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Description
Technical Field

[0001] The present invention relates to a mold for continuous casting that can prevent surface cracking in a strand
caused by uneven cooling of a solidifying shell and can be used more times than conventional molds. The invention
also relates to a continuous steel casting method using the mold for continuous casting.

Background Art

[0002] In continuous steel casting, molten steel poured into a mold is cooled using a water-cooled mold, and the
surface of the molten steel in contact with the mold solidifies to thereby form a solidified layer (referred to as a "solidifying
shell"). A strand including the solidifying shell as its outer shell and unsolidified molten steel inside the solidifying shell
is continuously withdrawn downward from the mold while the strand is supported by strand support rolls disposed below
the mold and cooled with water sprays or air-water sprays, and the central portion of the strand is thereby solidified to
produce a steel slab.

[0003] When the solidifying shellis cooled unevenly in the mold, the thickness of the solidifying shell may be nonuniform
in the strand withdrawal direction and the width direction of the mold. Stress due to shrinkage or deformation of the
solidifying shell itself acts on the solidifying shell. This stress concentrates on a thin-walled portion of the solidifying shell,
and the stress concentration causes cracks to occur on the surface of the solidifying shell in the early stage of solidification.
These surface cracks grow due to subsequent thermal stress and external forces such as bending stress and levelling
stress in the continuous casting machine, and larger surface cracks are thereby formed. The cracks on the surface of
the strand become surface defects of a steel product in the subsequent hot-rolling step. Therefore, to prevent the
occurrence of the defects on the surface of the steel product, it is necessary to hot-scarf or grind the surface of the slab
to remove the surface cracks in the slab.

[0004] Uneven solidification in the mold tends to occur particularly in steel having a carbon content of 0.08 to 0.17%
by mass (referred to as "medium carbon steel"). In the medium carbon steel, a peritectic reaction occurs during solidi-
fication. It has been considered that the uneven solidification in the mold is due to transformation stress caused by
volumetric contraction during transformation from & iron (ferrite) to y iron (austenite) by the peritectic reaction. Specifically,
the solidifying shell is deformed by the strain caused by the transformation stress during the peritectic reaction, and the
deformation causes the solidifying shell to be separated from the inner wall of the mold. The portion separated from the
inner wall of the mold is not sufficiently cooled by the mold, so that the portion of the solidifying shell that has been
separated from the inner wall of the mold has a smaller thickness. It has been considered that, when the thickness of
the solidifying shell is small, the above stress concentrates on this portion to cause surface cracking.

[0005] A number of proposals have been made for the purpose of preventing surface cracking in a steel strand
undergoing the peritectic reaction. For example, Patent Literature 1 proposes a mold for continuous casting that has a
plurality of dissimilar material-filled portions formed independently on inner wall surfaces of the mold and having a thermal
conductivity different from that of a copper alloy forming mold plates (referred to also as "copper mold plates"). Itis stated
in Patent Literature 1 that the use of the mold can effectively prevent surface cracking in the strand due to uneven cooling
of the solidifying shell in the early stage of solidification. In particular, it is stated that surface cracking in the strand due
to unevenness in the thickness of the solidifying shell caused by transformation from & iron to y iron in medium carbon
steel undergoing the peritectic reaction can be effectively prevented.

Citation List

Patent Literature

[0006] PTL 1: Japanese Unexamined Patent Application Publication No. 2017-39165

Summary of Invention

Technical Problem

[0007] In the mold for continuous steel casting described in Patent Literature 1, the dissimilar material-filled portions
formed of a material different from the material of the mold plates are formed in the mold plates. Therefore, the thermal
expansion coefficient of the mold plates differs from the thermal expansion coefficient of the dissimilar material-filled

portions, and thermal stress is likely to concentrate on boundary portions therebetween, so that cracks are likely to occur
on the surface of the mold. It is stated in Patent Literature 1 that it is preferable to provide a plating layer covering the
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dissimilar material-filled portions on the inner wall surfaces of the mold for the purpose of preventing cracks on the
surface of the mold caused by thermal history and that this can extend the service life of the mold. However, even when
the plating layer is provided on the inner wall surfaces of the mold, a difference in thermal stress is still present between
the mold plates and the dissimilar material-filled portions, and therefore the service life of the mold having the dissimilar
material-filled portions formed therein tends to be short. There is therefore a need for a technique for extending the
service life of the mold described in Patent Literature 1.

[0008] The presentinvention has been made in view of the above circumstances, and it is an object to provide a mold
for continuous casting that has dissimilar material-filled portions formed therein and can be used significantly more times
than conventional molds. Itis another object to provide a continuous steel casting method that uses the mold for continuous
casting.

Solution to Problem

[0009] The present inventors have conducted extensive studies to solve the foregoing problem. The inventors have
found thatitis effective to increase the heat transfer coefficient between cooling water channels corresponding to regions
in which dissimilar material-filled portions are formed and a water stream passing through the cooling water channels
to thereby remove heat from a mold plate in the above region effectively. This is because of the following reason. By
effectively removing heat from the mold plate in the region in which the dissimilar material-filled portions are formed, the
temperature of the dissimilar material-filled portions and the temperature of the mold plate decrease, and thermal stress
in the boundary portions between the mold plate and the dissimilar material-filled portions is thereby reduced.

[0010] The present invention is based on the above findings, and the summary of the invention is as follows.

[11 A mold for continuous steel casting including:

a mold plate made of a copper alloy and having a front surface forming an inner wall surface of the mold and
a back surface on which a cooling water channel is formed; and

a backup plate attached to the mold plate so as to cover the cooling water channel,

wherein a dissimilar material-filled portion filled with a dissimilar material having a thermal conductivity different
from the thermal conductivity of the mold plate is formed in a recessed portion that is formed on the front surface
of the mold plate and located in a region including at least a meniscus, and

wherein a water stream disturbing portion is formed in the cooling water channel on the back surface of the
mold plate, the water stream disturbing portion disturbing a water stream and increasing the surface area of
the cooling water channel, the water stream disturbing portion being formed in a region corresponding to the
region in which the dissimilar material-filled portion is formed.

[2] The mold for continuous steel casting according to [1], wherein the water stream disturbing portion includes a
plurality of protrusions that are arranged in a flow direction of the water stream and extend in a mold width direction
of the cooling water channel and a thickness direction of the cooling water channel.

[3] The mold for continuous steel casting according to [1], wherein the water stream disturbing portion includes a
plurality of protrusions arranged in the cooling water channel in a staggered manner.

[4] The mold for continuous steel casting according to any of [1] to [3], wherein a plurality of the dissimilar material-
filled portions are formed and include a plurality of circular recesses or quasi-circular recesses, and

wherein the plurality of dissimilar material-filled portions are formed such that, in an area extending from an upper
end of the region in which the plurality of dissimilar material-filled portions are formed to an lower end thereof on
the front surface of the mold plate, a heat flux from the inner wall surface of the mold toward the cooling water
channel varies periodically on the inner wall surface of the mold.

