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DESCRIPTION

COPPER ALLOY AND COPPER ALLOY FORMING MATERIAL

TECHNICAL FIELD

[0001]

The present invention relates to a copper alloy which is used in, for example,
mechanical components, electric components, articles for daily use, building materials,
and the like, and a copper alloy forming material (copper alloy plastic working material,
plastically-worked copper alloy material) that is shaped by plastically working a copper
material composed of a copper alloy.

The present application claims priority on Japanese Patent Application No.
2011-248731 filed on November 14, 2011, the content of which is incorporated herein by

reference.

BACKGROUND ART

[0002]

In the related art, copper alloy plastic working materials have been used as
materials of mechanical components, electric components, articles for daily use, building
material, and the like. The copper alloy plastic working material is shaped by subjecting
an ingot to plastic working such as rolling, wire drawing, extrusion, groove rolling,
forging, and pressing.

Particularly, from the viewpoint of manufacturing efficiency, elongated objects
such as a bar, a wire, a pipe, a plate, a strip, and a band of a copper alloy have been used as

the material of the mechanical components, the electric components, the articles for daily
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use, the building material, and the like.

[0003]

The bar has been used as a material of, for example, a socket, a bush, a bolt, a nut,
an axel, a cam, a shaft, a spindle, a valve, an engine component, an ¢lectrode for resistance
welding, and the like.

The wire has been used as a material of, for example, a contact, a resistor, an
interconnection for robots, an interconnection for vehicles, a trolley wire, a pin, a spring, a
welding rod, and the like.

The pipe has been used as a material of, for example, a water pipe, a gas pipe, a
heat exchanger, a heat pipe, a break pipe, a building material, and the like.

The plate and the strip have been used as a material of, for example, a switch, a
relay, a connector, a lead frame, a roof shingle, a gasket, a gear wheel, a spring, a printing
plate, a gasket, a radiator, a diaphragm, a coin, and the like.

The band has been used as a material of, for example, an interconnector for a
solar cell, a magnet wire, and the like.

[0004]

Here, as the elongated objects (copper alloy plastic working material) such as the
bar, the wire, the pipe, the plate, the strip, and the band, copper alloys having various
compositions have been used according to respective uses.

For example, as a copper alloy that is used in an electronic apparatus, an electric
apparatus, and the like, a Cu-Mg alloy described in Non-Patent Document 1, a
Cu-Mg-Zn-B alloy described in Patent Document 1, and the like have been developed.

[0005]

In this Cu-Mg-based alloy, as can be seen from a Cu-Mg-system phase diagram

shown in FIG. 1, in the case where the Mg content is in a range of 3.3% by atom or more,
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a solution treatment and a precipitation treatment are performed to allow an intermetallic
compound composed of Cu and Mg to precipitate. That is, the Cu-Mg-based alloy can
have a relatively high electrical conductivity and strength due to precipitation hardening.

[0006]

In addition, as a copper alloy plastic working material that is used in a trolley
wire, a Cu-Mg alloy rough wire described in Patent Document 2 is suggested. In the
Cu-Mg alloy, the Mg content is in a range of 0.01% by mass to 0.70% by mass. As can
be seen from the Cu-Mg-system phase diagram shown in FIG. 1, the Mg content is smaller
than a solid solution limit, and thus the Cu-Mg alloy described in Patent Document 2 is a
solid-solution-hardening type copper alloy in which Mg is solid-solubilized in a copper
matrix phase.

[0007]

Here, in the Cu-Mg-based alloy described in Non-Patent Document 1 and Patent
Document 1, a lot of coarse intermetallic compounds containing Cu and Mg as main
components are distributed in the matrix phase. Therefore, the intermetallic compounds
serve as the starting points of cracking during bending working, and thus cracking tends to
occur. Accordingly, there is a problem in that it is difficult to shape a product with a
complicated shape.

In addition, in the Cu-Mg-based alloy described in Patent Document 2, Mg is
solid-solubilized in a copper matrix phase. Therefore, there is no problem in formability,

but strength may be deficient depending on a use.

PRIOR ART DOCUMENTS
Patent Documents

[0008]
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Patent Document 1: Japanese Unexamined Patent Application, First Publication
No. S07-018354

Patent Document 2:  Japanese Unexamined Patent Application, First Publication
No. 2010-188362
Non-Patent Document

[0009]

Non-Patent Document 1: Hort, Shigenori and two co-researchers, “Intergranular
(Grain Boundary) Precipitation in Cu-Mg alloy”, Journal of the Japan Copper and Brass

Research Association, Vol. 19 (1980), p. 115 to 124

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0010]
The invention was made in consideration of the above-described circumstances,
and an object thereof is to provide a copper alloy having high strength and excellent

formability, and a copper alloy plastic working material composed of the copper alloy.

Means for Solving the Problems

[0011]

In order to solve the problems, the present inventors have made a thorough
investigation, and as a result, they obtained the following finding.

A work-hardening type copper alloy prepared by solutionizing a Cu-Mg alloy and
rapidly cooling the resultant solutionized Cu-Mg alloy is composed of a Cu-Mg solid
solution alloy supersaturated with Mg. The work-hardening type copper alloy has high

strength and excellent formability. In addition, it is possible to improve tensile strength
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of the copper alloy by reducing the oxygen content.

[0012]

The invention has been made on the basis of the above-described finding.

According to a first aspect of the invention, there is provided a copper alloy
containing Mg at a content of 3.3% by atom to 6.9% by atom, with the balance being
substantially composed of Cu and unavoidable impurities. ~ An oxygen content is in a
range of 500 ppm by atom or less.

When a Mg content is set to X% by atom, an electrical conductivity o (%IACS)
satisfies the following Expression (1).

o < {1.7241/(-0.0347xX* + 0.6569xX + 1.7)}x100 - (1)

[0013]

According to a second aspect of the invention, there is provided a copper alloy
containing Mg at a content of 3.3% by atom to 6.9% by atom, with the balance
substantially being Cu and unavoidable impurities.  An oxygen content is in a range of
500 ppm by atom or less.

When being observed by a scanning electron microscope, an average number of

intermetallic compounds, which have grain sizes of 0.1 um or more and which contain Cu

and Mg as main components, is in a range of 1 piece/um? or less.

[0014]

According to a third aspect of the invention, there is provided a copper alloy
containing Mg at a content of 3.3% by atom to 6.9% by atom, with the balance
substantially being Cu and unavoidable impurities. ~ An oxygen content is in a range of
500 ppm by atom or less.

When a Mg content is set to X% by atom, an electrical conductivity o (%lACS)
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satisfies the following Expression (1).

o < {1.7241/(-0.0347xX> + 0.6569xX + 1.7)}x100 -~ (1)

When being observed by a scanning electron microscope, the average numbér of
intermetallic compounds, which have grain sizes of 0.1 um or more and which contain Cu
and Mg as main components, is in a range of 1 piece/um? or less.

