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(54) MOLTEN MATERIAL PROCESSING DEVICE

(57) Provided is a molten material processing device
including a container which includes a molten material
accommodation space formed therein, a molten material
inlet part disposed at one side thereof, and a molten ma-
terial outlet formed at the other side thereof, and a dam
which is positioned between the molten material inlet part
and the molten material outlet so that one surface thereof
directly faces the molten material inlet part, is mounted
on a bottom of the container and connected to two lon-

gitudinal direction side walls. The dam is mounted on a
drop area of a molten material formed below the molten
material inlet part and has a top surface positioned in an
upper portion of the molten material. The molten material
processing device is capable of increasing an area that
an upward flow reaches to reduce a dead volume of the
molten material, thereby improving inclusion removal ca-
pacity.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a molten ma-
terial processing device and, more particularly, to a mol-
ten material processing device in which a dead volume
is reduced to improve inclusion removal capacity.

BACKGROUND ART

[0002] Continuous casting apparatuses generally in-
clude a ladle for conveying molten steel, a tundish for
receiving the molten steel from the ladle and temporarily
storing the molten steel, a mold for primarily solidifying
the molten steel into a slab while continuously receiving
the molten steel from the tundish, and a cooling zone for
secondarily cooling the slab continuously drawn from the
mold and performing a series of forming operations.
[0003] When performing a continuous casting process
for casting slabs using such a continuous casting appa-
ratus, it is important to retain the molten steel within the
tundish for a sufficient period of time. For example, when
the molten steel is retained within the tundish for a suffi-
cient period of time, inclusions may be smoothly floated
and separated from the molten steel. To retain the molten
steel within the tundish for the sufficient period of time,
an upward flow of the molten steel within the tundish has
to be actively induced.
[0004] Patent Document 1 below proposes a method
for constructing a plurality of refractory dams such as a
dam, an auxiliary dam, and an induction dam within a
tundish and then injecting an argon gas into molten steel
through the auxiliary dam, thereby actively inducing an
upward flow, rather than using a method for controlling
a flow of molten steel utilizing a dam and a weir. Also,
Patent Document 2 proposes a method for mounting an
impact pad and a separation wall on a lower side of a
shroud nozzle and allowing the molten steel to collide
with the impact pad and to pass through a space between
the separation wall and the impact pad, thereby actively
inducing an upward flow of the molten steel.
[0005] However, in the methods proposed in Patent
Documents 1 and 2, additional manufacturing costs are
required to construct a plurality of dams within the
tundish, and installation becomes complicated. Also,
there is an increase in dead volume in which a flow rate
of the molten steel is extremely low in bottom surfaces
of the plurality of refractory dams and the separation wall
(the surfaces toward a steel tapping hole of the tundish),
and regions away from the impact pad.
[0006] Particularly, when the dead volume of the mol-
ten steel within the tundish increases, the degree to which
the molten steel is retained within the dead volume be-
comes inappropriate, and the residence time of the mol-
ten steel may become excessively long. That is, when
the dead volume of the molten steel within the tundish
increases, the appropriate residence time of the molten

steel within the tundish is not ensured. Also, when inclu-
sions enter the dead volume, the inclusions are retained
in a center of the dead volume due to a low flow rate of
the molten steel, which prevents the inclusions from be-
ing floated and separated from the molten steel. The in-
clusions flow in a mold and cause inclusion-related qual-
ity failure in the slab.
[0007] Thus, in addition to ensure the sufficient resi-
dence time of the molten steel to float and separate in-
clusions that are present in the molten steel, it is also
important to ensure the appropriate residence time of the
molten steel. Also, it is important to reduce the size of
the dead volume. That is, it is critical to reduce the size
of the dead volume while retaining the molten steel within
the tundish for the sufficient but appropriate period of
time. To this end, the occurrence of the dead volume has
to be minimized while actively inducing the upward flow
of the molten steel within the tundish.
[0008] The background art of the invention is disclosed
in the following patent documents.