[5] The mold for continuous steel casting according to [4], wherein the dissimilar material-filled portions and the
cooling water channel are formed so as to satisfy at least one of the conditions of the following formulas (1) to (3):

d <P <gs, (1)
e £ L € 1000xvVc/T, (2)
F <1, (3)
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where symbols in formulas (1) to (3) are as follows:

d: a width (mm) of each dissimilar material-filled portion in a mold width direction,

P: a separation distance (mm), in the mold width direction, between adjacent dissimilar material-filled portions
of the plurality of dissimilar material-filled portions,

S: aseparation distance (mm), in the mold width direction, between adjacent cooling water channels of a plurality
of the cooling water channels formed on the back surface of the mold plate,

e: a width (mm) of each dissimilar material-filled portion in a strand withdrawal direction,

L: a separation distance (mm), in the strand withdrawal direction, between adjacent dissimilar material-filled
portions of the plurality of dissimilar material-filled portions,

Vc: a strand withdrawal speed (m/min) in a continuous steel casting process,

f: an oscillation frequency (1/min) of the mold for continuous casting in the continuous steel casting process, and
F: a separation distance (mm), in the strand withdrawal direction, between adjacent protrusions of a plurality of
protrusions disposed in each cooling water channel.

[6] The mold for continuous steel casting according to [4] or [5], wherein the dissimilar material-filled portions are
formed so as to satisfy the condition of formula (4) below:

0.5 <t <4, (4)

where symbols in formula (4) are as follows:

t: a filling depth (mm) of the dissimilar material in each dissimilar material-filled portion, and
d: a width (mm) of each dissimilar material-filled portion in a mold width direction.

[7] The mold for continuous steel casting according to any of [1] to [6], wherein a plating layer is formed on the front
surface of the mold plate so as to cover the dissimilar material-filled portion.

[8] A continuous steel casting method that uses the mold for continuous steel casting according to any of [1] to [7],
the method including supplying cooling water to the mold for continuous casting such that the water stream is
turbulent in a position in which the water stream disturbing portion is formed in the cooling water channel. Advan-
tageous Effects of Invention

[0011] In the mold for continuous steel casting according to the present invention, the water stream disturbing portion
that disturbs the water stream and increases the surface area of the cooling water channel is formed in a portion of the
cooling water channel that corresponds to the region in which the dissimilar material-filled portion is formed. Therefore,
in this portion of the cooling water channel, the heat transfer coefficient between the water stream and the cooling water
channel is large, and the amount of convective heat transfer is increased, so that heat in the mold plate in the region in
which the dissimilar material-filled portion is formed can be effectively removed. By effectively cooling the dissimilar
material-filled portion and the mold plate, the thermal stress generated in the boundary portion between the mold plate
and the dissimilar material-filled portion can be effectively reduced. Therefore, the occurrence of surface cracking in a
strand of the steel type undergoing the peritectic reaction is prevented, and the number of times the mold having the
dissimilar material-filled portion formed therein can be used can be increased, i.e., the service life of the mold can be
extended.

Brief Description of Drawings
[0012]

[Fig. 1] Fig. 1 is a perspective view of a mold for continuous steel casting.

[Fig. 2] Fig. 2 is an illustration showing an example of the front surface of a mold plate formed in a long side of the
mold in an embodiment of the present invention.

[Fig. 3] Fig. 3 shows illustrations of the structure of a portion of the long side of the mold that is surrounded by a
square () in Fig. 2.

[Fig.4]Fig. 4 is anillustration showing the back surface of a mold plate in another embodiment of the presentinvention.
[Fig. 5] Fig. 5is a vertical cross-sectional view of a long side of a mold in another embodiment of the presentinvention.
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Description of Embodiments

[0013] The present invention will next be described specifically with reference to the accompanying drawings.
[0014] Before the present invention is described, a continuous steel casting method will be briefly described. A per-
spective view of a mold for continuous casting is shown in Fig. 1. The mold 1 for continuous casting (hereinafter referred
to simply as a "mold 1") that is used to produce a slab by continuous casting includes a pair of mold long sides 2 facing
each other and a pair of mold short sides 3 facing each other and sandwiched between the mold long sides 2. A tundish
(not shown) that contains molten steel 4 is disposed above the mold 1, and a submerged nozzle 5 is disposed on the
bottom of the tundish. The pair of mold long sides 2 and the pair of mold short sides 3 form a rectangular inner space
in the mold 1, and the submerged nozzle 5 is inserted into the inner space. As described later, the side of each of the
mold long sides 2 and the mold short sides 3 that is to be in contact with the molten steel 4 is formed of a copper alloy-
made mold plate, and a backup plate is disposed on the back side of the mold plate.

[0015] Cooling water channels are formed in each of the copper alloy-made mold plates formed in the mold long sides
2 and the mold short sides 3 and disposed on a surface of the mold plate opposite to its surface to be in contact with
the molten steel 4, and cooling water is caused to pass through the cooling water channels to cool the mold 1. During
the continuous steel casting operation, the molten steel 4 is poured into the inner space of the mold 1 through the
submerged nozzle 5 and cooled and solidified in the mold 1 to form a solidifying shell on the contact surface of the mold
1. A strand including the solidifying shell as its outer shell and the unsolidified molten steel 4 inside the solidifying shell
is continuously withdrawn from the mold 1 in a strand withdrawal direction A, i.e., a vertically downward direction, to
thereby produce a steel slab. In the mold 1, the mold plates are in contact with the molten steel 4 and the high-temperature
strand. Therefore, the surface temperature of the mold plates (the temperature on the side in contact with the molten
steel) increases and is highest near the position of a meniscus M (the top surface of the molten steel in the mold) in the
mold. In Fig. 1, the position of the meniscus M is indicated by a dash-dot line.

[0016] Itis preferable that heat is removed from the solidifying shell uniformly in the strand withdrawal direction A and
a mold width direction B particularly at the position of the meniscus M on the inner wall surface of the mold, but this
depends on the type of steel. This is because uniform growth of the thickness of the solidifying shell is facilitated. The
strand withdrawal direction Ais orthogonal to the mold width direction B. A copper alloy having high deformation resistance
to thermal stress and high thermal conductivity allowing the cooling effect of the cooling water to increase is used for
the mold plates.

[0017] A plurality of strand support rolls (not shown) are disposed below the mold 1, and water spray nozzles or air
mist spray nozzles are disposed between adjacent strand support rolls. While the cooling water is sprayed onto the
surface of the strand through the water spray nozzles or the air mist spray nozzles to cool the strand, the strand supported
by the strand support rolls is withdrawn. After completion of solidification also at the center of the strand, the resulting
strand is cut into a prescribed length.

[0018] A steel slab having the prescribed length and to be subjected to hot rolling in the next step is produced in the
manner described above.