[0015]

According to a fourth aspect of the invention, there is provided a copper alloy
containing Mg at a content of 3.3% by atom to 6.9% by atom, and at least one or more
selected from a group consisting of Al, Ni, Si, Mn, Li, Ti, Fe, Co, Cr, and Zr at a total
content of 0.01% by atom to 3.0% by atom, with the balance substantially being Cu and
unavoidable impurities. An oxygen content is in a range of 500 ppm by atom or less.

When being observed by a scanning electron microscope, the average number of
intermetallic compounds, which have grain sizes of 0.1 um or more and which contain Cu
and Mg as main components, is in a range of 1 piece/um? or less.

[0016]

In the above-described copper alloys according to the first and third aspects, as
shown in a phase diagram of FIG. 1, Mg is contained at a content in a range of 3.3% by
atom to 6.9% by atom which is equal to or greater than a solid solution limit, and when the
Mg content is set to X% by atom, the electrical conductivity o (%IACS) satisfies the
above-described Expression (1). Accordingly, the copper alloy is composed of a Cu-Mg
solid solution alloy supersaturated with Mg.

In addition, in the copper alloys according to the second to fourth aspects, Mg is
contained at a content in a range of 3.3% by atom to 6.9% by atom which is equal to or

greater than a solid solution limit, and when being observed by a scanning electron
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microscope, the average number of intermetallic compounds, which have grain sizes of
0.1 um or more and which contain Cu and Mg as main components, is in a range of 1
piece/um’ or less.  Accordingly, precipitation of the intermetallic compounds is
suppressed, and thus the copper alloy is composed of a Cu-Mg solid solution alloy
supersaturated with Mg.

[0017]

In addition, the average number of the intermetallic compounds, which have grain
sizes of 0.1 um or more and which contain Cu and Mg as main components, is calculated
by performing observation of 10 viewing fields by using a field emission scanning
electron microscope at a 50,000-fold magnification and a viewing field of approximately
4.8 ym®.

In addition, a grain size of the intermetallic compound, which contains Cu and
Mg as main components, is set to an average value of the major axis and the minor axis of
the intermetallic compound. In addition, the major axis is the length of the longest
straight line in a grain under a condition of not coming into contact with a grain boundary
midway, and the minor axis is the length of the longest straight line under a condition of
not coming into contact with the grain boundary midway in a direction perpendicular to
the major axis.

[0018]

In the copper alloy composed of the Cu-Mg solid solution alloy supersaturated
with Mg, coarse intermetallic compounds mainly containing Cu and Mg, which are the
start points of cracks, are not largely dispersed in the matrix, and thus formability is
greatly improved.

In addition, the copper alloy is supersaturated with Mg, and thus it is possible to
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greatly improve the strength by work-hardening.

[0019]

In addition, in the copper alloys according to the first to fourth aspects of the
invention, the oxygen content is in a range of 500 ppm by atom or less. Accordingly, a
generation amount of Mg oxides is suppressed to be small, and thus it is possible to
greatly improve tensile strength. In addition, occurrence of disconnection or cracking
that is caused by the Mg oxides serving as starting points may be suppressed during
working, and thus it is possible to greatly improve formability.

In addition, it is preferable that the oxygen content be set to be in a range of 50
ppm by atom or less to reliably obtain this operational effect, and more preferably in a
range of 5 ppm by atom or less.

[0020]

Further, in the copper alloy according to the first to fourth aspects of the invention,
in the case of containing at least one or more selected from a group consisting of Al, Ni, Si,
Mn, Li, Ti, Fe, Co, Cr, and Zr at a total content of 0.01% by atom to 3.0% by atom, it is
possible to greatly improve the mechanical strength due to the operational effect of these
elements.

[0021]

A copper alloy plastic working material according to an aspect of the invention is
shaped by plastically working a copper material composed of the above-described copper
alloy. In addition, in this specification, the plastically-worked material represents a
copper alloy to which plastic working is performed during several manufacturing
processes.

The copper alloy plastic working material according to the aspect is composed of

the Cu-Mg solid solution alloy supersaturated with Mg as described above, and thus the
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copper alloy plastic working material has high strength and exceilent formability.

[0022]

It is preferable that the copper alloy plastic working material according to the
aspect of the invention be shaped according to a manufacturing method including: a
melting and casting process of manufacturing a copper material having an alloy
composition of the copper alloy according to the first to fourth aspects of the invention; a
heating process of heating the copper material to a temperature of 400°C to 900°C; a
rapid-cooling process of cooling the heated copper material to a temperature of 200°C or
lower at a cooling rate of 200°C/min or more; and a plastic working process of plastically
working the copper material which is rapidly cooled.

In this case, the copper material having an alloy composition of the copper alloy
according to the first to fourth aspects of the invention is manufactured by melting and
casting. Then solutionizing of Mg can be performed by the heating process of heating
the copper material to a temperature of 400°C to 900°C. Here, in the case where the
heating temperature is lower than 400°C, the solutionizing becomes incomplete, and thus
there is a concern that the intermetallic compounds containing Cu and Mg as main
components may remain at a large amount in the matrix phase. On the other hand, in the
case where the heating temperature exceeds 900°C, a part of the copper material becomes
a liquid phase, and thus there is a concern that a structure or a surface state may be
non-uniform.  Accordingly, the heating temperature is set to be in a range of 400°C to
900°C. In addition, it is preferable that the heating temperature in the heating process be
set to be in a range of 500°C to 800°C to reliably obtain the operational effect.

[0023]

In addition, the rapid-cooling process of cooling the heated copper material to a
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temperature of 200°C or lower at a cooling rate of 200°C/min or more is provided, and
thus it is possible to suppress precipitation of the intermetallic compounds containing Cu
and Mg as main components during the cooling process. Accordingly, it is possible to
make the copper alloy plastic working material be composed of the Cu-Mg solid solution
alloy supersaturated with Mg.

[0024]

Further, the working process of subjecting the copper material (Cu-Mg solid
solution alloy supersaturated with Mg), which is rapidly cooled, to plastic working is
provided, and thus it is possible to realize improvement in strength due to work-hardening.
Here, a working method is not particularly limited. For example, in the case where the
final shape is a plate or a strip shape, rolling may be employed. In the case where the
final shape is a wire or a bar shape, wire drawing, extrusion, and groove rolling may be
employed. In the case where the final shape is a bulk shape, forging and pressing may be
employed. A working temperature is not particularly limited, but it is preferable that the
working temperature be set to be in a range of -200°C to 200°C at which cold working or
hot working is performed in order for precipitation not to occur. A working rate is
appropriately selected to approach the final shape. However, in the case of considering
work-hardening, it is preferable that the working rate be set to be in a range of 20% or
more, and more preferably in a range of 30% or more.

[0025]

In addition, it is preferable that the copper alloy plastic working material
according to the aspect of the invention be an ¢longated object having a shape selected
from a bar shape, a wire shape, a pipe shape, a plate shape, a strip shape, and a band
shape.

In this case, it is possible to manufacture a copper alloy plastic working material
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having high strength and excellent formability with high efficiency.

Effects of the Invention
[0026]
5 According to the aspects of the invention, it is possible to provide a copper alloy
having high strength and excellent formability, and a copper alloy plastic working material

composed of the copper alloy.

