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(57) A wire rod of a Cu-Zn-Si based alloy obtained
by up-drawing continuous casting is provided; the
amount of Cu is within a range of 75.0 mass% or more
and 76.9 mass% or less, the amount of Si is within a
range of 2.6 mass% or more and 3.1 mass% or less, the
amount of Zr is within a range of 0.003 mass% or more
and 0.20 mass% or less, the amount of P is within a range
of 0.02 mass% or more and 0.15 mass% or less, the
balance is composed of Zn and inevitable impurities, and
the number density of a Zr-P compound containing Zr
and P is within a range of 1500 pieces/mm2 or more and
7000 pieces/mm2 or less.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting,
the wire rod being drawn upward and being subjected to continuous casting.
[0002] Priority is claimed on Japanese Patent Application No. 2020-082545, filed May 8, 2020, the content of which
is incorporated herein by reference.

BACKGROUND ART

[0003] In the related art, free-cutting brass as a copper alloy having excellent machinability has been widely used as
a material of various parts such as a water contact metal fitting (for example, water faucet fittings of water supply pipe,
valves, cocks, joints, flanges, faucet fittings, in-house built device, water discharging tools, joint clip, boiler parts, or the
like) used continuously or temporarily in contact with water (tap water or the like), a friction engaging member (for
example, bearing, gear, cylinder, bearing retainer, impeller, pump parts, bearing or the like) making a relative movement
to a facing member (rotating shaft or the like) continuously or temporarily in contact with the facing member or the like,
or a structural material thereof.
[0004] Pb has been added to a Cu-Zn alloy to improve machinability of the above-mentioned free-cutting brass.
However, in recent years, the use of Pb has been restricted from the viewpoint of environmental problems and other
issues, and the application thereof is significantly restricted.
[0005] Therefore, for example, a Cu-Zn-Si based alloy disclosed in Patent Document 1 has been provided as a copper
alloy having excellent machinability even though the amount of Pb is significantly reduced. Since this Cu-Zn-Si based
alloy does not contain Pb, the Cu-Zn-Si based alloy can be used for various parts such as water faucet fittings of water
supply pipe, water supply and drainage fittings, valves, and water meter fittings, with which drinking water is brought
into contact.
[0006] In a case of manufacturing such parts, rods and wire rods having various cross-sections may be used as
processing materials.
[0007] In a case of manufacturing rods and wire rods, the rods and wire rods are usually manufactured by carrying
out hot extrusion or rolling on large ingots to make rods, and these rods are subjected to plastic working such as drawing
working. However, in the case in which rods are manufactured by hot extrusion or rolling, it is necessary to carry out
various steps such as a casting step of producing a large ingot, a heating step of heating the ingot, and an extrusion
step of extruding the heated ingot or a rolling step, which requires a large amount of manufacturing cost and manufacturing
time.
[0008] Therefore, as a method of efficiently producing a metal rod or wire rod at low cost, for example, a continuous
casting method of installing a casting mold in a casting furnace in which the metal melt is stored, and continuously casting
a cast wire rod is provided as disclosed in Patent Documents 2 to 5. In the above-mentioned casting mold, a mold having
a self-lubricating property such as graphite is usually used.
[0009] In the case of continuously casting a cast wire rod, as shown in Patent Documents 2 to 5, it is common to repeat
an intermittent drawing cycle in which a drawing step and a push-back step are repeatedly performed without continuously
drawing the cast wire rod at a constant speed. In a case in which the intermittent drawing cycle is carried out in this way,
a solid phase (solidified shell) that has been solidified during the drawing is moved, a liquid phase flows into a space
after the movement, and a new solid phase is formed. Since the solidified shell is formed intermittently in this way, a
pattern, called an oscillation mark, is formed on a surface of the cast wire rod in synchronization with the period of the
intermittent drawing cycle.

[Citation List]

[Patent Documents]

[0010]

[Patent Document 1]
Japanese Patent (Granted) Publication No. 4095666
[Patent Document 2]
Japanese Unexamined Patent Application, First Publication No. H05-169197
[Patent Document 3]
Japanese Unexamined Patent Application, First Publication No. H08-168852
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[Patent Document 4]
Japanese Unexamined Patent Application, First Publication No. H05-031561
[Patent Document 5]
Japanese Unexamined Patent Application, First Publication No. 2014-091147

SUMMARY OF INVENTION

Technical Problem

[0011] In the case of carrying out continuous casting on the Cu-Zn-Si alloy disclosed in Patent Document 1, a horizontal
continuous casting apparatus from which a cast wire rod is drawn in a horizontal direction and a vertical continuous
casting apparatus from which a cast wire rod is drawn downward in a vertical direction are usually used.
[0012] In the above-mentioned horizontal continuous casting apparatus and vertical continuous casting apparatus,
there is a problem that a large site is required in a case in which equipment is installed, resulting in an increase in
installation cost. In addition, there are problems that it is necessary to discard the metal melt in the casting furnace in a
case in which a product type is switched during the casting, and the product type cannot be easily switched.
[0013] Here, in an up-drawing casting apparatus that includes a casting mold attached on an upper side of a casting
furnace, and that draws a cast wire rod up in the vertical direction, an equipment configuration is relatively simple, and
installation cost can be reduced. In a case of switching a product type, the casting furnace on which the casting mold is
attached may be changed, which is suitable for small amount and various type production.
[0014] However, in a case in which continuous casting is carried out to produce a cast wire rod made of the Cu-Zn-
Si based alloy disclosed in Patent Document 1 by using the up-drawing casting apparatus, the casting mold is not
sufficiently filled with the metal melt, and casting defects such as sink marks may occur. In addition, the oscillation mark
may be deeper. Furthermore, coarsened dendrites are likely to be generated, and cold workability may be deteriorated.
[0015] Therefore, the Cu-Zn-Si based alloy was not stably cast by the up-drawing casting apparatus.
[0016] The present invention has been made against the background of the above circumstances, and an objective
is to provide a wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting, which enables casting
defects to less likely occur and enables the occurrence of coarsened dendrites to be prevented, and which is excellent
in cold workability.