[0019] In the presentinvention, dissimilar material-filled portions are provided in the mold plates cooled by the cooling
water channels, and members that disturb a water stream and increase the surface area of the cooling water channels
are disposed in the cooling water channels. The heat transfer coefficient between the cooling water and the cooling
water channelsis therebyincreased, and the heat of the mold plates is effectively removed. In this manner, the temperature
of the dissimilar material-filled portions and the temperature of the mold plates therearound are reduced, and thermal
stress generated in the boundary portions between the mold plates and the dissimilar material-filled portions is reduced
to thereby extend the service life of the mold for continuous casting.

[0020] An example of an embodiment of the mold for continuous casting according to the present invention will be
described. Each of the mold long sides 2 and the mold short sides 3 formed in the mold 1 for continuous casting includes:
a mold plate having a front surface forming a mold inner wall surface and a back surface on which cooling water channels
are formed; and a backup plate attached to the mold plate using bolts and nuts.

[0021] An example of the front surface of the mold plate formed in each of the mold long sides 2 is shown in Fig. 2.
Dissimilar material-filled portions 22 filled with a dissimilar material having a thermal conductivity different from the
thermal conductivity of the mold plate 21 are formed in recesses (dents) formed on the front surface of the mold plate
21 and located in a region including the meniscus M. The dissimilar material-filled portions 22 are formed in a region
near the meniscus that includes at least the meniscus M and arranged in the strand withdrawal direction A and the mold
width direction B. The dissimilar material may be formed into a shape fittable to the recesses and fitted into the recesses
to fill the recesses with the dissimilar material. Alternatively, the recesses may be filled with the dissimilar material using
plating means or thermal spraying means. When the recesses are filled with the dissimilar material using the plating
means or the thermal spraying means, the occurrence of gaps between the recesses and the dissimilar material can be
prevented.

[0022] A plurality of circular recesses are formed on the front surface of the mold plate 21, and the circular recesses
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are filled with the dissimilar material to form a plurality of independent dissimilar material-charged portions 22. In this
case, it is preferable that the dissimilar material-charged portions 22 are arranged regularly such that the heat flux from
the mold inner wall surface to the cooling water channels varies periodically on the mold inner wall surface.

[0023] By arranging the plurality of dissimilar material-filled portions 22 in the region including the vicinity of the meniscus
M, the thermal resistance of the mold plate 21 in the strand withdrawal direction A in the region including the vicinity of
the meniscus M and the mold width direction B increases and decreases regularly and periodically. In this manner, the
heat flux in the vicinity of the meniscus M, i.e., the heat flux from the solidifying shell to the mold plate 21 in the early
stage of solidification, increases and decreases regularly and periodically. The regular and periodicincrease and decrease
ofthe heat flux reduces stress generated by transformation from & iron to y iron and thermal stress, so that the deformation
of the solidifying shell caused by these stresses decreases. Since the deformation of the solidifying shell is small, a non-
uniform heat flux distribution caused by the deformation of the solidifying shell is uniformized, and the stress generated
is dispersed, so that the amount of the corresponding strain decreases. Therefore, the occurrence of surface cracking
on the surface of the solidifying shell is prevented.

[0024] The shape of the recesses on the front surface of the mold plate 21 may not be perfect circular (referred to as
"circular recesses") and may be quasi-circular (referred to as "quasi-circular recesses"). The quasi-circular shape is a
shape with no sharp corners such as an elliptical shape or a square or rectangular shape with circular or elliptical corners.
Moreover, a petal-like shape may be used.

[0025] To allow the change in the heat flux on the mold inner wall surface to be periodic in a reliable manner, it is
preferable that the distances between adjacent dissimilar material-filled portions 22 are the same. The thermal conduc-
tivity of the dissimilar material is preferably 80% or less or 125% or more of the thermal conductivity of the mold plates
formed in the mold long sides 2 and the mold short sides 3. The thermal conductivity of the dissimilar material varies
depending on a change in the temperature of the environment. Therefore, the thermal conductivity of the dissimilar
material and the thermal conductivity of the mold plate are based on those at room temperature (normal temperature)
during production of the mold. When the thermal conductivity of the dissimilar material at room temperature differs by
about 20% from the thermal conductivity of the mold plates, the regular and periodic increase and decrease of the heat
flux on the mold inner wall surface can reduce stress generated by transformation from § iron to y iron and thermal
stress. It is only necessary that the stress generated by the transformation described above etc. can be reduced to
prevent surface cracking in the strand. Therefore, it is not always necessary that the thermal conductivity of the dissimilar
material be in the above range, and it is not always necessary that the distances between the dissimilar material-filled
portions 22 be the same.

[0026] Examples of the dissimilar material whose thermal conductivity is 80% or less of the thermal conductivity of
the mold plates include Ni (thermal conductivity: about 90 W/(mXxK)) and Ni alloys (thermal conductivity: about 40 to 90
W/(m X K)) that are easily plated and thermally sprayed. A copper alloy (thermal conductivity: about 100 to 385 W/(mxK))
may be used for the mold plates, and, for example, a high-thermal conductivity copper alloy (thermal conductivity: about
318 W/(mXxK)) or a low-thermal conductivity copper alloy (thermal conductivity: about 119 to 239 W/(m XK)) for electro-
magnetic stirring may be used. However, metals other than the Ni alloys and the copper alloys can be used for the
dissimilar material and the mold plates.

[0027] Pure copper (thermal conductivity: about 398 W/(m XK)) and the copper alloys described above may be used
for the mold plates. In particular, when the molten steel in the mold is electromagnetically stirred, it is preferable to use
a copper alloy containing several percent by mass of components other than the copper component and having reduced
electric conductivity in order to prevent attenuation of the intensity of a magnetic field from a coil to the molten steel. The
thermal conductivity of the copper alloy is lower than pure copper. Specifically, it is preferable that the dissimilar material
and/or the material of the mold plates is appropriately selected according to the application of the mold 1 to control the
thermal conductivity of the dissimilar material and the thermal conductivity of the mold plates.

[0028] Dissimilar material-filled portions may be formed on the front surface of each of the unillustrated mold short
sides 3 whose description is omitted, as in the mold long sides 2. However, in a slab strand, stress is likely to concentrate
on the long sides of the solidifying shell because of its shape, and surface cracking is likely to occur on the long sides.
Therefore, although it is necessary that the dissimilar material-filled portions be provided on the mold long sides of the
continuous casting mold for a slab strand, itis not always necessary that the dissimilar material-filled portions be provided
on the mold short sides.

[0029] In consideration of the influence on initial solidification, it is preferable that the dissimilar material-filled portions
22 are provided on the mold inner wall surface in a region extending from a position spaced a distance Q upward from
the position of the meniscus M during steady casting to a position spaced a distance R downward from the meniscus.
The distance Q is any value larger than zero. The distance R can be computed using formula (5) below.