BRIEF DESCRIPTION OF THE DRAWINGS
10 [0027]
FIG. 1 is a Cu-Mg-system phase diagram.
FIG. 2 is a flowchart of a method of manufacturing a copper alloy and a copper
alloy plastic working material of present embodiments.
FIG. 3 is a diagram illustrating a result (electron diffraction pattern) obtained by

15  observing a precipitate in Conventional Example 2.

EMBODIMENTS OF THE INVENTION
[0028]
(First Embodiment)

20 Hereinafter, a copper alloy and a copper alloy plastic working material of a first
embodiment of the invention will be described. In addition, the copper alloy plastic
working material is shaped by plastically working a copper material composed of a copper
alloy.

In a component composition of the copper alloy of the first embodiment, Mg is

25  contained at a content in a range of 3.3% by atom to 6.9% by atom, the balance is
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substantially composed of Cu and unavoidable impurities, and the oxygen content is in a
range of 500 ppm by atom or less. That is, the coppe'rlalloy and the copper alloy plastic
working material of this embodiment are binary alloys of Cu and Mg.

[0029]

In addition, when the Mg content is set to X% by atom, an electrical conductivity
o (%IACS) satisfies the following Expression (1).

6 < {1.7241/(-0.0347xX> + 0.6569xX + 1.7)}x100 -- (1)

In addition, when being observed by a scanning electron microscope, the average
number of intermetallic compounds, which have grain sizes of 0.1 pum or more and which
contain Cu and Mg as main components, is in a range of 1 piece/um? or less.

[0030]

(Composition)

Mg is an element having an operational effect of improving strength and raising a
recrystallization temperature without greatly lowering an electrical conductivity. In
addition, when Mg is solid-solubilized in a matrix phase, excellent bending formability
can be obtained.

Here, in the case where the Mg content is less than 3.3% by atom, the operational
effect may not be obtained. On the other hand, in the case where the Mg content exceeds
6.9% by atom, when performing a heat treatment for solutionizing, an intermetallic
compound containing Cu and Mg as main components is apt to remain. Therefore, there
is a concern that cracking may occur during the subsequent processing and the like.

From this reason, the Mg content is set to be in a range of 3.3% by atom to 6.9%
by atom,

[0031]
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Further, in the case where the Mg content is too small, strength is not improved
sufficiently. In addition, since Mg is an active element, in the case where an excessive
amount of Mg is added, there is a concern that the alloy may include the Mg oxides that
are generated by the reaction with oxygen during melting and casting.  Accordingly, the
Mg content is preferably set to be in a range of 3.7% by atom to 6.3% by atom.

[0032]

In addition, oxygen is an element which reacts with Mg that is an active metal as
described and generates a large amount of Mg oxides. In the case where the Mg oxides
are mixed in the copper alloy plastic working material, tensile strength greatly decreases.
In addition, the Mg oxides serve as starting points of disconnection or cracking during
working, and thus there is a concern that formability greatly deteriorates.

Therefore, in this embodiment, the oxygen content is limited to be in a range of
500 ppm by atom or less. When the oxygen content is limited in this manner,
improvement in tensile strength and improvement in formability may be realized.

In addition, it is preferable that the oxygen content be set to be in a range of 50
ppm by atom or less so as to reliably obtain the above-described operational effect, and
more preferably in a range of 5 ppm by atom or less. In addition, the lower limit of the
oxygen content is 0.01 ppm by atom from the viewpoint of the manufacturing cost.

[0033]

In addition, examples of the unavoidable impurities include Sn, Zn, Fe, Co, Al,
Ag, Mn, B, P, Ca, Sr, Ba, Sc, Y, rare-earth elements, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Re, Ru,
Os, Se, Te, Rh, Ir, Pd, Pt, Au, Cd, Ga, In, Li, Si, Ge, As, Sb, Ti, Tl, Pb, Bi, S, C, Ni, Be, N,
H, Hg, and the like. A total content of these unavoidable impurities is preferably in a
range of 0.3% by mass or less.

Particularly, the Sn content is preferably in a range of less than 0.1% by mass, and
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the Zn content is preferably in a range of less than 0.01% by mass. In the case where the
Sn content is in a range of 0.1% by mass or more, precipitation of the intermetallic
compounds containing Cu and Mg as main components tends to occur.  In addition, in
the case where the Zn content is in a range of 0.01% by mass or more, fumes are generated
during the melting and casting process, and these fumes adhere to members of a furnace or
amold. According to this adhesion, surface quality of an ingot deteriorates, and
resistance to stress corrosion cracking deteriorates.

[0034]

(Electrical Conductivity ¢)

In the binary alloy of Cu and Mg, when the Mg content is set to X% by atom, in
the case where the electrical conductivity o satisfies the following Expression (1), the
intermetallic compounds containing Cu and Mg as main components are hardly present.

o < {1.7241/(-0.0347xX2 + 0.6569xX + 1.7)}x100 - (1)

That is, in the case where the electrical conductivity o exceeds the value of the
right-hand side of Expression (1), a large amount of intermetallic compounds containing
Cu and Mg as main components are present, and the size of the intermetallic compound is
relatively large. Therefore, bending formability greatly deteriorates. Accordingly,
manufacturing conditions are adjusted in order for the electrical conductivity ¢ to satisfy
the above-described Expression (1).

In addition, it is preferable that the electrical conductivity o (%IACS) satisfy the
following Expression (2) so as to reliably obtain the above-described operational effect.

o < {1.7241/(-0.0300xX> + 0.6763xX + 1.7)}x100 --- (2)

In this case, the amount of the intermetallic compounds containing Cu and Mg as

main components is relatively small, and thus the bending formability is further improved.
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It is preferable that the electrical conductivity ¢ (%IACS) satisty the following
Expression (3) so as to further reliably obtain the above-described operational effect.

0 < {1.7241/(-0.0292xX% + 0.6797xX + 1.7)}x100 - (3)

In this case, the amount of the intermetallic compounds containing Cu and Mg as
main components is relatively small, and thus the bending formability is further improved.

[0035]

(Structure)

From results of observation using scanning electron microscope, in the copper
alloy and the copper alloy plastic working material of this embodiment, the average
number of intermetallic compounds, which have grain sizes of 0.1 um or more and which
contain Cu and Mg as main components, is in a range of 1 piece/um” or less.  That is, the
intermetallic compounds containing Cu and Mg as main components hardly precipitate,
and Mg is solid-solubilized in a matrix phase.

Here, in the case where the solutionizing is incomplete, or the intermetallic
compounds containing Cu and Mg as main components precipitate after the solutionizing,
a large amount of intermetallic compounds having large sizes are present. In this case,
the intermetallic compounds serve as starting points of cracking, and thus cracking may
occur during working or the bending formability may greatly deteriorate. In addition, the
upper limit of the grain size of the intermetallic compound that is generated in the copper
alloy of the invention is preferably 5 um, and more preferably 1 um.

[0036]

From results obtained by observing a structure, in the case where the number of

intermetallic compounds in the alloy, which have grain sizes of 0.1 um or more and which

contain Cu and Mg as main components, is in a range of 1 piece/um? or less, that is, in the
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case where the intermetallic compound containing Cu and Mg as main components are not
present or are present in a smail amount, satisfactory bending formability can be obtained.

