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DESCRIPTION

Co-BASED ALLOY STRUCTURE AND METHOD FOR MANUFACTURING SAME

TECHNICAL FIELD
[0001]

The present invention relates to a Co-based alloy structure and a method for
manufacturing the same.
BACKGROUND ART
[0002]

A cobalt (Co)-based alloy is, as well as a nickel (Ni)-based alloy, a representative
heat resistant alloy material, and is also called a superalloy and widely used for high-
temperature members such as turbines, (a gas turbine, a steam turbine, and the like). In
addition, the Co-based alloy is higher in costs than the Ni-based alloy, but is excellent in
corrosion resistance and wear resistance and has a property of being easily solid-solution-
strengthened. Therefore, the Co-based alloy has been applied to a turbine stator blade, a
combustor member, a friction stir welding tool, and the like.

[0003]

As such a Co-based alloy, for example, a Co-based alloy of Patent Document 1 is
known. Specifically, Patent Document 1 discloses a Co-based alloy that includes: a matrix
phase (y phase) having an fcc structure and containing mainly Co; and a precipitated phase (y”
phase) that contains an intermetallic compound having an L1, fcc structure of Co3(Al,W) in

terms of an atomic ratio, and that is precipitated in grains of the matrix phase.
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PATENT DOCUMENT
[0004]

PATENT DOCUMENT 1: Japanese Patent No. 4996468

SUMMARY OF THE INVENTION
TECHNICAL PROBLEM
[0005]

In the Co-based alloy of Patent Document 1, the precipitated phase (y” phase) is set
to have a grain size of 50 nm to 1 um, and a precipitation amount of the y” phase is set to be
40 vol% to 85 vol%. In addition, the drawings (particularly FIGS. 2 and 3) of the document
seemingly show that grains of the y” phase having a cubic shape with a grain size of 1 pm or
less are precipitated in the matrix phase (y phase). Further, the document indicates that the
precipitated phase (y” phase) precipitated through an aging treatment has an average grain size
of 150 nm or less (see paragraph [0006] of the document).

[0006]

With the drawings of Patent Document 1 referred to, however, it is understandable
that the y” phase having a grain size of less than 50 nm is hardly precipitated. Further, there
are locations where the distance between grains of the y” phase is larger than 100 nm.
Specifically, in the Co-based alloy, multiple grains of the y” phase that have been extremely
fine are not being precipitated and dispersed (uniformly disposed) in the matrix phase (y
phase). Therefore, the Co-based alloy material is less likely to obtain an action of
precipitation strengthening based on the y” phase that is extremely fine so as to have a grain
size of less than 50 nm, resulting in insufficient mechanical characteristics (particularly tensile
strength and yield strength) based on the action.

[0007]
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The present disclosure has been made in view of the points described above, and it
is an object of the present disclosure to enhance the mechanical characteristics of the Co-

based alloy structure.

SOLUTION TO THE PROBLEM
[0008]

In order to achieve the object, a first disclosure is directed to a Co-based alloy
structure having composition that has 0.1% to 10% of Al and 3.0% to 45% of W in terms of a
mass ratio, and a total of the Al and the W of less than 50%, with a balance being Co besides
unavoidable impurities. The Co-based alloy structure includes: a matrix phase (y phase)
having an fcc structure and containing mainly Co; and a precipitated phase (y” phase) that
contains an intermetallic compound having an L1, fcc structure of Cos3(Al,W) or
[(Co,X)3(Al,W,Z)] in terms of an atomic ratio, and that is dispersively precipitated in the
matrix phase. In addition, the Co-based alloy structure is configured to include the
precipitated phase (y” phase) having a grain size of 10 nm to 1 um, and grains of the
precipitated phase (y” phase) uniformly disposed and precipitated, and to have a precipitation
amount of 40 vol% to 85 vol%.

[0009]

In the first disclosure, the Co-based alloy structure is configured to include a
precipitated phase (y” phase) that is dispersively precipitated in a matrix phase (y phase) and
has a grain size of 10 nm to 1 pm and to have a precipitation amount of the y” phase of 40
vol% to 85 vol%. This configuration allows multiple grains of the y” phase that have been
extremely fine to be precipitated and dispersive in the matrix phase (y phase). As a result, the
total surface area of the interfaces between the matrix phase (y phase) and the multiple grains

of the y” phase is relatively increased, and the distance between the grains of the y” phase
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becomes relatively short, in the formation of the Co-based alloy structure. Specifically, the y~
phase including extremely fine grains are being uniformly precipitation-strengthened in the
matrix phase (y phase). The precipitation strengthening improves the mechanical
characteristics particularly at high temperatures. Accordingly, the first disclosure enables
enhancement of the mechanical characteristics of the Co-based alloy structure.

[0010]

In a second disclosure according to the first disclosure, the precipitated phase (v~
phase) has a grain size in a range of 10 nm or more to less than 50 nm.
[0011]

In the second disclosure, multiple grains of the y” phase that have been fine are
precipitated and dispersive in the matrix phase (y phase). This enhances the action of
precipitation strengthening by the y” phase, thereby enableing further enhancement of the
mechanical characteristics of the Co-based alloy structure.