R (mm) = 2xVcx1000/60 (5)
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Here, Vc is the strand withdrawal speed (m/min) in the continuous steel casting process.

[0030] The distance R relates to the time required for the solidifying shell (strand) after the start of solidification to
pass through the region in which the dissimilar material-filled portions 22 are formed. Preferably, the solidifying shell
(strand) stays in the region in which the dissimilar material-filled portions 22 are disposed for at least 2 seconds after
the start of solidification. To allow the solidifying shell (strand) to be present in the region in which the dissimilar material-
filled portions 22 are disposed for at least 2 seconds after the start of solidification, it is necessary that the dissimilar
material-filled portions 22 be disposed in a region extending atleast the distance R determined from formula (5) downward
from the meniscus M.

[0031] When the amount of time the solidifying shell after the start of solidification stays in the region in which the
dissimilar material-filled portions 22 are disposed is at least 2 seconds, the effect of the periodic change in the heat flux
from the mold inner wall surface to the cooling water channels by the dissimilar material-filled portions 22 can be
sufficiently obtained. Specifically, when the amount of time the solidifying shell stays in the region in which the dissimilar
material-filled portions 22 are disposed is at least 2 seconds, the effect of preventing surface cracking in the strand can
be obtained even during highspeed casting or casting of medium carbon steel during which surface cracking is likely to
occur. However, to stably obtain the effect of the periodic change in the heat flux by the dissimilar material-filled portions
22, it is more preferable that the time required for the solidifying shell to pass through the region in which the dissimilar
material-filled portions 22 are disposed is at least 4 seconds. In a continuous thin-slab casting machine, since the strand
withdrawal speed is high, the distance R is large, and the range in the strand withdrawal direction A in which the dissimilar
material-filled portions 22 are disposed is large, so that the processing cost of the mold may be high. Even in this case,
when the amount of time required for the solidifying shell to pass through the dissimilar material-filled portions 22 is at
least 1 second, the effect of the periodic change in the heat flux corresponding to the amount of time can be obtained.
[0032] No particular limitation is imposed on the upper end of the region in which the dissimilar material-filled portions
22 are formed so long as the upper end is located above the meniscus M. Therefore, the distance Q is any value larger
than zero. However, since the meniscus M fluctuates vertically during casting, it is preferable that the dissimilar material-
filled portions 22 are formed up to a position about 10 mm above the meniscus M such that the upper end of the region
of the dissimilar material-filled portions 22 is always located above the meniscus M. Preferably, the upper end of this
region is located up to about 20 mm above the meniscus M. The position of the meniscus M is generally 60 to 150 mm
below the upper ends of the mold long sides 2, and the region in which the dissimilar material-filled portions 22 are
formed is determined accordingly.

[0033] In the continuous steel casting process, since the high-temperature molten steel is poured into the inner space
of the mold, the temperature of the mold plates increases. Therefore, the cooling water channels are formed in the mold
plates formed in the mold long sides and the mold short sides, and cooling water is caused to pass through the cooling
water channels to cool the mold plates. The form of the mold is thereby maintained. However, since the thermal expansion
coefficient of the dissimilar material-filled portions 22 differs from the thermal expansion coefficient of the mold plates
21, thermal stress concentrated on the boundaries therebetween may cause cracks to occur on the front surface of each
mold plate (the mold inner wall surface).

[0034] Accordingly, in the presentinvention, water stream disturbing portions that disturb a water stream and increase
the surface area of the cooling water channels are formed in portions of the cooling water channels that cool the regions
of the mold plates 21 in which the dissimilar material-filled portions 22 are formed to thereby increase the heat transfer
coefficient between the cooling water channels and the water stream in the above regions. In this manner, heat removal
from the mold plates in the regions in which the dissimilar material-filled portions 22 are formed is facilitated.

[0035] The water stream disturbing portions will be described. Fig. 3 shows the structure of a portion of the mold long
side that is surrounded by a square () in Fig. 2. In Fig. 3, (a) is a plan view showing the front surface of the mold plate,
and (b) is a plan view showing the back surface of the mold plate. (c) is a vertical cross-sectional view of the portion of
the mold long side, and (d) is a horizontal cross-sectional view of the portion of the mold long side. As shown in Figs.
3(c) and 3(d), a backup plate 23 is attached to the back side of the mold plate 21 so as to cover the cooling water
channels 31 formed in the mold plate 21.

[0036] As shown in Fig. 3(b), the cooling water channels 31 are formed on the back surface of the mold plate 21. The
cooling water channels 31 are formed from a plurality of vertically elongated grooves extending in the strand withdrawal
direction A, and the plurality of grooves are arranged in the mold width direction B. Since the grooves have the vertically
elongated shape, the linear flow rate in the cooling water channels 31 can be easily increased even when the amount
of water supplied to the cooling water channels 31 is small. Moreover, the temperature of the water stream can be easily
maintained low, and the mold plate 21 can be cooled efficiently.

[0037] In the mold 1 for continuous casting according to the present invention, the water stream disturbing portions
that disturb the water stream are formed in the cooling water channels 31 on the back surface of the mold plate 21 so
as to correspond to the region in which the dissimilar material-filled portions 22 are formed. For example, as shown in
Figs. 3(b) to 3(d), the water stream disturbing portions may be formed from protrusions 32 disposed so as to extend in
the mold width direction B of the cooling water channels 31 and the thickness direction of the cooling water channels
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31. Specifically, the protrusions 32 are disposed so as to spread in the mold width direction B of the cooling water
channels 31 and the thickness direction of the cooling water channels 31 such that the channel areas of the cooling
water channels 31 are reduced to form obstacles to the water stream flowing through the cooling water channels 31.
[0038] To further disturb the water stream in the cooling water channels and further increase the surface area of the
cooling water channels 31, it is preferable that a plurality of protrusions 32 are disposed in each of the cooling water
channels 31 so as to be arranged in the direction of the flow of the water stream (the direction opposite to the strand
withdrawal direction A). The protrusions 32 can be disposed by fitting them into grooves (not shown) formed in the
cooling water channels 31, joining them to the mold plate 21 by welding, or bonding them to the mold plate 21 using an
adhesive.

[0039] The water stream flowing through the cooling water channels 31 collides with the protrusions 32 and is disturbed.
In this case, the degree of turbulence of the water stream in the regions in which the protrusions 32 are disposed
increases, and the thickness of the boundary layer of the water stream (turbulence) in contact with the cooling water
channels 31 decreases. Therefore, the heat transfer coefficient from the cooling water channels 31 to the water stream
increases, so that the mold plate 21 in the region in which the dissimilar material-filled portions 22 are formed can be
effectively cooled. Moreover, since the protrusions 32 increase the surface area of the cooling water in contact with the
mold plate 21, the mold plate 21 in the region in which the dissimilar material-filled portions 22 are formed can be cooled
more effectively.

