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Description
[Technical Field]

[0001] The present invention relates to a continuous casting mold and a continuous casting method of a Cu alloy,
particularly, a casting mold used for a direct-connection type of continuous casting machine, in which a mold is directly
connected to a holding furnace, and a continuous casting method of a Cu alloy using this mold.

[Background Art]

[0002] Along with the recent development of Information Technology, particularly, in the technology of the cellular
phone, portable computer or the automobile electronic equipment, it has become more important to enhance the per-
formance of a Cu alloy used for electric and electronic parts such as a lead frame, a terminal, a connector, a spring or
a contact element. The typical first necessary characteristic is higher strength for a reduction in weight, and the second
is higher electric conductivity for suppressing a rise of electric resistance caused by reduction in the sectional area due
to the reduction in weight. On the other hand, the improvement in workability such as bending workability due to the
downsizing of parts, the improvement in heat resistance in order to ensure usability even in relatively severe environments,
and the improvement in fatigue strength are also important problems.

[0003] Such a highly strong and highly electric-conductive material can also be applied to safety tool materials used
in an environment such as an ammunition chamber or a coal mine which needs excellent spark generation resistance,
in addition to the wear resistance needed for conventional tools. Such a material is exemplified the Cu alloy disclosed
in the Patent Document 1 below.

[0004] Continuous casting of a Cu alloy executed mainly in two methods is described below.

[0005] The first method is a direct-connection type of continuous casting including horizontal type and vertical type
casting, using a graphite-made mold directly connected to a holding furnace. Since a supply of a lubricant is extremely
difficult in the direct-connection type of continuous casting, graphite with a bulk density of 1.7 to 1.9, which has a self-
lubricating property and high heat conductivity, has widely been used for the mold material. This method is suitable for
obtaining a slab or a bloom with relatively small sectional area. In such type of continuous casting process, the cooling
rate after solidification is relatively high, leading to a high performance of a final product even without a subsequent hot
process such as a solution treatment or a hot working.

[0006] The second method is a non-direct-connection type of continuous casting including vertical type, curved type
and vertical-curved type casting, described in the Patent Document 1, in which melt is poured into a mold made of a
metal such as Cu or an alloy such as a Cu alloy through a nozzle immersed into a melt pool. In the non-direct-connection
type of continuous casting, the slabs to be cast are limited to a relatively large size with a thickness of about 100 mm
or more, since the nozzle can be immersed into the melt pool within the mold. This method essentially requires a hot
process such as a solution treatment or a hot working in the later production process because of a low cooling rate in
the cooling process after solidification.

[0007] A proper method is selected from these two kinds of continuous casting methods according to the required
alloy composition, slab sectional shape, cooling rate, or the like. In general, the former direct connection type is adapted
when a high cooling rate is needed or when the Cu alloy is free from highly reactive elements with C in the graphite.
The latter non-direct connection type is adapted when a slab of a large sectional size is needed or when the Cu alloy
contains highly reactive elements with C in the graphite.

[0008] [Patent Document] Japanese Patent Unexamined Publication No. S61-250134.

[Disclosure of the Invention]

[Problem to be Solved by the Invention]

[0009] The primary objective of the present invention is to provide a continuous casting mold suitable for a direct-
connection type of continuous casting of the Cu alloy containing elements such as Zr, Ti, and Cr that are reactive with
C. The second objective of the present invention is to provide a continuous casting method of the Cu alloy using the
above-described mold. The continuous casting mold of the present invention is highly effective for continuous casting
not only of Cu alloys but also of such materials as non-ferrous metals other than Cu alloys.

[Means for Solving the Problems]

[0010] In many cases, new Cu alloys intended for higher strength and higher electric conductivity contain elements
such as Zr, Tiand Cr, which easily react with C. They also need a high cooling rate in the cooling process after solidification
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in order to attain satisfactory characteristics of the final products. However, these alloys are found to have the following
problems, which results from the reaction of above-mentioned elements with C in the graphite mold.

[0011] In the application of the above-mentioned Cu alloys to the direct-connection type of continuous casting, the
elements such as Zr, Ti and/or Cr in the melt, which are reactive with C in the graphite, results in a sticking of the initially
formed solidification shell to the mold, with remarkable increase of the pulling out resistance. As a result, problems such
as a mold damage due to the sticking and a surface cracking of the slab are often caused. The application of these kinds
of alloys to the direct-connection type of continuous casting is thus quite difficult. This is also the reason why the
development of the high performance alloy using the conventional process has been restricted.

[0012] To solve these problems, the present invention relates to a continuous casting mold, capable of providing a
sufficiently high cooling rate in the cooling process after solidification, while suppressing the sticking of the initially formed
solidification shell to the mold, and a continuous casting method using the mold, and involves the following inventions
of continuous casting molds (1) to (5) and inventions of continuous casting methods (6) to (14). These inventions are
hereinafter referred to as the present inventions (1) to (14), respectively, or often are referred to collectively as the
present invention.

[0013] (1) A continuous casting mold for a Cu alloy, using any one member selected from a glassy carbon, a metal-
based self-lubricating composite or a graphite with a bulk density exceeding 1.92, at least for the mold member including
the solidification starting position of the Cu alloy melt.

[0014] (2) A continuous casting mold for a Cu alloy, composed of any one member selected from a graphite, a ceramic
and a metal member or of a combination of two or more parts of members thereof, in which at least the inner wall in the
solidification starting position of the Cu alloy melt is coated with a self-lubricant or a metal-based self-lubricating composite
material.

[0015] (3) A continuous casting mold for a Cu alloy, composed of a combination of two or more parts of members
selected from a self-lubricant, a metal-based self-lubricating composite, a graphite, a ceramic and a metal member, in
which the self lubricant or the metal-based self-lubricating composite member is used at least for the inner wall in the
solidification starting position of the Cu alloy melt.

[0016] (4) A continuous casting mold for a Cu alloy, composed of a combination of two or more parts of members
selected from a self-lubricant, a metal-based self-lubricating composite, a graphite, a ceramic and a metal member, in
which at least the inner wall in the solidification starting position of the Cu alloy melt is coated with a self-lubricant or a
metal-based self-lubricating composite material.

[0017] (5) The continuous casting mold for a Cu alloy according to any one of (1) to (4) above, wherein the inner wall
in the position that contacts with the Cu alloy melt is coated with a ceramic material.

[0018]

(6) A continuous casting method of a Cu alloy, comprised of performing continuous casting by an intermittent pulling
out method, by use of any one of the molds described in (1) to (5) above.

(7) A continuous casting method of a Cu alloy, comprised of giving, at the time of continuously casting the Cu alloy
by an intermittent pulling out method, a vibration that has a frequency larger than the slab intermittent pulling out
frequency by two orders or more and that has a component vertical to the pulling out direction of the slab.

(8) A continuous casting method of a Cu alloy, comprised of continuously supplying, at the time of the continuously
casting the Cu alloy by an intermittent pulling out method, a lubricant or an anti-sticking material between the inner
wall of the mold and the slab.

(9) A continuous casting method of a Cu alloy, comprised of giving, at the time of continuously casting the Cu alloy
by an intermittent pulling out method, a vibration that has a frequency larger than the slab intermittent pulling out
frequency by two orders or more and that has a component vertical to the pulling out direction to a mold, and
continuously supplying a lubricant or an anti-sticking material between the inner wall of the mold and the slab.

[0019] (10) A continuous casting method of a Cu alloy according to (6) above, comprised of giving, at the time of
continuously casting the Cu alloy by an intermittent pulling out method, a vibration that has a frequency larger than the
intermittent pulling out frequency by two orders or more and that has a component vertical to the pulling out direction of
the slab.

[0020] (11) A continuous casting method of a Cu alloy according to (6) or (10) above, comprised of continuously
supplying, at the time of continuously casting the Cu alloy by an intermittent pulling out method, a lubricant or an anti-
sticking material between the inner wall of the mold and the slab.

[0021] (12) A continuous casting method of a Cu alloy according to any one of (6) to (11) above, wherein the Cu alloy
contains, by mass %, one or more components selected from Cr: 0.01 to 5%, Ti: 0.01 to 5%, Zr: 0.01 to 5%, Nb: 0.01
to 5%, Ta: 0.01 to 5%, Al: 0.01 to 5%, Mo: 0.01 to 5%, V: 0.01 to 5%, Co: 0.01 to 5%, Mn: 0.01 to 5%, Si: 0.01 to 5%,
Be: 0.01 to 5%, and Hf: 0.01 to 5%.

[0022] (13) A continuous casting method of a Cu alloy according to (12) above, wherein the Cu alloy further contains,
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by mass%, 0.001 to 5 % in total of one or more of alloy components selected from at least one group of the following
three groups:

First group: 0.001 to 1 mass% in total of one or more selected from P, B, Sb, Bi, Pb, Cd, S and As;

Second group: 0.01 to 5 mass% in total of one or more selected from Sn, Ag, Zn, Ni, Au, Pd, Fe, W, In and Ge; and
Third group: 0.01 to 3 mass% in total of one or more selected from Te, Se, Sr, T1, Rb, Cs, Ba, Re, Os, Rh, Po, Ga,
Tc, Ru, Pd, Ir, Pt and Ta.

[0023] (14) A continuous casting method of a Cu alloy according to (12) or (13) above, wherein the Cu alloy further
contains, by mass %, 0.001 to 2% in total of one or more of alloy components selected from Li, Ca, Mg and rare earth
elements.