[0012]

In a third disclosure according to the first or second disclosure, the Co-based alloy
structure is configured as an additive manufacturing object made from a powder.
[0013]

In the third disclosure, precipitates such as a W compound are precipitated in a fine
state and uniformly dispersive in the matrix phase (y phase) at grain boundaries and/or in
grains of the additive manufacturing object made from the powder. In addition, multiple fine
grains of the y” phase are dispersive around the precipitates in the matrix phase (y phase).
Thus, the Co-based alloy structure configured as the additive manufacturing object made from
the powder generates the action caused by precipitation strengthening of both the precipitates
and the multiple fine grains of the y” phase. As a result, the third disclosure enables further

enhancement of the mechanical characteristics of the Co-based alloy structure.

4 Q20-226



10

15

20

25

[0014]

In a fourth disclosure according to the first or second disclosure, the Co-based alloy
structure is configured as a powder HIP forged object made from a powder.
[0015]

The fourth disclosure enables enhancement of the mechanical characteristics of the
Co-based alloy structure.

[0016]

In a fifth disclosure according to the third or fourth disclosure, the powder has
composition having 2% to 5% of Al, 17% to 25% of W, 0.05% to 0.15% of C, 20% to 35% of
Ni, 6% to 10% of Cr, and 3% to 8% of Ta in terms of a mass ratio, with a balance being Co
besides unavoidable impurities.

[0017]

In the fifth disclosure, the additive manufacturing object made from the powder
having the above-described composition enables the grain size of the precipitated phase (y”
phase) to be extremely minimal. This enables further enhancement of the mechanical
characteristics of the Co-based alloy structure.

[0018]

In a sixth disclosure according to the first or second disclosure, the Co-based alloy
structure is configured as a forged object.
[0019]

The sixth disclosure enables enhancement of the mechanical characteristics of the
Co-based alloy structure.

[0020]
A seventh disclosure is directed to a method for manufacturing the Co-based alloy

structure according to the first or second disclosure. The method include: a solution treatment
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step of performing a solution treatment on a precursor of the Co-based alloy structure; and an
aging treatment step of performing an aging treatment on the precursor of the Co-based alloy
structure that has undergone the solution treatment. The aging treatment step includes a first
aging treatment step and a second aging treatment step performed after the first aging
treatment step. An aging temperature of the second aging treatment step is set to be higher
than an aging temperature of the first aging treatment step.

[0021]

In the aging treatment step of this seventh disclosure, the aging temperature of the
second aging treatment step performed after the first aging treatment step is set to be higher
than the aging temperature of the first aging treatment step. This setting enables the grain size
of the y” phase to be extremely minimal in the formation of the Co-based alloy structure. In
addition, micro segregation becomes less likely to be generated in the formation of the Co-
based alloy structure and the y” phase is uniformly dispersed in the matrix phase (y phase).
This enhances the action of precipitation strengthening by the y” phase, thereby enabling
further enhancement of the mechanical characteristics of the Co-based alloy structure.

[0022]

An eighth disclosure according to the seventh disclosure is directed to the method
for manufacturing the Co-based alloy structure, wherein a temperature of the solution
treatment is 1100°C or more, the aging temperature of the first aging treatment step is S00°C
to 700°C, and the aging temperature of the second aging treatment step is 600°C to 800°C.
[0023]

The eighth disclosure allows an advantage similar to that of the seventh disclosure
to be exhibited.

[0024]

A ninth disclosure according to the seventh or eighth disclosure is directed to the
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method for manufacturing a Co-based alloy structure, wherein the precursor of the Co-based
alloy structure is manufactured by additive manufacturing.
[0025]

The ninth disclosure enables further enhancement of the mechanical characteristics
of the Co-based alloy structure.
[0026]

A tenth disclosure according to the seventh or eighth disclosure is directed to the
method for manufacturing a Co-based alloy structure, wherein the precursor of the Co-based
alloy structure is manufactured by forging.

[0027]

The tenth disclosure enables enhancement of the mechanical characteristics of the
Co-based alloy structure.

[0028]

An eleventh disclosure according to the seventh or eighth disclosure is directed to
the method for manufacturing a Co-based alloy structure, wherein the precursor of the Co-
based alloy structure is manufactured by powder HIP forging.

[0029]
The eleventh disclosure enables enhancement of the mechanical characteristics of

the Co-based alloy structure.

ADVANTAGES OF THE INVENTION
[0030]
The present disclosure enables enhancement of the mechanical characteristics of the

Co-based alloy structure.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0031]

FIG. 1 is a flow chart illustrating exemplary steps of a method for manufacturing a
Co-based alloy structure made from an additive manufacturing object.

FIG. 2 is a schematic view schematically illustrating a state of formation of the Co-
based alloy structure made from the additive manufacturing object.

FIG. 3 is a partially enlarged view of a III portion in FIG. 2.

FIG. 4 is a flow chart illustrating exemplary steps of a method for manufacturing a
Co-based alloy structure according to a first variation of an embodiment.

FIG. 5 is a flow chart illustrating exemplary steps of a method for manufacturing a
Co-based alloy structure according to the first variation of the embodiment.

FIG. 6 is an electron micrograph illustrating a state of formation in a sample A.

FIG. 7 is an electron micrograph illustrating a state of formation in a sample B.

FIG. 8 is a graph illustrating relationships between temperature (°C) and each of

tensile strength (MPa) and 0.2% yield strength (MPa) in the sample A and B.

DESCRIPTION OF EMBODIMENTS
[0032]

Embodiments of the present disclosure will be described in detail with reference to
the drawings. The following embodiments are merely exemplary ones in nature, and are not
intended to limit the scope, applications, or use of the disclosure.