[0040] Preferably, the protrusions 32 have a length in the mold width direction B equal to or more than 1/3 of the width
of the cooling water channels 31 (the width in the mold width direction) and equal to or less than this width in the mold
width direction. Preferably, the height (length) of the protrusions 32 in the thickness direction of the cooling water channels
31 is equal to or more than 1 mm from the back surface of the mold plate 21 (the bottoms of the cooling water channels
31) and equal to or less than 1/2 of the thickness w of the cooling water channels 31. In Fig. 3, the protrusions 32 are
formed on the back surface of the mold plate 21 at positions corresponding to the region in which the dissimilar material-
filled portions 22 are formed. However, the protrusions 32 may be provided in the cooling water channels 31 in portions
extending from the upper end of the mold plate 21 to the lower end. In the example shown in Fig. 3, the protrusions 32
are formed so as to cover the entire cooling water channels 31 in the mold width direction.

[0041] The degree of turbulence of the water stream flowing through the cooling water channels 31 or whether the
water stream is a laminar flow can be determined using the well-known Reynolds number Re as an indicator. Generally,
the Reynolds number Re can be computed using the density (kg/m3) of the water stream, the linear velocity (m/s) of the
water stream, a characteristic length (m) such as the distance through which the water stream flows, and the viscosity
coefficient (Paxs) of the water stream. In the mold for continuous casting according to the presentinvention, the Reynolds
number Re may be computed using the thickness w of the cooling water channels 31 with no protrusions 32 (see Fig.
3(c)) as "the characteristic length (m)." When the cooling water is supplied to the cooling water channels 31 under the
conditions that the Reynolds number Re computed on the assumption that no protrusions 32 are provided exceeds
2300, the thickness of the cooling water channels 31 in the regions in which the protrusions 32 are formed is small due
to the presence of the protrusions 32, and the water stream impinging on the protrusions 32 can be considered to form
turbulence.

[0042] Inthe mold for continuous casting according to the present invention, it is preferable that the dissimilar material-
filled portions 22 and the cooling water channels 31 are formed in each mold plate 21 such that at least one of the
conditions of the following formulas (1) to (3) is satisfied.

d < P <S8 (1)
e <L < 1000xVc/f (2)
F <L (3)

Here, symbols in formulas (1) to (3) are as follows:

d: the width (mm) of each dissimilar material-filled portion in the mold width direction.

P: the separation distance (mm), in the mold width direction, between adjacent dissimilar material-filled portions of
the plurality of dissimilar material-filled portions.

S: the separation distance (mm), in the mold width direction, between adjacent cooling water channels of the plurality
of cooling water channels formed on the back surface of the mold plate.
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e: the width (mm) of each dissimilar material-filled portion in the strand withdrawal direction.

L:the separation distance (mm), in the strand withdrawal direction, between adjacent dissimilar material-filled portions
of the plurality of dissimilar material-filled portions.

Vc: the strand withdrawal speed (m/min) in the continuous steel casting process.

f: the oscillation frequency (1/min) of the mold for continuous casting in the continuous steel casting process.

F: the separation distance (mm), in the strand withdrawal direction, between adjacent protrusions of the plurality of
protrusions disposed in each cooling water channel.

[0043] The "separation distance" between two adjacent portions is their center-to-center distance in the strand with-
drawal direction A or the mold width direction B (see Fig. 3).

[0044] Inthe mold for continuous casting according to the present invention, it is preferable that the dissimilar material-
filled portions 22 are formed on the mold plates 21 so as to satisfy the condition of formula (4) below.

0.5 <t <d (4)

In formula (4), t: the filling depth (mm) of the dissimilar material in each dissimilar material-filled portion, and d: the width
(mm) of each dissimilar material-filled portion in the mold width direction.

[0045] In the mold for continuous casting, the cooling water channels 31 are formed on the back surface of each mold
plate 21. Therefore, portions of the mold plate 21 that are close to the cooling water channels 31 are cooled to a greater
extent than portions far from the cooling water channels 31, so that the degree of cooling of the front surface of the mold
plate 21 tends to be non-uniform. To reduce the influence of cooling by the cooling water channels 31 on the periodic
increase and decrease in the thermal resistance by the dissimilar material-filled portions 22, it is preferable that formula
(1) is satisfied. Specifically, it is preferable that the separation distance P of the dissimilar material-filled portions 22 in
the mold width direction B is equal to or more than the width d of the dissimilar material-filled portions 22 and equal to
or less than the separation distance S of the cooling water channels 31 (see Fig. 3(d)).

[0046] Since each mold plate 21 is cooled by the cooling water flowing through the cooling water channels 31 on the
back surface of the mold plate 21, heat is removed from the mold plate 21 radially through the cooling water channels
31. Therefore, on the front surface of the mold plate 21, portions close to the cooling water channels 31 are cooled
differently from portions far from the cooling water channels 31. To more effectively obtain the effect of reducing the
stress generated by transformation from & iron to y iron and the thermal stress by the periodic increase and decrease
in the thermal resistance by the dissimilar material-filled portions 22, it is preferable that the heat flux varies with a period
smaller than the separation distance S of the cooling water channels 31. Therefore, it is preferable that formula (1) is
satisfied, i.e., the separation distance P of the dissimilar material-filled portions 22 in the mold width direction B is equal
to or less than the separation distance S of the cooling water channels 31, and it is preferable that the width d of the
dissimilar material-filled portions 22 is less than the separation distance P.

[0047] The width d of the dissimilar material-filled portions 22 is preferably 2 to 20 mm. When the dissimilar material-
filled portions 22 have a quasi-circular shape, an equivalent circle diameter determined from formula (6) below may be
used as the width d.

Equivalent circle diameter = (4xS/m)1/2 (6)

In formula (6), S is the area (mm2) of each dissimilar material-filled portion 22.

[0048] When the width d or the equivalent circle diameter is 2 mm or more, the circular or quasi-circular recesses can
be easily filled with the dissimilar material using the plating means or the thermal spraying means. When the width d or
the equivalent circle diameter is 20 mm or less, a reduction in heat flux in the dissimilar material-filled portions 22 is
prevented, i.e., a delay in solidification in the dissimilar material-filled portions 22 is prevented. Therefore, concentration
of stress on the solidifying shell at these portions is prevented, and the occurrence of surface cracking in the solidifying
shell can be easily prevented.

[0049] Generally, in the continuous steel casting method, the mold is oscillated when the molten steel is poured into
the mold while a mold powder is added to the top surface of the molten steel in order to prevent sticking of the molten
steel to the mold. It is known that periodic oscillation marks caused by the oscillations are formed on the surface of the
strand in the strand withdrawal direction A, and the thickness of the stand tends to vary periodically in the strand withdrawal
direction A.