[Effect of the Invention]

[0024] According to the present invention, a continuous casting mold capable of continuously and stably producing a
sound slab can be provided. A continuous casting method of a Cu alloy capable of ensuring excellent characteristics
such as strength, electric conductivity, bending workability and fatigue strength of the final product after working and
heat treatment, can be provided. Particularly, in application to casting of a Cu alloy containing Zr, Ti, Cr, Ta, V and so
on, which are elements that easily form into carbides, a profound effect can be obtained. The present invention is highly
effective not only for Cu alloys but also for such materials as non-ferrous metals other than Cu alloys.

[Best Mode for Carrying out the Invention]
[0025] Preferred embodiments of the present invention will be described.
<Mold of the Present Invention>

[0026] Examples of a mold for a direct-connection type of horizontal continuous casting according to the present
invention, are shown in Figs. 1 to 7. In each figure, the mold is directly connected to a refractory constructing the holding
furnace wall 2 that stores a Cu alloy melt 1. In order to protect the connection part of the holding furnace wall, a connecting
refractory, such as a feeding nozzle, may be provided between the holding furnace wall and the mold. A cooling jacket
5, adapted to carry cooling water or the like into the mold, is arranged closely to the outside of a mold member 3 and/or
another part of mold member 3’, in which heat extraction is performed by primarily cooling the Cu alloy melt, and the
solidification proceeds to form into a slab 4. The slab 4 leaving the mold is subjected to secondary cooling 6 by water
spray, air spray, air-water mixed spray or the like. The slab 4 is pulled out in an arrowed direction 7.

[0027] The mold according to the present invention may include a coating 8 applied to the inner wall of the mold in
the solidification starting position 10 of the Cu alloy melt. It may include a coating 9 applied to the inner wall in the position
of the mold , which is located at an upper stream part than the solidification starting position.

The mold may be composed of a plurality of parts of mold members, for example, a part of mold member 3 and another
part of mold member 3'.

[0028] The mold inner wall might be deteriorated by oxidation at the time of preheating before casting. In order to
prevent this deterioration, an oxidation resisting coating such as metal plating, is preferably applied at least to the inner
wall of the mold in the solidification starting position of the inner wall surface of the mold. The oxidation resisting coating
material is not particularly limited, but one easily soluble to the melt at the time of casting without deteriorating the
characteristics or the like of the final product, is preferably used. In casting of the Cu alloy, for example, Cu is preferably
used as the coating material, with a thickness of about several micrometers.

[0029] The solidification starting position in the present invention is defined as follows. In the mold, molten Cu alloy
is fed from the holding furnace, and forms into a solidification shell in a certain position in the mold. This solidification
shell forming position is called the solidification starting position. The solidification starting position is slightly varied
depending on the casting conditions such as the temperature of the melt in the holding furnace, the cooling condition in
both primary and secondary stages, and the pulling out velocity and so on. Thus, the solidification starting position has
a certain fluctuation in the pulling out direction.

[0030] Figures 1to7 show examples of the mold for a direct-connection type of horizontal continuous casting according
to the present invention, while the mold for a direct connection type of vertical continuous casting can be shown by
rotating these figures clockwise by 90°.

[0031] A continuous casting mold for a Cu alloy according to the present invention will be further described in detail
in terms of types (A) to (E). Further, a method for continuously casting a Cu alloy by use of these molds will also be
described.
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[0032] (A) A continuous casting mold for a Cu alloy, using any one member selected from a glassy carbon, a metal-
based self-lubricating composite or a graphite, at least for the mold member including the solidification starting position
of the Cu alloy melt:

[0033] Figure 1 is a schematic view of a continuous casting mold for a Cu alloy as one example of the continuous
casting mold, according to the present invention, using a glassy carbon, a metal-based self-lubricating composite or a
graphite material for the mold member 3 including the solidification starting position 10 of the Cu alloy melt.

[0034] By using the glassy carbon, the metal-based self-lubricating composite or the graphite material, at least for the
mold member including the solidification starting position of the Cu alloy melt, a sound slab can be produced continuously,
efficiently, and stably. The graphite member preferably has a bulk density exceeding 1.92.

A continuous casting method of a Cu alloy capable of ensuring excellent characteristics such as strength, electric
conductivity and fatigue strength of a final product after working and heat treatment, can be provided. Particularly, in
application to casting of the Cu alloy containing elements such as Zr, Ti, Cr, Ta and V, which easily form into carbides,
a profound effect can be obtained.

[0035] The present inventors found that, when the direct-connection type of continuous casting is executed using a
mold member which is made of a conventional graphite material with a bulk density of 1.7 to 1.9, the Cu alloy melt
penetrates into a number of open pores which are on the graphite surface, whereby the initially formed solidification
shell is stuck to the mold, resulting in mold damage with increase of the pulling out resistance or sometimes into an
interruption of process. It was also found that, when the melt contains elements such as Zr, Ti and Cr which are reactive
with C, the formation of the carbides in the boundary between the melt and the mold further causes sticking of the initially
formed solidification shell to the mold, resulting in mold damage due to mold biting or into an interruption of the slab
pulling out process.

[0036] Itis found effective for solving these problems to use either of the mold material (a) that rarely reacts with the
elements in the melt and the mold material (b) that has very few small sizes of open pores on the surface..

[0037] Namely, at first, use of a glassy carbon or a metal-based self-lubricating composite material is effective from
the viewpoint of the reaction between the mold material and the melt.

The glassy carbon material has characteristics of being, rarely oxidized, compared with the graphite, and also being
rarely reactive with Zr, Ti, and Cr, and therefore, it was found that the purpose can be sufficiently attained.

[0038] The metal-based self-lubricating composite material means a cermet obtained by dispersing and mixing a self-
lubricant such as MgS,, WS,, BN or mica that rarely reacts with Ti, Cr or Zr into a metal matrix. This composite material
can also sufficiently attain the purpose.

The method for producing the composite material is not particularly limited. For example, mixing a metal powder with a
self-lubricant particle, followed by pressing and sintering, can produce the composite material.

The content of the self-lubricant in the composite material is not particularly limited, but is, by volume %, preferably 10%
or more, more preferably 30% or more, and further preferably 80% or more. Although an increased content of the self-
lubricant leads to an improvement in the reaction resistance and the lubricating property, it causes the deterioration of
the mechanical properties such as strength and heat impact resistance, therefore the content is, by volume %, preferably
controlled to 85 % or less.

The metal constituting the composite material with the self-lubricant is not particularly limited, and any metal or alloy can
be used. Use of a metal and/or an alloy having a high melting point and high thermal conductivity is preferred since the
mold material makes contact with a Cu alloy melt. The specific examples of the metal of the alloy are a Cu alloy, a
stainless steel, a Ni alloy, a Co alloy, and a W alloy.

[0039] Secondly, it is effective to use a high-bulk density graphite with very few open pores. As a result of various
studies, it was found that the purpose can be sufficiently attained with a bulk density exceeding 1.92.

[0040] In continuous casting of a Cu alloy by means of an intermittent pulling out method by use of this mold, a further
profound effect can be obtained by adopting either or both of measures of (1) giving a vibration that has a frequency
larger than the intermittent frequency by two orders or more and that has a component vertical to the pulling out direction
of the slab and (2) continuously supplying a lubricant or an anti-sticking material between the inner wall of the mold and
the slab.

Since the sticking of the slab surface to the mold can be prevented by adopting either or both of the measures (1) and
(2), even if a graphite with a bulk density of less than 1.92 is used as the material used in the mold, continuous casting
can be performed.

The preventing effect of the sticking is further improved by using a graphite with a bulk density exceeding 1.92 as the
material constituting the mold in addition to either or both of the measures (1) and (2).

[0041] According to the intermittent pulling out method, since the frictional resistance between the mold inner wall and
the slab is reduced in terms of the lubricating effect, a sufficiently sound slab can be continuously, efficiently, and stably
produced.

[0042] If a vibration that has a frequency larger than the intermittent frequency by two orders or more and that has a
component vertical to the pulling out direction is given to the mold, the similar effect can be obtained over a longer time.
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An increased vibration frequency is more preferable, and it is preferably set to 5000 cpm (83 Hz) or more, and more
preferably to 60000 cpm (1 kHz) or more, which is close to the ultrasonic area.

[0043] It is recommended to use a fine particle of MoS,, WS,, BN, mica, or carbon as the lubricant to be supplied
between the mold inner wall and the slab. Among them, a superfine particle of CaCOj, which is difficult to agglomerate,
is strongly recommended as the anti-sticking material. The continuous supply thereof is performed, for example, by
injecting a solution of the fine particle of the lubricant or anti-sticking material suspended in mineral oil, synthetic ester
or a mixture thereof through a number of through-holes of about 20 pum provided in the mold inner wall by the use of a
pressure pump. A sufficient effect can be obtained in an injection quantity of about 0.1 cc/cm2-min, which is as little as
sweat.

[0044] (B) A continuous casting mold for a Cu alloy, composed of any one member selected from a graphite, a ceramic
and a metal member or of a combination of two or more parts of members thereof, in which at least the inner wall in the
solidification starting position of the Cu alloy melt is coated with a self-lubricant or a metal-based self-lubricating composite
material:

[0045] Figure 2 is a schematic view of a continuous casting mold for a Cu alloy as an example of the continuous
casting mold according to the present invention, in which the mold member 3 is composed of any one member selected
from a graphite, a ceramic and a metal, and in which a coating 8 of a self-lubricant or a metal-based self-lubricating
composite material is applied to the inner wall in the solidification starting position 10 of the Cu alloy melt.

[0046] A mold which is composed of any one member selected from the graphite, the ceramic and the metal member,
with a coating of the self-lubricant or the metal-based self-lubricating composite material applied to the inner wall of the
mold, is used, whereby a sound slab can be continuously, efficiently and stably produced.