(Patent Document 1) KR10-2014-0085127 A
(Patent Document 2) KR10-1602301 B1

DISCLOSURE OF THE INVENTION

TECHNICAL PROBLEM

[0009] The present invention provides a molten mate-
rial processing device capable of ensuring a sufficient
and appropriate residence time of a molten material ac-
commodated in a container.
[0010] The present invention provides a molten mate-
rial processing device capable of reducing a dead volume
of a molten material to improve inclusion removal capac-
ity.
[0011] The present invention provides a molten mate-
rial processing device capable of widely distributing an
upward flow that reaches a top surface of a molten ma-
terial.

TECHNICAL SOLUTION

[0012] A molten material processing device according
to an embodiments of the Invention includes: a container
which includes a molten material accommodation space
formed therein, a molten material inlet part disposed at
one side thereof, and a molten material outlet formed at
the other side thereof; and a dam which is positioned
between the molten material inlet part and the molten
material outlet so that one surface thereof directly faces
the molten material inlet part, and which is mounted on
a bottom of the container and connected to two longitu-
dinal direction side walls, wherein the dam is mounted
on a drop area of a molten material formed below the
molten material inlet part and has a top surface positioned
in an upper portion of the molten material.
[0013] The dam may be mounted on an edge portion
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of the drop area.
[0014] The other surface of the dam directly may face
a width direction side wall on the molten material outlet
side.
[0015] A size of the drop area may be proportional to
an inner diameter of the molten material inlet part, and a
distance between the one surface of the dam and the
molten material inlet part may be proportional to the size
of the drop area.
[0016] A distance between the one surface of the dam
and the molten material inlet part may be in a range of
2.5 to 5 times an inner diameter of the molten material
inlet part.
[0017] A height of the top surface of the dam may be
in a range of 0.5 to 0.75 times a melt height of the molten
material.
[0018] The molten material processing device may fur-
ther include a through-hole formed in the dam.
[0019] The through-hole may be formed in a lower por-
tion of the dam, defined in a direction from the one side
toward the other side, and have an inner wall directly
connected to the bottom.

ADVANTAGEOUS EFFECTS

[0020] According to the embodiment, the dam is
mounted on the bottom of the container so as to be po-
sitioned on the edge of the pouring zone of the molten
material, and the height of the top surface of the dam
may be optimized, thereby optimizing the flow field of the
molten material. Through this, the sufficient and appro-
priate residence time of the molten material accommo-
dated in the container may be ensured, and the dead
volume of the molten material may be reduced to improve
the inclusion removal capacity. Also, the strong flow of
the molten steel within the pouring zone is directed to the
top surface of the molten material to form the upward
flow, thereby widely distributing the upward flow that
reaches the top surface of the molten material and further
improving the inclusion removal capacity.
[0021] Thus, the inclusion in the molten material may
be smoothly floated and separated to improve the clean-
ness of molten material, thereby improving the quality of
the product made of the molten material.
[0022] Also, the additional structure for reducing the
flow rate of the molten material within the container may
not be necessarily mounted, and the size and the number
of the refractory structures mounted within the container
may be minimized and optimized to simplify the structure.
Therefore, the manufacturing costs may be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023]

FIG. 1 is a view illustrating modeling structures for
flow evaluation of molten material processing devic-
es according to an embodiment of the present inven-

tion and comparative examples.
FIG. 2 is a view showing flow evaluation results of
the molten material processing devices according to
the embodiment of the present invention and the
comparative examples.
FIG. 3 is a view showing quantitative numerical val-
ues of flow characteristics of the molten material de-
rived from the flow evaluation results according to
the embodiment of the present invention and the
comparative examples.
FIG. 4 is a view illustrating modeling structures for
flow evaluation of molten material processing devic-
es according to embodiments of the present inven-
tion and comparative examples.
FIG. 5 is a view showing quantitative numerical val-
ues of flow characteristics of the molten material de-
rived from the flow evaluation results according to
the embodiments of the present invention and the
comparative examples.
FIG. 6 is a view showing flow evaluation results ac-
cording to the embodiments of the present invention.
FIGS. 7 and 8 are schematic views of a molten ma-
terial processing device according to an embodiment
of the present invention.

