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(54) PROCESS FOR PRODUCING COPPER ALLOY WIRE CONTAINING ACTIVE ELEMENT

(57) This method for producing a copper alloy wire
containing an active element includes: a molten-copper
formation step of melting a raw copper material to form
a molten copper; an active-element addition step of add-
ing an active element to the molten copper; a holding
step of holding the molten copper in a casting furnace;
and a casting step of producing an ingot continuously by
a casting die connected to the casting furnace, wherein
the casting die is connected to a lower side of the casting
furnace in a vertical direction through a heat insulation
member, and in the casting step, a pressure is applied
toward the inside of the casting die so as to supply the
molten copper into the casting die, and the molten copper
is cooled and solidified in the casting die.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a method for
producing a copper alloy wire having a high strength
which consists of a copper alloy containing Cr, Zr, Si, or
the like and is used in a trolley wire for an electric train,
or the like.
The present application claims priority on Japanese Pat-
ent Application No. 2010-14397 filed on January 26,
2010, the content of which is incorporated herein by ref-
erence.

BACKGROUND ART

[0002] Conventionally, as a material of a trolley wire
for an electric train or the like, copper wire materials such
as pure copper, a copper alloy containing Sn, and the
like are widely used. For example, these copper wire ma-
terials are produced using continuous casting machines
disclosed in Patent Document 1 and Patent Document
2. In the continuous machines disclosed in Patent Doc-
ument 1 and Patent Document 2, a casting die is directly
connected to a casting furnace, and an ingot which is
obtained by being solidified in the casting die is withdrawn
toward a horizontal direction, upward in a vertical direc-
tion, or downward in a vertical direction.
Since an ingot having a relatively small diameter can be
produced continuously by such continuous casting ma-
chines, the continuous casting machines are particularly
suitable for producing wires.
[0003] In recent years, as a trolley wire for a high-speed
railway such as bullet trains and the like, a wire material
is required which consists of a copper alloy having a high-
er strength than that of a conventional material and an
improved electrical conduction property.
Here, as the copper alloy having a higher strength and
an improved electrical conduction property, for example,
there is a copper alloy which contains Cr, Zr, Si, or the
like. With regard to the copper alloy which contains the
elements, precipitate particles are dispersed in a parent
phase (matrix) of copper by conducting a suitable heat
treatment; and thereby, the strength can be improved,
and the electrical conduction property can be secured.
[0004] Conventionally, the wire material of the copper
alloy containing Cr, Zr, Si, or the like is produced as fol-
lows. An ingot having a large cross-sectional area which
is referred to as a cake or a billet is produced, and then
the ingot is subjected to hot working or cold working.
However, in the case where the ingot having a large
cross-sectional area is produced, and then the ingot is
subjected to hot working or cold working to produce the
wire material, a length of the wire material is limited de-
pending on the size of the ingot; and therefore, a long
wire material cannot be obtained. Moreover, there is a
problem in that production efficiency is low.
[0005] Thus, Patent Document 3 discloses a techno-