Further, it is more preferable that the number of the intermetallic compounds in
the alloy, which have grain sizes of 0.05 pm or more and which contain Cu and Mg as
main components, is in a range of 1 piece/um? or less so as to reliably obtain the
above-described operational effect.

[0037]

In addition, the average number of the intermetallic compounds containing Cu
and Mg as main components may be obtained by observing 10 viewing fields by using a
field emission scanning electron microscope at a 50,000-fold magnification and a viewing
field of approximately 4.8 um?, and calculating the average value.

In addition, a grain size of the intermetallic compound containing Cu and Mg as
main components is set to an average value of the major axis and the minor axis of the
intermetallic compound. In addition, the major axis is the length of the longest straight
line in a grain under a condition of not coming into contact with a grain boundary midway,
and the minor axis is the length of the longest straight line under a condition of not coming
into contact with the grain boundary midway in a direction perpendicular to the major
axis.

[0038]

Here, the intermetallic compound containing Cu and Mg as main components has
a crystal structure expressed by a chemical formula of MgCu,, a prototype of MgCu;, a
Pearson symbol of cF24, and a space group number of Fd-3m.

[0039]

For example, the copper alloy and the copper alloy plastic working material of

the first embodiment, which have these characteristics, are manufactured by a
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manufacturing method illustrated in a flowchart of FIG. 2.

[0040]

(Melting and Casting Process S01)

First, a copper raw material is melted to obtain molten copper, and then the
above-described elements are added to the obtained molten copper to perform component
adjustment; and thereby, a molten copper alloy is produced. In addition, a single element
of Mg, a Cu-Mg master alloy, and the like may be used for the addition of Mg. In
addition, raw materials containing Mg may be melted in combination with the copper raw
materials. In addition, a recycle material or a scrap material of the copper alloy may be
used.

Here, it is preferable that the molten copper be copper having purity of 99.9999%
by mass, that 1s, so-called 6N Cu. In addition, in the melting process, it is preferable to
use a vacuum furnace or an atmosphere furnace in an inert gas atmosphere or a reducing
atmosphere to suppress oxidation of Mg,

Then, the molten copper alloy in which component adjustment is performed is
poured in a casting mold to produce an ingot. In addition, when considering mass
productivity, a continuous casting method or a half-continuous casting method is
preferably applied.

[0041]

(Heating Process S02)

Next, a heating treatment is performed for homogenization and solutionizing of
the obtained ingot. Mg segregates and is concentrated during solidification, and thus the
intermetallic compounds containing Cu and Mg as main components are generated. The
intermetallic compounds containing Cu and Mg as main components, and the like are

present in the interior of the ingot. Therefore, a heating treatment of heating the ingot to
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a temperature of 400°C to 900°C is performed so as to remove or reduce the segregation
and the intermetallic compounds. According to the heat treatment, in the ingot, Mg is
homogeneously diffused, or Mg is solid-solubilized in a matrix phase. In addition, the
heating process S02 is preferably performed in a non-oxidizing atmosphere or a reducing
atmosphere.

Here, in the case where the heating temperature is lower than 400°C, the
solutionizing becomes incomplete, and thus there is a concern that a large amount of
intermetallic compounds containing Cu and Mg as main components remain in the matrix
phase. On the other hand, in the case where the heating temperature exceeds 900°C, a
part of the copper material becomes a liquid phase, and thus there is a concern that a
structure or a surface state may be non-uniform. Accordingly, the heat temperature is set
to be in a range of 400°C to 900°C. The heating temperature is more preferably in a
range of 500°C to 850°C, and still more preferably in a range of 520°C to 800°C.

[0042]

(Rapid Cooling Process S03)

Then, the copper material that is heated to a temperature of 400°C to 900°C in the
heating process S02 is cooled down to a temperature of 200°C or lower at a cooling rate of
200°C/min or more. According to this rapid cooling process S03, precipitation of Mg,
which is solid-solubilized in the matrix phase, as the intermetallic compounds containing
Cu and Mg as main components is suppressed. Accordingly, when being observed by a
scanning electron microscope, the average number of the intermetallic compounds, which
have grain sizes of 0.1 pm or more and which contain Cu and Mg as main components,
may be set to be in a range of 1 piece/um?® or less. That is, it is possible to make the

copper material be composed of a Cu-Mg solid solution alloy supersaturated with Mg,
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In addition, for efficiency of a rough working and homogenization of a structure,
hot working may be performed after the above-described heating process S02, and the
above-described rapid cooling process S03 may be performed after the hot working. In
this case, a working method (hot working method) is not particularly limited. For
example, in the case where the final shape is a plate or a strip shape, rolling may be
employed. In the case where the final shape is a wire or a bar shape, wire drawing,
extrusion, and groove rolling may be employed. In the case where the final shape is a
bulk shape, forging and pressing may be employed.

[0043]

(Intermediate Working Process S04)

The copper material after being subjected to the heating process S02 and the rapid
cooling process SO03 is cut as necessary. In addition, surface grinding is performed as
necessary to remove an oxide film generated in the heating process S02, the rapid cooling
process S03, and the like. In addition, plastic working is performed to have a
predetermined shape.

In addition, temperature conditions in the intermediate working process S04 are
not particularly limited. However, it is preferable that the working temperature be set to
be in a range of -200°C to 200°C at which cold working or hot working is performed. In
addition, a working rate is appropriately selected to approach the final shape. However,
it 1s preferable that the working rate be set to be in a range of 20% or more to reduce the
number of times of the intermediate heat treatment process S05 until obtaining the final
shape. In addition, the working rate is more preferably set to be in a range of 30% or
more.

A working method is not particularly limited. However, in the case where the

final shape is a plate or a strip shape, rolling may be employed. In the case where the
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final shape is a wire or a bar shape, extrusion and groove rolling may be employed. In
the case where the final shape is a bulk shape, forging and pressing may be employed.
Further, the process S02 to S04 may be repeated for complete solutionizing.

[0044]

(Intermediate Heat Treatment Process S05)

‘After the intermediate working process S04, a heat treatment is performed for the
purpose of thorough solutionizing and softening to recrystallize the structure or to improve
formability.

The heat treatment method is not particularly limited, but the heat treatment is
performed in a non-oxidizing atmosphere or a reducing atmosphere at a temperature of
400°C to 900°C. The heat treatment temperature is more preferably in a temperature of
500°C to 850°C, and still more preferably in a temperature of 520°C to 800°C.

[0045]

Here, in the intermediate heat treatment process S0S, the copper material, which
is heated to a temperature of 400°C to 900°C, is cooled down to a temperature of 200°C or
lower at a cooling rate of 200°C/min or more.

According to this rapid cooling, precipitation of Mg, which is solid-solubilized in
the matrix phase, as the intermetallic compounds containing Cu and Mg as main
components is suppressed. Accordingly, when being observed by a scanning electron
microscope, the average number of the intermetallic compounds, which have grain sizes
of 0.1 um or more and which contain Cu and Mg as main components, may be set to be in
a range of 1 piece/um’® or less.  That s, it is possible to make the copper material be
composed of the Cu-Mg solid solution alloy supersaturated with Mg.