[0033]
[Basic Properties of Co-based Alloy Structure]
A Co-based alloy has a melting point approximately 50°C to 100°C higher than the

melting point of a commonly used Ni-based alloy and has a diffusion coefficient of a
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substitutional element smaller than the diffusion coefficient of the Ni-based alloy. Therefore,
the Co-based alloy has a small change in the formation that is generated during use at high
temperatures. In addition, the Co-based alloy is more abundant in ductility than the Ni-based
alloy. Therefore, the Co-based alloy easily undergoes deformation processing such as forging,
rolling, and pressing. Accordingly, the Co-based alloy is expected to expand its application
wider than the Ni-based alloy.

[0034]

The y’ phase of CosTi or CosTa that has been used as a strengthening phase has a
mismatch in lattice constant with respect to the matrix phase (y phase) of 1% or more and is
disadvantageous in terms of creep resistance. An intermetallic compound [Co3;(ALW)] used as
the strengthening phase in the embodiments of the present disclosure, however, has a
mismatch with the matrix phase (y phase) of approximately 0.5% at most and exerts formation
stability exceeding the formation stability of the Ni-based alloy that has been precipitation-
strengthened by the y’ phase.

[0035]

Further, the Co-based alloy has an elastic modulus that is as large as 220 GPa to 230
GPa, which is 10% or more larger than 200GPa of the Ni-based alloy. Therefore, the Co-
based alloy is also applicable to applications requiring high strength and high elasticity, such
as a spiral spring, a spring, a wire, a belt, and a cable guide. In addition, the Co-based alloy is
hard and excellent in wear resistance and corrosion resistance to be also applicable as an
overlay material.

[0036]
[Basic Composition of Co-based Alloy Structure]
The Co-based alloy structure according to the embodiments of the present

disclosure contains an L1, intermetallic compound, [Co3(AL,W)] or [(Co,X)3(Al,W,Z)],
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dispersed therein in an appropriate amount, and the components and the composition of the
Co-based alloy structure are therefore specified. The Co-based alloy structure has, as basic
composition, composition having 0.1% to 10% of Al and 3.0% to 45% of W in terms of a
mass ratio, with a balance being cobalt (Co) besides unavoidable impurities.

[0037]

The aluminum (Al) is a main constituent element of the y’ phase. The Al also
contributes to improvement in oxidation resistance. With the content of the Al being less than
0.1%, the y’ phase is not precipitated, or does not contribute to high-temperature strength even
precipitated. Excessive addition of the Al, however, helps generation of a weak and hard
phase. Accordingly, the content of the Al is set in the range of 0.1% to 10%. A preferable
lower limit of the content of the Al is 0.5%. A preferable upper limit of the content of the Al is
5.0%.

[0038]

Tungsten (W) is a main constituent element of the y’ phase. W has an action for
solid-solution strengthening the matrix. With the content of the W being less than 3.0%, the y’
phase is not precipitated, or does not contribute to high-temperature strength even precipitated.
The content of W exceeding 45%, however, promotes generation of a harmful phase. For this
reason, the content of the W is set in the range of 3.0% to 45%. A preferable upper limit of the
content of W is 30%. A preferable lower limit of the content of W is 4.5%.

[0039]

[Group (I) and Group (II)]

To the basic component system of Co-W-Al, one, or two or more alloy components
(optional elements) selected from at least one of Group (I) or (II) are added as necessary.
When a plurality of alloy components selected from Group (I) are added, the selection is

made so that the total amount of the alloy components added is in the range of 0.001% to
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2.0%. When a plurality of alloy components selected from Group (II) are added, the selection
is made so that the total amount of the alloy components added is in the range of 0.1% to 50%.
[0040]

Group (I) is a group consisting of B, C, Y, La, and a mischmetal.

[0041]

Boron (B) is an alloy component that is segregated at crystal grain boundaries to
strengthen the grain boundaries. B contributes to improvement in high-temperature strength.
An effect of adding B becomes prominent at 0.001% or more. Excessive addition of B,
however, impairs processability. For this reason, the upper limit of the amount of B added is
set at 1.0%. A preferable upper limit of the amount of B added is 0.5%.

[0042]

Carbon (C) is, similarly to B, effective for strengthening the grain boundaries. In
addition, C is precipitated as a carbide to improve high-temperature strength. Such an effect
can be obtained when the amount of C added is 0.001% or more. Excessive addition of C,
however, impairs processability and/or toughness. For this reason, the upper limit of the
amount of C added is set at 2.0%. A preferable upper limit of the amount of C added is 1.0%.
[0043]

Yttrium (Y), Lanthanum (La), and the mischmetal are each a component effective
for improving oxidation resistance. Particularly, Y, La, and the mischmetal each exhibit the
oxidation resistance when the amount thereof added is 0.01% or more. Excessive addition of
each of Y, La, and the mischmetal, however, can adversely affect formation stability. For this
reason, the upper limit of the amount of each of Y, La, and the mischmetal added is set at
1.0%. A preferable upper limit of the amount of each of Y, La, and the mischmetal added is
0.5%.

[0044]
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Group (I) is a group consisting of Ni, Cr, Ti, Fe, V, Nb, Ta, Mo, Zr, Hf, Ir, Re, and
Ru.