logical thought in which a wire material of a copper alloy
containing Cr, Zr, or the like is withdrawn toward a hori-
zontal direction, upward in a vertical direction, or down-
ward in a vertical direction so as to continuously produce
the wire material having a small diameter. That is, a tech-
nological thought is proposed in which the wire material
of the copper alloy containing Cr, Zr, or the like is casted
by the continuous casting machines shown in Patent
Document 1 and Patent Document 2.
In addition, Patent Document 4 discloses a technology
in which a wire material of a copper alloy containing Cr,
Zr, or the like is produced by a horizontal continuous cast-
ing machine using a heated casting die.
[0006] However, in the continuous casting machines
disclosed in Patent Document 1 and Patent Document
2, a casting die generally consists of graphite which is
excellent in solid lubrication property, and the casting die
consisting of graphite directly contacts a molten metal in
the casting furnace.
Here, the elements such as Cr, Zr, Si and the like are
active elements having high reactivity with the graphite.
Therefore, the casting die react with the elements (active
elements) such as Cr, Zr, Si and the like in the molten
copper to generate carbides. Thereby, the casted ingot
is fixed to the casting die, or the casting die is worn rapidly.
As a result, the casting cannot be stably performed for a
long time.
[0007] In the horizontal continuous casting machines
disclosed in Patent Document 1 and Patent Document
2, the ingot is withdrawn in a substantially horizontal di-
rection; and therefore, the ingot is affected by gravity at
the time of being solidified in the casting die. Moreover,
a gap referred to as an air gap is generated between the
casting die and the ingot due to solidification shrinkage.
In the horizontal continuous casting machines, the
amount of air gap at the upper side of the ingot becomes
different from the amount of air gap at the lower side of
the ingot. Therefore, the cooling speed at the upper side
of the ingot becomes different from the cooling speed at
the lower side of the ingot. As a result, there is a concern
that quality of the ingot consisting of the copper alloy
containing Cr, Zr, Si, or the like may not be stable. In
addition, as described above, the ingot is fixed to the
casting die or the casting die is worn rapidly; and there-
fore, surface quality of the ingot is deteriorated or it be-
comes difficult to withdraw the ingot from the casting die.
As a result, it is difficult to stably perform the casting.
[0008] Patent Document 3 discloses a technological
thought in which a wire material of a copper alloy con-
taining Cr, Zr, or the like is withdrawn toward a horizontal
direction, upward in a vertical direction, or downward in
a vertical direction so as to continuously produce the wire
material having a small diameter. However, as described
above, in the conventional continuous casting method,
the wire material of the copper alloy containing Cr, Zr,
Si, or the like cannot be continuously produced.
[0009] In addition, Patent Document 4 discloses that
the heated casting die is used so as to suppress the re-
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action between the graphite and the active elements such
as Cr, Zr, or the like, and the wire material of the copper
alloy containing Cr, Zr, or the like is continuously pro-
duced by the horizontal continuous casting machine.
However, the graphite casting die itself contacts the mol-
ten copper having a high temperature; and therefore,
wear due to oxidation becomes severe. Moreover, in the
case where the heated casting die is used, it is difficult
to increase the withdrawing rate of the ingot; and there-
fore, there is a problem in that the production efficiency
cannot be improved. In addition, in Patent Document 4,
the ingot is withdrawn in a substantially horizontal direc-
tion; and therefore, the ingot is also affected by gravity.
As a result, there is a problem in that the quality is not
stable.

PRIOR ART DOCUMENT

Patent Document

[0010]

Patent Document 1: Japanese Unexamined Patent
Application, First Publication No. H06-226406

Patent Document 2: Japanese Unexamined Patent
Application, First Publication No. S61-209757

Patent Document 3: Japanese Unexamined Patent
Application, First Publication No. 2006-138015

Patent Document 4: Japanese Examined Patent Ap-
plication, Second Publication No. H08-000956

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

[0011] The present invention is made with considera-
tion of the above-described problems, and an object
thereof is to provide a method for producing a copper
alloy wire material containing an active element which is
capable of efficiently and stably producing the copper
alloy wire material consisting of a copper alloy containing
an active metal such as Cr, Zr, Si, or the like.

Means for Solving the Problems

[0012]  In order to solve the above-described problems
and achieve the object, an aspect of the present invention
includes the following features.
A method for producing a copper alloy wire material con-
taining an active element according to an aspect of the
present invention includes: a molten-copper formation
step of melting a raw copper material so as to form a
molten copper; an active-element addition step of adding
an active element to the molten copper; a holding step
of holding the molten copper in a casting furnace; and a

