the
vy " -phase to be precipitated uniformly within the base
material, thereby further increasing the mechanical
strength of the dynamic wvane 11.

Incidentally, in Example 1, it is possible to
further apply a high temperature hydrostatic pressure
(HIP) treatment in carrying out the sintering
treatment. In this case, the HIP treatment is carried
out at 1,200C for 4 hours under the pressure of
1,500 kg/cm2. By employing the HIP treatment together
with the sintering treatment, it is possible to
suppress or eliminate the pores formed after the

sintering treatment.
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(Example 2)

In thls Example, the coating will be described
with reference to FIGS. 3A and 3B. FIG. 3A
schematically shows the construction of a dynamic vane
before the coating, and FIG. 3B schematically shows the
dynamic vane after the coating. The Ni-based sintered
alloy powder used 1n Example 2, which included a low
melting point Ni alloy powder and a high melting point
N1 alloy powder, was equal in composition to the
Ni-based sintered alloy powder used in Example 1.

To be more specific, a Ni-based sintered alloy
powder was piepared by mixing, in a ball mill, 45% by
welght of a low melting point Ni alloy powder having
a particle diameter not larger than 75 um and 55% by
welght of a high melting point Ni alloy powder having
a particle diameter not larger than 150 um. Then, the
Ni-based sintered alloy powder was blown onto a thin
portion 12 of the dynamic vane 11 shown in FIG. 3A by,
for example, a low pressure plasma spraying method so
as to achieve the coating, followed by heating the
coating at 1215C for 8 hours so as to sinter the
coating. After the sintering treatment, a heat
treatment at 1,120°C for 2 hours and an additional
heat treatment at 850C for 24 hours, which correspond
to the solution treatment and the aging treatment,
respectively, were applied as in Example 1 so as to

form a coating portion 13 strongly bonded to the thin
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portion 12, as shown in FIG. 3B. In this fashion,
the dynamic vane 11 including the coating portion 13
was ermed sOo as to repalr the dynamic vane 11.

Incidentally, in Example 2, it is possible to
apply an HIP treatment in carrying out the sintering
treatment at, for example, 1,200°C for 4 hours under
a pressure of 1,500 kg/cm2, as 1n Example 1, so as to
suppress or eliminate the pores formed after the
sintering treatment.

(Example 3)

In this Example, a local padding will be
described with reference to FIGS. 4A and 4B. FIG. 4A
schematically shows the dynamic vane before the local
padding treatment, and FIG. 4B schematically shows
the dynamlic vane after the local padding treatment.
Also, the Ni-based sintered alloy powder used in
Example 3, which included a low melting point Ni alloy
powder and a high melting point Ni alloy powder, was
equal 1n composition to the Ni-based sintered alloy
powder used 1in Example 1.

Example 3 covers the case of repairing, for
example, a cracked portion 14 of the dynamic vane 11.
In the case of Example 3, a peripheral portion 15 of
the cracked portion 14 denoted by dotted lines in

FIG. 4A 1s removed first by the cutting with, for

example, a grinder. Then, a Ni-based sintered alloy

powder 1s prepared by mixing, in a ball mill, 45% by
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welght of a low melting point Ni alloy powder and 55%
by weight of a high melting point Ni alloy powder,
followed by kneading the resultant Ni-based sintered
alloy powder by using an organic solvent (e.qg.,
Microbrace #510, which is the trade name of an organic
solvent manufactured by Wall Coromoite Inc.), so as to
obtalin a clay-like mass.

In the next step, the clay-like mixture containing
the Ni-based sintered alloy powder is padded so as to
form a mass resembling the peripheral portion 15 of
the cracked portion removed previously, followed by
applying a sintering treatment and the subsequent
heat treatment under the conditions equal to those
for Example 1, thereby forming a padded portion 16
corresponding to the peripheral portion 15 of the
cracked portion as shown in FIG. 4B. In this fashion,
the dynamic vane 11 having the cracked portion 14 is
molded so as to repair the dynamic vane 11.

Incidentally, in Example 3, it is possible to
apply an HIP treatment in carrying out the sintering
treatment at, for example, 1,200C for 4 hours under
a pressure of 1,500 kg/cmz, as 1n Example 1, so as to
suppress or eliminate the pores formed after the
sintering treatment.

<Second Embodiment>

A second embodiment of the present invention

wlll now be described. In the second embodiment of
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the present i1invention, MGAl1l400 is used as the base
material. The material MGAl1400 has a composition of
Ni-13.1 to 15.0 Cr-8.5 to 10.5 Co-1.0 to 3.5 Mo-3.5 to
4.5 W-3.0 to 5.5 Ta-2.2 to 3.2 Ti-3.5 to 4.5 A1-0.06 to
0.12 C-0.005 to 0.025 B-0.01 to 0.057Zr.