[0045]

Among the alloy components of Group (II), an element having a larger distribution
coefficient is more effective for stabilizing the y’ phase. A distribution coefficient Kxy’/y is
represented by an equation Kxy’/y = Cxy’/Cxy (where Cxy’ represents the concentration
(atom%) of element x in the y’ phase and Cxy represents the concentration (atom%) of
element x in the matrix (y) phase). The equation Kxy’/y = Cxy’/Cxy represents the
concentration ratio of a prescribed element contained in the y’ phase to in the matrix phase (y
phase). An element satisfying a distribution coefficient > 1 stabilizes the y’ phase. An element
satisfying a distribution coefficient < 1 stabilizes the matrix phase (y phase). Titanium (Ti),
vanadium (V), niobium (Nb), tantalum (Ta), and molybdenum (Mo) are elements for
stabilizing the y’ phase. Particularly, Ta exerts the effect for stabilizing the y’ phase more
easily than the other elements.

[0046]

Nickel (Ni) is a component that is substituted for Co of the L1, intermetallic
compound to improve heat resistance and/or corrosion resistance. When the amount of Ni
added is 1.0% or more, the effect (heat resistance and/or corrosion resistance) of the addition
can be exhibited. Excessive addition of Ni, however, generates a harmful compound phase.
For this reason, the upper limit of the amount of Ni added is set at 50%. A preferable upper
limit of the amount of Ni added is 40%. Ni is substituted for each of Al and W to improve the
degree of stability of the y’ phase. As a result, the stable presence of the y’ phase at higher
temperatures is made possible.

[0047]

Iridium (Ir) is a component that is substituted for Co of the L1, intermetallic
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compound to improve heat resistance and/or corrosion resistance. With the amount of Ir added
being 1.0% or more, the effect of the addition is exhibited. Excessive addition of Ir, however,
generates a harmful compound phase. For this reason, the upper limit of the amount of Ir
added is set at 50%. A preferable upper limit of the amount of Ir added is 40%.

[0048]

Iron (Fe) is substituted for Co to have an action of improving processability. The
action becomes prominent when the amount of Fe added is 1.0% or more. However, excessive
addition of Fe, such as an amount of Fe added exceeding 10%, may cause unstable formation
in a high-temperature range. For this reason, the upper limit of the amount of Fe added is set
at 10%. A preferable upper limit of the amount of Fe added is 5.0%.

[0049]

Chromium (Cr) is an alloy component that generates a dense oxide film on the
surface of the Co-based alloy structure to improve oxidation resistance. In addition, Cr
contributes to improvement in high-temperature strength and/or corrosion resistance. Such an
effect becomes prominent when the amount of Cr added is 1.0% or more. Excessive addition
of Cr, however, may cause deterioration in processability. For this reason, the upper limit of
the amount of Cr added is set at 20%. A preferable upper limit of the amount of Cr added is
15%.

[0050]

Molybdenum (Mo) is an alloy component effective for stabilizing the y’ phase and
solid-solution strengthening the matrix. Particularly, with the content of Mo being 1.0% or
more, the effect of the addition of Mo can be exhibited. Excessive addition of Mo, however,
may cause deterioration in processability. Therefore, the upper limit of the content of Mo is
set at 15%. A preferable upper limit of the content of Mo is 10%.

[0051]
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Rhenium (Re) and ruthenium (Ru) are alloy components effective for improving
oxidation resistance. The effect of the addition becomes prominent when Re and Ru are each
at 0.5% or more. Excessive addition of each of Re and Ru, however, provokes generation of a
harmful phase. For this reason, the upper limit of the amount of each of Re and Ru added is
set at 10%. A preferable upper limit of the amount of each of Re and Ru added is 5.0%.
[0052]

Titanium (Ti), niobium (Nb), zirconium (Zr), vanadium (V), tantalum (Ta), and
hafnium (Hf) are each an alloy component effective for stabilizing the y’ phase and/or
improving high-temperature strength. Particularly, with the amount of Ti added being 0.5% or
more, the amount of Nb added being 1.0% or more, the amount of Zr added being 1.0% or
more, the amount of V added being 0.5% or more, the amount of Ta added being 1.0% or
more, and the amount of Hf added being 1.0% or more, the effect of the addition can be
obtained. Excessive addition of each of Ti, Nb, Zr, V, Ta, and Hf, however, may cause
generation of a harmful phase and/or reduction in the melting point. For this reason, the upper
limits of the amounts of Ti, Nb, Zr, V, Ta, and Hf added are set at 10%, 20%, 10%, 10%, 20%,
and 10%, respectively.

[0053]

[Grain Size of v’ Phase]

The L1, intermetallic compound, [Co3(Al,W)] or [(Co,X)3(Al,W, Z)], is configured
so that grains of the precipitated phase (y” phase) has a grain size of 10 nm to 1 pm (1000 nm).
The grain size exceeding 1 um deteriorates the mechanical characteristics such as strength and
hardness. The preferable grain size of the y” phase is in the range of 10 nm or more to less
than 50 nm.

[0054]

[Amount of y’ Phase Precipitated]
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The L1, intermetallic compound, [Co3(Al,W)] or [(Co,X)3(ALW, Z)], is configured
so that the amount of the phase (y” phase) precipitated is 40 vol% to 85 vol%. The amount of
the phase precipitated being less than 40% causes insufficient action caused by precipitation
strengthening. On the other hand, the amount of the phase precipitated exceeding 85% may
deteriorate ductility in the Co-based alloy structure.