Solution to Problem

[0017] In order to solve this problem, a wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting
of the present invention is provided. The Cu-Zn-Si based alloy contains Cu, Zn, and Si, an amount of Cu is within a
range of 75.0 mass% or more and 76.9 mass% or less, an amount of Si is within a range of 2.6 mass% or more and 3.1
mass% or less, an amount of Zr is within a range of 0.003 mass% or more and 0.20 mass% or less, an amount of P is
within a range of 0.02 mass% or more and 0.15 mass% or less, a balance is composed of Zn and inevitable impurities,
and a number density of a Zr-P compound containing Zr and P is within a range of 1500 pieces/mm2 or more and 7000
pieces/mm2 or less.
[0018] In the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting with this configuration,
since the amount of Cu is within a range of 75.0 mass% or more and 76.9 mass% or less, and the amount of Si is within
a range of 2.6 mass% or more and 3.1 mass% or less, an α-phase is generated as a primary crystal.
[0019] Since the amount of Zr is within a range of 0.003 mass% or more and 0.20 mass% or less, and the amount of
P is within a range of 0.02 mass% or more and 0.15 mass% or less, the Zr-P compound containing Zr and P is produced,
and a primary crystal α-phase is crystallized by using this Zr-P compound as an inoculant nucleus; thereby, it is possible
to prevent dendrites from being coarsened.
[0020] Furthermore, since the number density of the Zr-P compound containing Zr and P is within a range of 1500
pieces/mm2 or more and 7000 pieces/mm2 or less, the effect of preventing the dendrites from being coarsened, which
is caused by the Zr-P compound, can be sufficiently achieved.
[0021] Here, in the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting of the present
invention, the mass ratio Zr/P of Zr to P is preferably less than 1.9, and the mass ratio Cu/Si of Cu to Si is preferably
more than 25.
[0022] In this case, since the mass ratio Zr/P of Zr to P is less than 1.9 and the mass ratio Cu/Si of Cu to Si is more
than 25, excessive production of the Zr-P compound can be prevented, and primary crystal α-phases can be prevented
from being bonded to each other to be coarsened, thereby preventing the deterioration of mechanical properties. In
addition, a decrease in workability caused by the Zr-P compound can be surely prevented.
[0023] Alternatively, in the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting of the present
invention, the mass ratio Zr/P of Zr to P is preferably more than 4.2, and the mass ratio Cu/Si of Cu to Si is preferably
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more than 25.
[0024] In this case, since the mass ratio Zr/P of Zr to P is more than 4.2 and the mass ratio Cu/Si of Cu to Si is more
than 25, excessive production of the Zr-P compound can be prevented, and primary crystal α-phases can be prevented
from being bonded to each other to be coarsened, thereby reducing the deterioration of mechanical properties. In addition,
a decrease in workability caused by the Zr-P compound can be surely prevented.
[0025] In addition, in the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting of the present
invention, the tensile strength is preferably within a range of 500 N/mm2 or more and 540 N/mm2 or less, and the
elongation is preferably within a range of 5% or more and 15% or less.
[0026] In this case, since the strength and elongation are within the above ranges, the up-drawing continuous cast
wire rod has sufficient ductility and is particularly excellent in cold workability.

Advantageous Effects of Invention

[0027] According to the present invention, it is possible to provide the wire rod of a Cu-Zn-Si based alloy obtained by
up-drawing continuous casting, which enables casting defects to less likely occur and enables the occurrence of coars-
ened dendrites to be prevented, and which is excellent in cold workability.

BRIEF DESCRIPTION OF DRAWINGS

[0028]

Fig. 1 is an explanatory diagram showing an example of a continuous casting apparatus used for producing a wire
rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting according to an embodiment of the present
invention.
Fig. 2 is an explanatory diagram showing an example of a pattern of an intermittent drawing cycle in a case of
producing the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting according to the
embodiment of the present invention.
Fig. 3A is a cross-sectional macrostructure of a cast wire rod of a Cu-Zn-Si based alloy, which is the wire rod obtained
by up-drawing continuous casting of the present embodiment.
Fig. 3B is a cross-sectional macrostructure of a cast wire rod made of a Cu-Zn-Si based alloy, which is a continuous
cast wire rod cast by a horizontal continuous casting apparatus.
Fig. 4A is a diagram showing measurement results of a Zr-P compound in a cast wire rod in an example (Example
12 of the present invention), which is measured by an electron probe micro analyzer (EPMA).
Fig. 4B is a diagram showing measurement results of a Zr-P compound in a cast wire rod in an example (Comparative
Example 2), which is measured by the electron probe micro analyzer (EPMA).
Fig. 4C is a diagram showing measurement results of a Zr-P compound in a cast wire rod in an example (Comparative
Example 3), which is measured by the electron probe micro analyzer (EPMA).
Fig. 5A is a microstructure of the cast wire rod in the example (Example 12 of the present invention).
Fig. 5B is a microstructure of the cast wire rod in the example (Comparative Example 1).
Fig. 5C is a microstructure of the cast wire rod in the example (Comparative Example 3).
Fig. 6A is an observation photograph showing an evaluation result of an oscillation depth in Examples, which is
evaluated as "B" (oscillation depth of less than 10 mm).
Fig. 6B is an observation photograph showing an evaluation result of an oscillation depth in Examples, which is
evaluated as "C" (oscillation depth of 10 mm or more).
Fig. 7A is an observation photograph showing an evaluation result of an internal result in Examples, which is
evaluated as "B".
Fig. 7B is an observation photograph showing an evaluation result of the internal result in Examples, which is
evaluated as "C".
Fig. 8 is an observation photograph showing an evaluation result of an altered layer in Examples.