[0050] When the width e (mm) of the dissimilar material-filled portions 22, the separation distance L (mm) between
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adjacent dissimilar material-filled portions 22, the strand withdrawal speed Vc (m/min), and the oscillation frequency f
(1/min) of the mold satisfy formula (2), transverse cracks in the strand can be prevented. Specifically, when the width e
of the dissimilar material-filled portions 22 in the strand withdrawal direction A is smaller than the length (spacing) of
one cycle of the increase and decrease in the thickness of the strand in the strand withdrawal direction A caused by the
oscillation marks, transverse cracks in the strand can be prevented.

[0051] The separation distance F between adjacent protrusions 32 and the separation distance L between adjacent
dissimilar material-filled portions 22 in the strand withdrawal direction A may satisfy formula (3). This means that the
protrusions 32 are formed at positions corresponding to portions between dissimilar material-filled portions 22 adjacent
in the strand withdrawal direction A. In this case, the surface areas of the cooling water channels in these portions
increase by the surface area of the protrusions, and the water stream tends to form turbulence in the cooling water
channels. Therefore, heat can be removed from the mold plate 21 more effectively.

[0052] Preferably, the filling thickness t of the dissimilar material is from 0.5 mm to d mm inclusive in order to satisfy
formula (4). If the filling thickness t of the dissimilar material-filled portions 22 (see Fig. 3(d)) is less than 0.5 mm, the
amount of variation in heat flux in the dissimilar material-filled portions 22 may be insufficient. If the filling thickness t is
excessively large, itis difficult to fill the recesses with the dissimilar material. Therefore, the filling thickness t is preferably
equal to or less than the width d (mm) of the dissimilar material-filled portions in the mold width direction. Preferably,
the filling thickness t is at most 10 mm. This is because, if the filling thickness t exceeds 10 mm, it is difficult to fill the
recesses with the dissimilar material.

[0053] As shown in Fig. 4, a plurality of protrusions 42 may be arranged in a staggered configuration in each cooling
water channel 31. In this case, as in the case of Fig. 3, the water stream in the cooling water channels 31 in which the
protrusions 42 are disposed tends to form turbulence. When the protrusions 42 are ellipsoids having a shape formed,
for example, by cutting a rugby ball into halves, the degree of turbulence of the water stream is high, and the heat transfer
coefficient between the water stream and the mold plates 21 increases, so that the regions of the mold plate 21 in which
the dissimilar material-filled portions 22 are formed can be effectively cooled. The "staggered configuration" means that
a group of protrusions 42 arranged in the mold width direction B are disposed in positions shifted by one half of the
widthwise spacing of the group of the protrusions 42 relative to an adjacent group of protrusions 42 disposed above
and/or below the above group in the strand withdrawal direction A and arranged in the mold width direction B. In the
present description, even when the number of protrusions 42 arranged in the mold width direction B is one, the term
"group" is used.

[0054] In Fig. 3, the protrusions 32 are disposed on the mold plate 21 side of the cooling water channels 31, i.e., on
the bottom side of the cooling water channels 31. However, the protrusions 32 may be disposed on the backup plate
23 sides of the cooling water channels 31. In this case, although the surface area of each mold plate 21 facing the cooling
water is smaller, the water stream still tends to form turbulence in the cooling water channels. Therefore, heat can be
removed from the mold plate 21 more effectively, and the effects of the invention can be sufficiently obtained.

[0055] As shown in Fig. 5, a plating layer 51 may be formed on the front surface of each mold plate 21 so as to cover
the dissimilar material-filled portions 22. In this manner, wear by the solidifying shell and surface cracking in the mold
due to thermal history can be prevented. The plating layer 51 can be formed by plating treatment or thermal spraying
treatment using commonly used nickel or an alloy containing nickel such as a nickel-cobalt alloy (Ni-Co alloy) or a nickel-
chromium alloy (Ni-Cr alloy).

[0056] Continuous steel casting for casting a slab may be performed using the mold for continuous casting described
above. Specifically, the cooling water is supplied to the mold for continuous casting such that the water stream forms
turbulence in the positions in the cooling water channels in which the water stream disturbing portions are formed. In
this case, particularly when the molten steel is medium carbon steel, surface cracking in the strand can be effectively
prevented, and the continuous casting operation can be performed for a long time using the same mold.

EXAMPLE 1

[0057] A mold for continuous casting in which the dissimilar material-filled portions described in Fig. 2 were formed
on the mold inner wall surface but the protrusions 32 shown in Figs. 3(b) to 3(d) were not formed in the cooling water
channels was prepared. This mold was used to perform a continuous steel casting operation (comparative example).
In the prepared mold for continuous casting, the length of the mold long sides was 2.1 m, and the length of the mold
short sides was 0.22 m. The mold had a rectangular inner space. The mold plates formed in the mold long sides and
the mold short sides were produced using a copper alloy having a thermal conductivity at room temperature of about
380 (W/(mXxK)).

[0058] The steel subjected to continuous casting was medium carbon steel containing chemical components including
C: 0.08 to 0.17% by mass, Si: 0.10 to 0.30% by mass, Mn: 0.50 to 1.20% by mass, P: 0.010 to 0.030% by mass, S:
0.005 to 0.015% by mass, and Al: 0.020 to 0.040% by mass, with the balance being Fe and unavoidable impurities. The
mass of the molten steel per charge was 300 tons. In the comparative example, while the molten medium carbon steel
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was poured into the prepared mold, the mold was oscillated in the strand withdrawal direction and cooled to form a
solidifying shell. The solidifying shell was withdrawn to casta slab. The strand withdrawal speed Vc was set to 2.0 (m/min).
[0059] During the continuous casting operation, a mold powder was added to the molten steel in the oscillating mold
to prevent sticking of the molten steel to the mold. The mold powder used had a basicity ((% by mass CaO)/(% by mass
Si0,)) of 1.1, a melting temperature of 1210°C, and a viscosity at 1300°C or 0.15 PaXs.

[0060] Inthecontinuous casting operation, it was aimed to perform 3000 charges of continuous casting without replacing
the mold. After every 100 casting charges, the presence of surface cracking in the mold long sides was checked. Whether
cracks were present on the front surfaces of the mold long sides was visually checked. When cracks were found, the
continuous casting operation was stopped. For each continuous casting charge, the presence of the surface cracking
in the slab was checked. The presence of surface cracking in the slab was checked by visually observing the surface
of the slab subjected to a liquid penetrant test (color check) to examine the presence of longitudinal cracks in the strand
withdrawal direction and the presence of transverse cracks in the strand width direction.

[0061] In the mold in the comparative example, a plurality of circular recesses were formed in the mold plates formed
in the mold long sides. The recesses were filled with a nickel alloy (thermal conductivity at room temperature: 80
(W/(mxK))) serving as the dissimilar material using plating means to thereby form dissimilar material-filled portions. The
plating layer 51 shown in Fig. 5 was provided on the mold inner wall surface. The same nickel alloy as the dissimilar
material was used as the material of the plating layer 51.