In addition, the intermediate working process S04 and the intermediate heat
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treatment process SO5 may be repetitively performed.

[0046]

(Finishing Working Process S06)

The copper material after being subjected to the intermediate heat treatment
process SO5 is subjected to finishing working to obtain a predetermined shape. In
addition, temperature conditions in this finishing working process S06 are not particularly
limited, but the finishing working process S06 is preferably performed at room
temperature. In addition, a working rate of the plastic working (finishing working) is
appropriately selected to approach the final shape. However, it is preferable that the
working rate be set to be in a range of 20% or more to improve the strength by
work-hardening. In addition, the working rate is more preferably set to be in a range of
30% or more to obtain further improvement in the strength. A plastic working method
(finishing working method) is not particularly limited. However, in the case where the
final shape is a plate or a strip shape, rolling may be employed. In the case where the
final shape is a wire or a bar shape, extrusion and groove rolling may be employed. In
the case where the final shape is a bulk shape, forging and pressing may be employed. In
addition, cutting such as turning process, milling, and drilling may be performed as
necessary.

[0047]

In this manner, the copper alloy plastic working material of this embodiment is
obtained. In addition, the copper alloy plastic working material of this embodiment is an
elongated object having a shape selected from a bar shape, a wire shape, a pipe shape, a
plate shape, a strip shape, and a band shape.

[0048]

According to the copper alloy and the copper alloy plastic working material of



10

15

20

22

this embodiment, Mg is contained at a content in a range of 3.3% by atom to 6.9% by
atom, and the balance is substantially composed of Cu and unavoidable impurities, and the
oxygen content is in a range of 500 ppm by atom or less. In addition, when the Mg
content is set to X% by atom, an electrical conductivity o (%IACS) satisfies the following
Expression (1).

0 < {1.7241/(-0.0347xX> + 0.6569xX + 1.7)}x100 - (1)

In addition, when being observed by a scanning electron microscope, the average
number of intermetallic compounds, which have grain sizes of 0.1 wm or more and which

contain Cu and Mg as main components, is in a range of 1 piece/um? or less.

[0049]

That is, the copper alloy and the copper alloy plastic working material of this
embodiment are Cu-Mg solid solution alloys supersaturated with Mg.

In the copper alloy composed of the Cu-Mg solid solution alloy supersaturated
with Mg, coarse intermetallic compounds mainly containing Cu and Mg, which are the
start points of cracks, are not largely dispersed in the matrix, and thus bending formability
is improved.

Further, in this embodiment, the oxygen content is in a range of 500 ppm by atom
or less, and thus a generation amount of Mg oxides is suppressed to be small.
Accordingly, it is possible to greatly improve tensile strength.  In addition, occurrence of
disconnection or cracking that is caused by the Mg oxides serving as starting points may
be suppressed during working, and thus it is possible to greatly improve formability.

[0050]

Further, according to this embodiment, the copper alloy is supersaturated with Mg.

Accordingly, strength is greatly improved by work-hardening, and thus it is possible to
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provide a copper alloy plastic working material having relatively high strength.

[0051]

In addition, the copper alloy plastic working material of this embodiment is
shaped according to the manufacturing method including the following processes S02 to
S04.

In the heating process S02, an ingot or a worked material is heated to a
temperature of 400°C to 900°C. In the rapid cooling process S03, the ingot or the
worked material, which is heated, is cooled down to 200°C or lower at a cooling rate of
200°C/min. In the intermediate working process S04, the rapidly cooled material is
subjected to plastic working.

Accordingly, it is possible to obtain a copper alloy plastic working material
composed of a Cu-Mg solid solution alloy supersaturated with Mg.

[0052]

That is, according to the heating process 02 of heating the ingot or the worked
material to a temperature of 400°C to 900°C, the solutionizing of Mg can be performed.

In addition, the rapid cooling process S03 is provided in which the ingot or the
worked material, which has been heated to 400°C to 900°C in the heating process S02, is
cooled to a temperature of 200°C or lower at a cooling rate of 200°C/min or more.
Accordingly, it is possible to suppress precipitation of the intermetallic compounds
containing Cu and Mg as main components during the cooling process. Accordingly, it is
possible to make the ingot or the worked material after being rapidly cooled be composed
of the Cu-Mg solid solution alloy supersaturated with Mg,

[0053]

Further, the intermediate working process S04 is provided in which the rapidly
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cooled material (Cu-Mg solid solution alloy supersaturated with Mg) is subjected to
plastic working, and thus it is possible to easily obtain a shape close to the final shape.

In addition, after the intermediate working process S04, the intermediate heat
treatment process SO5 is provided for the purpose of thorough solutionizing and softening
to recrystallize the structure or to improve formability. Accordingly, it is possible to
realize improvement in characteristics and formability.

In addition, in the intermediate heat treatment process S05, the plastically-worked
material, which has been heated to a temperature of 400°C to 900°C, is rapidly cooled to a
temperature of 200°C or lower at a cooling rate of 200°C/min or more.  Accordingly, it is
possible to suppress precipitation of the intermetallic compounds containing Cu and Mg as
main components during the cooling process. Accordingly, it is possible to make the
plastically-worked material after rapid cooling be composed of the Cu-Mg solid solution
alloy supersaturated with Mg,

In addition, the finishing working process S06 of subjecting the
plastically-worked material after the intermediate heat treatment process SO05 to plastic
working is provided to obtain a predetermined shape. Accordingly, it is possible to
realize improvement in strength due to stain hardening.

[0054]

(Second Embodiment)

Next, a copper alloy and a copper alloy plastic working material of a second
embodiment of the invention will be described.

In a component composition of the copper alloy of the second embodiment, Mg is
contained at a content in a range of 3.3% by atom to 6.9% by atom, at least one or more
selected from a group cohsisting of Al, Ni, Si, Mn, Li, Ti, Fe, Co, Cr, and Zr are

additionally contained at a total content in a range of 0.01% by atom to 3.0% by atom, the
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balance is substantially composed of Cu and unavoidable impurities, and the oxygen
content is in a range of 500 ppm by atom or less.

In addition, in the copper alloy of the second embodiment, when being observed
by a scanning electron microscope, the average number of intermetallic compounds,
which have grain sizes of 0.1 pum or more and which contain Cu and Mg as main

components, is in a range of 1 piece/um” or less.

[0055]

(Composition)

As described in the first embodiment, Mg is an element having an operational
effect of improving strength and raising a recrystallization temperature without greatly
lowering an electrical conductivity. In addition, when Mg is solid-solubilized in a matrix
phase, excellent bending formability can be obtained.

Accordingly, the Mg content is set to be in a range of 3.3% by atom to 6.9% by
atom. In addition, it is preferable that the Mg content be set to be in a range of 3.7% by
atom to 6.3% by atom to reliably obtain the above-described operational effect.