DESCRIPTION OF EMBODIMENTS

[0029] Hereinafter, a wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting according to an
embodiment of the present invention will be described.
[0030] Here, the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting of the present embod-
iment has a circular cross-section orthogonal to the longitudinal direction, and a cross-sectional area of the cross-section
is within a range of 15 mm2 or more and 500 mm2 or less.
[0031] The wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting of the present embodiment
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has a composition in which an amount of Cu is within a range of 75.0 mass% or more and 76.9 mass% or less, an
amount of Si is within a range of 2.6 mass% or more and 3.1 mass% or less, an amount of Zr is within a range of 0.003
mass% or more and 0.20 mass% or less, an amount of P is within a range of 0.02 mass% or more and 0.15 mass% or
less, and a balance is composed of Zn and inevitable impurities.
[0032] In addition, the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting of the present
embodiment has a number density of a Zr-P compound containing Zr and P within a range of 1500 pieces/mm2 or more
and 7000 pieces/mm2 or less.
[0033] Here, in the present embodiment, the mass ratio Zr/P of Zr to P is preferably less than 1.9, or the mass ratio
Zr/P of Zr to P is preferably more than 4.2, and the mass ratio Cu/Si of Cu to Si is preferably more than 25.
[0034] In addition, in the present embodiment, the tensile strength is preferably within a range of 500 N/mm2 or more
and 540 N/mm2 or less, and the elongation is preferably within a range of 5% or more and 15% or less.
[0035] Next, the reason why the composition, the number density of the Zr-P compound, and the feature are defined
as described above will be described.

(Zr)

[0036] Zr is co-added with P, thereby producing the Zr-P compound containing Zr and P. These Zr-P compound
particles are used as inoculant nuclei to form a primary crystal α-phase, resulting in fine dendrite formation and granular
crystallization of the α-phase crystallized during solidification. However, since Zr has a strong affinity for oxygen, Zr
oxide and other substances are likely to be generated. As a result, the viscosity of the metal melt increases, and defects
such as oxides are likely to occur during casting. In addition, blow holes and microporosities are likely to occur.
[0037] Therefore, in the present embodiment, the amount of Zr is set within a range of 0.003 mass% or more and 0.20
mass% or less.
[0038] In order to surely produce the Zr-P compound, the lower limit of the amount of Zr is preferably 0.004 mass%
or more, and still more preferably 0.005 mass% or more. By contrast, in order to suppress the production of Zr oxide,
the upper limit of the amount of Zr is preferably 0.18 mass% or less, and still more preferably 0.16 mass% or less.

(P)

[0039] As described above, P is co-added with Zr to produce a Zr-P compound containing Zr and P, and the Zr-P
compound particles are used as an inoculant nucleus to form a primary crystal α-phase. As a result, fine dendrite
formation and granular crystallization can be achieved. In a case in which a large amount of P is contained, cracks are
likely to occur on a surface or the inside of an ingot during the formation of the ingot, and disconnection is likely to occur
during working.
[0040] Therefore, in the present embodiment, the amount of P is set within a range of 0.02 mass% or more and 0.15
mass% or less.
[0041] In order to surely produce the Zr-P compound, the lower limit of the amount of P is preferably 0.03 mass% or
more, and still more preferably 0.08 mass% or more. By contrast, in order to prevent crack occurrence, the upper limit
of the amount of P is preferably 0.13 mass% or less, and still more preferably 0.10 mass% or less.

(Cu)

[0042] As described above, the Zr-P compound particles are used as inoculant nuclei to form the primary crystal α-
phase, resulting in fine dendrite formation and granular crystallization of the crystallized α-phase.
[0043] Here, a Cu concentration is set to 75.0 mass% or more, and a Si concentration is relatively lowered to obtain
a region of the primary crystal α-phase, and fine dendrite formation and granular crystallization can be achieved. By
contrast, in a case in which the Cu concentration is more than 76.9 mass%, the primary crystal α-phases (granular
crystal grains) are bonded to each other, resulting in the same state as growth of dendrite arms. Furthermore, there is
a problem on a casting surface on which blow holes and sink marks with a large amount and large size are produced
because of bonds between crystal grains. Furthermore, as the Cu concentration increases, the strength may decrease.
[0044] Therefore, in the present embodiment, the amount of Cu is set within a range of 75.0 mass% or more and 76.9
mass% or less.
[0045] In order to surely produce the primary crystal α-phase, the lower limit of the amount of Cu is preferably 75.5
mass% or more, and still more preferably 75.8 mass% or more. By contrast, in order to prevent the bonds between the
primary crystal α-phases (granular crystal grains), the upper limit of the amount of Cu is preferably 76.8 mass% or less,
and still more preferably 76.7 mass% or less.
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(Si)

[0046] Si is an element having a function of improving machinability. Si also has functions of improving mechanical
properties such as tensile strength, proof stress, impact strength, and fatigue strength. Furthermore, Si has a function
of improving fluidity of the metal melt, preventing oxidation of the metal melt, and lowering a melting point. However, in
a case in which the amount of Si is too large, a β phase is formed as a primary crystal, and fine dendrite formation and
granular crystallization may not be achieved. In terms of castability, in the case in which the amount of Si is too large,
the thermal conductivity is lowered, and internal defects are likely to occur in the cast wire rod.
[0047] Therefore, in the present embodiment, the amount of Si is set within a range of 2.6 mass% or more and 3.1
mass% or less.
[0048] In order to further improve the mechanical properties, the lower limit of the amount of Si is preferably 2.7 mass%
or more, and still more preferably 2.8 mass% or more. By contrast, in order to surely form the primary crystal α-phase,
the upper limit of the amount of Si is preferably 3.05 mass% or less, and still more preferably 3.00 mass% or less.