A continuous casting method of a Cu alloy capable of ensuring excellent characteristics such as strength, electric
conductivity and fatigue strength of the final product after working and heat treatment, can be provided. Particularly, in
application to casting of a Cu alloy containing elements such as Zr, Ti, Cr, Ta and V, which easily form into carbides, a
profound effect can be obtained.

[0047] When the graphite is selected as the mold material, a compact coating material composed of C, for example,
a glassy carbon, a layered carbon and a diamond-like carbon, which are self-lubricant materials, are preferably selected
in order to enhance the adhesion between the mold material and the coating film. Since the surface unevenness of the
coating film almost reflects the surface unevenness of the graphite itself, it is desirable to select a graphite with a bulk
density as high as possible. Although the bulk density is not particularly limited, itis preferably 1.7 or more, more preferably
1.8 or more, or further preferably more than 1.92.

[0048] As the ceramic, an inorganic material composed of one or more selected from oxides, nitrides, carbides and
borides is used. Although it is not particularly limited, a BN material and a sialon material (a compound consisting of Si,
Al, O, and N, shown by a phase diagram of SizN,4-AIN-Al,05-SiO, are preferable because of the mechanical strength
and thermal conductivity to be provided as the mold material.

[0049] When a material with low thermal conductivity is used, the thinner mold thickness, that is, the narrower distance
between the slab and a cooling jacket is preferably adapted. When a ceramic composed of sintering BN and sialon is
selected, a compact coating material composed of a nitride compound, for example, a BN material that is a self-lubricant
is preferably selected in order to enhance the adhesion between the mold material and the coating film.

[0050] The metal is not particularly limited, and any metal or alloy can be used. Use of a metal or an alloy having a
high melting point and high thermal conductivity is preferred, for example, a Cu alloy, a stainless steel, a Ni alloy, a Co
alloy, a W alloy, since the mold material will make contact with the Cu alloy melt. When the metal is selected, a metal-
based compact coating material such as a metal-based self-lubricant material is preferably selected in order to enhance
the adhesion between the mold material and the coating film.

[0051] The metal-based self-lubricating composite material means a cermet obtained by dispersing and mixing a self-
lubricant such as MoS,, WS,, BN and mica that rarely reacts with Zr, Ti or Cr in a metal matrix. It was found that the
purpose can be sufficiently attained by applying this to the metal or alloy used for the mold material by electroless plating,
electrolytic plating or spray coating. After the coating , the surface is polished preferably with an emery paper of about
No. 1000.

[0052] The content of the self-lubricant in the composite material (cermet) to be plated or sprayed is not particularly
limited. However, although the reaction resistance and the lubricating property are improved, an increased content of
the self-lubricant causes deterioration of the peeling resistance of the film, then the content is preferably set to about 10
to 30 vol.%.

[0053] The metal in the composite material to be coated by plating is not particularly limited, and any metal or alloy
can be used. Particularly, use of a metal or an alloy having a high melting point and high thermal conductivity is preferred,
for example, a Cu alloy, stainless steel, a Ni alloy, a Co alloy and a W alloy.

[0054] In the continuous casting of a Cu alloy by the intermittent pulling out method by the use of this mold, a further
profound effect can be obtained by adapting either or both of measures of (1) giving a vibration that has a frequency
larger than the intermittent cycle by two orders or more and that has a component vertical to the pulling out direction to
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the mold and (2) continuously supplying a lubricant or an anti-sticking material between an inner wall of the mold and
the slab.

[0055] According to the intermittent pulling out method, since the frictional resistance between the inner wall of the
mold and the slab is reduced in terms of lubricating effect, a sufficiently sound slab can be continuously, efficiently and
safely produced.

[0056] If a vibration that has a frequency larger than the intermittent pulling out frequency by two orders or more and
that has a component vertical to the pulling out direction is given to the mold, the similar effect can be obtained over a
longer time. An increased vibration frequency is more preferable, and the frequency is preferably set to 5000 cpm (83
Hz) or more, and more preferably to 60000 cpm (1 kHz) or more, which is close to the ultrasonic area.

[0057] The lubricant to be supplied between the inner wall of the mold and the slab is the same as described above.
[0058] (C) A continuous casting mold for a Cu alloy, composed of a combination of two or more parts of members
selected from a self-lubricant, a metal-based self-lubricating composite, a graphite, a ceramic and a metal member, in
which the self-lubricant or the metal-based self-lubricating composite member is used at least for the inner wall in the
solidification starting position of the Cu alloy melt:

[0059] Figure 3 is a schematic view of a continuous casting mold for a Cu alloy as an example of the continuous
casting mold according to the present invention. This is an example of the mold that is composed of a combination of
plurality of parts, that is, the mold composed of a part of mold member 3 including an inner wall in the solidification
starting position 10 of the Cu alloy melt, and another part of mold member 3’. The self-lubricant or the metal-based self-
lubricating composite member is used for the part of mold member 3 including the inner wall in the solidification starting
position 10 of the Cu alloy melt, and any one member selected from the graphite, the ceramic and the metal member is
used for the other part of mold member 3.

[0060] The mold composed of a plurality of parts, that is, the mold composed of a combination of a part of mold member
including an inner wall in the solidification starting position, using a self-lubricant or a metal-based self-lubricating com-
posite material, and another part of mold member using any one of the selected from a self lubricant, a metal-based
self-lubricating composite, a graphite, a ceramic and a metal material, leads to a sound slab which can be continuously,
efficiently and stably produced.

[0061] And a continuous casting method of a Cu alloy ensuring excellent characteristics such as strength, electric
conductivity, bending workability and fatigue strength of a final product after working and heat treatment can be provided.
Particularly, in application to casting of a Cu alloy containing elements such as Zr, Ti, Cr, Ta and V that easily form into
carbides, a profound effect can be obtained.

[0062] As the part of mold member including the inner wall, any of a glassy carbon, a layered carbon, a BN (example
22), and a metal-based self-lubricating composite member obtained by dispersing and mixing a self-lubricant such as
MoS,, WS,, BN, or mica that rarely reacts with Zr, Ti or Cr in a metal matrix can be selected. The graphite, the ceramic
and the metal members to be used for the other part of mold member are the same as described above.

[0063] (D) A continuous casting mold for a Cu alloy, composed of a combination of two or more parts of members
selected from a self-lubricant, a metal-based self-lubricating composite, a graphite, a ceramic and a metal member, in
which at least the inner wall in the solidification starting position of the Cu alloy melt is coated with a self-lubricant or a
metal-based self-lubricating composite material:

[0064] Figure 4 is a schematic view of a continuous casting mold for a Cu alloy as one example of the continuous
casting mold according to the present invention, which is composed of a plurality of parts of members, and which has
a coating 8 of a self-lubricant or a metal-based self-lubricating composite material applied to the inner wall of the mold
in the solidification starting position 10 of the Cu alloy melt. The mold is composed of a part of mold member 3 and
another part of mold member 3’, using two kinds of parts of members selected from a metal-based self-lubricating
composite, a graphite, a ceramic and a metal member.

[0065] The mold, which is composed of a part of any one member of mold selected from a graphite, a ceramic and a
metal member, and another downstream part of a metal-based self-lubricating composite or a graphite member, has a
coating of the self-lubricant or the metal-based self-lubricating composite material applied to the inner wall in the solid-
ification starting position of a Cu alloy melt. The mold leads to a sound slab that can be continuously, efficiently and
stably produced. And a continuous casting method of the Cu alloy ensuring excellent characteristics such as strength,
electric conductivity, bending workability and fatigue strength of the final product after working and heat treatment, can
be provided. Particularly, in application to a Cu alloy containing elements such as Zr, Ti, Cr, Ta and V that easily form
into carbides, a profound effect can be obtained.

[0066] The graphite member, the ceramic member, the metal member, and the metal-based self-lubricating composite
member to be used for the mold member are the same as described above. As for the coating to the inner wall of the
mold, any of the glassy carbon, the layered carbon, and the BN which are self-lubricants and the metal-based self-
lubricating composite member obtained by dispersing and mixing self-lubricants such as MOS,, WS,, BN and mica, that
rarely react with Zr, Ti or Cr in a metal matrix, can be selected.

[0067] (E) The continuous casting mold for a Cu alloy according to any one of (A) to (D) above, wherein the inner wall
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in the position that contacts with the Cu alloy melt is coated with a ceramic material:

[0068] Another example of the continuous casting mold according to the present invention, is shown in Fig. 5. In this
continuous casting mold for a Cu alloy, the mold member 3 including a mold portion in the solidification starting position
10 of the Cu alloy melt, is composed of a metal-based self-lubricating composite, and a coating 9 of a ceramic material
is applied to the inner wall in the position that contacts with the Cu alloy melt in order to suppress the reaction with the
melt. The coating method of the ceramic can be applied by spraying, CVD, etc.

[0069] The other example of the continuous casting mold according to the present invention, is shown in Fig. 6. This
continuous casting mold for a Cu alloy is composed of a metal member for the mold member 3. in which a coating 8 of
the metal-based self-lubricating composite material is applied to the inner wall in the solidification starting position 10 of
the Cu alloy melt, and a coating 9 of the ceramic is applied to the inner wall in the position of the mold that contacts with
the Cu alloy melt in order to suppress the reaction with the melt. The coating method of the ceramic is the same as
described above.

[0070] Another example of the continuous casting mold according to the present invention is further, shown in Fig. 7.
This continuous casting mold for a Cu alloy is composed of an upstream part of mold of a metal member and another
downstream part of mold of a graphite member. The part of mold of a metal member has a coating 8 of a metal-based
self-lubricating composite material applied to the inner wall in the solidification starting position 10 of the Cu alloy melt,
and has a coating 9 of a ceramic material applied to the inner wall in the position of the mold that contacts with the Cu
alloy melt in order to suppress the reaction with the melt. The coating method of the ceramic is the same as described
above.