[0062] A mold for continuous casting having the dissimilar material-filled portions 22 formed on the front surfaces of
the mold plates 21 as shown in Fig. 2 and the protrusions 32 formed in the cooling water channels as shown in Fig. 3
was prepared. This mold was used to perform a continuous steel casting operation (Inventive Example 1). In Inventive
Example 1, the filling depth t of the dissimilar material was 1 mm, and the dissimilar material-filled portions 22 and the
protrusions 32 were disposed so as to satisfy formulas (1), (2), and (3) .

[0063] In the mold in Inventive Example 1, as in the comparative example, the plating layer 51 was provided, and the
nickel alloy was used as the material of the plating layer 51, as in the comparative example. In Inventive Example 1, the
continuous steel casting operation was performed under the same conditions as those in the comparative example
except for the continuous casting mold used. For example, the rate of supply of the cooling water to the mold in the
comparative example was such that the Reynolds number Re of the water stream in the cooling water channels in the
mold with no protrusions formed was in a turbulent range. In Inventive Example 1 also, the cooling water was supplied
to the mold such that the rate of supply of the cooling water was the same as that in the comparative example.

[0064] In Inventive Example 1, it was aimed to perform 3000 charges of continuous casting without replacing the mold.
After every 100 casting charges, the presence of surface cracking in the mold long sides was checked, as in the
comparative example. When cracks were found on the front surfaces of the mold long sides, the continuous casting
operation was stopped. For each continuous casting charge, the presence of the surface cracking in the slab was checked.
[0065] In the comparative example, surface cracking was found in the mold plates formed in the mold long sides after
completion of the 2400th casting charge. However, in Inventive Example 1, no surface cracking occurred in the mold
plates formed in the mold long sides even after completion of the 3000th casting charge. Specifically, in Inventive Example
1, the continuous casting could be performed the target number of times without causing surface cracking in the mold
plates formed in the mold long sides.

[0066] As for the service life of the mold, in the comparative example, surface cracking was found in the mold plates
formedin the mold long sides by inspection performed after completion of the 2400th continuous casting charge. However,
in Inventive Example 1, 3000 charges of continuous casting, which is the target number of charge times, could be
performed without replacing the mold, and the service life of the mold could be improved as compared with the mold in
the comparative example. This may be because the protrusions 32 (water stream disturbing portions) allow the water
stream to form a more highly turbulent flow than that in the comparative example and increase the surface areas of the
cooling water channels to cool the mold more efficiently.

[0067] Whether surface cracking occurred in the slabs in the comparative example and Inventive Example 1 was
checked. However, no surface cracking was found in both the cases. In both the molds, the occurrence of surface
cracking in the slab could be prevented. This may be because the dissimilar material-filled portions can effectively prevent
surface cracking due to unevenness in thickness of the solidifying shell caused by transformation from & iron to y iron
that occurs during casting of medium carbon steel.

EXAMPLE 2

[0068] Continuous steel casting operations were performed by the same method as that in Example 1 above (Inventive
Examples 2to 21). In Example 2, the number of casting charges in each Inventive Example was 5. In Inventive Examples
2 to 21, the width d (mm) of the dissimilar material-filled portions 22 shown in Fig. 3 in the mold width direction, the
separation distance P(mm) of the dissimilar material-filled portions 22 in the mold width direction, the width e (mm) of
the dissimilar material-filled portions 22 in the strand withdrawal direction A, etc. were changed, and the oscillation
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frequency (1/min) and the strand withdrawal speed, V¢ (m/min), were also changed.

[0069] Each of the operations performed includes 5 charges of continuous casting. In each of the molds used, ther-
mocouples were embedded in a plurality of dissimilar material-filled portions 22 in the vicinity of the meniscus M and
midpoints between adjacent dissimilar material-filled portions 22, and the temperatures at these points were measured
by the thermocouples. The temperatures were measured at one second intervals, and the temperature data was recorded.
The distance between the molten steel-side surface of each mold plate 21 and the points at which the temperatures
were measured using the thermocouples was 15 mm. The surface temperatures of the mold plates 21 were computed
based on a heat transfer model using the measured temperature data.

[0070] Inthe Inventive Examples except for Inventive Example 19, the protrusions 32 were disposed on the mold plate
21 side of the cooling water channels 31 as shown in Fig. 3. However, in Inventive Example 19, the protrusions 32 were
disposed on the backup plate 23 side of the cooling water channels 31.

[0071] The widthd, the separation distance P (mm), etc., and the computed temperature in each of Inventive Examples
2 to 21 are shown in Table 1.
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[0072] In Table 1, items for formulas (1) to (3) are provided. "O" placed in any of the items for formulas (1) to (3) means
that the condition for the item for the formula is satisfied, and " X" placed in any of the items for formulas (1) to (3) means
that the condition is not satisfied.

[0073] The average surface temperature of the mold plate 21 was computed based on a heat transfer model using
the temperature data measured at the plurality of dissimilar material-filled portions 22 and the plurality of midpoints.
Then the average temperatures in the 5 charges of continuous casting were averaged by the number of data samples
obtained during a steady operation period, and the computed value was placed in Table 1 as "meniscus position tem-
perature." Moreover, the maximum value of the absolute values of the differences between the "meniscus position
temperature" and the surface temperatures of the mold plate 21 computed similarly from the temperature data measured
at the plurality of dissimilar material-filled portions 22 and the plurality of midpoints during the steady operation period
in the 5 charges of continuous casting was placed in Table 1 as "maximum temperature variation."

[0074] The lower the "meniscus position temperature" in Table 1, the cooler the front surface of the mold plate at the
position of the meniscus M. The smaller the "maximum temperature variation," the smaller the unevenness in cooling
in the mold width direction at the position of the meniscus M.

[0075] In Example 2 also, surface cracking in slabs was checked for each continuous casting charge. Ten slabs can
be produced per continuous casting charge, and 5 charges of continuous casting were performed in each Inventive
Example, so that 50 slabs were produced in one Inventive Example. A liquid penetrant test was performed on all the
slab, and the surfaces of the slabs subjected to the liquid penetrant test were visually inspected to check the presence
of surface cracking in each slab. When transverse cracks and/or longitudinal cracks were found on the surfaces of slabs,
the number of such slabs was counted. The percentage of the total number of slabs having the longitudinal cracks found
relative to the total number of slabs (= 50) and the percentage of the total number of slabs having the transverse cracks
are shown in Table 1 as the "rate of occurrence of longitudinal cracks" (%) and the "rate of occurrence of transverse
cracks" (%), respectively. Even when the ratios of occurrence of the cracks are not zero (= 0), there is no practical
problem when the ratios of occurrence of the cracks are 15% or less because, even when very fine cracks were found
visually in a slab, this slab was included in the count.