(Number Density of Zr-P Compound)

[0049] As described above, the Zr-P compound is used as an inoculant nucleus to form a primary crystal α-phase,
resulting in fine dendrite formation and granular crystallization of the α-phase crystallized during solidification. However,
in a case in which the amount of the Zr-P compound is too large, the primary crystal α-phases (granular crystal grains)
are bonded to each other, resulting in the same state as coarsened dendrites in which dendrite arms are grown. In
addition, a large number of crystals may be produced at crystalline grain boundaries from the Zr-P compound not to
become inoculant nuclei to promote stress concentration during plastic working, which may reduce ductility.
[0050] Therefore, in the present embodiment, the number density of the Zr-P compound is set within a range of 1500
pieces/mm2 or more and 7000 pieces/mm2 or less.
[0051] In order to ensure fine dendrite formation and granular crystallization to be effective, the lower limit of the
number density of the Zr-P compound is preferably 2500 pieces/mm2 or more, and still more preferably 3500 pieces/mm2

or more. By contrast, in order to further prevent the bonds between the primary crystal α-phases (granular crystal grains),
the upper limit of the number density of the Zr-P compound is preferably 6500 pieces/mm2 or less, and still more preferably
4500 pieces/mm2 or less.

(Mass Ratio Zr/P and Mass Ratio Cu/Si)

[0052] Zr and P are co-added for the purpose of forming fine dendrites of copper alloy crystal grains. Each of Zr and
P can only slightly fine copper alloy crystal grains in the same manner as other general additive elements, but in a case
in which Zr and P coexist in an appropriate range, fine dendrites can be effectively formed. However, in the case in
which the amount of the Zr-P compound is too large, the primary crystal α-phases (granular crystal grains) are bonded
to each other, resulting in the same state as coarsened dendrites in which dendrite arms are grown.
[0053] Here, in the case of carrying out the up-drawing continuous cast, it is possible to suppress the excessive
production of the Zr-P compound in a case in which the mass ratio Cu/Si of Cu to Si is more than 25 and the mass ratio
Zr/P of Zr to P is less than 1.9 or more than 4.2.
[0054] The upper limit of the mass ratio Cu/Si of Cu to Si is preferably 25.5 or more, and still preferably 25.8 or more.
The upper limit of the mass ratio Cu/Si of Cu to Si is not particularly limited, but is preferably 29 or less, and still more
preferably 27 or less.
[0055] In addition, the mass ratio Zr/P of Zr to P is preferably less than 1.8, and more preferably less than 1.4. The
mass ratio Zr/P preferably has a lower limit value of 0.04 or more and more preferably has a lower limit value of 0.10 or
more, with respect to an upper limit value of less than 1.8.
[0056] Alternatively, the mass ratio Zr/P of Zr to P is preferably more than 4.5, and still more preferably more than 4.8.
The mass ratio Zr/P preferably has an upper limit value of 5.4 or less and more preferably has an upper limit value of
5.1 or less, with respect to a lower limit value of more than 4.5.

(Tensile Strength and Elongation)

[0057] In the cast wire rod, a balance between strength and elongation is important for cold drawability, and in a case
in which the strength is too large, the elongation important for cold drawability decreases.
[0058] Therefore, in the present embodiment, in a case in which the tensile strength is within a range of 500 N/mm2