[0071] As described in Figs. 5 to 7, when the part of mold is composed of the metal or metal-based self-lubricating
composite member, it is further effective to apply the coating of the ceramic to the inner wall in the position of the mold
that contacts with the Cu alloy melt in order to avoid the reaction of the member with Zr, Ti, Cr and so on in the melt.
From the point of peeling resistance, it is recommended as the coating method of ceramics to apply a coating of a
cushioning material about 50 wm thick (e.g., Ni plating, frame-coating of WC-27 wt% NiCr, and so on), and then apply
a ceramic coating about 200 pm thick thereon by frame coating. From the point of reaction resistance, a ceramic
composed of a further stable oxide, at a casting temperature of the Cu alloy of 1250°C, is preferred. For example, ZrO,-
8 Wt%Y,03, Zr0,-25 wt% MgO, ZrO,-5 wt% CaO and so on are recommended since no adhesion of the Cu alloy is
caused. More preferably, the inner wall in the position of the upstream part of mold to be coated is preliminarily ground
so as not to form a difference in level after ceramic coating.

<Cu Alloys to Apply the Present Invention>

[0072] A profound effect can be obtained to any alloy when applying the inventive method. It is the most effective to
apply Cu alloys including Cu-Ti-X alloys (X: Cr, Fe, Co, Ta, Nb, Mo, V, Mn, Be, Si, Ni, Sn, Ag, etc.), Cu-Zr-X alloys (X:
Cr, Fe, Co, Ta, Nb, Mo, V, Mn, Be, Si, Ni, Sn, Ag, etc.), and Cu-Ti-Zr alloys.. Some compounds such as Ti-Cr and Zr-
Cr and some metals such as Ti, Zr and Cr precipitates in a certain high-temperature region in the cooling process after
solidification, which is apparent from the phase diagrams of Ti-Cr, Zr-Cr and Ti-Zr binary alloy systems shown in Figs.
8, 9 and 10. These precipitates formed in a certain high-temperature region in the cooling process after solidification
tend to be coarsened or aggregated, and it is quite difficult to dissolve them by the subsequent solution treatment, which
is apparent from the phase diagrams.

[0073] A slab or bloom, according to the present invention, has a profound effect through the process of working such
as rolling at 600°C or lower and an aging treatment in the temperature region of 150 to 750°C, without a hot process
such as hotrolling and solution treatment described in the above-mentioned Patent Document 1. The alloy is strengthened
by a fine precipitation of an intermetallic compound between Cu and an alloy element such as Cu,Ti and ZrgCu, or
between the alloy elements, or a fine metal precipitate of Ti, Zr, Cr and so on. Then, itis enhanced in electric conductivity
by the resulting reduction of the dissolved elements such as Ti, Zr, and Cr that are harmful to electric conductivity. If a
coarsened or agglomerate precipitate is present before the aging treatment in the final process, sufficient precipitation
hardening cannot be attained. The presence of such coarse particles deteriorates the bending workability, fatigue char-
acteristic and impact resistance of the final product.

[0074] Since it is almost impossible to dissolve the coarsened or agglomerate compounds formed in the cooling
process after solidification, increasing the cooling rate is necessary in order to prevent the precipitation. The average
cooling rate from the temperature of the start of solidification to 600°C is preferably 1°C/s or more, and further preferably
10°C/s or more.

[0075] A Cu alloys according to the present invention include the Cu alloy containing, by mass%, one or more com-
ponents selected from Cr: 0.01 to 5%, Ti: 0.01 to 5%, Zr: 0.01 to 5%, Nb: 0.01 to 5%, Ta: 0.01 to 5%, Al: 0.01 to 5%,
Mo: 0.01 to 5%, V: 0.01 to 5%, Co: 0.01 to 5%, Mn: 0.01 to 5%, Si: 0.01 to 5%, Be: 0.01 to 5%, and Hf: 0.01 to 5%.
[0076] Further, a Cu alloy containing, in addition to the above components, by mass%, 0.001 to 5 mass% in total of
one or more of the alloy components selected from at least one group of the following three groups is given:
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First group: 0.001 to 1 mass% in total of one or more selected from P, B, Sb, Bi, Pb, Cd, S and As;

Second group: 0.01 to 5 mass% in total of one or more selected from Sn, Ag, Zn, Ni, Au, Pd, Fe, W, In and Ge; and
Third group: 0.01 to 3 mass% in total of one or more selected from Te, Se, Sr, Tl, Rb, Cs, Ba, Re, Os, Rh, Po, Ga,
Tc, Ru, Pd, Ir, Pt and Ta.

[0077] A Cu alloy further containing 0.001 to 2 mass% in total of one or more alloy components selected from Li, Ca,
Mg and rare earth elements is also given. The rare earth elements include Sc, Y and lanthanoide, and each element
may be added alone as raw material or in a form of mish metal.

<Method for Producing Cu alloy of the Present Invention>

[0078] Prior to continuous casting using the mold according to the present invention, a Cu alloy with given chemical
composition is prepared by a melting furnace. The melting is desirably performed under a non-oxidizing atmosphere.
While the melting is inevitably performed in the air, it is effective to suppress the oxidation by shrouding the melt by a
flux (e.g., cryolite, fluorite, etc.) or charcoal particles. The melt is poured into a holding furnace. The melting is desirably
conducted using the holding furnace in order to suppress the oxidation during the pouring.

[0079] Any of horizontal type, vertical type and so on can be adapted to this continuous casting if it is the direct-
connection type of continuous casting using the mold directly connected to a holding furnace.

The mold according to the present invention has minimized operational problems in the production of the Cu alloy
according to the present invention because of the low reactivity with the melt and a satisfactory lubricating property.
However, since the inner wall in the vicinity of the solidification starting position in the mold is gradually thinned by the
reaction with the melt or abrasion, the slab might be caught thereby and not easily pulled out. In such a case, itis effective
to uniformly thin the inner wall by adjusting the cooling condition of the mold, the pulling out rate, or the like and moving
the solidification position.

In general, the slab is intermittently pulled out. There are various patterns: (A) pull-stop pattern, (B) pull-pushback pattern,
(C) pull-stop-pushback pattern and (D) pull-stop-pushback-stop pattern, any of which can be adapted. The higher cooling
rate in the cooling process after solidification is desirable based on the above-mentioned reason. Particularly, it is
desirable to take measure to raise the cooling rate in the secondary cooling zone corresponding to the temperature
range of coarsened or agglomerated precipitation. Specifically, it is effective to employ water spray, air spray, or air-
water mixed spray just after leaving the mold

[0080] Thereafter, the final product is obtained by a combination of working such as rolling at 600°C or lower and the
aging treatment at 150 to 750°C. This working may be performed, of course, in the cooling process after continuous
casting.

<Example A>

[0081] Cu alloys containing 2.0+0.1 wt% of Ti, 1.0=0.1 wt% of Cr, 0.4=0.02 wt% of Sn, and 0.1+0.01 wt% of Zn
were melted in a high frequency vacuum melting furnace, and a continuous casting test was carried out in 37 kinds of
various production methods shown in Tables 1 and 2. Each Cu alloy melt was transferred to a holding furnace, and a
slab of 20 mmx200mm section was intermittently pulled out in a predetermined condition while holding the temperature
of the furnace at 1250°C. As a refractory of the melting furnace and the holding furnace, graphite was used. The oxidation
of the melt was suppressed by an Ar gas flow during pouring in addition to charcoal covering. In each test, a water-
cooled jacket composed of the Cu alloy was located adjacent to the mold in order to perform primary cooling, and the
slab leaving the mold was cooled again by an air-water mixed spray. The temperature measurement was performed
basically after leaving the mold by use of a thermocouple or radiation thermometer. In some cases, the mold temperature
was measured by boring a through-hole from the mold outer wall to a position 5 mm inside and inserting the thermocouple.
Using both the measured data and the physical properties of each mold material, whereby the solidification starting
position was estimated, performed a heat transfer analysis. The average cooling rate from the solidification start point
to 600°C was calculated based on the above data. In the tests shown in Tables 1 and 2, the cooling rate was controlled
to the range of 5+2°C.

[0082] [Table 1]
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[0084] The casting was intended to ensure a length of about 60 m upon completion. However, due to an abnormal
rise of pulling out resistance because of mold biting in the initial solidification shell was observed in some cases in the
middle of the pulling out. The quality of the slab surface was evaluated by visually determining flaws thereon.

It is apparent from Tables 1 and 2 that the complete casting was successful in the present invention with good quality.
However, in the comparative, complete casting could not be performed and the quality was not acceptable to commercial
work.

<Example B>

[0085] There are 34 kinds of Cu alloys of the chemical compositions shown in Table 3, which were smelted similarly
to Example A. A continuous casting test was carried out while varying the production condition, and they were evaluated
in the same method as Example A. The results are shown in Tables 4 and 5. A satisfactory result was obtained in any
mold, any casting condition and any chemical composition in the present invention. In contrast, an unsatisfactory result
for quality was obtained using comparative molds.