MODE FOR CARRYING OUT THE INVENTION

[0024] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to the ac-
companying drawings. The present invention may, how-
ever, be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments of the present invention are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the present in-
vention to those skilled in the art. In the drawings, the
dimensions are exaggerated for clarity of illustration, and
like reference numerals refer to like elements throughout.
[0025] A molten material processing device according
to an embodiment of the present invention provides a
technical feature of reducing a dead volume of a molten
material while increasing an area that an upward flow
reaches in a top surface of the molten material, thereby
improving inclusion removal capacity. The molten mate-
rial processing device according to the embodiment of
the present invention is used in a continuous casting
process of a steel mill, and may also be used in diverse
casting processes using various molten materials. The
embodiment of the present invention will be described
with reference to the continuous casting process.
[0026] FIGS. 7 and 8 are schematic views illustrating
a molten material processing device according to the em-
bodiment of the present invention. Here, FIG. 7 is a cross-
sectional view of the molten material processing device,
and FIG. 8 is a perspective view of the molten material
processing device. Here, as illustrated in FIG. 7, one di-
rection is referred to as a direction in which one width
direction side wall 1a is spaced apart from the other width
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direction side wall 1b, and a vertical direction is referred
to as a direction in which a molten material inlet part 2
extends. Also, the other direction is referred to as a di-
rection perpendicular to both the one direction and a
height direction. For example, the other direction is a di-
rection in which a dam 3 of FIG. 8 extends. The one
direction may be referred to as a longitudinal direction,
the other direction may be referred to as a width direction,
and the vertical direction may be referred to as the height
direction.
[0027] The molten material processing device accord-
ing to the embodiment of the present invention will be
described with reference to FIGS. 7 and 8. The molten
material processing device includes a container 1 includ-
ing a molten material accommodation space formed
therein, a molten material inlet part 2 disposed at one
side thereof, and a molten material outlet 1c formed at
the other side thereof. The molten material processing
device includes a dam 3 which is positioned between the
molten material inlet part 2 and the molten material outlet
1c so that one surface thereof directly faces the molten
material inlet part 2, and which is mounted on a bottom
of the container 1 and connected to two longitudinal di-
rection side walls 1d.
[0028] Here, the dam 3 is mounted on a drop area of
a molten material formed below the molten material inlet
part 2 and has a top surface positioned in an upper portion
of the molten material.
[0029] The molten material (not shown) may include
molten steel. The molten material is stored in a convey-
ance container, for example, a ladle (not shown) and con-
veyed to the molten material processing device. The mol-
ten material may be positioned above the container 1
and connected to the molten material inlet part 2. The
molten material may be injected into the container 1 via
the molten material inlet part 2. Also, the molten material
may include various materials in addition to the molten
steel.
[0030] Here, a lower portion of the molten material is
a section ranging from the bottom of the container 1 to a
height that is less than 0.5 times the height of a melt
height of the molten material. Also, an upper portion of
the molten material is a section ranging from a height,
which is 0.5 times the melt height of the molten material,
to the melt height of the molten material. For example,
when the height of the bottom of the container 1 is zero,
and the melt height of the molten material is 1, the height
from 0 to a height that is less than 0.5 corresponds to the
lower portion of the molten material, and the height from
0.5 to 1 corresponds to the upper portion of the molten
material.
[0031] Here, the melt height of the molten material is
referred to as the height of the molten material that has
the constant height within the container 1 in a steady
state during the continuous casting process. For exam-
ple, the melt height of the molten material may be referred
to as a molten steel level or a melt level. Here, the steady
state means that a flow of the molten material within the