casting step of producing an ingot continuously by a cast-
ing die connected to the casting furnace, wherein the
casting die is connected to a lower side of the casting
furnace in a vertical direction through a heat insulation
member, and in the casting step, a pressure is applied
toward the inside of the casting die so as to supply the
molten copper into the casting die, and the molten copper
is cooled and solidified in the casting die.
The copper alloy wire material containing an active ele-
ment consists of a copper alloy containing an active el-
ement.
In the method for producing a copper alloy wire material
containing an active element according to the aspect of
the invention, a temperature of the casting die may be
held within a range of 450°C or less.
A temperature of the molten copper at a portion of the
heat insulation member may be set to be higher than a
melting point of the molten copper.
In the casting step, a hydraulic head of the molten copper
in the casting furnace from an upper end of the casting
die may be in a range of 100 mm or more.
A cross-sectional area ratio Sf/Sc between a cross-sec-
tional area Sc in a horizontal direction of the casting die
and a cross-sectional area Sf in a horizontal direction of
the casting furnace may be in a range of 5 or more.
A continuous melt furnace and a holding furnace may be
provided at a former stage prior to the casting furnace,
and the molten copper formed in the molten-copper for-
mation step may be continuously supplied into the cast-
ing furnace.
[0013] In the method for producing the copper alloy
wire material containing an active element according to
the aspect of the present invention, since the heat insu-
lation member is disposed between the casting die and
the casting furnace, the casting die is prevented from
being heated up to the same temperature as that of the
molten copper in the inner portion of the casting furnace.
Thereby, reaction between the casting die and the active
element such as Cr, Zr, Si or the like can be suppressed.
Moreover, even though the temperature of the casting
die is kept to be low, the temperature of the molten copper
in the casting furnace at or in the vicinity of the casting
die is maintained to be high; and as a result, the casting
can be stably performed.
[0014] In addition, in the casting step, a pressure is
applied toward the inside of the casting die so as to supply
the molten copper into the casting die, and the molten
copper is cooled and solidified in the casting die. Thereby,
as described above, even though the heat insulation
member is disposed between the casting furnace and
the casting die, the molten copper can be securely sup-
plied from the casting furnace to the casting die, and the
casting can be stably performed. Moreover, since the
casting die is disposed at a lower portion in the vertical
direction of the casting furnace, the pressure can be se-
curely applied to the inside of the casting die by utilizing
the hydraulic head pressure of the molten copper which
is held in the casting furnace.
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[0015] Here, it is preferable that the temperature of the
casting die, that is, the temperature of the portion which
has the highest temperature in the casting die be held
within a range of 450°C or less.
In this case, the temperature of the portion which has the
highest temperature in the casting die is held within a
range of 450°C or less by cooling the casting die. There-
by, premature wear (rapid wear) of the casting die can
be suppressed, and reaction between the casting die and
the active element such as Cr, Zr, Si or the like can be
suppressed. Particularly, in the case where a portion of
the casting die is formed of graphite, wear of the casting
die due to oxidation can be securely suppressed. More-
over, the casting die and the casting furnace are con-
nected to each other through the heat insulation member.
Therefore, even though the casting die is held at a tem-
perature in a range of 450°C or less, a decrease in the
temperature of the molten copper in the casting furnace
can be prevented, and the casing can be stably per-
formed.
[0016] It is preferable that the temperature of the mol-
ten copper at a portion of the heat insulation member be
set to be higher than the melting point of the molten cop-
per.
In this case, fluidity of the molten copper at a portion of
the heat insulation member is maintained; and thereby,
the molten copper can be securely supplied into the cast-
ing die by the hydraulic head pressure of the molten cop-
per in the casting furnace. Moreover, the casting die and
the casting furnace are connected to each other through
the heat insulation member. Therefore, even though the
temperature of the molten copper passing through the
inside of the heat insulation member is set to be higher
than the melting point of the molten copper, the casting
die is not exposed to a high temperature. As a result,
premature wear of the casting die or the reaction between
the casting die and the active element can be sup-
pressed.
[0017] It is preferable that, in the casting step, the hy-
draulic head of the molten copper in the casting furnace
from the upper end of the casting die be in a range of
100 mm or more.
In this case, the molten copper can be securely supplied
toward the inside of the casting die, and the casting can
be stably performed. Moreover, occurrence of micro
pores can be suppressed; and thereby, the ingot having
high quality can be produced.
[0018] It is preferable that the cross-sectional area ratio
Sf/Sc between the cross-sectional area Sc in the hori-
zontal direction of the casting die and the cross-sectional
area Sf in the horizontal direction of the casting furnace
be in a range of 5 or more.
In this case, change in the surface of the molten copper
in the casting furnace can be suppressed to be kept low
when the ingot is withdrawn from the casting die. Accord-
ingly, the hydraulic head pressure of the molten copper
becomes stable; and thereby, the ingot having high qual-
ity can be produced.

[0019] It is preferable that the continuous melt furnace
and the holding furnace be provided at a former stage
prior to the casting furnace, and the molten copper
formed in the molten-copper formation step be continu-
ously supplied into the casting furnace.
In this case, since the molten copper is continuously sup-
plied into the casting furnace, a long ingot can be pro-
duced. Moreover, the ingot which is utilized as a raw ma-
terial of the wire material can be effectively produced.

Effects of the Invention

[0020] According to the aspect of the present invention,
the copper alloy wire material which consists of the cop-
per alloy containing the active metal such as Cr, Zr, Si,
or the like can be effectively and stably produced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021]

FIG. 1 is a schematic explanatory diagram showing
an example of a continuous casting apparatus which
is used in an embodiment of a method for producing
a copper alloy wire material containing an active el-
ement according to an aspect of the present inven-
tion.
FIG. 2 is an explanatory diagram of a casting furnace
which is included in the continuous casting appara-
tus shown in FIG. 1.
FIG. 3 is an enlarged explanatory diagram of a con-
nection portion between the casting furnace and the
casting die.
FIG. 4 is a flow diagram of the embodiment of the
method for producing the copper alloy wire material
containing an active element according to an aspect
of the present invention.
FIG. 5 is a schematic explanatory diagram showing
another example of the continuous casting appara-
tus which is used in the embodiment of a method for
producing the copper alloy wire material containing
an active element according to an aspect of the
present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