[0056]

In addition, as is the case with the first embodiment, in this embodiment, the
oxygen content is limited to be in a range of 500 ppm by atom. According to this,
improvement in tensile strength and improvement in formability may be realized. In
addition, the oxygen content is more preferably set to be in a range of 50 ppm by atom or
less, and still more preferably in a range of 10 ppm by atom or less.

In addition, the lower limit of the oxygen content is 0.01 ppm by atom from the
viewpoint of the manufacturing cost.

[0057]

In addition, in the copper alloy of the second embodiment, at least one or more
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selected from a group consisting of Al, Ni, Si, Mn, Li, Ti, Fe, Co, Cr, and Zr are contained.

Al, Ni, Si, Mn, Li, Ti, Fe, Co, Cr, and Zr are elements having an operational
effect of further improving the strength of the copper alloy composed of a Cu-Mg solid
solution alloy supersaturated with Mg.

Here, in the case where the total content of at least one or more selected from a
group consisting of Al, Ni, Si, Mn, Li, Ti, Fe, Co, Cr, and Zr is less than 0.1% by atom, the
operational effect is not obtained. On the other hand, in the case where the total content
of at least one or more selected from a group consisting of Al, Ni, Si, Mn, Li, Ti, Fe, Co,
Cr, and Zr exceeds 3.0% by atom, the electrical conductivity greatly decreases, and thus
this range is not preferable.

From this reason, the total content of at least one or more selected from a group
consisting of Al, Ni, Si, Mn, Li, Ti, Fe, Co, Cr, and Zr is set to be in a range of 0.1% by
atom to 3.0% by atom.

[0058]

In addition, examples of the unavoidable impurities, Sn, Zn, Ag, B, P, Ca, Sr, Ba,
Sc, Y, rare-earth elements, Hf, V, Nb, Ta, Mo, W, Re, Ru, Os, Se, Te, Rh, Ir, Pd, Pt, Au, Cd,
Ga, In, Ge, As, Sb, TL, Pb, Bi, S, C, Be, N, H, Hg, and the like. A total content of these
unavoidable impurities is preferably in a range of 0.3% by mass or less.

Particularly, the Sn content is preferably in a range of less than 0.1% by mass, and
the Zn content is preferably in a range of less than 0.10% by mass. In the case where the
Sn content is in a range of 0.1% by mass or more, precipitation of the intermetallic
compounds containing Cu and Mg as main components tends to occur.  In addition, in
the case where the Zn content is in a range of 0.01% by mass or more, fumes are generated
during the melting and casting process, and these fumes adhere to members of a furnace or

amold. According to this adhesion, surface quality of an ingot deteriorates, and
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resistance to stress corrosion cracking deteriorates.

[0059]

(Structure)

From results of observation using a scanning electron microscope, in the copper
alloy of this embodiment, the average number of intermetallic compounds, which have
grain sizes of 0.1 um or more and which contain Cu and Mg as main components, is in a
range of 1 piece/um® or less.  That is, the intermetallic compounds containing Cu and Mg
as main components hardly precipitate, and Mg is solid-solubilized in a matrix phase.

Here, the intermetallic compound containing Cu and Mg as main components has
a crystal structure expressed by a chemical formula of MgCu,, a prototype of MgCu,, a
Pearson symbol of cF24, and a space group number of Fd-3m.

[0060]

In addition, the average number of the intermetallic compound containing Cu and
Mg as main components may be obtained by performing observation of 10 viewing fields
by using a field emission scanning electron microscope at a 50,000-fold magnification and
a viewing field of approximately 4.8 um?, and calculating the average value.

In addition, a grain size of the intermetallic compound containing Cu and Mg as
main components is set to an average value of the major axis and the minor axis of the
intermetallic compounds. In addition, the major axis is the length of the longest straight
line in a grain under a condition of not coming into contact with a grain boundary midway,
and the minor axis is the length of the longest straight line under a condition of not coming
into contact with the grain boundary midway in a direction perpendicular to the major
axis.

[0061]

The copper alloy and the copper alloy plastic working material of the second



10

15

20

28

embodiment are manufactured in the same method as the first embodiment.

[0062]

According to the copper alloy and the copper alloy plastic working material of the
second embodiment, which have these characteristics, when being observed with a
scanning electron microscope, the average number of intermetallic compounds, which
have grain sizes of 0.1 um or more and which contain Cu and Mg as main components, is
in a range of 1 piece/um” or less.  Further, the oxygen content is in a range of 500 ppm or
less, and thus as is the case with the first embodiment, the formability is greatly improved.

[0063]

In addition, in this embodiment, at least one or more selected from a group
consisting of Al, Ni, Si, Mn, Li, Ti, Fe, Co, Cr, and Zr are contained at a total content in a
range of 0.01% by atom to 3.0% by atom. Accordingly, it is possible to greatly improve
the mechanical strength due to the operational effect of these elements.

[0064]

Hereinbefore, the copper alloy and the copper alloy plastic working material of
the embodiments have been described. However, the invention is not limited thereto, and
may be appropriately modified in a range not departing from the features described in
claims.

For example, in the embodiments, the copper alloys for electronic devices, which
satisfy both of a condition of “the number of intermetallic compounds, which have grain
sizes of 0.1 um or more and which contain Cu and Mg as main components, in the alloy is
in a range of 1 piece/pm? or less” and a condition of relating to “electrical conductivity ¢,
are illustrated. However, the copper alloy for electronic devices may satisfy any one of

the conditions.
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In addition, in the above-described embodiments, an example of the method of
manufacturing the copper alloy plastic working material has been illustrated. However,
the manufacturing method is not limited to the embodiments, and the copper alloy plastic
working material may be manufactured by appropriately selecting manufacturing methods

in the related art,

EXAMPLES

[0065]

Hereinafter, results of a confirmation test performed to confirm the effects of the
embodiments will be described.

A copper raw material was put in a crucible, and the copper raw material was
subjected to high frequency melting in an atmosphere furnace in a N, gas atmosphere or a
N,-O; gas atmosphere; and thereby, a molten copper was obtained.  Various kinds of
elements were added to the obtained molten copper to prepare component compositions
shown in Table 1, and each of these component compositions was poured into a carbon
mold to produce an ingot. In addition, the size of the ingot was set to have dimensions of
a thickness (approximately 50 mm) x a width (approximately 50 mm) x a length
(approximately 300 mm). In addition, additives having the oxygen contents of 50 ppm
by mass or less were used as various additive elements.

[0066]

In addition, as a copper raw material, either one of 6N copper having purity of
99.9999% by mass or tough pitch copper (CT1100) containing a predetermined amount of
oxygen was used, or a mixture obtained by approximately mixing both of these was used.
According to this, the oxygen content was adjusted.

In addition, the oxygen content in the alloy was measured by an inert gas
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fusion-infrared absorption method. The measured oxygen content is shown in Table 1.
Here, the oxygen content also includes an amount of oxygen of oxides that are contained
in the alloy.

[0067]

The obtained ingot was subjected to a heating process of performing heating for 4
hours in an Ar gas atmosphere under temperature conditions described in Tables 2 and 3,
and then water quenching was performed.