container 1 is in a steady state.
[0032] The molten material inlet part 2 is a refractory
nozzle through which the molten material is able to pass,
and may be a shroud nozzle. The molten material inlet
part 2 is mounted on a manipulator (not shown), and as
the manipulator rises, an opening of an upper end thereof
may be coupled to a collector nozzle (not shown) of a
conveyance container. The molten material inlet part 2
may be disposed at one side of the container 1 and
spaced apart from the bottom of the container 1. Also,
an opening of an lower end thereof may be positioned
within the container 1, and at least a portion thereof may
be immersed in the molten material.
[0033] A molten material-dropping area (hereinafter,
referred to as a drop area) is defined below the molten
material inlet part 2. The drop area is an area through
which the molten material, which has passes through the
molten material inlet part 2 and then has been injected
into the container 1, passes first. In the drop area, the
molten material, having relatively high energy after falling
from the molten material inlet part 2 and colliding with
the bottom of the container 1, may flow along the bottom
at a predetermined flow rate. Subsequently, as moving
away from the drop area, the flow rate of the molten ma-
terial gradually decreases, and the molten material hav-
ing relatively low energy may flow at a normal flow rate.
[0034] The drop area is formed on the bottom of the
container 1, and a center c thereof is vertically aligned
with a vertical central axis (not shown) passing through
a center of the molten material inlet part 2. The size of
the drop area, for example, the width in the one direction
is proportional to the inner diameter of the molten material
inlet part 2. As the inner diameter of the molten material
inlet part 2 increases, the size of the drop area also in-
creases in proportion to the inner diameter of the molten
material inlet part 2. Here, the inner diameter of the mol-
ten material inlet part 2 may be an inner diameter with
respect to the opening of the lower end of the molten
material inlet part 2, and the one direction may be a di-
rection from the molten material inlet part 2 toward the
molten material outlet 1c, as a direction in which the con-
tainer 1 extends.
[0035] A distance between an edge end of the drop
area in the one direction and the center c may be 2.5 to
5 times an inner diameter d of the molten material inlet
part 2. In the drop area, the molten material may actively
flow within a predetermined range of flow rates. The mol-
ten material in the drop area has a meaningful flow rate.
[0036] Here, the molten material has the meaningful
flow rate means that the molten material has a flow rate
enough to form an upward flow instead of descending
after colliding with the dam 3 and flooding. The flow of
the molten material in the drop area may affect the entire
flow of the molten material within the container 1, and
thus the drop area may be significantly meaningful area.
Here, the drop area may be referred to as a pouring zone.
[0037] The container 1 includes the accommodation
space formed therein, the molten material inlet part 2
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disposed at the one side thereof, and the molten material
outlet 1c formed at the other side thereof. The container
1 may include, for example, a tundish. Here, the tundish
may be a rectangular tundish that lengthily extending in
the one direction.
[0038] The container 1 may include a rectangular bot-
tom extending in the one direction and the other direction
perpendicular to the one direction, two longitudinal direc-
tion side walls 1d which respectively extend along two
long sides of edges of the bottom in the one direction and
protrude vertically, and one width direction side wall 1a
and the other width direction side wall 1b which respec-
tively extend along two short sides of the edges of the
bottom in the other direction and protrude vertically. The
molten material inlet part 2 may be disposed relatively
close to the one width direction side wall 1a, and the
molten material outlet 1c may be disposed relatively
close to the other side wall 1b. The bottom of the container
1 may have a stepped portion in which the height at the
other side is lower than the height at the one side.
[0039] A molten material accommodation space may
be formed by the bottom, the two longitudinal direction
side walls Id, the one width direction side wall 1a, and
the other width direction side wall 1b. The two longitudinal
direction side walls 1d face each other in the other direc-
tion, and the one width direction side wall 1a and the
other width direction side wall 1b face each other in the
one direction.
[0040] The molten material inlet part 2 is disposed at
one side of the bottom, and the molten material inlet part
2 may be vertically spaced apart from the one side of the
bottom and disposed in the upper portion of the container
1. Also, the molten material outlet 1c may be formed by
vertically passing through the other side of the bottom.
An outlet nozzle (not shown), for example, an immersion
nozzle is installed to pass through the molten material
outlet 1c from below the container 1, and a mold (not
shown) surrounding a lower portion of the immersion noz-
zle is disposed. An opening degree of the molten material
outlet 1c is adjusted by a slide gate (not shown) and may
discharge the molten material into the mold. In the mold,
the molten material may be solidified into a slab.
[0041] A cooling zone (not shown) may be provided
below the mold. In the cooling zone, a series of forming
operations is performed by cooling and pushing down
the slab continuously drawn from the mold. The slab that
has passes through the cooling zone is cut by a cutting
part, and then may be conveyed to rolling equipment or
various post-processing equipment according to purpos-
es.
[0042] The container 1 has functions of adjusting and
distributing a supply of the molten material to a mold (not
shown), reducing pressure due to weight of the molten
material, for example, ferrostatic pressure, and removing
an inclusion through a flow control of the molten material
to improve the cleanness. Here, a dam 4 is mounted on
the bottom of the container 1 so as to remove the inclu-
sion. The dam 4 has a function of controlling the flow of