[0022] Hereinafter, an embodiment of a method for
producing a copper alloy wire material containing an ac-
tive element according to an aspect of the present inven-
tion will be described with reference to the accompanying
drawings.
The copper alloy wire material containing an active ele-
ment which is produced by the producing process of the
present embodiment includes Cr, Zr, Si, or the like which
is an active element having high reactivity with graphite
which configures a graphite sleeve 31 described below.
Here, the element having high reactivity with the graphite
is an element which has a low standard formation free
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energy of carbide and which is more stable in a state of
carbide than in a state of a single element alone.
[0023] In the present embodiment, the copper alloy
wire material containing an active element consists of a
Cu-Cr-Zr-Si alloy which includes Cr: 0.25 mass% or more
to 0.45 mass% or less, Zr: 0.05 mass% or more to 0.15
mass% or less, and Si: 0.01 mass% or more to 0.05
mass% or less, with the balance including Cu and inev-
itable impurities.
In addition, a wire diameter (diameter) of the copper alloy
wire material containing an active element is in a range
of 10 mm or more to 40 mm or less, and the diameter is
30 mm in the present embodiment.
[0024] Next, a continuous casting apparatus which is
used in the method for producing the copper alloy wire
material containing an active element of the present em-
bodiment will be described. FIG. 1 shows a continuous
casting apparatus 10 for producing an ingot W which is
utilized as a raw material of the copper alloy wire material
containing an active element.
The continuous casting apparatus 10 includes a melting
furnace 11, a holding furnace 13, a transport trough 15,
a casting furnace 20, a casting die 30, and pinch rolls 17
for withdrawing the produced ingot W.
[0025] The melting furnace 11 is a furnace which heats
and melts a raw copper material to produce a molten
copper, and the melting furnace 11 includes a raw ma-
terial charging port 11A to which the raw copper material
is charged and a molten copper discharging port 11B
from which the produced molten copper is discharged.
Moreover, the holding furnace 13 is disposed at the sub-
sequent stage side of the melting furnace 11, and the
melting furnace 11 and the holding furnace 13 are con-
nected to each other by a connection trough 12.
[0026] The holding furnace 13 is a furnace which tem-
porarily holds the molten copper supplied from the melt-
ing furnace 11 and keeps the molten copper hot. A feed-
ing means (feeding device) (not shown) for adding the
active element such as Cr, Zr, Si, or the like is provided
in the holding furnace 13. In addition, an inert gas atmos-
phere is provided in the interior of the holding furnace 13
in order to prevent oxidation of the active element.
[0027] The transport trough 15 is a trough for trans-
porting the molten copper to which the active element
such as Cr, Zr, Si, or the like is added so as to adjust the
components to the casting furnace 20 disposed at the
subsequent stage. In the present embodiment, an inert
gas atmosphere is provided in the interior of the transport
trough 15.
[0028] The casting furnace 20 is a furnace which stores
the molten copper transported from the holding furnace
13. As shown in FIG. 2, the casting furnace 20 includes
a chamber 21, a furnace main body 23, and a heating
means (heating device) 24. An inert gas atmosphere is
provided in the interior of the chamber 21. The heating
means 24 is provided so as to adjust the temperature of
the stored molten copper, and in the present embodi-
ment, a radiation heater is provided. In addition, a pouring