[0068]

The ingot after being subjected to the heat treatment was cut, and surface
grinding was performed to remove an oxide film. Then, cold groove rolling was
performed at room temperature to adjust a cross-sectional shape from 50 mm square to 10
mm square. The ingot was subjected to an intermediate working as described above; and
thereby, an intermediate worked material (square bar material) was obtained.

Then, the obtained intermediate worked material (square bar material) was
subjected to an intermediate heat treatment in a salt bath under the temperature conditions
described in Tables 2 and 3.  Then, water quenching was performed.

Next, drawing (wire drawing) was performed as finishing working; and thereby, a
finished material (wire material) having a diameter of 0.5 mm was produced.

[0069]

(Evaluation of Formability)

The evaluation of formability was made according to whether or not
disconnection was present during the above-described drawing (wire drawing). The case
where wire drawing could be performed until the final shape was obtained was evaluated
as A (Good). The case where disconnection frequently occurred during the wire drawing,

and thus the wire drawing could not be performed until the final shape was obtained was
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evaluated as B (Bad).

[0070]

Mechanical characteristics and an electrical conductivity were measured by using
the above-described intermediate worked material (square bar material) and the finished
material (wire material).

(Mechanical Characteristics)

With respect to the intermediate worked material (square bar material), a No.2
test specimen defined in JIS Z 2201 was collected, and tensile strength was measured by a
tensile test method of JIS Z 2241.

With respect to the final material (wire material), a No.9 test specimen defined in
JIS Z 2201 was collected, and the tensile strength was measured by the tensile test method
of JIS Z2241.

[0071]

(Electrical Conductivity)

With respect to the intermediate worked material (square bar material), an
electrical conductivity was calculated by JIS H 0505 (methods of measuring a volume
resistivity and an electrical conductivity of non-ferrous materials).

With respect to the finished material (wire material), electrical resistivity was
measured in a measurement length of 1 m by a four-terminal method according to JIS C
3001. In addition, a volume was calculated from a wire diameter and the measurement
length of the test specimen. In addition, volume resistivity was obtained from the
electrical resistivity and the volume that were measured; and thereby, the electrical
conductivity was calculated.

[0072]

(Structure Observation)
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The cross-sectional center of the intermediate worked material (square bar
material) was subjected to mirror polishing and ion etching. Observation was performed
in a viewing field at a 10,000-fold magnification (approximately 120 pm*/viewing field)
by using FE-SEM (field emission scanning electron microscope) so as to confirm a
precipitation state of the intermetallic compound containing Cu and Mg as main
components.

Next, a viewing field at a 10,000-fold magnification (approximately 120
um?/viewing field) in which the precipitation state of the intermetallic compounds was not
special was selected, and at that region, continuous 10 viewing fields (approximately 4.8
um?/viewing field) at a 50,000-fold magnification were photographed so as to investigate
the density (piece/um?) of the intermetallic compounds containing Cu and Mg as main
components. The grain size of the intermetallic compound was set to an average value of
the major axis and the minor axis of the intermetallic compounds. In addition, the major
axis is the length of the longest straight line in a grain under a condition of not coming
into contact with a grain boundary midway, and the minor axis is the length of the longest
straight line under a condition of not coming into contact with the grain boundary midway
in a direction perpendicular to the major axis. In addition, the density (average number)
of the intermetallic compounds which had grain sizes of 0.1 pm or more and which
contained Cu and Mg as main components, and the density (average number) of the
intermetallic compounds which had grain sizes of 0.05 um or more and which contained
Cu and Mg as main components were obtained.

[0073]

Component compositions, manufacturing conditions, and evaluation results are

shown in Tables 1 to 3.
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Table 1

Component Compositions

Mg(% by atom) Others (% by atom) O (ppm by atom) Cu
1 34 — 0.5 Balance
2 3.8 - 1.8 Balance
3 4.0 — 0.2 Balance
4 4.0 - 0.2 Balance
5 4.0 - 0.2 Balance
6 42 - 43 Balance
7 4.5 - 0.2 Balance
8 5.1 - 1.2 Balance
9 54 - 0.3 Balance
Examples of 10 6.0 - 0.1 Balance
Invention 11 6.5 - 0.5 Balance
12 4.0 - 40 Balance
13 4.1 - 400 Balance
14 34 Si: 0.20, Mn: 0.13, Cr: 0.10 0.5 Balance
15 39 Ni: 1.50, Li: 0.12 1.7 Balance
16 42 Ti: 0.23 0.1 Balance
17 4.6 Mn: 1.00, Fe: 0.10, Zr: 0.03 4.4 Balance
18 5.0 Ni: 2.00, Co: 0.10 0.1 Balance
19 53 Li: 0.12, Fe: 0.30 1.2 Balance
20 5.9 Mn: 0.60, Co: 0.20 04 Balance
21 6.4 Al: 2,00, Ni: 0.80 0.0 Balance
Conventional 1 1.9 - 04 Balance
Examples 2 5.1 - 3.8 Balance
1 10.6 — 1.5 Balance
Comparative 2 4.0 - 900 Balance
Examples 3 5.3 Al: 2.10, Si: 2.80 0.2 Balance
4 6.0 Mn: 3.10, Li: 0.10 1.1 Balance

143



[0075]

Table 2
. Precipitates .
Temp;;rature Tensile ci:gitgﬁilty (piece/ umz) ;rc:;l[& Electrical
Temperature intermediate strength of of Grain | Grain o fg conductivity
in heating intermediate | . . sizes | sizes | Formability . of finished

process heat material intermediate 0of 0.05 | of 0.1 finished material

treatment (MPa) material ’ ) material (%IACS)

process (%IACS) HMOL | pm or (MPa) ?
more | more

1 715°C 550°C 302 45.1% 0 0 A 994 42.8%
2 715°C 550°C 307 42.2% 0 0 A 1022 39.7%
3 715°C 515°C 303 44.2% 0 0.4 A 1020 41.8%
4 715°C 525°C 305 43.7% 0 0 A 1031 41.2%
5 715°C 550°C 311 41.8% 0 0 A 1036 39.5%
6 715°C 550°C 313 41.1% 0 0 A 1053 38.9%
Exagg”es 7 715°C 625°C 316 37.3% 0 0 A 1070 35.1%
Iavention 8 715°C 650°C 321 35.1% 0 0 A 1103 33.2%
9 715°C 650°C 327 34.3% 0 0 A 1113 32.3%
10 715°C 700°C 335 33.0% 0 0 A 1130 31.3%
11 715°C 700°C 343 32.3% 0 0 A 1145 30.6%
12 715°C 550°C 305 42.1% 0 0 A 1021 39.8%
I3 715°C 550°C 301 42.3% 0 0 A 962 39.8%
14 715°C 550°C 305 31.4% 0 0 A 1002 29.6%
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[0076]