[0086] ([Table 3]
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& g & S & 8 & 8 & 3 o
Table 3
Alloy No. | Ti Cr Zr Ag Sn Mn Co Si Mg Fe Al Zn Ni P Others
1 - 0.39 | 295 | - - - - - - - - - - - -
2 2.01 | 040 | - 0.25 | - - - - - - - - - - Mg:0.1, Ca:0.1
3 1.02 | .20 0.99 | - - - - - - - - - - - -
4 299 | 1.01 | - - - - - - - - - --- -
5 - 0.99 | 399 | - - - - - - - - - - - -
6 - 2.00 | 012 | - - - - - - - - - - - Li:0.1, Sc:0.5
7 098 | 1.97 | - 5.00 | - - - - - - - - - - -
8 3.01 | - 201 | - - - - - - - - - - - -
9 1.01 | 4.00 | - 0.10 | - - - - - - - - - - -
10 5.00 | 0.99 | - - - - - - - - - - - 0.001 Nb:0.2, Ge:2.0
11 3.01 | 0.97 | - - 0.41 | - - 049 | - - 0.51 | - - Hf:1.0, Bi:0.5
12 - 098 | 199 | - 0.10 | - - 0.20 | 1.00 | - - 021 | - - -
13 198 | 0.99 | - - 0.35 | - - 0.04 | - - 0.29 | - 1.500 | .001 Sb:1.1
14 0.50 | 0.99 | 0.05 | - - - - - - 2.00 | 021 | 050 | - 0.001 -
15 2.02 | 1.01 | 049 | - 201 | - - - - 0.51 - 0.26 | 0.01 0.120 -
16 3.01 | - 0.72 | 0.01 | 0.29 | - - 041 | - 032 | - 0.01 | - - Ta:0.5, Se:0.2
17 198 | 0.99 | - - 0.39 | - - - - - - 040 | - - -
18 - 1.03 | 1.93 | - 1.01 | - - 0.01 | - 0.01 - - 0.150 -
19 195 | 1.01 | - - 0.35 | - 0.20 | - - - 021 | 1.01 | - - Mo:0.3, W:0.05
20 - 1.01 | 2.00 | - 0.40 | 0.01 | 0.01 | 0.11 | - - 0.15 | - - - -
21 198 | 0.50 | - - 0.19 | - 0.33 | 048 | 0.01 | - - 0.01 | 0.05 - Y:1.8, Nd0.8, Ce0.4
22 4.01 | 098 | - - - - 0.19 | 0.31 | - - - 0.21 | 0.45 - -
23 2.02 0.29 | - - - 2.00 | 045 | - - - 0.11 | 0.11 - -
24 1.99 099 | 052 | - - - 0.39 | - - - - 0.81 - V:0.5, In:1.2
25 198 | 1.01 | - - - 0.01 | - 0.05 | - - 0.01 | - - - -

LV 861 889 | d3
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g & S & 8 & 8 & 3 o
(continued)
Alloy No. | Ti Cr Zr Ag Sn Mn Co Si Mg Fe Al Zn Ni P Others
26 - 0.98 | 2.01 | 0.25 | - 0.50 | - 0.79 | - 0.01- | - 046 | - - -
27 202 | - 0.98 | - - 0.55 | 0.39 | 2.00 | - - - - - - Te:0.4, Sr:3.2,B:0.5
28 3.01 | 1.03 | - - - 2.00 | - 0.50 | - 0.01 - - - - -
29 - 1.02 | 202 | - - - 1.00 | 0.20 | - 0.20 | 0.09 | - 0.15 - -
30 199 | 3.03 | - - 0.01 | - 048 | - - - 2.00 | - 0.35 - B:0.01, Nb2.0
31 3.99 | 0.10 | 3.00 | - - - - 0.10 | 0.05 | - - - - - -
32 199 | 1.00 | - - - - - - - - - 3.00 | - 0.003 -
33 - 0.98 | 5.00 | 2.00 | - - - - - - - - 3.00 - Gd:1.0, Mm:2.0
34 2.01 | 1.02 | 1.01 | - - - - 0.11 | - 010 | - - - - B:1.0

LV 861 889 | d3
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[Table 4]

EP 1 688 198 A1

22



EP 1 688 198 A1

Sunyseo - uonisod 3ur).re)s UOT)BOYIPT[OS S} UT [[eM ISUUI Y} 7 8y
US[S0XT] aopdwo) 8C7 UON uoN |0 perdde Teusjewr uoqred Assed e Jo Sumeoo B Yim ‘e8| 9 ‘uonjueAur | ep
w9 Jo Aysusp YNq yIm Jaquiawr )ydeis e Jo pasoduwico PO quesaxd ay,
3umseo * uonrsod 3ur)re)s UOBOIPIOS S} UL [[eM Iauul ay) 7 9y
JUS[[ROXH aerdwo) 8GZ UON uoN |0} perjdde [eusjewr uoqred ASSB[3 B Jo 3uneod B M ‘CR'T| ¢ ‘uonueAut | Z§
w9 : fjo Ansusp YMq YPm Jequiewr Nyderd e jo pasodurod poj quasaad ay,
3unsed " uonyisod 3ur).re)s UCT)EOYIPI[OS a1} UT [[eM ISUUT oY) 7 81
JUIT[8OXH ae[duo) 8C7Z UON uoN (0} perjdde [eusjewr uoqred Asse[3 & Jo 3uneod B YIm ‘¢g'Y| ¥ ‘uoguaawt | 1§
w9 o Ansusp YMq YPIm Jaquiewr Arydeas e Jo pasodwrod piojA quasaad ay,
Sunmseo "uorisod SuT)e)s UOT)eOTIpIos a1} UT [[eMm IOl oY) 7 8y
JUB[[OXT ajerduro)) 8GZ UON uoN [0 perjdde reusjewr uoqIed Asse[d e Jo 3umecd B YIm ‘€8T ¢ ‘uonyueAut | OF
wQ9 ro Aysuap YMq YIm Jequiet ajydeld e Jo pasoduico pojA] quasaxd oy,
unses “uonisod 3ur).re)s UCT)BIYIPI[OS S} UT [[8M IOUUT Y} Z 31
JUI[3OX T ajerduwo) 8G% UoN uoN (0} pardde [eLajeur UoqIed ASSE[3 B JO SUTMBOO B M ‘C8[| 3 ‘uonuaAul | g
w9 o A3susp YMq P Jequrswr Aryded e Jo pesoduico PO quasaad ay,
3unsed ‘uonisod Sur)ae)s UOT)EOHIPI[OS S} UT [[eM JoUUT o) Z 81
JUA[EOXY aerduio) 8G% UON uoN [0 porpdde [euejewr uoqIed AssE[3 B Jo Sunjeod B )M ‘egT| 1 ‘uonueAur | g¢
upg wo Aysuep ynq Yym Jequiewr ajryderd e Jo pesoduico plopy] quasaxd ayJ,
(Lo
powjo | powjo ) )
qesgo fyreny | (5) T PO womeouaqy oresqua PN £y Nex]
. wmm.8>< PIOL | TEORIOA
¥ elq8L

10

15

20

25
30

35
40
45

50

55

23



EP 1 688 198 A1

Sunsed uonisod SuT.re)s UONBOIPT[OS SY) UL [[eM Jouul aY) Z 81
JUBT[3OXH ajerduro) el UON uoN [0y perdde [ewsjewr uoqred Asse[3 B jo Surjeco B [y ‘e’ 1| 1 ‘uorjuaaut | IQ
w9 Jo A&ysusp Yq Yym Jaquist yders e jo pasoduiod plojA] Jussaxd oy,
dunsed "uonisod 3UT)Ie)s UOTBOIPT[OS SY3 UT [[eM Jouul 9y} % 3y
JUST[3OXH ajepduwo) folerd UON uoN (0} perpdde Teuajeur uoqred AsSE[3 € Jo SunBod B M ‘e8| €1 ‘aonueAul | OG
w9 jo Aysusp mq Yy Jaquiewr jryderd e jo pasodwod PO quasaxd ay,
sunseo "uonisod SuT)re)s UOHEIIPI[OS SU3 UL [[em JIsuul 8y) g 81
JUIT[8OXH aerduwo)) 8G% UON uoN |07 perdde [eusjew UoqIed ASSe3 B Jo 3umeod B M ‘8’| ZIT ‘uonyuaAut | GF
wp9 Jo Aysuap }Mnq Yy Jsquisl ayryderd e Jo pasoduiod po] Juesaxd ayJ,
Sumseo "uoryisod 3ur)re)s UOTYBOLIPI[OS S} UT [[eM JUUT oY) Z 30
JUS[[OXHY ajerdwo) 8GZ UON uoN [0} peridde [eujew UoqIed ASSR[3 € JO Sumeod B YIm ‘€]'T| 1T ‘uonjueAur | gy
w9 Jo AJIsuep g Ym Jequiswt rydersd e Jo pesodwco plo quesaad ay,
dunysed "uorysod Sur)ae)s UOTJEdJIPI[OS S} U [[eMm JUUT oY) 2 8
JUBI[AOXT ajerduro) 8G% UON uoN |0} peridde [eujew UOQIRD ASSB]S € Jo Suneoo B Pm ‘81| 01 ‘uorjuaAuT | 1§
w9 jo AYIsusp Y nq YHIm Jaquisw )1yders e Jo pasoduico PO quesaad ay,
Sunseo -uoryisod SuT)re)s UOT)EOTIPI[OS SY) UT [[eMm JaUuT 3y} A 10|
JUBS[[OXH ajerduo) 8GZ UON uoN [0} perjdde [eLjBW UOQIBD ASSB3 B JO SumecO B PIM ‘€R'T| 6 ‘uonuaAut | 9
w(g9 wo Lysuap YMq YIm Jsquisw ajrydersd e Jo pasoduwod oA Juesaad ayf,
Sunseo "uorjisod SuT)ae)s UOTYeOIPI[OS SY) UT [[BAM JSUUT YY) Z 8y
JUAT[SOXH ajerdwo)) 8G7Z UON UoN |0} perdde [eLe)ew UOqIed ASSB[3 8 JO SuTjeod B Yim ‘€8'T| 8 ‘aonjuaAut | Gp
w9 0 Aysusp JMq YIm Jequiswt yders e Jo pesoduico plop quesaxd oYy, |
dunsen “uonisod 3ur)re)s UoTyeOYIPIIOS YY) UT [[em Jauul ay) % 91
JUS[[OXH aerdwo) 867 UON uoN [0} perdde TeuayBw UOQIBD ASSe|d e Jo Sumeod B Im ‘8[| L ‘uonyueAut |
w9 Jo £y1sU8p JMNq YPIm Jequisl d)rydeis g Jo pesodwod plop] quesaad ay,