hole 26 is drilled in the bottom surface portions of the
furnace main body 23 and the chamber 21.
In the casting furnace 20, an area Sf of a cross-section
along a horizontal direction of the inner portion of the
furnace main body 23 in which the molten copper is
stored is set to be in a range of 20000 mm2 ≤ Sf ≤ 34600
mm2. Moreover, in the casting furnace 20, a level sensor
(not shown) is disposed for detecting the surface position
of the molten copper which is stored in the inner portion
of the furnace main body 23.
[0029] As shown in FIG. 3, the casting die 30 has a
cylindrical shape including a casting hole 36 which pen-
etrates the casting die 30 in an axial direction. The casting
die 30 includes a graphite sleeve 31 which is provided in
the inner circumferential surface of the casting hole 36
and a cooling jacket 32 which is positioned in the outer
circumference side of the graphite sleeve 31. In the inner
portion of the cooling jacket 32, a water channel 33 for
flowing cooling water is provided so as to cool the graph-
ite sleeve 31.
The casting die 30 is connected to the lower side of the
casting furnace 20 in the vertical direction, and as shown
in FIGS. 2 and 3, the casting die 30 is disposed so that
the pouring hole 26 of the casting furnace 20 communi-
cate with the casting hole 36 of the casting die 30. The
diameter of the casting hole 36 of the casting die 30 is
set to be in a range of 50 mm or less, and preferably in
a range of 10 mm or more to 40 mm or less. In the present
embodiment, the diameter of the casting hole 36 is set
to 30 mm.
[0030] A cross-sectional area ratio Sf/Sc between a
cross-sectional area Sc in a horizontal direction of the
casting die 30 and the cross-sectional area Sf in the hor-
izontal direction of the casting furnace 20 is set to be in
a range of 5 or more (Sf/Sc ≥ 5). The cross-sectional area
ratio Sf/Sc is preferably in a range of 10 or more (Sf/Sc
≥ 10).
[0031] A heat insulation member 40 is disposed be-
tween the graphite sleeve 31 of the casting die 30 and
the furnace main body 23 of the casting furnace 20. In
the present embodiment, the heat insulation member 40
is disposed between the outside of a bottom surface of
the chamber 21 and the outside of a bottom surface of
the furnace main body 23. Moreover, the heat insulation
member 40 has a cylindrical shape including a through
hole 46, and the inner circumferential surface of the
through hole 46 is disposed so as to communicate with
(extend to) the inner circumferential surface of the casting
hole 36 of the casting die 30 and the inner circumferential
surface of the pouring hole 26 of the casting furnace 20.
For example, the heat insulation member 40 is formed
of ceramics such as Al2O3, SiO2, or the like, the thermal
conductivity of the heat insulation member is in a range
of 40 W/ (m·K) or less at room temperature, and the thick-
ness thereof is set to be in a range of 5 mm or more to
60 mm or less.
[0032] Next, the method for producing the copper alloy
containing an active element of the present embodiment
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using the above-described continuous casting apparatus
10 will be described.
As shown in FIG. 4, the method for producing the copper
alloy wire material containing an active element includes
a molten-copper formation step S01 of melting a raw cop-
per material so as to form the molten copper, an active-
element addition step S02 of adding the active element
to the obtained molten copper, a molten-copper transport
step S03 of transporting the molten copper from the hold-
ing furnace 13 to the casting furnace 20, a holding step
S04 of holding the molten copper, to which the active
element is added, in the casting furnace 20, and a casting
step S05 of producing the ingot W continuously by the
casting die 30 connected to the casting furnace 20.

(Molten-Copper Formation Step S01)

[0033] At first, a cathode of pure copper (4NCu) having
a purity of 99.99 mass% or more to less than 99.999
mass% is prepared as the raw copper material. The
4NCu cathode is charged from the raw material charging
port 11A to the melting furnace 11, and the 4NCu cathode
is heated and molten in the melting furnace 11 to produce
a molten copper. Then, the obtained molten copper is
supplied from the molten copper discharging port 11B to
the holding furnace 13 through the connection trough 12.

(Active-Element Addition Step S02)

[0034] In the holding furnace 13, while the supplied
molten copper is temporarily held, the temperature of the
molten copper is controlled to be in a range of, for exam-
ple, 1100 to 1400°C by the heating means (heating de-
vice) (not shown) such as a heater or an induction heating
coil. In addition, the active element such as Cr, Zr, Si, or
the like is added to the molten copper in the holding fur-
nace 13 so as to adjust components of the molten copper.
At this time, an inert gas atmosphere is provided in the
interior of the holding furnace 13 so as to suppress oxi-
dation of the active element such as Cr, Zr, Si, or the like.

(Molten-Copper Transfer Step S03)

[0035] The molten copper, to which the active element
such as Cr, Zr, Si, or the like is added in the holding
furnace 13, is supplied to the casting furnace 20 through
the transport trough 15. As described above, an inert gas
atmosphere is provided in the interior of the transport
trough 15; and thereby, oxidation of the molten copper
and the active element is prevented.

(Holding Step S04)

[0036] In the casting furnace 20, while the molten cop-
per, to which the active element such as Cr, Zr, Si, or the
like is added, is held, the temperature of the molten cop-
per is controlled to be in a range of, for example, 1100
to 1400°C by the heating means (heating device) 24 such

as a radiation heater. Here, the surface position of the
molten copper which is stored in the furnace main body
23 of the casting furnace 20 is detected by the level sen-
sor, and the transport amount of the molten copper from
the holding furnace 13 is adjusted such that the surface
of the molten copper becomes constant.