[0055]

[Additive Manufacturing Object]

The Co-based alloy structure is configured as, for example, an additive
manufacturing object made from a powder. The additive manufacturing object is formed by
additive manufacturing (AM). The additive manufacturing is a method for forming an
additive manufacturing object by selectively melting and solidifying a powder produced by a
gas atomization, with a 3D printer using a laser or the like as a heat source.

[0056]

In one preferred embodiment, as a raw material for the additive manufacturing
object is used a powder (hereinafter referred to as a “raw material powder”) having
composition that has 2% to 5% of Al, 17% to 25% of W, 0.05% to 0.15% of C, 20% to 35%
of Ni, 6% to 10% of Cr, and 3% to 8% of Ta in terms of a mass ratio, with a balance being Co
besides unavoidable impurities. The manufacturing method, which will be described below, is
performed using this raw material powder to obtain an additive manufacturing object having
the same composition as the composition of the raw material powder.

[0057]

[Method for Manufacturing Co-based Alloy Structure made from Additive
Manufacturing Object]

Next, one example of the method for manufacturing the Co-based alloy structure

made from the additive manufacturing object is illustrated in FIG. 1. The manufacturing
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method includes, as main steps, a powder production step S1, a selective laser melting step S2,
a solution treatment step S3, and an aging treatment step S4. Hereinafter, each of the steps is
described.

[0058]

[Powder Production Step]

The powder production step S1 is a step of producing a powder serving as a raw
material for the Co-based alloy structure. The powder has prescribed chemical composition as
in, for example, the raw material powder described above.

[0059]

As the method for producing the powder, gas atomization is used, for example.
Specifically, high-frequency induction heating is performed using a gas atomizer to melt a
sample in an inert gas atmosphere after evacuation or in an air atmosphere. Thereafter, a high-
pressure gas (gas such as helium, argon, or nitrogen) is blown to the sample to produce a
spherical powder with a particle size of approximately several tens of micrometers.

[0060]

In one preferred embodiment, the powder has a particle size of 5 um or more to 100
pm or less from the viewpoint of handleability in the selective laser melting step (S2)
performed subsequently and an alloy powder bed filling property. A powder having a particle
size of less than 5 um lowers flowability of the alloy powder in the subsequent step S2
(lowers formability for the alloy powder bed), which may cause a reduction in accuracy of the
form of the additive manufacturing object. On the other hand, a powder having a particle size
exceeding 100 pm makes it difficult to control local melting and rapid quenching and
solidification of the alloy powder bed in the subsequent step S2, which results in insufficient
melting of the powder, or may cause an increase in the surface roughness of the additive

manufacturing object. The powder has a particle size of more preferably 10 pm or more to 70
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pum or less, further more preferably 10 um or more to 50 um or less.
[0061]

[Selective Laser Melting Step]

The selective laser melting step S2 is a step of forming an additive manufacturing
object in a desired shape by selective laser melting (SLM), using the powder produced in the
powder production step S1.

[0062]

As illustrated in FIG. 1, the step S2 includes an alloy powder bed preparation sub-
step (S21) of spreading the powder produced in the powder production step S1 to prepare an
alloy powder bed with a prescribed thickness; and a laser melting and solidification sub-step
(822) of irradiating a prescribed region of the alloy powder bed with laser light to locally melt
the powder in the region and rapidly quench and solidify the powder. The alloy powder bed
preparation sub-step (S21) and the laser melting and solidification sub-step (S22) are
repetitively performed, thereby forming an additive manufacturing object (specifically, a
precursor of the Co-based alloy structure).

[0063]

In the selective laser melting step S2, the micro-formation of the additive
manufacturing object is controlled in order to obtain a micro-formation desired as the final
additive manufacturing object. Specifically, in order to control the micro-formation of the
additive manufacturing object, the local melting and the rapid quenching and solidification of
the powder bed are controlled.

[0064]
[Solution Treatment Step]
The solution treatment step S3 is a step of performing a solution treatment on the

additive manufacturing object (the precursor of the Co-based alloy structure) obtained in the
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selective laser melting step S2. The temperature of the solution treatment is set in the range of
1100°C or more to 1200°C or less. A preferable temperature of the solution treatment is
1160°C. In one preferred embodiment, the retention time of the solution treatment is set to be
0.5 hours or more to 10 hours or less. A method of quenching after the heat treatment is not
particularly limited, and any of, for example, water quenching, oil quenching, air quenching,
and furnace quenching may be performed.

[0065]

The solution treatment step S3 causes recrystallization of parent-phase crystal
grains in the additive manufacturing object (the precursor of the Co-based alloy structure)
obtained in the selective laser melting step S2, thereby relaxing internal strain generated in the
additive manufacturing object during the rapid quenching and solidification. In one preferred
embodiment, the recrystallization controls the average crystal grain size of the parent-phase
crystal grains in the range of 20 pm or more to 145 um or less to control coarsening of the
grains. With the average crystal grain size being less than 20 um or exceeding 145 um, creep
characteristics sufficient for the final Co-based alloy structure cannot be obtained.

[0066]

[Aging Treatment Step]

The aging treatment step S4 is a step of performing an aging treatment on the
additive manufacturing object (the precursor of the Co-based alloy structure) that has
undergone the solution treatment in the solution treatment step S3. Specifically, the aging
treatment step S4 includes a first aging treatment step S41 and a second aging treatment step
S42.