The high melting point Ni alloy powder contained
in the Ni-based sintered alloy powder according to
the second embodiment of the present invention has
a melting point not lower than 1,300C. The high
melting point Ni powder alloy has a composition of,
for example, Ni1-10 to 20 Cr-0 to 7 Co-0 to 2 Mo-0 to 9
W-0 to 3 Ta-0.0 to 0.3 C-0.00 to 0.03B. 1Incidentally,
the effect produced by each of the alloy components
added to N1 1s equal to that described previously in
conjunction with the first embodiment of the present
invention.

On the other hand, the low melting point Ni alloy
powder contained in the Ni-based sintered alloy powder
according to the second embodiment of the present
invention has a melting point not higher than 1,250°C,
particularly, not higher than 1,215C. The low melting
point Ni alloy powder has a composition of, for
example, Ni-3 to 13 Cr-14 to 24 Co-1.5 to 7.5 Mo-0.5
to 11 W-5 to 9 Ta-4 to 9 Ti-7.5 to 11 Al1-0.00 to 0.02
C-0.5 to 3.5B. Incidentally, the effect produced by
each of the alloy components added to Ni is equal to

that described previously in conjunction with the first
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embodiment of the present invention.

When the bulk molding, the coating or the local
padding referred to previbusly 1s performed by using
a Ni-based sintered alloy powder prepared by mixing a
high melting point Ni alloy powder of the composition
described above and a low melting point Ni alloy powder
of the composition described above in a manner to
permit the mixing ratio of the low melting point Ni
alloy poWder to fall within a range of between 30 and
60% by welight, the Ni-based sintered alloy powder is
sintered by the heating at 1,150C to 1,250°C for 2 to
12 hours. When the base material and the Ni-based
sintered alloy are cooled after completion of the heat
treatment for the sintering purpose, it is possible to
apply a stepwise heat treatment such that the heat
treatment is applied at 1,120°C£10C for 2 to 4 hours,
followed by applying an additional heat treatment at
850°C*10°C for 16 to 24 hours.

Tables 1 and 2 show the composition (% by weight)
of the Ni-based sintered alloy, which is formed
when the base material MGAl1400 is sintered by using
a Ni-based sintered alloy powder. Table 1 covers the
case where the low melting point Ni alloy powder has

a composition of Ni-4.81 Cr-22.05 Co-5.29 Mo-8.94

W-7.93 Ta-6.94 Ti-9.47 Al1-0.02 C-1.53B. Also, the

high melting point Ni alloy powder has a composition of

A Ni-based sintered
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alloy powder consisting of the low melting point

N1 alloy powder of the composition given above and
the high melting point Ni alloy powder having the
composition given above 1s subjected to a sintering
treatment by the heating at 1,215C for 8 hours.

Where the mixing ratio of the low melting point Ni
alloy powder 1s set at 55% by weight, 50% by weight and
45% by weight, the formed Ni-based sintered alloys have
compositions 1), 2) and 3) given below, respectively:

1) N1-10.90 Cr-12.13 Co-2.91 Mo-4.92 W-5.09
Ta-3.82 Ti-5.21 Al1-0.06 C-0.85B

2) N1-11.58 Cr-11.03 Co-2.65 Mo-4.47 W-4.78
Ta-3.47 Ti-4.74 A1-0.06 C-0.77B

3) Ni1-12.26 Cr-9.92 Co-2.38 M0o-4.02 W-4.46 Ta-3.12
Ti-4.26 A1l-0.07 C-0.70B

Table 2 covers the case where the low melting
point N1 alloy powder has a composition of Ni-11.71
Cr-15.09 Co-2.28 Mo-1.80 W-7.98 Ta-5.72 Ti-7.89
Al-0.009 C-1.96B. Also, the high melting point Ni
alloy powder has a composition of Ni-13.21 Cr-5.01
Co-0.99 Mo-7.50 W-0.13C. A Ni-based sintered alloy
powder consisting of the low melting point Ni alloy
powder of the composition given above and the high
melting point Ni alloy powder having the composition
given above 1is subjected to a sintering treatment by
the heating at 1,215C for 8 hours.

Where the mixing ratio of the low melting point Ni
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alloy powder 1s set at 55% by weight, 50% by weight and
45% by welght, the formed Ni-based sintered alloys have
compositions 4), 5) and 6) given below, respectively:

4) N1-12.39 Cr-10.55 Co-1.70 Mo-4.42 W~-4.39
Ta-3.15 Ti1i-4.34 A1-0.065 C-1.08B

5) Ni1-12.46 Cr-10.05 Co-1.64 Mo-4.7 W-3.99 Ta-2.86
Ti-3.95 A1-0.072 C-0.98B

6) N1-12.54 Cr-9.55 Co-1.57 Mo-4.98 W-3.59 Ta-2.57

Ti-3.55 A1l-0.078 C-0.88B
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As described above, 1n the case of using a Ni-
based sintered alloy powder prepared by mixing a low
melting point N1 alloy powder and a high melting point
Ni alloy powder each having the composition as shown 1in
Tables 1 and 2, 1t 1s possible to obtain a Ni-based
sintered alloy having a composition close to that of
the base material MGAI400 by sintering the Ni-based
sintered alloy powder noted above by the same method as
that employed in each of Examples 1 to 3 according to
the first embodiment of the present invention.
Particularly, 1t i1s possible to allow the composition
ratio of each of the coating portion 13 shown 1n
FIGS. 3A and 3B and the padded portion 16 shown 1n
FIGS. 4A and 4B by, which are formed by the coating
method 1n Example 2 and by the local padding method in
Example 3, respectively, according to the first
embodiment of the present invention, to be close to the
composition ratio of the base material of the dynamic
vane 11 so as to 1ncrease the coupling strength of each

of the coating portion 13 and the padded portion 16

referred to above.
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CLAIMS

1. A Ni-based sintered alloy used for preparing
a high temperature part utilized under a high
temperature gas atmosphere, characterized in that the
Ni-based sintered alloy is prepared by mixing and
heating two kinds of Ni alloy powders differing from
each other in the melting point.

2. A Ni-based sintered alloy according to
claim 1, characterized in that the two kinds of Ni
alloy powders consist of a high melting point Ni alloy
powder having a melting point higher than the heating
temperature in carrying out a sintering treatment and
a low melting point Ni alloy powder having a melting
point lower than the heating temperature in carrying
out the sintering treatment.

3. A Ni-based sintered alloy according to
claim 2, characterized in that the mixing ratio of
the Ni alloy powder having the low melting point falls
within a range of between 30 and 60% by welight based
on the total amount of the Ni alloy powder prepared by
mixing the Ni alloy powder having the high melting
point and the Ni alloy powder having the low melting
polnt.

4. A Ni-based sintered alloy according to
claim 2, characterized in that the composition of each
of the high melting point N1 alloy powder and the low

melting point Ni alloy powder 1s set such that the
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composition of the Ni-based sintered alloy formed after
the sintering treatment is rendered substantially equal
to that of the Ni alloy used as the base material of
the high temperature part.

5. A Ni-based sintered alloy according to
claim 3, characterized in that the composition of each
of the high melting point Ni alloy powder and the low
melting point Ni alloy powder is set such that the
composition of the Ni-based sintered alloy formed after
the sintering treatment is rendered substantially equal
to that of the Ni alloy used as the base material of
the high temperature part.

6. A Ni-based sintered alloy according to
claim 2, characterized in that the high melting point
Ni alloy powder contains at least Ni and Cr as
constituents of the alloy and also contains at least
one additional element selected from the group
consisting of Co, W and Ta, and the low melting point
Ni alloy powder contains at least Ni, Cr, Co, Ta, T1i,
Al and B as constituents of the alloy.

7. A Ni-based sintered alloy according to
claim 3, characterized in that the high melting point
Ni alloy powder contains at least Ni and Cr as
constituents of the alloy and also contalins at least
one additional element selected from the group
consisting of Co, W and Ta, and the low melting point

Ni alloy powder contains at least Ni, Cr, Co, Ta, Ti,
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Al and B as constituents of the alloy.

8. A Ni-based sintered alloy according to
claim 2, characterized in that, where IN738LC
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
point Ni alloy powder has a composition of Ni-16 to 18
Cr-0 to 5 Co-0.0 to 3.5 W-0.0 to 1.0 Ta-0.0 to 1.0
Ti-0.0 to 1.0 Al-0.15 to 0.3 C-0.01 to 0.03 B-0.0 to
0.12r, and the low melting point Ni alloy powder has
a composition of Ni-8 to 12 Cr-16 to 20 Co-2.0 to 3.5
Mo-1.5 to 2.5 W-5 to 9 Ta-7.5 to 10 Ti-8.5 to 10.5 Al-1
to 3 Nb-0.5 to 3.5 B-0.00 to 0.35Zr.

9. A Ni-based sintered alloy according to
claim 3, characterized in that, where IN738LC

constitutes the Ni-based alloy used as the base

material of the high temperature part, the high melting

polnt N1 alloy powder has a composition of Ni-16 to 18

Cr-0 to 5 Co-0.0 to 3.5 W-0.0 to 1.0 Ta~-0.0 to 1.0
Ti-0.0 to 1.0 Al-0.15 to 0.3 C-0.01 to 0.03 B-0.0 to
0.1Zr, and the low melting point Ni alloy powder has
a composition of N1-8 to 12 Cr-16 to 20 Co-2.0 to 3.5
Mo-1.5 to 2.5 W-5 to 9 Ta-7.5 to 10 Ti-8.5 to 10.5 Al-1
to 3 Nb-0.5 to 3.5 B-0.00 to 0.35Zr.