(Casting Step S05)

[0037] Then, the molten copper which is stored in the
casting furnace 20 is supplied into the casting hole 36 of
the casting die 30 through the pouring hole 26. The mol-
ten copper supplied into the casting die 30 is solidified
at the graphite sleeve 31 which is cooled by the cooling
jacket 32, and the ingot W is produced from the lower
end side of the casting hole 36. Here, the withdrawing
rate of the ingot W is controlled by the pinch rolls 17, and
in the present embodiment, the apparatus is configured
such that the ingot W is intermittently withdrawn.
[0038] In the casting step 05, the withdrawing rate of
the ingot W is adjusted to be in a range of 200 mm/min
or more to 600 mm/min or less. Moreover, the supply
rate of the molten copper to the casting furnace 20 is
adjusted to be in a range of 0.5 t/hour or more to 10 t/
hour or less.
[0039] In addition, in the casting step S05, a hydraulic
head pressure of the molten copper stored in the furnace
main body 23 of the casting furnace 20 acts on the interior
of the casting die 30. In the present embodiment, the
surface height of the molten copper in the furnace main
body 23 is controlled such that the hydraulic head of the
molten copper in the furnace main body 23 from an upper
end 30a of the casting die 30 becomes in a range of 100
mm or more.
Moreover, in the casting step S05, the temperature of an
upper end portion 3 1 a of the graphite sleeve 31 of the
casting die 30 is set to be in a range of 450°C or less,
and the temperature of the molten copper at a portion of
the heat insulation member 40 is set to be higher than
the melting point of the molten copper.
[0040] The ingot W obtained in this way is cooled by a
cooling means (not shown) and is coiled in a coil shape.
In the present embodiment, for example, a long ingot W
having a temperature of 950°C or more is cooled to room
temperature at a cooling rate of 50°C/min or more; and
thereby, the ingot W is subjected to solution heat treat-
ment.
Then, the ingot W which is cooled to room temperature
is subjected to heat treatment, cold working, or the like;
and thereby, the copper alloy wire material containing an
active element having predetermined characteristics is
produced.
[0041] According to the method for producing the cop-
per alloy containing an active element of the present em-
bodiment including the above-described steps, the insu-
lation member 40 is disposed between the graphite
sleeve 31 of the casting die 30 and the furnace main body
23 of the casting furnace 20. Therefore, the molten cop-
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per in the furnace main body 23 is prevented from directly
contacting the graphite sleeve 31 of the casting die 30.
Thereby, the reaction between the graphite sleeve 31
and the active element such as Cr, Zr, Si, or the like can
be suppressed. As a result, fixing of the ingot W to the
graphite sleeve 31 can be prevented; and thereby, dete-
rioration of the graphite sleeve 31 can be prevented.
Moreover, wear of the graphite sleeve 31 due to oxidation
is suppressed; and thereby, the casting can be stably
performed for a long time.
[0042] In addition, the casting die 30 is disposed at the
lower side of the casting furnace 20 in the vertical direc-
tion. Therefore, in the casting step S05, the molten cop-
per can be cooled and solidified in the casting die 30
while the hydraulic head pressure of the molten copper
held in the furnace main body 23 of the casting furnace
20 is applied to the interior of the casting die 30. Thereby,
the molten copper can be securely supplied into the cast-
ing hole 36 of the casting die 30 even though the heat
insulation member 40 is interposed; and as a result, the
casting can be stably performed. Particularly, in the
present embodiment, in the casting step S05, the hydrau-
lic head of the molten copper in the furnace main body
23 from the upper end of the casting die 30 is set to be
in a range of 100 mm or more. Therefore, the molten
copper can be securely supplied toward the inside of the
casting die 30; and thereby, the casting can be stably
performed. Moreover, occurrence of micro pores can be
suppressed; and thereby, the ingot W having high quality
can be produced.
[0043] Since the temperature of the upper end portion
3 1 a of the graphite sleeve 31 of the casting die 30 is
held in a range of 450°C or less, premature wear of the
graphite sleeve 31 can be suppressed, and the reaction
between the graphite sleeve and the active element such
as Cr, Zr, Si, or the like can be suppressed. Moreover,
the graphite sleeve 31 of the casting die 30 and the fur-
nace main body 23 of the casting furnace 20 are con-
nected to each other through the heat insulation member
40. Therefore, even though the casting die 30 is cooled
such that the temperature of the casting die 30 becomes
in a range of 450°C or less, a decrease in the temperature
of the molten copper in the casting furnace 20 can be
prevented.
[0044] In addition, since the temperature of the molten
copper at a portion of the heat insulation member 40 is
set to be higher than the melting point of the molten cop-
per, fluidity of the molten copper at a portion of the heat
insulation member 40 is maintained; and thereby, the
molten copper can be securely supplied into the casting
die 30 by the hydraulic head pressure of the molten cop-
per in the casting furnace 20. Moreover, the casting die
30 and the casting furnace 20 are connected to each
other through the heat insulation member 40. Therefore,
even though the temperature of the molten copper at a
portion of the heat insulation member 40 is set to be high-
er than the melting point of the molten copper, the casting
die 30 is not exposed to a high temperature. As a result,