[0076] When the meniscus position temperature was 300°C or lower and the maximum temperature variation was
40°C or lower, it can be said that substantially stable cooling was performed. Moreover, when the dissimilar material-
filled portions are formed on the surface of the mold, surface cracking in the slabs can be prevented in most cases.
[0077] In Inventive Examples 2 to 12 in which formulas (1) to (3) are satisfied, surface cracking could be prevented
in all the slabs obtained in one continuous casting operation. In each mold, the meniscus position temperature was
300°C or lower, and the maximum temperature variation was 40°C or lower. Therefore, it was found that the mold could
be cooled more effectively.

[0078] InInventive Examples 13 to 16, formula (3) is satisfied, and the cooling was performed substantially effectively.
However, since formula (1) and/or formula (2) is not satisfied, longitudinal cracks and/or transverse cracks occurred in
some of the 50 slabs.

[0079] In Inventive Example 17, formulas (1) and (2) are satisfied. Therefore, no surface cracking occurred in all the
slabs. However, since formula (3) is not satisfied, the meniscus position temperature was higher than 300°C, and the
cooling effect was poorer than that in Inventive Example 3 etc. In Inventive Example 18, the maximum temperature
variation was 22°C, and the unevenness in cooling in the mold width direction was smaller than that in Inventive Example
3. However, the meniscus position temperature was higher than that in Inventive Example 3, and cooling of the meniscus
was poorer than that in Inventive Example 3. In Inventive Example 18, the filling depth t was less than 0.5. Therefore,
the periodic variation in thermal resistance was smaller than that in the other Inventive Examples. Although formula (1)
is satisfied, longitudinal cracks occurred.

[0080] In Inventive Example 19, the continuous steel casting was performed under the same conditions as those in
Inventive Example 5 except that the protrusions 32 were disposed on the backup plate 23 side. In Inventive Example
19, as in Inventive Example 5, the rates of occurrence of surface cracking in the slabs were zero. However, the meniscus
position temperature was slightly higher than that in Inventive Example 5. This may be because, since the protrusions
32 are disposed on the backup plate 23 side, the surface area of each mold plate 21 facing the cooling water channels
31 is smaller than that in Inventive Example 5.

[0081] In Inventive Example 20 in which formula (3) is satisfied, the maximum temperature variation was smaller than
that in Inventive Example 3. However, in Inventive Example 20, the meniscus position temperature was higher than that
in Inventive Example 3. The high meniscus position temperature means that the temperature at any position in the mold
width direction is high, and this may be the reason that the maximum temperature variation (the difference between the
average temperature and the highest temperature or the lowest temperature) is small. In Inventive Example 21, formula
(3) is not satisfied. Therefore, the meniscus position temperature was higher than 300°C, and the maximum temperature
variation was higher than 40°C.

[0082] As can be seen from the above results, the present invention can prevent the occurrence of surface cracking
in a medium carbon steel slab and effectively reduce the temperature of the mold plates in the vicinity of the meniscus
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in which the dissimilar material-filled portions are formed. With the present invention, the service life of the mold having
the dissimilar material-filled portions formed therein can be extended.

Reference Signs List

[0083]

1 mold for continuous casting

2 mold long side

3 mold short side

4 molten steel

5 submerged nozzle

21  mold plate

22 dissimilar material-filled portions (circular)
23  backup plate

31 cooling water channel

32  protrusion (water stream disturbing portion)
42  protrusion (water stream disturbing portion)
51  plating layer

Claims

1. A mold for continuous steel casting comprising:

a mold plate made of a copper alloy and having a front surface forming an inner wall surface of the mold and
a back surface on which a cooling water channel is formed; and

a backup plate attached to the mold plate so as to cover the cooling water channel,

wherein a dissimilar material-filled portion filled with a dissimilar material having a thermal conductivity different
from the thermal conductivity of the mold plate is formed in a recessed portion that is formed on the front surface
of the mold plate and located in a region including at least a meniscus, and

wherein a water stream disturbing portion is formed in the cooling water channel on the back surface of the
mold plate, the water stream disturbing portion disturbing a water stream and increasing the surface area of
the cooling water channel, the water stream disturbing portion being formed in a region corresponding to the
region in which the dissimilar material-filled portion is formed.

The mold for continuous steel casting according to claim 1, wherein the water stream disturbing portion includes a
plurality of protrusions that are arranged in a flow direction of the water stream and extend in a mold width direction
of the cooling water channel and a thickness direction of the cooling water channel.

The mold for continuous steel casting according to claim 1, wherein the water stream disturbing portion includes a
plurality of protrusions arranged in the cooling water channel in a staggered manner.

The mold for continuous steel casting according to any one of claims 1 to 3, wherein a plurality of the dissimilar
material-filled portions are formed and include a plurality of circular recesses or quasi-circular recesses, and
wherein the plurality of dissimilar material-filled portions are formed such that, in an area extending from an upper
end of the region in which the plurality of dissimilar material-filled portions are formed to an lower end thereof on
the front surface of the mold plate, a heat flux from the inner wall surface of the mold toward the cooling water
channel varies periodically on the inner wall surface of the mold.

The mold for continuous steel casting according to claim 4, wherein the dissimilar material-filled portions and the
cooling water channel are formed so as to satisfy at least one of the conditions of the following formulas (1) to (3) :

d <P <£S, (1)

e £ L € 1000xvVc/T, (2)
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F <1, (3)

where symbols in formulas (1) to (3) are as follows:

d: a width (mm) of each dissimilar material-filled portion in a mold width direction,

P: a separation distance (mm), in the mold width direction, between adjacent dissimilar material-filled portions
of the plurality of dissimilar material-filled portions,

S: aseparation distance (mm), in the mold width direction, between adjacent cooling water channels of a plurality
of the cooling water channels formed on the back surface of the mold plate,

e: a width (mm) of each dissimilar material-filled portion in a strand withdrawal direction,

L: a separation distance (mm), in the strand withdrawal direction, between adjacent dissimilar material-filled
portions of the plurality of dissimilar material-filled portions,

Vc: a strand withdrawal speed (m/min) in a continuous steel casting process,

f: an oscillation frequency (1/min) of the mold for continuous casting in the continuous steel casting process, and
F: a separation distance (mm), in the strand withdrawal direction, between adjacent protrusions of a plurality of
protrusions disposed in each cooling water channel.

The mold for continuous steel casting according to claim 4 or 5, wherein the dissimilar material-filled portions are
formed so as to satisfy the condition of formula (4) below:

0.5 <t <4, (4)

where symbols in formula (4) are as follows:

t: a filling depth (mm) of the dissimilar material in each dissimilar material-filled portion, and
d: a width (mm) of each dissimilar material-filled portion in a mold width direction.

The mold for continuous steel casting according to any one of claims 1 to 6, wherein a plating layer is formed on
the front surface of the mold plate so as to cover the dissimilar material-filled portion.

A continuous steel casting method that uses the mold for continuous steel casting according to any one of claims

1 to 7, the method comprising supplying cooling water to the mold for continuous casting such that the water stream
is turbulent in a position in which the water stream disturbing portion is formed in the cooling water channel.
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