10. A Ni-based sintered alloy according to
claim 2, characterized in that, where MGA1400
constitutes the Ni-based alloy used as the base

material of the high temperature part, the high
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melting point Ni alloy powder has a composition of
N1i~10 to 20 Cr-0 to 7 Co-0 to 2 Mo-0 to 9 W-0 to 3
Ta-0.0 to 0.3 C-0.00 to 0.03B, and the low melting
polnt Ni alloy powder has a composition of Ni-3 to 13
Cr-14 to 24 Co-1.5 to 7.5 Mo-0.5 to 11 W-5 to 9 Ta-4 to
9 Ti-7.5 to 11.5 A1-0.00 to 0.02 C-0.5 to 3.5B.

11. A Ni-based sintered alloy according to
claim 3, characterized in that, where MGA1400
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high
melting point Ni alloy powder has a composition of
N1-10 to 20 Cr-0 to 7 Co-0 to 2 Mo-0 to 9 W-0 to 3
Ta-0.0 to 0.3 C-0.00 to 0.03B, and the low melting
point N1 alloy powder has a composition of Ni-3 to 13
Cr—-14 to 24 Co-1.5 to 7.5 Mo-0.5 to 11 W-5 to 9 Ta-4 to
9 Ti-7.5 to 11.5 A1-0.00 to 0.02 C-0.5 to 3.5B.

12. A Ni-based sintered alloy according to
claim 2, characterized in that, where IN738LC
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
point N1 alloy powder has a melting point not lower
than 1,300C, and the low melting point Ni alloy powder
has a melting point not higher than 1,200TC.

13. A Ni-based sintered alloy according to
claim 3, characterized in that, where IN738LC
constitutes the Ni-based alloy used as the base

material of the high temperature part, the high melting
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point Ni alloy powder has a melting point not lower
than 1,300°C, and the low melting point Ni alloy powder
has a melting point not higher than 1,200C.

14. A Ni-based sintered alloy according to
claim 4, characterized in that, where IN738LC
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
polnt Ni alloy powder has a melting point not lower
than 1,300C, and the low melting point Ni alloy powder
has a melting point not higher than 1,200TC.

15. A Ni-based sintered alloy according to
claim 5, characterized in that, where IN738LC
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
point N1 alloy powder has a melting point not lower
than 1,300C, and the low melting point Ni alloy powder
has a melting point not higher than 1,200C.

16. A Ni-based sintered alloy according to
claim 6, characterized in that, where IN738LC
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
point N1 alloy powder has a melting point not lower
than 1,300°C, and the low melting point Ni alloy powder
has a melting point not higher than 1,200C.

17. A Ni-based sintered alloy according to
clalm 7, characterized in that, where IN738LC

constitutes the Ni-based alloy used as the base



10

15

20

25

CA 02427384 2003-04-29

34

material of the high temperature part, the high melting
point N1 alloy powder has a melting.point not lower
than 1,300C, and the low melting point Ni alloy powder
has a melting point not higher than 1,200C.

18. A Ni-based sintered alloy according to
claim 2, characterized in that, where MGA1400
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
point Ni alloy powder has a melting point not lower
than 1,300°C, and the low melting point Ni alloy powder
has a melting point not higher than 1,250C.

19. A Ni-based sintered alloy according to
claim 3, characterized in that, where MGA1400
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
point N1 alloy powder has a melting point not lower
than 1,300C, and the low melting point Ni alloy powder
has a melting point not higher than 1,250C.

20. A Nl-based sintered alloy according to
claim 4, characterized in that, where MGA1400
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
point Ni alloy powder has a melting point not lower
than 1,300C, and the low melting point Ni alloy powder
has a melting point not higher than 1,250C.

21. A Ni-based sintered alloy according to

claim 5, characterized in that, where MGA1400
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constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
point N1 alloy powder has a melting point not lower
than 1,300C, and the low melting point Ni alloy powder
has a melting point not higher than 1,250C.

22. A Ni-based sintered alloy according to
claim 6, characterized in that, where MGA1400
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
polint N1 alloy powder has a melting point not lower
than 1,300C, and the low melting point Ni alloy powder
has a melting point not higher than 1,250C.

23. A Ni-based sintered alloy according to
claim 7, characterized in that, where MGA1400
constitutes the Ni-based alloy used as the base
material of the high temperature part, the high melting
point N1 alloy powder has a melting point not lower
than 1,300C, and the low melting point Ni alloy powder
has a melting point not higher than 1,250C.

24. A Ni-based sintered alloy according to
claim 2, characterized in that each of the high melting
polint N1 alloy powder and the low melting point Ni
alloy powder is prepared by the heating at 1,150C to

1,250C for 2 to 12 hours for the sintering purpose.
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