premature wear of the casting die 30 or the reaction be-
tween the casting die and the active element can be sup-
pressed.
Particularly, in the present embodiment, the thermal con-
ductivity of the heat insulation member 40 is set to be in
a range of 40 W/(m·K) or less at room temperature and
the thickness of the heat insulation member 40 is set to
be in a range of 5 mm or more to 60 mm or less. Therefore,
heat transfer between the graphite sleeve 31 of the cast-
ing die 30 and the furnace main body 23 of the casting
furnace 20 can be securely suppressed.
[0045] The cross-sectional area ratio Sf/Sc between a
cross-sectional area Sc in the horizontal direction of the
casting hole 36 of the casting die 30 and the cross-sec-
tional area Sf in the horizontal direction of the casting
furnace 20 is set to fulfill Sf/Sc ≥ 5, and preferably Sf/Sc
≥ 10. Therefore, in the casting step S05, the change in
the surface of the molten copper in the furnace main body
23 can be suppressed to be kept low; and thereby, the
hydraulic head pressure of the molten copper becomes
stable. As a result, the ingot W having high quality can
be produced.
[0046] Moreover, in the former stage prior to the cast-
ing furnace 20, the melting furnace 11, the holding fur-
nace 13, and the connection trough 12 are provided, and
the molten copper formed in the molten-copper formation
step S01 is continuously supplied into the casting furnace
20. Therefore, the ingot W can be effectively produced.
In the present embodiment, since an inert gas atmos-
phere is provided in the interiors of the melting furnace
11, the holding furnace 13, the transport trough 15, and
the casting furnace 20, oxidation of the molten copper
and the active element such as Cr, Zr, Si, or the like can
be prevented; and thereby, the ingot W having high qual-
ity can be produced.
[0047] As described above, the embodiment of the
present invention is described. However, the present in-
vention is not limited thereto. The invention can be ap-
propriately modified within a scope which does not depart
from the technical features of the present invention.
For example, in the present embodiment, the case where
the solution heat treatment is performed by rapidly cool-
ing the obtained ingot W is described. However, the
present invention is not limited thereto. For example, the
ingot W is cooled, and then, the solution heat treatment
may be performed. Alternatively, the solution heat treat-
ment itself may not be performed.
[0048] The present embodiment is described by using
the continuous casting apparatus 10 including the melt-
ing furnace 11, the holding furnace 13, and the connec-
tion trough 12. However, the present invention is not lim-
ited thereto. For example, as shown in FIG. 5, the molten
copper may be formed by a batch type melting furnace
111, and the molten copper may be supplied to the cast-
ing furnace 20 through the transport trough 15. In this
case, the component adjustment may be performed in
the batch type melting furnace 111. That is, the molten-
copper formation step S01 and the active-element addi-
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tion step S02 may be simultaneously performed. More-
over, a plurality of batch type melting furnaces 111 may
be connected to the casting furnace 20, the molten cop-
per may be alternately supplied to the casting furnace 20
from the batch type melting furnaces 111. Thereby, a
long ingot W may be produced.
[0049] In the present embodiment, the case of produc-
ing the copper alloy wire material of the Cu-Cr-Zr-Si alloy
is described, and the Cu-Cr-Zr-Si alloy includes Cr: 0.25
mass% or more to 0.45 mass% or less, Zr: 0.05 mass%
or more to 0.15 mass% or less, and Si: 0.01 mass% or
more to 0.05 mass% or less, with the balance including
Cu and inevitable impurities. However, the present in-
vention is not limited thereto. For example, the copper
alloy wire material may contain one or more active ele-
ments selected from Cr, Zr, and Si, and the copper alloy
wire material may contain other elements.
The case where the diameter of the casting hole 36 of
the casting die 30 is in a range of 50 mm or less and is
preferably in a range of 10 mm or more to 40 mm or less
is described. However, the present invention is not limited
thereto.
[0050] The withdrawing rate of the ingot W or the sup-
ply rate of the molten copper to the casting furnace 20 in
the casting step is not limited to the values described in
the present embodiment.
The case where only one pouring hole 26 and only one
casting hole 36 are provided is shown and described.
However, the present invention is not limited thereto. For
example, a plurality of pouring holes 26 and casting holes
36 may be provided, and a plurality of ingots W may be
simultaneously produced.
The case where the ingot W is intermittently withdrawn
is described. However, the present invention is not limited
thereto. For example, the ingot W may be continuously
withdrawn.
[0051] The case where an inert gas atmosphere is pro-
vided in the interiors of the melting furnace 11, the holding
furnace 13, the transport trough 15, and the casting fur-
nace 20 is described. However, the present invention is
not limited thereto. For example, the interiors thereof may
be maintained in a vacuum (decompression) state so as
to prevent oxidation of the molten copper and the active
metal.
The case where the casting die 30 includes the graphite
sleeve 31 is described. However, the present invention
is not limited thereto. For example, the casting die 30
may be formed of other materials having solid lubrication
property such as boron nitride (BN) or the like.
[0052] The case where the inner circumferential sur-
face of the through hole 46 of the heat insulation member
40 communicates with (extends to) the inner circumfer-
ential surface of the casting hole 36 of the casting die 30
is described. However, the present invention is not limited
thereto. For example, the inner circumferential surface
of the through hole 46 may be retracted further outward
in the diameter direction than the inner circumferential
surface of the casting hole 36. That is, the diameter of