10

15

20

25
30
35
40
45

50

55

24



EP 1 688 198 A1

Sunseo “uogisod Surire)s UOHRIYIPIOS SY3 UI [[eM Jouul o) % 81
JUA[eOXH ajerduio) 8G% UON uoN (0 perdde Teusjew UOQIED ASSB[S B JO 3unBoo B YIM ‘€R'T| 13 ‘uonjusAul | G
upg Jo A31SUSp {Nq YIM Jaquuaw rydeisd B Jo pasoduwiod PO Juasaxd sy,
dunses “uogisod SuT)ae)s UOT)eOTIPI[OS SY) U [[BM Jouul o) 7 8y
JUA[30X ajepdwo) 8GZ UON uoN [0} perdde [euajewr uoqaed Asse[3 e Jo 3uneod B yIm ‘e8° 1| 037 ‘uonuaAut | LG
w)9 jo Aysusp YMq YIm Jequewt Nrydeis e Jo pesodwod POl quesaad sy,
3ur)seo “uogsod Sur.re)s UuoHeOHIPIOS SYJ UT [[eM Jeuul aif) 7 8u
JUB[[EOXH ayedwo) 8C7% UON uoN |0} perdde Teutajewr uoqaed Asse[3 e Jo 3uneod © YIm ‘egT| 61 ‘UOULAUT | 9G
w(9 Jjo Lysuap Mq YHm Jaquiauwr )njderd e Jo pasodwoo PloOJA] qussaxd ay,
unsed uoryisod SuT)re)s UOTedYIPI[OS S} UT [[em IouuT oY) ARG |
JUS[[3OXH ajerdwo) 8GZ UON uoN (03 perdde Teuajewr UoqIRD Asse[3 B Jo Suneod B YIM ‘€8T 8T ‘uonuaAul | GG
wp9 Jo A31sUSp [Nq YIm Jequiswt sjrydeisd e Jo pasoduwod poA] quesaxd sy,
3umhseo ‘uogjisod SuT)re)s UCTEOTIPI[OS SY) UT [[eM Iauul ayj 7 81y
JUST[EOXT] ajeduio) 8G7Z UuoN uoN (0] parjdde [eurajeur UOGIRD ASSE[3 B JO 3unB0D B M ‘€R'T| LI ‘uonyuaaur | §Q
wp9 vo Ayisusp Mq s Jequiawr 1yderd e Jo pesodwco pop Juesaad sy,
Sunseo ‘uonisod SuT)ae)s UOT)edIPIOS SY) U [[eM JOUUT o) % 8
JUS[OXH aerdwo) 86% UON uoN |0} pordde [ewajetn uoqaed Asse[3 e Jo 3uneod B YIm ‘eg’T| 91 ‘uonyueAut | ¢g
w9 Jo Aytsusp YMmq YIm Jaquiewr ryders e Jo pasoduiod poA quasaxd ay,
3umnseo ‘uonyisod Sur)ae)s UOT)RIJIPI[OS 8Y) UL [[em Isuut ay) Z 81
JUS[[8OXH ajerduro) 8GZ UuoN uoN (0] perjdde [eursjewI UOQIED ASSBI3 B JO SUTBOD B M ‘@Q°T| GT ‘uonuLAUl | ZG
w9 jo Aytsuep Yq yPImm Jaquuswr Nydeisd e Jo pasoduroo proj Jussaad ay,

10

15

20

25

30
35
40
45

50

55

25



10

15

20

25

30

35

40

45

50

55

[0088]

[Table 5]

EP 1 688 198 A1

26



EP 1 688 198 A1

Surjsed ‘uoryisod SuT)e)S UOTFESTIPI[OS AU} UL [[eM JouuT o4} AT
JUB[OXTH aepdumo) folerd UoN uoN (03 pardde feusjewr UoqIed Assed e Jo Suryeco € YIm ‘eR'T| 0F ‘uoguLAul | 19
wp9 jo A1suap ymq yym saquiswr yderd e Jo pasoduwco pojy Juasaxd ay ],
3unsed ‘uoryisod 3UT).Ie)S UCHEIYIPT[OS Y3 UT [{eMm JSUUT oy 7 81
JUS[[S0XH &erdwo) 867 UON uoN 0y pardde etrajewr uoqred Asseld e jo Suneco e Yym ‘¢8| 6z | ‘Uomueaur | gg
wQog go Aysusp ymq yym Jequisw yders e jo pasoduioo plojA] quasaid ayJ,
Sumsed ‘uonytsod SuTyre)s UOHEOTIPI[OS Y3 UT [[eMm JauuT oy g 81y
JUSY[OXH ajerduo) 83% UoN uoN |03 pardde Teuayewr uoqred Asses e Jo 3uneco e yjm ‘e8| 87 ‘uogueAut | g9
w9 jo AJISUSp Mq Y Jequisw )1ydeis e Jo pasoduiod ploj] quesaad ay,
Sunseo "uoryisod SuT)Ie)s UOTYEOTTPI[OS 8y} UT [[eM ISUUT oy g 8
JUS[[3OXT] ajerduwo) felerd UON uoN [0} pardde Teurajewr uoqIeo Asselsd e Jo Sureod € ypm ‘eg'T| LZ ‘uonjuaaut | 9
w9 wo Ayisusp ynq Yy sequiswr yders e jo pasodwco plojy quesexd ay,
sunseon "uontsod SUT)Ie)s UOBOTIPI[OS Y3 UT [[eM IoUuT o) 9y
JUIJ[SOXY aedwo) 863 uoN UON T pardde reusyeuwr uoqaeo Asse[3 e Jo Suneod e yym ‘eg’1| 9z ‘uogueAut | €9
w9 0 AJISUap HNq YIm Jequiswr 2)rydeid e jo pasoduwico plojA] Juasaxd ay ],
sumses "uonrytsod SuTy.re)s UOMBOYTPI[OS SU3 UT [[eM ISUUT ay) 7 8y
JUBY[EOXT aerdwo) 847 UON UoON T pardde [eLiojewr uoqaed Asse3 e jo Suneco e M ‘¢8| 6Z ‘uonuaAul | 79
w9 0 A)1sUsp 3[Nq Yjm Jequist sjydeid e Jo pasoduioo po] Juesaxd ayJ,
sumseo “uontsod Sur)re)s UOeOGTPT[OS U3 UT [[eM JOUuUT ayj Z 8]
JUA[[S0XH] ajerdwio) 8GZ UoN UoN (03 pardde feuajewr uoqred ssed e Jo Suneco B M ‘e8| $Z | ‘Uogueaur | 9
uQ9 jo AyIsusp Ymq Yy sequiewr ejryders e Jo pesoduiod PO Juesaxd oy,
dunsed "uoryisod Surire)s UOTYedyTpI[os a3} UT [[eM IaUuT Ay 7 8
JUB[eOXT apduio) 89¢ UoN uoN (0} pardde Teuayewr uoqaed Assels e Jo Sumeoo e yIm ‘egT| €7 | ‘uonueaur | g9
w9 fo Ay1susp g YIm Jaquiowt sjrydeis e Jo pasoduiod pojy quesaad oy,
3unsed “uor)Isod SuTIe)s UOHeOTIpIOs 8] Ul [[eM JIouul oy} Z 8y
JUS[[SOXT] erduio) 8672 UON UON pardde TeLroyeur uoqred Asse3 g Jo 3uneco e yym ‘e’y| 7z | ‘uonueaur | gg |
wp9 W Ayisusp ynq Yy sequisw ryders e jo pasodwco plojy Juesaad ayJ,
(wsuor | poods [ PO | plouo o .
qes Jo Lyrendy Sumse) | Suyseo uonesLIqny fuoteIqra PIOIN Koy ON
; . 0, IO\
adeIoAy poi0g e
G 9q8L