[0067]
The first aging treatment step S41 is performed after the solution treatment step S3.

In one preferred embodiment, the aging temperature of the first aging treatment step S41 is set
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in the range of 500°C or more to 700°C or less. In one preferred embodiment, the retention
time of the first aging treatment step S41 is set to be 0.5 hours or more to 30 hours or less.
[0068]

The second aging treatment step S42 is performed after the first aging treatment
step S41. The aging temperature of the second aging treatment step S42 is set to be higher
than the aging temperature of the first aging treatment step S41. Specifically, in one preferred
embodiment, the aging temperature of the second aging treatment step S42 is set in the range
of 600°C or more to 800°C or less. In one preferred embodiment, the retention time of the
second aging treatment step S42 is set to be 0.5 hours or more to 20 hours or less.

[0069]

The quenching in the first and second aging treatment steps S41 and S42 is not
particularly limited, and may be any of, for example, water quenching, oil quenching, air
quenching, and furnace quenching.

[0070]

Meanwhile, a corrosion-resistant coating layer (not illustrated) may further be
formed as necessary on the additive manufacturing object obtained in the solution treatment
step S3 or the aging treatment step S4. Alternatively, surface finishing may be performed on
the additive manufacturing object obtained in the solution treatment step S3 or the aging
treatment step S4.

[0071]

[Action Effects of Embodiment]

As described above, the Co-based alloy structure is configured to include a
precipitated phase (y” phase) that is dispersively precipitated in a matrix phase (y phase) and
has a grain size of 10 nm to 1 pm and to have a precipitation amount of the precipitated phase

(v~ phase) of 40 vol% to 85 vol%. This configuration allows multiple grains of the y” phase
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having an extremely minimal grain size to be precipitated and dispersive in the matrix phase
(y phase). As a result, the total surface area of the interfaces between the matrix phase (y
phase) and multiple grains of the y” phase relatively increases, and the distance between
grains of the y” phase is relatively shortened (becomes smaller than 100 nm) in the formation
of the Co-based alloy structure. Specifically, the y” phase including extremely fine grains are
being uniformly precipitation-strengthened in the matrix phase (y phase). The precipitation
strengthening improves the mechanical characteristics (particularly tensile strength and yield
strength (0.2% yield strength)) particularly at high temperatures. Accordingly, in the Co-based
alloy structure according to the embodiment of the present disclosure, the mechanical
characteristics based on the action of precipitation strengthening can be enhanced. The term
“dispersive” in the embodiment of the present disclosure refers to the state in which a
plurality of grains of the y” phase are being uniformed disposed in the matrix phase (y phase).
[0072]

In one preferred embodiment, the y” phase has a grain size in the range of 10 nm or
more and less than 50 nm. If multiple grains of the y” phase that have been refined in the
manner described above are precipitated and dispersive in the matrix phase (y phase), the
action of precipitation strengthening by the y” phase is enhanced, thereby enabling further
enhancement of the mechanical characteristics of the Co-based alloy structure.

[0073]

The Co-based alloy structure is configured as an additive manufacturing object
made from a powder. The additive manufacturing using a metal 3D printer with particularly a
laser used as a heat source makes the solidification speed of a powder serving as a raw
material in manufacturing of an additive manufacturing object much higher than the
solidification speed in commonly used casting. As a result, a fine, solidified formation is

formed in the additive manufacturing object. Then, as illustrated in FIGS. 2 and 3, heat
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treatments (a solution treatment and an aging treatment) are performed on the manufactured
additive manufacturing object to allow a W compound to be finely precipitated and uniformly
dispersive in the matrix phase (y phase) at grain boundaries and/or in grains of the additive
manufacturing object. Further, in the matrix phase (y phase), multiple fine grains of the
precipitated phase (y” phase) become dispersive around the W compound. Thus, the Co-based
alloy structure configured as the additive manufacturing object made from the powder can
obtain the action caused by precipitation strengthening of both the W compound and the
multiple fine grains of the precipitated phase (y” phase). As a result, in the Co-based alloy
structure according to the embodiment of the present disclosure, the mechanical
characteristics are can be further enhanced.

[0074]

FIGS. 2 and 3 illustrate the state of formation in which the W compound has been
precipitated. However, not the W compound but a carbide phase may be precipitated at the
grain boundaries and/or in the grains of the additive manufacturing object. Alternatively, both
the W compound and the carbide phase may be precipitated at the grain boundaries and/or in
the grains of the additive manufacturing object.

[0075]

The powder serving as a raw material for the layered structure has composition
having 2% to 5% of Al, 17% to 25% of W, 0.05% to 0.15% of C, 20% to 35% of Ni, 6% to
10% of Cr, and 3% to 8% of Ta in terms of a mass ratio, with a balance being Co besides
unavoidable impurities. The additive manufacturing object made from the powder having
such composition enables the grain size of the precipitated phase (y” phase) to be minimal.
This enables further enhancement of the mechanical characteristics of the Co-based alloy
structure.