Table 3
. Precipitates
Temperature . Electrical . 3 Tensile :
. Tensile gy (piece/um”) Electrical
Temperature in ternlane diate strength of condlz;‘tmty Grain | Grain strenfgth conductivity
in heating heat intermediate intermediate sizes of | sizes | Formability 5 .Oh d of finished
process material 0| 005 | of0.1 1nIshe material
treatment material ' material
(MPa) m or m or (%IACS)
process (%IACS) H o H (MPa °
more | more
15 715°C 550°C 319 27.1% 0 0 A 1060 25.6%
16 715°C 550°C 322 24.4% 0 0 A 1080 23.1%
17 715°C 550°C 320 19.1% 0 0 A 1077 18.1%
Examples of

tvepso 0 [[18 | 715°C 625°C 333 20.9% 0 0 A 1142 19.8%
19 715°C 650°C 330 20.9% 0 0 A 1125 19.8%
20 715°C 650°C 341 19.9% 0 0 A 1148 18.8%
21 715°C 700°C 387 18.5% 0 0 A 1277 17.5%
Conventional | 1 715°C 625°C 276 58.5% 0 0 A 843 55.1%

Examples 2 715°C 500°C 283 46.1% 10 23 B - —

1 715°C - - - - - - - -

Comparative | 2 715°C 550°C 280 42.0% 0 0 B - -
Examples 3 715°C 550°C 398 8.9% 0 0 A 1315 8.4%
4 715°C 550°C 350 11.0% 0 0 A 1159 10.4%

9¢
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[0077]

In Conventional Example 1, the Mg content was lower than the range of the
embodiments. All of the tensile strength of the intermediate material (square bar
material) and the tensile strength of the finished material (wire material) were low.

In Conventional Example 2, a lot of intermetallic compounds containing Cu and
Mg as main components precipitated. The tensile strength of the intermediate material
(square bar material) was low. In addition, disconnection frequently occurred during
drawing (wire drawing), and thus preparation of the finished material (wire material) was
stopped.

[0078]

In Comparative Example 1, the Mg content was larger than the range of the
embodiments. Large cracking starting from a coarse intermetallic compound occurred
during the intermediate working (cold groove rolling). Therefore, the subsequent
preparation of the finished material (wire material) was stopped.

In Comparative Example 2, the oxygen content was larger than the range of the
embodiments. The tensile strength of the intermediate material (square bar material) was
low. In addition, disconnection frequently occurred during drawing (wire drawing), and
thus preparation of the finished material (wire material) was stopped. It is assumed that
this situation was affected by Mg oxides.

With regard to Comparative Examples 3 and 4, the total contents of one or more
selected from a group consisting of Al, Ni, Si, Mn, Li, Ti, Fe, Co, Cr, and Zr exceeded
3.0% by atom. It was confirmed that the electrical conductivity greatly decreased.

[0079]

In contrast, in Examples 1 to 21 of the invention, it was confirmed that

satisfactory formability, satisfactory tensile strengths of the intermediate material and the
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finished material, and a satisfactory electrical conductivity were secured.

[0080]

FIG. 3 illustrates an electron diffraction pattern of the precipitate which was
confirmed in Conventional Example 2.  This electron diffraction pattern coincides with
the electron beam diffraction pattern that can be obtained by allowing electron beams to be
incident to MgCu,, which has a crystal structure expressed by a Pearson symbol of cF24, a
space group number of Fd-3m (227), and lattice constants a=b=c=0.7034 nm, in the
following orientation. Accordingly, the precipitate corresponds to “intermetallic
compound containing Cu and Mg as main components” in the embodiments.

[0081]

[Mathematical Formula 1]

[110]

[0082]

In addition, in Examples 1 to 21 of the invention, the above-described
intermetallic compounds containing Cu and Mg as main components are not observed, and
the copper alloys are composed of a Cu-Mg solid solution alloy supersaturated with Mg,

[0083]

As described above, it was confirmed that it is possible to provide a copper alloy
having high strength and excellent formability, and a copper alloy plastic working material

composed of the copper alloy according to Examples of the invention.

Industrial Applicability

[0084]
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The copper alloy and the copper alloy plastic working material of the
embodiments have high strength and excellent formability. Accordingly, the copper
alloy and the copper alloy plastic working material of the embodiments are suitably
applicable to materials of components having a complicated shape or components in
which high strength is demanded, among mechanical components, electric components,

articles for daily use, and building materials.
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CLAIMS

1. A copper alloy, comprising:

Mg at a content of 3.3% by atom to 6.9% by atom, with the balance substantially
being Cu and unavoidable impurities,

wherein an oxygen content is in a range of 500 ppm by atom or less, and

when a Mg content is set to X% by atom, an electrical conductivity ¢ (%IACS)
satisfies the following Expression (1),

o < {1.7241/(-0.0347xX + 0.6569xX + 1.7)}x100 - (1)

2. A copper alloy, comprising;

Mg at a content of 3.3% by atom to 6.9% by atom, with the balance substantially
being Cu and unavoidable impurities,

wherein an oxygen content is in a range of 500 ppm by atom or less, and

when being observed by a scanning electron microscope, an average number of

intermetallic compounds, which have grain sizes of 0.1 um or more and which contain Cu

and Mg as main components, is in a range of 1 piece/um? or less.

3. A copper alloy, comprising:

Mg at a content of 3.3% by atom to 6.9% by atom, with the balance substantially
being Cu and unavoidable impurities,

wherein an oxygen content is in a range of 500 ppm by atom or less, and

when a Mg content is set to X% by atom, an electrical conductivity 6 (%IACS)

satisfies the following Expression (1), and
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when being observed by a scanning electron microscope, an average number of
intermetallic compounds, which have grain sizes of 0.1 um or more and which contain Cu
and Mg as main components, is in a range of 1 piece/um? or less.

o < {1.7241/(-0.0347xX> + 0.6569xX + 1.7)}x100 - (1)

4. A copper alloy, comprising:

Mg at a content of 3.3% by atom to 6.9% by atom; and

at least one or more selected from a group consisting of Al, Ni, Si, Mn, Li, Ti, Fe,
Co, Cr, and Zr at a total content of 0.01% by atom to 3.0% by atom,

with the balance substantiaily being Cu and unavoidable impurities,

wherein an oxygen content is in a range of S00 ppm by atom or less, and

when being observed by a scanning electron microscope, an average number of

intermetallic compounds, which have grain sizes of 0.1 um or more and which contain Cu

and Mg as main components, is in a range of 1 piece/um? or less.

5. A copper alloy plastic working material which is shaped by plastically working a

copper material composed of the copper alloy according to any one of claims 1 to 4.

6. The copper alloy plastic working material according to claim 5,

wherein the copper alloy plastic working material is shaped according to a
manufacturing method including;

a melting and casting process of manufacturing a copper material having an alloy
composition of the copper alloy according to any one of claims 1 to 4,

a heating process of heating the copper material to a temperature of 400°C to



10

42

900°C;

a rapid-cooling process of cooling the heated copper material to a temperature of
200°C or lower at a cooling rate of 200°C/min or more; and

a plastic working process of plastically working the copper material which is

rapidly cooled.

7. The copper alloy plastic working material according to claim 5 or 6,
wherein the copper alloy plastic working material is an elongated object having a
shape selected from a bar shape, a wire shape, a pipe shape, a plate shape, a strip shape,

and a band shape.