10

15

20

25
30
35
40
45

50

55

27



EP 1 688 198 A1

surnd Jo sduarmooo| jdnrrsju ‘781
uﬁ.«o:vmum wy ! 842 YON UON Ktsuap Mg Imm Jsquiewr  )ydersd e jo passoduico %%2 TT |aageredwo))| L)
amyrej qe[s
JORIO YIew N0 | 0} aNp N0 78T
8urnd jo sduarmooo| Surnd jo uo uo
b | ey | N N leysuop smq g sequiow  oyydeas v jo pasodwoo ppopy| T [*FHTEIN0| 9L
ury
aImirey qefs
ol 03 anp no 78T
et Jno urpnd jo | Surpnd jo uo
ury
Sugseo '€8'T JO Ay1suap ¢ S1g
Lropeysneg eduro) 865 UoN UoN Wzsn :m “MB MMWM%@M@QM% ¢ wﬂﬂﬂﬂ%ﬂmﬂ%ﬂ dmwﬂwwww € ‘uonjuaAut | ¥y,
g@ b h Ly . . aﬁmmmwhﬁm mﬁ
patade] e Jo jred e Jo uoneulquIco e Jo pasodwiod POl
Sumsed €81 € 31
woeoxg | edme | ger | woN | won bt T L e el ooy At soquow] € | SORUAU | €1
uoqIeD Asse[3 e Jo 1red B JO UOHBUIqUIOD B JO pasoduiod PloJA]
Sumses : 66T 18
Aropegsmeg | apopdwio) | 8gg uoN | UON g | ‘uopueaw | gy,
w9 fjo AyIsusp yMq YIm Jeqursw ryders e Jo pesodwiod POy Jussad oy
Sunsed “uonisod 3ur)re)s UOT)BOTIPI[OS A} Ul [[eM ISUUT o) 7 8y
JUS[[EOXH ajerdwio)) 8SZ, UON uoN |0} peridde [eujem UOGIRD ASSe[3 B JO 3UnBOD B (IM ‘€8°T| $E ‘uonyuaAuT | T2
wp9 jo A&y1susp Ynq Yym Jequisw rydeid e Jo pesoduico plojA] quasaxd ayJ,
Sumseos -uontsod SuT).Te)s UCTYEOTPI[OS Y3 UI [[eM JSUUL o} % S
JUIT[80XT aerduio) 8C% UoN uoN |03 perpdde [eusjew uoqIed Asse[d € Jo SUneOd B YIM ‘e8| €€ ‘uonuaAll | 0L
wQg9 o AyIsusp YMq YPImw Jaqusa ryders B Jo pssoduioo ol quasaxd ayJ,
dunsed ‘uonsod SuT)aTe)s UOT)eOHIPI[OS 8y} UT [[BM JaUUl ay) 7 8]
PUS[[SOX] ajerduro) 8GZ uoN uop] (0} perjdde [eLejewr uogaed Asse[3 B Jo Suneod B YIm ‘e8°T| ge | ‘uopusaut | 69
i7gle] Jo A)susp Ynq YIm Jaquiewr )ydeid e jo pasodwrod ploA] quasaxd ayJ,
Jumses ‘uontsod SuT)re)s UOT)eOTIPI[oS 8y} UT [[8M JaUUT ay) g 81
JUI[[OXH aerdwo) 8% UON uoN [0) pardde [euimewn uogxed Asse[s e Jo Sumecd B Pm ‘e8I TE ‘uonjuaAul | 89
w9 Jo Aysuap g yymm Joquuswr 3y1ydeid e jo pasodwiod PO quasaxd ayJ,

10

15

20

25
30
35
40
45

50

55

28



EP 1 688 198 A1

10

15

20

25
30
35
40
45

50

amyrej qe[s

YoeId yreur no 0) anp o 28T auwop | g
Surnd jo sousrmooo| Surnd jo 8G7 UON UON deis d Z1 |eAneredw .,
Juanbai 3dnIeju Aysusp g P Jequswr  )ydeisd e Jo pasodwiod POy
wyy
aan[rej qers
0) anp no

yoew frew yno | surmd jo

55

29



10

15

20

25

30

35

40

45

50

55

EP 1 688 198 A1
<Example C>

[0089] For the three kinds of alloys shown in Table 6, slabs of 20 mmx200mm section were casted by use of a mold
composed of graphite with bulk density of 1.82, with a glassy carbon applied to the inner wall, and the influence of the
cooling rate on characteristics was examined by varying the water quantities of primary cooling and secondary cooling,
and varying the cooling rate from the solidification start point to 600°C. The cooled slabs were cold rolled to 3 mm, then
aged at 400°C for 2hr under an inert gas atmosphere followed by cold rolling to 0.5 mm, and finally aged at 350°C for
6 hr. The electric conductivity and tensile strength by tensile test of the resulting test materials were evaluated by the
following methods.

[0090] [Table 6]

Table 6

Alloy No. Ti Cr Zr Cooling | TS(MPa) | IACS(%) | Evaluation* | Remarks
rate
(°Cls)

Comparative 35 2.00 | 1.51 - 0.10 - - X Not
evaluated
because
of
cracking
during
cold
rolling

35 2.01 1.51 - 0.50 802 40 (0]

The present 35 1.98 | 149 | - 5.00 956 27 0

invention
35 1.99 | 1.51 - 10.00 1174 19 (0]
Comparative 36 - 1.50 | 2.02 0.10 420 65 X
36 - 1.50 | 2.04 0.50 750 52 (0]

The present 36 - | 149 | 199 | 5.00 872 48 0

invention
36 - 1.48 | 2.00 10.00 1012 35 (0]

Comparative 37 1.51 - 1.49 0.10 - - X Not
evaluated
because
of
cracking
during
cold
rolling

37 1.53 - 1.50 0.50 892 35 (0]

The present 37 149 | - | 149 | 500 1015 24 0

invention
37 1.52 - 1.48 10.00 1230 17 (0]
Note: * O means satisfying equation (1)

<Tensile Strength>

[0091] A test piece 13 B, according to the regulation of JIS Z 2201, was collected from each specimen, and the tensile
strength [TS (MPa)] at room temperature (25°C) was determined according to the method regulated in JIS Z 2241.

<Electric Conductivity>

[0092] A test piece with width of 10mm X length of 60 mm was prepared from each specimen, current was carried in
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the longitudinal direction of the test piece in order to measure the potential difference between both ends of the test
piece, and the electricresistance was determined by a 4-terminal method. Successively, the electric resistance (resistivity)
per unit volume was calculated from the volume of the test piece that was measured by a micrometer, and the electric
conductivity [IACS (%)] was determined from its ratio to resistivity 1.72 p.Qcm of a reference sample obtained by annealing
polycrystalline pure copper.

[0093] In case of having a cooling rate lower than 0.5°C/s according to the comparative, cracking was caused in cold
rolling, and even if cold rolling could be performed, the balance between strength and electric conductivity was poor.
On the other hand, the balance between both was satisfactory and the high tensile strength in relation with the high
electric conductivity is provided according to the present invention,

[0094] The "high tensile strength in relation with conductivity" means a state satisfying the following equation (1) (this
state is hereinafter referred to as "well-balanced state of tensile strength and electric conductivity"):

TS > kiotkirexp (k12 IACS) ... - (1)

wherein TS: tensile strength (MPa), IACS: electric conductivity (%), k4,=658.06, k{,=985.48, and k,=0.0513.

IACS means the percentage to the electric conductivity of the pure copper polycrystalline material.

[0095] Further, characteristics of the alloys shown in Table 3 were similarly evaluated in the above-mentioned casting
condition while setting the cooling rate 5°C/s from the solidification start to 600°C. The result is shown in Table 7. As a
result, each alloy has the balance between strength and conductivity satisfying the above equation (1), and a satisfactory
result was obtained by the present invention.

[0096] [Table 7]

Table 7
Alloy No. | TS(MPa) | IACS(%)
1 800 45
2 1145 25
3 967 32
4 1281 20
5 820 45
6 668 79
7 965 36
8 1279 19
9 970 40
10 1469 8
11 1286 15
12 960 33
13 1143 21
14 862 36
15 1139 20
16 1288 14
17 1145 18
18 980 28
19 1138 21
20 965 29
21 1135 19
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(continued)

Alloy No. | TS(MPa) | IACS(%)
22 1386 9
23 1140 17
24 1152 18
25 1142 16
26 972 33
27 1141 20
28 1279 15
29 992 28
30 1137 20
31 1385 14
32 1145 19
33 1002 30
34 1149 18

[Industrial Applicability]

[0097] The presentinvention involves a continuous casting mold used mainly for a direct-connection type of continuous
casting, with a mold directly connected to a holding furnace, and a continuous casting method of a Cu alloy. Namely,
the present invention provides a mold capable of continuously and efficiently producing a sound slab or bloom, and also
a continuous casting method of a Cu alloy which ensures excellent characteristics, such as strength, electric conductivity,
vending workability, impact resistance and fatigue strength of the final product after working and heat treatment. Partic-
ularly, the application of the production of the Cu alloy containing elements such as Zr, Ti, Cr, Ta and V that easily
generate carbides provides a profound effect.

[Brief Description of the Figures]
[0098]

[Fig. 1] An example of a continuous casting mold according to the present invention.

[Fig. 2] An example of the continuous casting mold according to the present invention, which has a coating 8 of a
self-lubricant or a metal-based self-lubricating composite material applied to the mold inner wall in the solidification
starting position of a Cu alloy melt.

[Fig. 3] An example of the continuous casting mold according to the present invention, which is composed of a
plurality of parts of mold members.

[Fig. 4] An example of the continuous casting mold according to the present invention, which is composed of a
plurality of parts of mold members, and has a coating 8 of a self-lubricant or metal-based self-lubricating composite
material applied to the mold inner wall in the solidification starting position of an alloy melt.

[Fig.5] Another example of the continuous casting mold according to the present invention, which includes a coating
9 of ceramic material applied to the inner wall in the position that contacts with a Cu alloy melt in order to inhibit the
reaction with the melt.

[Fig. 6] Another example of the continuous casting mold according to the present invention, which has a coating 8
of a metal-based self-lubricating composite material applied to the mold inner wall in the solidification starting position
of an alloy melt, and a coating 9 of a ceramic material applied to the inner wall in the position that contacts with a
Cu alloy melt in order to inhibit reaction with the melt.

[Fig.7] Another example of the continuous casting mold according to the present invention, which is composed of
an upstream part of a metal member and a downstream part of a graphite member, with a coating 8 of a metal-
based self-lubricating composite material applied to the inner wall in the solidification starting position of an alloy
melt, and with a coating 9 of a ceramic material applied to the inner wall in the position that contacts with a Cu alloy
melt in order to inhibit the reaction with the melt.
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[Fig. 8] A phase diagram of a Ti-Cr alloy.
[Fig. 9] A phase diagram of a Zr-Cr alloy.
[Fig. 10] A phase diagram of a Ti-Zr alloy.