[0076]
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Further, in the aging treatment step of the method for manufacturing the Co-based
alloy structure, the aging temperature of the second aging treatment step performed after the
first aging treatment step is set to be higher than the aging temperature of the first aging
treatment step. Specifically, the temperature of the solution treatment is 1100°C or more, the
aging temperature of the first aging treatment step is 500°C to 700°C, and the aging
temperature of the second aging treatment step is set to be 600°C to 800°C. This setting
enables the grain size of the precipitated phase (y” phase) to be extremely minimal in the
formation of the Co-based alloy structure. In addition, micro segregation becomes less likely
to be generated in the formation of the Co-based alloy structure and the y” phase is uniformly
dispersed in the matrix phase (y phase). This enhances the action of precipitation
strengthening by the y” phase, thereby enabling further enhancement of the mechanical
characteristics of the Co-based alloy structure.

[0077]

[First Variation of Embodiment]

The Co-based alloy structure configured as an additive manufacturing object made
from a powder has been described above as the embodiment. The Co-based alloy structure,
however, is not limited to this form. Specifically, the precursor of the Co-based alloy structure
may be configured as a forged object manufactured by forging, in place of the additive
manufacturing object manufactured by additive manufacturing. Specifically, as the method for
manufacturing the Co-based alloy structure, a method (see FIG. 4) including a forging step
(S5) performed by forging in place of the powder production step (S1) and the selective laser
melting step (S2) illustrated in FIG. 1 may be employed.

[0078]
In the forging, a relatively coarse, solidified formation is formed immediately after

casting, but a post-step of hot forging homogenizes the formation and allows crystal grains to
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be recrystallized and thus refined. In addition, the solution treatment step S3 and the aging
treatment step S4 illustrated in FIG. 1 further fine grains of the precipitated phase (y” phase)
in the formation of the Co-based alloy structure and make micro segregation less likely be
generated. Accordingly, even for the Co-based alloy structure made from a forged object, the
mechanical characteristics can be increased similarly to the embodiment.

[0079]

[Second Variation of Embodiment]

Alternatively, the precursor of the Co-based alloy structure may be configured as a
powder HIP forged object manufactured by powder HIP forging, in place of the additive
manufacturing object manufactured by additive manufacturing. Specifically, as the method for
manufacturing the Co-based alloy structure, a method (see FIG. 5) including a HIP treatment
step (S6) performed by powder HIP forging in place of the selective laser melting step (S2)
illustrated in FIG. 1 may be employed.

[0080]

The HIP treatment step (S6) is a step of filling a can with the powder produced by
the powder production step (S1) and sintering the powder at high temperature under
hydrostatic pressure. The formation of the powder produced by the powder production step
(S1) is rapidly quenched and solidified by, for example, gas atomization. This allows the W
compound and/or the carbide phase to be fine and dispersive at the grain boundaries and/or in
the grains. Then, the solution treatment step (S3) and the aging treatment step (S4) further
refine the grains of the y” phase in the formation of the Co-based alloy structure and make the
micro segregation less likely be generated. Accordingly, even for the Co-based alloy structure
made from the powder HIP forged object, the mechanical characteristics can be increased
similarly to the embodiment.

[0081]
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[Other Embodiments]

In the powder production step (S1) illustrated in FIGS. 1 and 5, the method and
technique for producing the powder serving as a raw material for the Co-based alloy are not
particularly limited. Specifically, in the powder production step (S1), a commonly used
method and technique may be used. For example, a parent alloy ingot (master ingot)
production sub-step and an atomization sub-step may be performed The parent alloy ingot
production sub-step includes mixing raw materials to have desired chemical composition, and
melting and casting the raw materials to produce a parent alloy ingot, and the atomization
sub-step includes forming an alloy powder from the parent alloy ingot. The atomization is
also not particularly limited, and a generally used method and technique may be used. For
example, a centrifugal atomization may be employed in place of the above-described gas
atomization.

[0082]

While the embodiment of the present disclosure has been described above, the
present disclosure is not limited to only the embodiment, and various changes may be made
without departing from the scope of the present disclosure
EXAMPLES
[0083]

Hereinafter, the present invention is further specifically described by way of a
sample A (example) and a sample B (comparative example) produced through the following
steps. It is to be noted that the present invention is not limited by these examples.

[0084]

The sample A is a Co-based alloy structure formed from an additive manufacturing

object produced through all the steps illustrated in FIG. 1. The sample A includes grains of the

precipitated phase (y” phase) having a grain size of less than 50 nm (see FIG. 6). On the other
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hand, the sample B is a Co-based alloy structure formed from an additive manufacturing
object produced through all the steps except the second aging treatment step (S42) illustrated
in FIG. 1. The sample B includes grains of the y” phase having a grain size of about 250 nm
(see FIG. 7).

[0085]

First, in order to produce the samples A and B, the powder (raw material powder)
serving as a raw material for the additive manufacturing object described in the embodiment
was produced in the powder production step (S1) illustrated in FIG. 1. Specifically, the parent
alloy ingot production sub-step of mixing prescribed raw materials, and then melting the raw
materials using a vacuum high-frequency induction melting and then casting the raw materials
to produce a parent alloy ingot. Next, performed was an atomization sub-step of remelting the
parent alloy ingot and forming an alloy powder in an argon gas atmosphere by gas
atomization. Next, the obtained powder underwent an alloy powder classification sub-step for
controlling the particle size.