or more and 540 N/mm2 or less and the elongation is within a range of 5% or more and 15% or less, the cold drawability
can be sufficiently improved.
[0059] The lower limit of the tensile strength is preferably 510 N/mm 2 or more, and still more preferably 525 N/mm2
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or more. On the other hand, the upper limit of the tensile strength is preferably 535 N/mm 2 or less, and still more
preferably 530 N/mm2 or less.
[0060] In addition, the lower limit of the elongation is preferably 6% or more, and still more preferably 7% or more. On
the other hand, the upper limit of the elongation is preferably 14% or less, and still more preferably 13% or less.
[0061] Next, a continuous casting apparatus 10 used for producing a wire rod of a Cu-Zn-Si based alloy obtained by
up-drawing continuous casting according to the present embodiment will be described with reference to Fig. 1.
[0062] This continuous casting apparatus 10 includes a casting furnace 11, a continuous casting mold 20 connected
to the casting furnace 11, and pinch rolls 17 for drawing a cast wire rod 1 produced in the continuous casting mold 20.
[0063] The casting furnace 11 heats and melts a melting raw material to produce and store a copper melt having a
predetermined composition, and is provided with a crucible 12 that stores the melting raw material and the copper melt,
and heating means (not shown) for heating the crucible 12.
[0064] The cast wire rod 1 produced in the continuous casting mold 20 is interposed between the pinch rolls 17 that
draws the cast wire rod 1 out in a drawing direction F.
[0065] In the present embodiment, the cast wire rod 1 is intermittently drawn out.
[0066] The continuous casting mold 20 is provided with a cylindrical mold 21 into which the supplied copper melt is
injected, and a cooling part 28 for cooling the mold 21.
[0067] Here, in the present embodiment, as shown in Fig. 1, the continuous casting mold 20 is disposed on the copper
melt in the casting furnace 11 so that a fireproof insulation material 15 is interposed between the continuous casting
mold 20 and the copper melt, and the cast wire rod 1 is configured to be drawn out upward.
[0068] The mold 21 has a substantially cylindrical shape, and is provided with a casting hole 24 penetrating from one
side to the other side.
[0069] The cooling part 28 is a water-cooling jacket arranged on an outer peripheral side of the mold 21, and is
configured to circulate cooling water to cool the mold 21.
[0070] Next, a method of producing the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting
according to the present embodiment by using the above-mentioned continuous casting apparatus 10 will be described.
[0071] First, a melting raw material is charged into the crucible 12 through a raw material input port of the casting
furnace 11. As the raw material, a Cu single substance and a Zn single substance, or a Si single substance, a Cu-Zn
mother alloy, a Cu-Si mother alloy and other alloys can be used. In addition, the raw material containing Zn and Si may
be dissolved together with a copper raw material. Furthermore, a recycled material and a scrap material of the present
alloy may be used.
[0072] Next, the melting raw material charged in the crucible 12 is heated to be melted by the heating means to produce
the copper melt prepared to have the above-mentioned component composition.
[0073] The copper melt is heated in the crucible 12 to a predetermined casting temperature and is stored. Then, this
copper melt is supplied to the continuous casting mold 20.
[0074] The copper melt supplied into the continuous casting mold 20 is cooled in the mold 21, solidified, and becomes
the cast wire rod 1. The cast wire rod 1 is intermittently drawn out with the pinch rolls 17 to produce the cast wire rod 1
continuously.
[0075] The method of continuously casting a Cu-Zn-Si based alloy of the present embodiment has, as shown in Fig.
2, a configuration of repeatedly carrying out an intermittent drawing cycle consisting of a drawing step of moving the
solidified cast wire rod 1 in the mold 21 in the drawing direction, and a push-back step of moving the cast wire rod 1
toward an opposite side to the drawing direction.
[0076] A pattern diagram of the intermittent drawing cycle shown in Fig. 2 is described as a set value, and in the
practical continuous casting apparatus 10, the pattern diagram may be partially curved because of mechanical loss or
the like.
[0077] The pattern of the intermittent drawing cycle is appropriately set to adjust the casting speed of the cast wire rod 1.
[0078] A graph relating to Time (s) - Moving speed (drawing speed) V (mm/s) in Fig. 2 shows one cycle of the drawing
step and the push-back step. The drawing step includes an acceleration time Ta (s) for accelerating the drawing speed
in the drawing direction from 0 (mm/s) to a predetermined speed (maximum speed) (mm/s), a drawing time T (s) for
drawing the cast wire rod 1 at a constant predetermined speed (mm/s), a deceleration time Td (s) for drawing the cast
wire rod 1 while decelerating the drawing speed from the predetermined speed (mm/s) to 0 (mm/s), and a suspension
time D (s) for suspending drawing the cast wire rod 1. A drawing distance L is calculated by the following Equation (1). 

[0079] The push-back step includes an acceleration time ta (s) for accelerating the drawing speed in a reverse direction
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to the drawing direction from 0 (mm/s) to a predetermined speed (maximum speed) (mm/s), a drawing time (push-back
time) t (s) for drawing the cast wire rod 1 in the reverse direction to the drawing direction at a constant predetermined
speed (mm/s), a deceleration time td (s) for drawing the cast wire rod 1 in the reverse direction to the drawing direction
while decelerating the drawing speed from the predetermined speed (mm/s) to 0 (mm/s), and a suspension time d (s)
for suspending drawing the cast wire rod 1. A push-back distance 1 is calculated by the following Equation (2). 

[0080] In the push-back step, since the cast wire rod 1 is drawn out in the reverse direction to the drawing direction,
the speed is marked with "-".
[0081] Next, a solidification state in the mold 21 in a case in which the intermittent drawing cycle is repeated as
described above will be described.
[0082] First, the cast wire rod 1 is moved in the drawing direction F in the drawing step, thereby the copper melt in the
casting furnace 11 flowing into the mold 21.
[0083] Next, the copper melt in the mold 21 is cooled and solidified to form a solidified shell.
[0084] Then, seizure between the solidified shell and the mold 21 is prevented through the push-back step, and the
solidified shell that has been formed one cycle before and a solidified shell that is formed in this cycle are bonded.
[0085] After the solidified shell is formed to have a sufficient thickness in the mold 21, the cast wire rod 1 is moved
again in the drawing direction F through the drawing step.
[0086] As described above, the rod-shaped cast wire rod 1 is continuously produced by repeating the intermittent
drawing cycle in this way.
[0087] Here, the casting temperature is preferably within a range of 970°C or higher and 1180°C or lower. As a result
of setting the casting temperature to 970°C or higher, the fluidity of the copper melt can be ensured, the occurrence of
misrun can be prevented, and the generation of a deep oscillation mark, internal defect, and altered layer can be
prevented. On the other hand, as a result of setting the casting temperature to 1180°C or lower, seizure between the
solidified shell and the casting mold can be prevented. The above-mentioned altered layer is due to segregation of Zn
and Si, and is often observed around an oscillation. In a case in which the altered layer is locally and deeply present,
the altered layer causes an adverse effect such as scuffing during drawing.
[0088] The lower limit of the casting temperature is preferably 980°C or higher, and more preferably 1000°C or higher.
On the other hand, the upper limit of the casting temperature is preferably 1150°C or lower, and more preferably 1100°C
or lower.
[0089] The casting speed is preferably within a range of 0.43 m/min or more and 3.10 m/min or less.
[0090] The casting speed is calculated by the following Equation (3). 