[Explanation of Reference Numerals]

[0099]

1. Cu alloy melt

2. Holding furnace wall

3. Mold member

3. Another part of mold member

4 Slab

5. Cooling jacket

6. Secondary cooling

7. Pulling out direction

8. Coating to the inner wall in the solidification starting position of a Cu alloy melt
9. Coating to the inner wall on the position that contacts with a Cu alloy melt
10. Solidification starting position of a Cu alloy melt

Claims

A continuous casting mold for a Cu alloy, using any one member selected from a glassy carbon, a metal-based self-
lubricating composite or a graphite with a bulk density exceeding 1.92, at least for the mold member including the
solidification starting position of the Cu alloy melt.

A continuous casting mold for a Cu alloy, composed of any one member selected from a graphite, a ceramic and
a metal member or of a combination of two or more parts of members thereof, in which at least the inner wall in the
solidification starting position of the Cu alloy melt is coated with a self-lubricant or a metal-based self-lubricating
composite material.

A continuous casting mold for a Cu alloy, composed of a combination of two or more parts of members selected
from a self-lubricant, a metal-based self-lubricating composite, a graphite, a ceramic and a metal member, in which
the self-lubricant or the metal-based self-lubricating composite member is used at least for the inner wall in the
solidification starting position of the Cu alloy melt.

A continuous casting mold for a Cu alloy, composed of a combination of two or more parts of members selected
from a self-lubricant, a metal-based self-lubricating composite, a graphite, a ceramic and a metal member, in which
at least the inner wall in the solidification starting position of the Cu alloy melt is coated with a self-lubricant or a
metal-based self-lubricating composite material.

The continuous casting mold for a Cu alloy according to any one of claims 1 to 4, wherein the inner wall in the
position that contacts with the Cu alloy melt is coated with a ceramic material.

A continuous casting method of a Cu alloy, comprised of performing continuous casting by a slab intermittent pulling
out method by use of the mold according to any one of claims 1 to 5.

A continuous casting method of a Cu alloy, comprised of giving, at the time of continuously casting a Cu alloy by
an intermittent pulling out method, a vibration that has a frequency larger than the slab intermittent pulling out
frequency by two orders or more and that has a component vertical to the pulling out direction of the slab.

A continuous casting method of a Cu alloy, comprised of continuously supplying, at the time of the continuously
casting the Cu alloy by an intermittent pulling out method, a lubricant or an anti-sticking material between the inner

wall of the mold and the slab.

A continuous casting method of a Cu alloy, comprised of giving, at the time of continuously casting the Cu alloy by
an intermittent pulling out method, a vibration that has a frequency larger than the slab intermittent pulling out
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frequency by two orders or more and that has a component vertical to the pulling out direction to a mold, and
continuously supplying a lubricant or an anti-sticking material between the inner wall of the mold and the slab.

The continuous casting method of a Cu alloy according to claim 6, comprised of giving, at the time of continuously
casting the Cu alloy by an intermittent pulling out method, a vibration that has a frequency larger than the intermittent
pulling out frequency by two orders or more and that has a component vertical to the pulling out direction of the slab.

The continuous casting method of a Cu alloy according to claim 6 or 10, comprised of continuously supplying, at
the time of continuously casting the Cu alloy by an intermittent pulling out method, a lubricant or an anti-sticking
material between the inner wall of the mold and the slab.

The continuous casting method of a Cu alloy according to any one of claims 6 to 11, wherein the Cu alloy contains,
by mass %, one or more components selected from Cr: 0.01 to 5%, Ti: 0.01 to 5%, Zr: 0.01 to 5%, Nb: 0.01 to 5%,
Ta: 0.01 to 5%, Al: 0.01 to 5%, Mo: 0.01 to 5%, V: 0.01 to 5%, Co: 0.01 to 5%, Mn: 0.01 to 5%, Si: 0.01 to 5%, Be:
0.01 to 5%, and Hf: 0.01 to 5%.

The continuous casting method of a Cu alloy according to claim 12, wherein the Cu alloy further contains, by mass%,
0.001 to 5 % in total of one or more of the alloy components selected from at least one group of the following three
groups:

First group: 0.001 to 1 mass% in total of one or more selected from P, B, Sb, Bi, Pb, Cd, S and As;

Second group: 0.01 to 5 mass% in total of one or more selected from Sn, Ag, Zn, Ni, Au, Pd, Fe, W, Inand Ge; and
Third group: 0.01 to 3 mass% in total of one or more selected from Te, Se, Sr, T1, Rb, Cs, Ba, Re, Os, Rh, Po,
Ga, Tc, Ru, Pd, Ir, Pt and Ta.

The continuous casting method of a Cu alloy according to claim 12 or 13, wherein the Cu alloy further contains, by
mass %, 0.001 to 2% in total of one or more of alloy components selected from Li, Ca, Mg and rare earth elements.

34



EP 1 688 198 A1

Fig.1

Fig.2

Fig.3

35



EP 1 688 198 A1

Fig.4

RS 9

RIS 5

T
10 4
Y
3
2

Fig.5

36



EP 1 688 198 A1

Fig.6

Fig.7

37



EP 1 688 198 A1

Fig.8

Atomic Percent Chromium
30 40 50 80 . 70

oc
~BTiCrp
A0
—aTiCrg

|||||||
o omn

e gt

13
~1270°¢ /
/

(BTiCr)

..............................................................

Do @anjeJedwma]

30 40 60 60 70
. Weight Percent Chromium

Fig.9

38



Fig.10

Temperature °C

EP 1 688 198 A1

Atomic Percent Chromium

0 I 20 30 40 50 60 70 8o 90 100
1800 1ass°;: T & ey by aaae’ e r T s rec)
1700 7ZrCry 53.3%,1873°C C

B R

] ] 1183_2 502°

] =l 1582°C AT ) o 558

? 153g% :

BZrCry § b

o s

.mv 3

3 (Cry—=it

1332°C >

~ s

© L

[N L

™~y |

© C

T UM Ty ML SAARASEARA] 7 §
30 40 50 60 70 80 80 100
Weight Percent Chromium Cr

39



Temperature °C

EP 1 688 198 A1

Atomie Percent Zirconium

0 10 20 30 40 50 80 70 80 80 100
zuoc . Y i + T 1 T Nl T I T - 1 T 1 ¥ I' - 1 T 1 -
t1855°C
1800 3
1820°C E
1600 2
1540°C
14003 : L
] . 3
i (BTL.82r) ;
1000 =
] b
862°C t883°C
800 3
3 3
] 3
800-: ~805°C ;-
] {(aTi,oZr)
400 Frrrrrrrrpreeeene e r T e
0 10 20 .90 40 50 60 70 80 20 100
Ti Weight Percent Zirconium 7r

40



EP 1 688 198 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2004/013756

A. CLASSIFICATION OF SUBJECT MATTER
Int.Cl” B22D11/00, B22D11/059, B22D11/053, B22D11/07, B22D21/00,
B22D11/04, C22C9/00, C22C9/10, €22C9/05

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.Cl” B22D11/00, B22p11/059, B22D11/053, B22D11/07, B22D21/00,
B22D11/04, C22C9/00, C22C9/10, C22C9/05

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Jitsuyo Shinan Koho

Kokal Jitsuyo Shinan Koho 1971-2004

1922-1996 Toroku Jitsuyo Shinan Koho
Jitsuyo Shinan Toroku Koho

1994-2004
1996-~2004

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y JP 5-318034 A (The Furukawa Electric Co., Ltd.), i,2,5,6,
03 December, 1993 (03.12.93), 10-14
Claim 1; Par. Nos. [0010] to [0011]; Fig. 2
(Family: none)

Y JP 9-141394 A (Sumitomo Metal Industries, 1,2,5,6,
Ltd.), 10-14
03 June, 1997 (03.06.97),
Claims 1 to 3; Fig. 1; Par. Nos. [0014] to
[0032]
(Family: none)

X JP 11-147162 A (Tokai Carbon Co., Ltd.), 1
02 June, 1999 (02.06.99),
Claim 1; Par. Nos. [0011] to [0019]
(Family: none)

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

e

“Y”  document of particular rele\{ance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination

being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

15 December, 2004 (15.12.04) 28 December, 2004 (28.12.04)
Name and mailing address of the ISA/ Authorized officer

Japanese Patent Office
Facsimile No Telephone No.

Form PCT/ISA/210 (second sheet) (January 2004)

41




EP 1 688 198 A1

INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2004/013756
C (Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 6-179930 A (Tatsuta Electric Wire & Cable 5,6,10-14
Co., Ltd.),
28 June, 1994 (28.06.94),
Claims 1 to 3; Par. Nos. [0009] to [0012];
Fig. 2
(Family: none)
Y JP 61-169149 A (Japan Energy Corp.), 6-14
30 July, 1986 (30.07.86),
Claim 1; page 2, upper right column, line 4
to page 3, upper left column, line 13; Fig. 4
(Family: none)
Y JP 3-210942 A (Sumitomo Metal Industries, 7,9-11
Ltd.),
13 September, 1991 (13.09.91),
Claims; page 2, lower left column, line 12
to lower right column, line 12; Fig. 1
(Family: none)
Y JP 3-155436 A (Sumitomo Light Metal Industries, 8,9,11
Ltd.),
03 July, 1991 (03.07.91),
Claims; page 2, lower left column, line 14
to lower right column, line 11; page 3, lower
right column, tables; Fig. 1
(Family: none)
Y JP 58-123862 A (Japan Energy Corp.), 12-14
23 July, 1983 (23.07.83),
Claim 3
(Family: none)
A JP 4-266457 A (Hitachi Cable, Ltd.), 1-14
22 September, 1992 (22.09.92),
Claim 1; Par. Nos. [0011] to [0015]; Fig. 1
(Family: none)

Form PCT/ISA/210 (continuation of second sheet) (January 2004)

42




	bibliography
	description
	claims
	drawings
	search report