[0086]

Using the raw material powder, an additive manufacturing object (diameter 8 mm X
height 60 mm) was produced in the selective laser melting step (S2) illustrated in FIG. 1. As
the conditions for the selective laser melting (SLM), a thickness h of the alloy powder bed
was set at 100 um, an output P of laser light was set at 100 W, and a scanning speed S (mm/s)

of the laser light was variously changed to control a local heat input P/S (unit: W * S/mm =

J/mm). The control of the local heat input corresponds to control of the quenching speed.
[0087]

The additive manufacturing object (precursor) produced in the selective laser
melting step (S2) underwent the solution treatment step (S3) illustrated in FIG. 1. In the

present experiment, the temperature of the solution treatment was 1160°C. The retention time
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of the solution treatment was 4 hours.
[0088]

Next, the additive manufacturing object (precursor) that has undergone the solution
treatment underwent an aging treatment step. Specifically, the sample A underwent both the
first aging treatment step (S41) and the second aging treatment step (S42) illustrated in FIG. 1.
On the other hand, the sample B underwent only the first aging treatment step (S41)
illustrated in FIG. 1. Specifically, the sample B did not undergo the second aging treatment
step (S42) illustrated in FIG. 1.

[0089]

In the present experiment, the temperature of the first aging treatment step (S41)
was 650°C. The retention time of the first aging treatment step (S41) was 24 hours. The
temperature of the second aging treatment step (S42) was 760°C. The retention time (S42) of
the second aging treatment step was 16 hours.

[0090]

As can be seen from FIGS. 6 and 7, the sample A that has undergone both the first
and second aging treatment steps contains multiple fine grains of the precipitated phase (y”
phase) being uniformly, dispersively precipitated in the matrix phase (y phase), compared
with the sample B that has undergone only the first aging treatment step. Specifically, in the
sample A, the uniform dispersion of the y” phase in the matrix phase (y phase) results in no
generation of micro segregation in the formation of the Co-based alloy structure.

[0091]

FIG. 8 is a graph illustrating relationships of tensile strength and 0.2% yield
strength (MPa) with temperature changes (°C) in the samples A and B.

[0092]

As can be seen from FIG. 8, numerical values of both of the tensile strength and the
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0.2% yield strength in the sample A were higher than those of the sample B overall.
Specifically, the tensile strength of the sample A was approximately 100 MPa higher than that
of the sample B in the range of about 20°C to about 600°C. In addition, the 0.2% yield
strength of the sample A was approximately 20 MPa higher than that of the sample B in the
range of about 20°C to about 600°C.

[0093]

As described above, the present experiment demonstrated that the sample A of the
example that had undergone the first aging treatment step (S41) and the second aging
treatment step (S42) to contain extremely fine grains of the y” phase had improved the
mechanical characteristics (tensile strength and 0.2% yield strength), compared with the
sample B of the comparative example that had underwent only the first aging treatment step

(S41).

INDUSTRIAL APPLICABILITY
[0094]

The present disclosure is industrially applicable as a Co-based alloy structure
suitable for an application requiring high-temperature strength, high strength, high elasticity,

and the like and as a method for manufacturing the Co-based alloy structure.
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CLAIMS

1. A method for manufacturing a Co-based alloy structure having composition that has
2% to 5% of Al, 17% to 25% of W, 0.05% to 0.15% of C, 20% to 35% of Ni, 6% to 10% of
Cr, and 3% to 8% of Ta in terms of a mass ratio, with a balance being Co besides
unavoidable impurities, the Co-based alloy structure comprising:

a matrix phase (y phase) having an fcc structure and containing mainly Co; and

a precipitated phase (y’ phase) that contains an intermetallic compound having an L1»
fcc structure of Coz(Al,W) or [(Co,X)3(Al,W,Z)] in terms of an atomic ratio, in that X and Z
in the intermetallic compound are alloy components selected from at least one of groups (1)
or (1), wherein the group (1) is composed of B, C, Y, La and mischmetal, and the group (1)
is composed of Ni, Cr, Ti, Fe, V, Nb, Ta, Mo, Zr, Hf, Ir, Re and Ru, and that is dispersively
precipitated in the matrix phase,

the Co-based alloy structure being configured to comprise the precipitated phase (y’
phase) having a grain size in a range of 10 nm or more and less than 50 nm, and grains of the
precipitated phase (y’ phase) being uniformly disposed and precipitated, and to have a
precipitation amount of 40 vol% to 85 vol%,

wherein the method comprises:

a solution treatment step of performing a solution treatment on a precursor of the Co-
based alloy structure; and

an aging treatment step of performing an aging treatment on the precursor of the Co-
based alloy structure that has undergone the solution treatment,

the aging treatment step including a first aging treatment step and a second aging
treatment step performed after the first aging treatment step,

an aging temperature of the second aging treatment step being set to be higher than an

aging temperature of the first aging treatment step.
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2. The method of claim 1, wherein
a temperature of the solution treatment is 1100°C or more,
the aging temperature of the first aging treatment step is 500°C to 700°C, and the aging

temperature of the second aging treatment step is 600°C to 800°C.

3. The method of claim 1 or 2, wherein
the Co-based alloy structure is configured as an additive manufacturing object made

from a powder.

4. The method of claim 1 or 2, wherein
the Co-based alloy structure is configured as a powder HIP forged object made from a

powder.

5. The method of claim 1 or 2, wherein

the Co-based alloy structure is configured as a forged object.
6. The method of claim 1 or 2, wherein
the precursor of the Co-based alloy structure is manufactured by additive

manufacturing.

7. The method of claim 1 or 2, wherein

the precursor of the Co-based alloy structure is manufactured by forging.

8. The method of claim 1 or 2, wherein

the precursor of the Co-based alloy structure is manufactured by powder HIP forging.

29