the molten material to increase a residence time of the
molten material, thereby floating the slag and the inclu-
sion, contained in the molten material, to the top surface
of the molten material, for example, to a melt surface. As
the slag and inclusion floating to the top surface are sep-
arated from the molten material, the mixing of the inclu-
sion and the slag into the mold may be minimized.
[0043] The dam 3 is positioned between the molten
material inlet part 2 and the molten material outlet 1c so
that one surface thereof directly faces the molten material
inlet part 2, and is mounted on the bottom of the container
1, extends in the other direction, and is connected to the
facing surfaces of the two longitudinal direction side walls
1d. The dam 3 may raise the flow of the molten material,
which is supplied from the molten material inlet part 2 to
the container 1 and flows along the bottom, toward the
upper portion of the container 1.
[0044] The one surface of the dam 3 is a surface which
faces the molten material inlet part 2 and one width di-
rection side wall 1a among two side surfaces of the dam
3 extending in the width direction and the vertical direc-
tion. The other surface of the dam 3 is a surface which
faces the molten material outlet 1c and the other width
direction side wall 1b among the two side surfaces of the
dam 3 described above. Here, the one surface of the
dam 3 may be referred to as a front surface, and the other
surface of the dam 3 may be referred to as a rear surface.
[0045] The feature, in which the dam 3 is positioned
between the molten material inlet part 2 and the molten
material outlet 1c so that one surface thereof directly fac-
es the molten material inlet part 2, means that there are
no separate structures between the dam 3 and the molten
material inlet part 1. Here, the separate structures may
include various wall bodies such as weirs and auxiliary
dams, containers such as impact pads, and other various
structures having diverse shapes. That is, since a sepa-
rate structure is not mounted between the dam 3 and the
molten material inlet part 2, the one surface of the dam
3 may directly face the molten material inlet part 2. The
dam 3 is mounted to directly face the molten material
inlet part 2 and, the flow of the molten material supplied
to the drop area may be controlled by being affected di-
rectly by the dam 3 without interference. That is, after
dropping to the bottom, the molten material collides with
the dam 3 first, and thus the upward flow may be formed.
[0046] Here, since momentum of the molten material
is reduced as moving away from the drop area, the dam
3 may be mounted on the drop area so as to effectively
induce the upward flow of the molten material. Here, in
order to avoid direct collision with the molten material
that is being dropping, the dam 3 is mounted on an edge
portion of the drop area in the other direction, facing the
molten material within the drop area. At this mounting
position, the dam 3 may first come into contact with the
molten material that flows along the bottom of the con-
tainer 1 in a direction from the one side toward the other
side of the container 1. That is, at the edge portion of the
drop area, the dam 3 may be directly exposed to the
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molten material within the drop area and may come into
direct contact with the same. Here, coming into direct
contact with means that, for example, the molten material
first comes into contact with the dam 3 before the flow of
the molten material is controlled due to the collision with
a separate structure. Of course, since only the dam 3 is
provided within the drop area, the molten material within
the drop area may come into contact only with the dam
3 except for the bottom and the side walls of the container
1.
[0047] Here, the other surface of the dam 3 may directly
face the width direction side wall 1b at the molten material
outlet 1c. That is, there are also no separate structures
between the dam 3 and the molten material outlet 1c. As
described above, only one dam 3 is mounted within the
container 1, and the flow of the molten material may be
controlled by the one dam 3.
[0048] The distance between the one surface of the
dam 3 and the molten material inlet part 2 may be pro-
portional to the size of the drop area. As the size of the
drop area increases, a distance L between the one sur-
face of the dam 3 and the molten material inlet part 2
may increase. Here, the distance between the one sur-
face of the dam 3 and the molten material inlet part 2
may be in a range of 2.5 to 5 times an inner diameter d
of the molten material inlet part. Accordingly, at least one
surface of the dam 3 may be positioned on the edge
portion of the drop area. The top surface of the dam 3
may be positioned in the upper portion of the molten ma-
terial. With respect to the bottom in the vicinity of the one
side of the container 1, the height H of the top surface of
the dam 3 may be in a range of 0.5 to 0.75 times the melt
height of the molten material. When the height of the top
surface of the dam 3 is less than 0.5 times the melt height
of the molten material, a smooth upward flow may not be
formed, and it is difficult for the molten material to widely
rise to the melt surface. When exceeding 0.75 times the
melt height of the molten material, the dam 3 may prevent
the molten material from being widely spread to the melt
surface. Particularly, when the height of the top surface
of the dam 3 exceeds 0.75 times the melt height of the
molten material, the molten material rises over the cur-
rent melt level and overflows. Thus, the molten material
may flow to the outside of the container 1.
[0049] The molten material processing device de-
scribed above is referred to as a molten material process-
ing device according to a first embodiment. Hereinafter,
a molten material processing device according to a sec-
ond embodiment of the present invention will be de-
scribed. The molten material processing device accord-
ing to the second embodiment of the present invention
includes the components described in the molten mate-
rial processing device according to the first embodiment,
and further include a through-hole (not shown) to be
formed in the dam 3.
[0050] The through-hole may be formed in a lower por-
tion of the dam 3, defined in a direction from the one side
toward the other side of the container 1, and have an