[0091] As a result of setting the casting speed to 0.43 m/min or more, a solidification speed can be ensured, the
coalescence of crystal grains can be prevented, and the crystal grains can be further miniaturized. In addition, an early
increase in a solid phase rate can be prevented, the occurrence of misrun can be prevented, and the generation of deep
oscillation marks, internal defects, and altered layers can be prevented. On the other hand, as a result of setting the
casting speed to 3.10 m/min or less, insufficient supply of the metal melt during drawing can be prevented, and the
generation of deep oscillation marks, internal defects, and altered layers can be prevented.
[0092] The lower limit of the casting speed is preferably 0.80 m/min or more, and more preferably 1.00 m/min or more.
On the other hand, the upper limit of the casting speed is preferably 3.00 m/min or less, and more preferably 2.80 m/min
or less.
[0093] As described above, the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting according
to the present embodiment is produced.
[0094] Here, Figs. 3A and 3B show a cross-sectional macrostructure of a cast wire rod made of a Cu-Zn-Si based
alloy. In the continuous cast wire rod cast by a horizontal continuous casting apparatus, as shown in Fig. 3B, crystal
grains at a lower portion are coarsened because of the influence of gravity. By contrast, in the wire rod of a Cu-Zr-Si
alloy obtained by up-drawing continuous casting of the present embodiment, as shown in Fig. 3A, the crystal structure
is uniform.
[0095] According to the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting of the present
embodiment, which is configured as described above, since the amount of Cu is within a range of 75.0 mass% or more
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and 76.9 mass% or less, the amount of Si is within a range of 2.6 mass% or more and 3.1 mass% or less, the amount
of Zr is within a range of 0.003 mass% or more and 0.20 mass% or less, the amount of P is within a range of 0.02 mass%
or more and 0.15 mass% or less, the Zr-P compound containing Zr and P is produced, and the primary crystal α-phase
is crystallized by using this Zr-P compound as an inoculant nucleus; thereby, it is possible to prevent dendrites from
being coarsened.
[0096] In addition, since the number density of the Zr-P compound containing Zr and P is within a range of 1500
pieces/mm2 or more and 7000 pieces/mm2 or less, the effect of preventing the dendrites from being coarsened, which
is caused by the Zr-P compound, can be sufficiently achieved.
[0097] In addition, in the present embodiment, in a case in which the mass ratio Zr/P of Zr to P is less than 1.9 or more
than 4.2 and the mass ratio Cu/Si of Cu to Si is more than 25, excessive production of the Zr-P compound can be
prevented, and primary crystal α-phases can be prevented from being bonded to each other to be coarsened, thereby
reducing the deterioration of mechanical properties. In addition, a decrease in workability caused by the Zr-P compound
can be surely prevented.
[0098] Furthermore, in the present embodiment, in a case in which the tensile strength is within a range of 500 N/mm2

or more and 540 N/mm2 or less and the elongation is within a range of 5% or more and 15% or less, the ductility is
sufficiently obtained, and cold workability is particularly excellent.
[0099] Thus, the obtained continuous cast wire rod can be favorably processed by cold drawing or other work.
[0100] Although the wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting according to the
embodiment of the present invention is described above, the present invention is not limited thereto, and can be appro-
priately modified without departing from the technical idea of the invention.
[0101] For example, in the present embodiment, it has been described to produce the wire rod obtained by up-drawing
continuous casting, which has the circular cross-section and the cross-sectional area within a range of 15 mm2 or more
and 500 mm2 or less, but the present invention is not limited thereto, and the present invention may be to provide an
up-drawing continuous cast wire rod having a polygonal cross-section, or an up-drawing continuous cast wire rod having
a tubular cross-section. In addition, the present invention may be to provide a wire rod obtained by up-drawing continuous
casting, which has a deformed shape with a protruding portion and a recessed portion in a cross-section. Furthermore,
the cross-sectional area of the cross-section orthogonal to the longitudinal direction is not also particularly limited.
[0102] Furthermore, in the above-mentioned present embodiment, although the casting mold provided with the cooling
jacket has been described embodiment, the structure of the casting mold is not limited, and for example, a casting mold
with a water-cooling probe that is formed of a double tube and that is inserted in the mold may be adopted.
[0103] Furthermore, in the present embodiment, although the material of the mold 21 is graphite, boron nitride having
a self-lubricating property similar to graphite may be used.

[Examples]

[0104] The results of a confirmation experiment conducted to confirm the effect of the present invention will be described
below.
[0105] Melting raw materials were prepared to have compositions shown in Table 1. Each of the prepared melting raw
materials was put into the crucible 12 of the casting furnace 11 shown in Fig. 1 in an amount of 500 kg, and heated by
heating means to be melted.
[0106] As a casting mold, a mold for producing a cast wire rod having an outer diameter of 6 mm (28.26 mm2 of cross-
sectional area of the cross-section orthogonal to the drawing direction) and a circular cross-section was prepared.
[0107] Then, each of cast wire rods was drawn out according to an intermittent drawing cycle shown in Table 2 to be
cast by 300 kg.
[0108] Each of the obtained cast wire rod was cut along the center line parallel to a drawing direction to prepare a
sample for microstructure observation, which is used for observing an oscillation and internal defects. In addition, the
sample was cut perpendicular to the drawing direction to prepare a sample for microstructure observation, which is used
for observing dendrites. Furthermore, the cast wire rod was cut perpendicular to the drawing direction to obtain a sample
for EPMA measurement.
[0109] The above-mentioned various samples were subjected to emery polishing in the order of #240, 400, 800, and
1500 at a pressure of 100 N and a speed of 100 r/min for 1000 s in each case. Next, buff polishing was carried out in
the order of particles with a size of 9 mm, 3 mm, and 1 mm at a pressure of 30 N and a speed of 100 r/min for 1000 s in
each case.
[0110] Thereafter, samples were immersed in an etching solution (a mixed solution of a hydrogen peroxide solution
and ammonia water) at 30°C to 40°C and washed by ultrasonic washing for 30 to 60 s. Next, samples were immersed
in water at room temperature, washed by ultrasonic washing for 30 to 60 s, and dried.
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(Zr-P Compound)

[0111] Then, EPMA measurement was performed on samples for EPMA measurement thus obtained as described
above, and a dispersion status of the Zr-P compound was observed. An observation visual field was 69 mm 3 49 mm,
and the measurement was performed once at the substantially center position of each sample for EPMA measurement.
The various conditions for EPMA measurement were set as follows.