the through hole 46 may be greater than the diameter of
the casting hole 36.
The constituent members of the casting die 30 are not
limited to those described in the present embodiment.
For example, the structure of the cooling jacket 32, the
disposition of the water-cooling piping (water channel
33), or the like may be appropriately changed.

INDUSTRIAL APPLICABILITY

[0053] According to an aspect of the present invention,
the copper alloy wire material which consists of the cop-
per alloy containing the active metal can be effectively
and stably produced. Since the copper alloy wire material
containing the active metal has a high strength and an
excellent electrical conduction property, the copper alloy
wire material can be used in, for example, trolley wires
of high-speed railways or the like. An aspect of the
present invention can be appropriately applied to the
method for producing the copper alloy wire material.

Brief Description of Reference Signs

[0054] W: ingot, 11: melting furnace, 13: holding fur-
nace, 20: casting furnace, 30: casting die, 30a: upper
end of casting die, 40: heat insulation member, S01: mol-
ten-copper formation step, S02: active-element addition
step, S04: holding step, and S05: casting step.

Claims

1. A method for producing a copper alloy wire material
containing an active element comprising:

a molten-copper formation step of melting a raw
copper material so as to form a molten copper;
an active-element addition step of adding an ac-
tive element to the molten copper;
a holding step of holding the molten copper in a
casting furnace; and
a casting step of producing an ingot continuously
by a casting die connected to the casting fur-
nace,
wherein the casting die is connected to a lower
side of the casting furnace in a vertical direction
through a heat insulation member, and
in the casting step, a pressure is applied toward
the inside of the casting die so as to supply the
molten copper into the casting die, and the mol-
ten copper is cooled and solidified in the casting
die.

2. The method for producing a copper alloy wire mate-
rial containing an active element according to claim
1,
wherein a temperature of the casting die is held with-
in a range of 450°C or less.
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3. The method for producing a copper alloy wire mate-
rial containing an active element according to claim
1 or 2,
wherein a temperature of the molten copper at a por-
tion of the heat insulation member is set to be higher
than a melting point of the molten copper.

4. The method for producing a copper alloy wire mate-
rial containing an active element according to any
one of claims 1 to 3,
wherein, in the casting step, a hydraulic head of the
molten copper in the casting furnace from an upper
end of the casting die is in a range of 100 mm or more.

5. The method for producing a copper alloy wire mate-
rial containing an active element according to any
one of claims I to 4,
wherein a cross-sectional area ratio Sf/Sc between
a cross-sectional area Sc in a horizontal direction of
the casting die and a cross-sectional area Sf in a
horizontal direction of the casting furnace is in a
range of 5 or more.

6. The method for producing a copper alloy wire mate-
rial containing an active element according to any
one of claims 1 to 5,
wherein a continuous melt furnace and a holding fur-
nace are provided at a former stage prior to the cast-
ing furnace, and the molten copper formed in the
molten-copper formation step is continuously sup-
plied into the casting furnace.
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