inner wall directly connected to the bottom of the con-
tainer 1.
[0051] According to the embodiments of the present
invention, only the dam 3 is mounted within the container
1. Also, the mounting position thereof is set to be the
edge portion of the drop area, and the top surface thereof
is positioned in the upper portion of the molten material.
The inner profile of the container 1 is designed as de-
scribed above, and the flow of the molten material is con-
trolled. Thus, the upward flow may be generated from
the drop area, and the flow of the molten material may
be induced so that the dead volume within the container
1 is less than 10%. Through this, the inclusion removal
efficiency may be improved by 50% or more when com-
pared to the related art. In addition, manufacturing costs
for refractories may be reduced due to the non-use of
the weir, and manufacturing costs for molten steel may
be reduced. The dam structure of the molten material
processing device according to the embodiments of the
present invention described above may be referred to
as, for example, a tundish dam structure having the dead
volume of 10% or less for manufacturing ultra clean steel.
[0052] Hereinafter, it will be described in detail that,
when compared to comparative examples, the molten
material processing device according to the embodi-
ments of the present invention described above may
widely distribute the upward flow that reaches the top
surface of the molten material while reducing the dead
volume of the molten material to improve the inclusion
removal capacity.
[0053] FIG. 1 is a view illustrating modeling structures
for flow evaluation of molten material processing devices
according to an embodiment of the present invention and
comparative examples. FIG. 2 is a view showing flow
evaluation results of the molten material processing de-
vices according to the embodiment of the present inven-
tion and the comparative examples. FIG. 3 is a view
showing quantitative numerical values of flow character-
istics of the molten material derived from the flow evalu-
ation results according to the embodiment of the present
invention and the comparative examples.
[0054] The molten material processing device accord-
ing to the embodiments of the present invention is a de-
vice for ultimately reducing an inclusion in a molten ma-
terial according to shapes and design parameters of a
dam in a continuous casting process. In the device, var-
ious types of structures are constructed within a container
1, and then the flow characteristics are analyzed. Thus,
the inner shape within the container 1, for example, the
shape and design parameters of a dam 3 are designed
with an optimal profile.
[0055] In (a) of FIG. 1, provided is a modeling structure
of a molten material processing device according to a
embodiment 1 of the present invention. Here, a height of
a top surface of a dam 3 is 2/3 of a melt height of a molten
material, for example, 600 mm. In (b) of FIG. 1, provided
is a modeling structure of a molten material processing
device according to a comparative example 1. There is
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no integral structure within a container 1. In (c) of FIG.