Acceleration voltage: 15kV
Irradiation current: 3.016 3 10-8 A
Beam shape: SPOT
Beam diameter: 0 mm
Time: 10 ms

[0112] Regarding Zr Level and P Level shown in Figs. 4A to 4C, Zr and P each had a detection intensity of level 3 or
higher, and granular compounds each of which a diameter in a size of 1 mm or more and 3 mm or less were determined
as Zr-P compounds.
[0113] Figs. 4A to 4C show examples of the EPMA measurement results. It is confirmed that the Zr-P compounds
were present in a larger amount in Comparative Example 2 shown in Fig. 4B and Comparative Example 3 shown in Fig.
4C as compared with Example 12 of the present invention shown in Fig. 4A.
[0114] It was confirmed that the Zr-P compounds were present in a smaller amount in other Examples 1 to 11 and 13
similar to Example 12, as compared with Comparative Examples 2 and 3.
[0115] In addition, the number densities of the Zr-P compounds in Examples 1 to 13 were calculated based on the
EPMA measurement results of Comparative Examples 1 to 4, and the results are shown in Table 1.
[0116] In addition, the samples for microstructure observation obtained as described above were observed with an
optical microscope to evaluate the crystal structure, the oscillation depth, internal defects, and an altered layer.
[0117] Figs. 5A to 5C show examples of the observation results of the crystal structures. In Comparative Example 1
shown in Fig. 5B, it was confirmed that very coarsened dendrites were grown. In Comparative Example 3 shown in Fig.
5C, a coarse granular structure was obtained. By contrast, in Example 12 of the present invention shown in Fig. 5A, a
fine dendrite structure was obtained.
[0118] In other Examples 1 to 11 and 13, fine dendrite structures were confirmed similar to Example 12.

(Oscillation Depth)

[0119] Regarding the oscillation depth, those having a depth of less than 10 mm as shown in Fig. 6A were evaluated
as "B", and those having a depth of 10 mm or more as shown in Fig. 6B were evaluated as "C". Each of the samples of
Examples 1 to 13 and Comparative Examples 1 to 4 was observed, and the results are shown in Table 3.

(Internal Defect)

[0120] Regarding the internal defects, those in which no defects were confirmed as shown in Fig. 7A were evaluated
as "B", and those in which defects were confirmed as shown in Fig. 7B were evaluated as "C". Each of the samples of
Examples 1 to 13 and Comparative Examples 1 to 4 was observed, and the results are shown in Table 3.

(Altered Layer)

[0121] Each of the obtained cast wire rods was cut along the center line in parallel with the drawing direction. The
above-mentioned sample was subjected to emery polishing in the order of #240, 400, 800, and 1500 at a pressure of
100 N and a speed of 100 r/min for 1000 s in each case. Next, buff polishing was carried out in the order of particles
with a size of 9 mm, 3 mm, and 1 mm at a pressure of 30 N and a speed of 100 r/min for 1000 s in each case. Thereafter,
samples were immersed in an etching solution (a mixed solution of a hydrogen peroxide solution and ammonia water)
at 30°C to 40°C and washed by ultrasonic washing for 30 to 60 s. Next, samples were immersed in water at room
temperature, washed by ultrasonic washing for 30 to 60 s, and dried.
[0122] A superficial layer of the sample was observed (because the altered layer exists on the superficial layer) with
EPMA under the following conditions, and a region where Zn and Si are segregated and the dendrite structure is not
formed was determined as an altered layer through microscopic observation.

Acceleration voltage: 15kV
Irradiation current: 2.564 3 10-8 A
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Beam shape: SPOT
Beam diameter: 0 mm
Time: 10 ms

[0123] A line is drawn along the drawing direction from an altered layer with the deepest part (that is, the part exists
in the innermost location of a cast wire in the altered layer region) to the superficial layer, and the obtained line length
is determined as a thickness of the altered layer. As an evaluation method, thicknesses of the altered layers formed on
the superficial layer of an ingot were measured. Then, an altered layer having a thickness of less than 100 mm was
evaluated as "B", and an altered layer having a thickness of 100 mm or more was evaluated as "C". Each of the samples
of Examples 1 to 13 and Comparative Examples 1 to 4 was observed, and the results are shown in Table 3.

(Cold Workability)

[0124] The cold workability of the obtained cast wire rods was evaluated as follows.
[0125] As an evaluation method 1, a cast wire rod having a diameter of ϕ6 mm was peeled to obtain a diameter of ϕ
5.6 mm. This cast wire rod was subjected to cold drawing with a multi-pass, and a wire diameter that was able to be
drawn was confirmed (disconnection status during cold drawing).
[0126] As an evaluation method 2, a cast wire rod having a diameter of ϕ6 mm was peeled to obtain a diameter of
ϕ5.6 mm. This cast wire rod was subjected to cold drawing with one pass, and a wire diameter that was able to be drawn
was confirmed (disconnection status in one pass).
[0127] In both the evaluation method 1 and the evaluation method 2, the cast wire rod that was able to be drawn in a
range of ϕ5.6 mm to ϕ4.6 mm was evaluated as "A", and the cast wire rod that was able to be drawn in a range of ϕ5.6
mm to ϕ4.8 mm was evaluated as "B", and the cast wire rod that was not able to be drawn in a range of ϕ5.6 mm to
ϕ4.8 mm was evaluated as "C". Each of the cast wire rods in Examples 1 to 13 and Comparative Examples 1 to 4 was
subjected to a test, and the results are shown in Table 3.

(Mechanical Properties)

[0128] The obtained cast wire rod having a diameter of ϕ6 mm was cut to a length of 150 mm, a tensile test was
performed by using a tensile tester AG-100kNX under conditions of a distance between grips of 70 mm, a distance
between gauge points of 50 mm, and a tensile speed of 15 MPa/sec, and the tensile strength and the elongation were
evaluated (tensile strength and elongation of cast wire).
[0129] In addition, the obtained cast wire rod having a diameter of ϕ6 mm was peeled to be a diameter of ϕ5.8 mm,
cold drawing work was carried out until the diameter became ϕ5.5 mm, heat treatment was then performed at 580°C 3
1 hour, and cold drawing work was further performed until the diameter became ϕ5.0 mm. The drawn wire rod having
a diameter of ϕ5.0 mm was cut to be a length of 150 mm, and the tensile test was performed under the above conditions
to evaluate the tensile strength and the elongation (tensile strength and elongation of the machined wire rod).
[0130] Each of the cast wire rods in Examples 1 to 13 and Comparative Examples 1 to 4 was subjected to a test, and
the results are shown in Table 3.
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[Table 1]

Component composition (mass%) Number density of Zr-P 
compound (pieces/mm2)Cu Si Zr P Zn Zr/P Cu/Si

Example of 
present 

invention

1 76.85 2.81 0.0120 0.101 Balance 0.12 27.3 4732

2 75.30 2.94 0.0161 0.089 Balance 0.18 25.6 3253

3 75.91 3.02 0.0050 0.130 Balance 0.04 25.2 2070

4 76.74 2.77 0.0560 0.104 Balance 0.54 27.7 5620

5 76.66 2.78 0.1600 0.098 Balance 1.63 27.5 6211

6 75.32 2.91 0.0032 0.085 Balance 0.04 25.9 3253

7 76.66 3.02 0.0040 0.136 Balance 0.03 25.4 2070

8 76.35 2.77 0.0320 0.023 Balance 1.39 27.5 4732

9 75.80 2.73 0.1560 0.083 Balance 1.88 27.8 5127

10 75.49 2.81 0.1520 0.031 Balance 4.90 26.9 4437

11 75.67 3.02 0.0300 0.126 Balance 0.24 25.1 2366

12 75.50 2.93 0.0050 0.085 Balance 0.06 25.8 3845

13 75.62 2.80 0.1590 0.037 Balance 4.30 27.0 4732

Comparative 
Example

1 76.80 2.80 0.0000 0.093 Balance 0.00 27.4 0

2 75.63 3.01 0.7560 0.379 Balance 1.99 25.1 13014

3 77.06 2.68 0.0590 0.024 Balance 2.46 28.7 28986

4 75.63 3.14 0.1060 0.046 Balance 2.30 24.1 1183



EP 4 148 154 A1

13

5

10

15

20

25

30

35

40

45

50

55



EP 4 148 154 A1

14

5

10

15

20

25

30

35

40

45

50

55

[0131] In Comparative Example 1 in which Zr was not added, the Zr-P compound was not present, and the cold
workability (evaluation method 1 and evaluation method 2) was evaluated as "C".
[0132] In Comparative Example 2 in which the amount of Zr was more than the range of the present invention, the
number density of the Zr-P compound was very large, and the cold workability (evaluation method 2) was evaluated as
"C". In addition, the oscillation depth was deeper, and the altered layer was also evaluated as "C".
[0133] In Comparative Example 3 in which the amount of Cu was more than the range of the present invention, the
cold workability (evaluation method 1 and evaluation method 2) was evaluated as "C". In addition, the internal defects
occurred. Furthermore, the altered layer was also evaluated as "C".
[0134] In Comparative Example 4 in which the amount of Si was more than the range of the present invention, the
cold workability (evaluation method 1 and evaluation method 2) was evaluated as "C". In addition, the internal defects
occurred, the oscillation depth was deeper, and the altered layer was also evaluated as "C".
[0135] By contrast, in each of Examples 1 to 13 of the present invention, the cold workability was good in both the
evaluation method 1 and the evaluation method 2, no internal defects occurred, the oscillation depth was shallow, and
the altered layer was also evaluated as "B".
[0136] As described above, according to Examples of the present invention, it was confirmed that the wire rod of a
Cu-Zn-Si based alloy obtained by up-drawing continuous casting, which enables casting defects to less likely occur and
enables the occurrence of coarsened dendrites to be prevented, and which is excellent in cold workability can be provided.

Claims

1. A wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting, comprising Cu, Zn, and Si,

wherein an amount of Cu is within a range of 75.0 mass% or more and 76.9 mass% or less,
an amount of Si is within a range of 2.6 mass% or more and 3.1 mass% or less,
an amount of Zr is within a range of 0.003 mass% or more and 0.20 mass% or less,
an amount of P is within a range of 0.02 mass% or more and 0.15 mass% or less,
a balance is composed of Zn and inevitable impurities, and
a number density of a Zr-P compound containing Zr and P is within a range of 1500 pieces/mm2 or more and
7000 pieces/mm2 or less.

2. The wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting according to Claim 1,
wherein a mass ratio Zr/P of Zr to P is less than 1.9, and a mass ratio Cu/Si of Cu to Si is more than 25.

3. The wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting according to Claim 1,
wherein a mass ratio Zr/P of Zr to P is more than 4.2, and a mass ratio Cu/Si of Cu to Si is more than 25.

4. The wire rod of a Cu-Zn-Si based alloy obtained by up-drawing continuous casting according to any one of Claims
1 to 3,

wherein a tensile strength is within a range of 500 N/mm2 or more and 540 N/mm2 or less, and
an elongation is within a range of 5% or more and 15% or less.
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