1, provided is a modeling structure of a molten material
processing device according to a comparative example
2 in which an impact pad 4 is mounted right below a
molten material inlet part 2, and in (d), provided is a mod-
eling structure of a molten material processing device
according to a comparative example 3 in which an aux-
iliary dam 5 having a height of a top surface as low as
40 mm is mounted in a drop area, and a dam including
a through-hole is mounted behind the auxiliary dam.
Here, in the comparative example 3, the dam including
the through-hole is not mounted to directly face a molten
material inlet part 2. Here, a top surface of the dam in-
cluding the through-hole is 1/2 of a melt height of a molten
material, for example, 450 mm, and the mounting position
is outside a drop area. Also, the dam including the
through-hole is designated by a reference numeral 3’ to
be distinguished from the dam 3 of the embodiment 1.
[0056] In (e) of FIG. 1, provided is a modeling structure
of a molten material processing device according to a
comparative example 4 of the present invention. Only an
auxiliary dam 5 is mounted within a drop area. In (f) of
FIG. 1, provided is a modeling structure of a molten ma-
terial processing device according to a comparative ex-
ample 5 of the present invention. An auxiliary dam 5 is
mounted away from a drop area and closer to a molten
material outlet 1c than a molten material inlet part 2, for
example, at a position where the distance from a center
of the drop area is 1500 mm. Here, inner diameters of
molten material inlets in the modeling structures of FIG.
1 are set to 160 mm.
[0057] In (a) to (f) of FIG. 2, provided are respective
numerical analysis results for internal flows of the con-
tainers 1 in the modeling structures in (a) to (f) of FIG. 1.
In a case of (c) illustrating the comparative example 2, it
may be confirmed that the upward flow facing the melt
surface of the molten material is formed strongly, but an
area A that the upward flow reaches is less than that of
the embodiment 1. In a case of (a) illustrating the em-
bodiment 1, it may be confirmed that an area A that the
upward flow reaches are most widely distributed. Thus,
it may be confirmed that the contact opportunity between
a slag on the melt surface and an inclusion of the molten
material in the embodiment is higher when compared to
the comparative examples.
[0058] When comparing embodiment 1 in (a) of FIG.
2 with comparative example 3 in (d), it may be confirmed
that, when only the dam 3 is mounted within the drop
area, and the dam 3 comes into contact with the molten
material earlier than does the auxiliary dam 5, the area
A that the upward flow reaches is efficiently increased.
When comparing embodiment 1 in (a) of FIG. 2 with com-
parative example 4 in (e), it may be confirmed that the
design parameter of the height of the dam 3 in the em-
bodiment is significantly effective to increase the area A
that the upward flow reaches. When comparing embod-
iment 1 in (a) of FIG. 2 with comparative example 3 in
(d) and comparative example 5 in (f), it may be found that

it is important to mount the dam 3 within the drop area.
[0059] The structure of the dam 3 of the molten material
processing device according to the embodiments of the
present invention has an optimized profile to increase a
plug volume within the molten material and reduce a dead
volume. The inclusion removal capacity in the molten ma-
terial may be evaluated through a residence time distri-
bution graph.
[0060] FIG. 3 shows quantitative numerical values with
which flow characteristics of the molten material may be
analyzed through the residence time distribution graph
for modeling shapes of the embodiment and the compar-
ative examples shown in FIG. 1.
[0061] First, a continuous casting apparatus for a nu-
merical model experiment is configured, the numerical
model experiment for a continuous casting process is
performed, a certain amount of an experimental solution
(a dye) is injected for 2 to 3 seconds, and the concentra-
tion of the solution is detected at the outlet over a time.
The results are plotted on a dimensionless time axis, and
thus the residence time distribution curve is made.
[0062] That is, the residence time distribution curve
may be a standard concentration graph over a dimen-
sionless time measured at an outlet when a dye is input
to an inlet of the flow. Of course, the curve may be derived
using numerical analysis not the numerical model exper-
iment. Using the residence time distribution curve, a mix-
ing degree of the molten steel and an inclusion float-
ing/separating effect, for example, according to changes
in capacity and inner shape of the tundish may be deter-
mined.
[0063] In the drawing, a Min. Time is a time when the
concentration of experimental solution is detected first.
A peak time is a time when the concentration of experi-
mental solution is highest. A mean time is a value ob-
tained by dividing the inner volume of the container 1 by
the input flow rate of the molten material int the molten
material inlet part 2. The input flow rates of the molten
material are equal to each other in the embodiment and
comparative examples, but the inner volumes of the con-
tainers 1 are different from each other according to the
inner profiles of the containers 1.
[0064] An active mean residence time is a value ob-
tained by dividing an area of the curve by an average
residence time when a dimensionless value of a meas-
ured average time is 2 or higher. An active region fraction
or an active volume fraction is a fraction of regions in
which the molten steel is mixed, and includes a plug vol-
ume fraction and a mixed volume fraction. A dead region
fraction or a dead volume fraction is a fraction of regions
in which the molten material very slowly flows for a time
twice as long as the average residence time of the molten
material within the container.
[0065] For example, the molten steel volume within the
tundish is divided into an active volume and a dead vol-
ume. The active volume is a region in which the molten
steel is mixed, but the dead volume is a region in which
the mixing does not occur. The active volume is divided
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into a plug volume and a mixed volume. In the plug vol-
ume, the molten steel flows at a constant flow rate in a
pipe flow, and mixing in the flow direction, that is, in the
horizontal direction occurs over the entire regions without
interlayer mixing. The mixed volume is a region in which
the mixing is highest, and mechanical agitation occurs.
The dead volume is referred to as a stagnation region,
and is a region where a fluid moves very slowly within
the container and stays for a time twice as long as the
average residence time. Here, in the drawing, Vp is re-
ferred to as the plug volume fraction, Vd is referred to as
the dead volume fraction, and Vm is referred to as the
mixed volume fraction.
[0066] In the drawing, as the dead volume fraction is
small, it is advantageous to float and separate the inclu-
sion. As the Vp/Vd value and Vp/Vm value is large, it is
advantageous to float and separate the inclusion. Since
the residence time distribution curve and the quantitative
numerical values of flow characteristics derived there-
from are well known in a flow analysis field, detailed de-
scription thereof will be omitted.
[0067] The peak time is related to the plug volume, and
it may be confirmed that the highest value is shown in
the embodiment. That is, embodiment 1 shows the best
result. Referring to a ratio of the dead volume, it may be
confirmed that embodiment 1 and comparative example
2 show a value of less than 10%. It may be confirmed
that other comparative examples have greater than 10%.
When comparing the embodiment 1 with comparative
example 1, it may be confirmed that there is an effect of
reduction in dead volume of 4.7% to 5.8%. In terms of
the inclusion removal capacity, there is an effect of the
inclusion removal of 41% to 50%. Also, to effectively re-
move the inclusion, the fraction of plug volume has to be
high, and the fraction of dead volume has to be low. Em-
bodiment 1 and comparative example 2 show the best
results.
[0068] However, referring to FIG. 2 and taking into con-
sideration the area that the upward flow reaches, it may
be confirmed that the embodiment is more effective than
comparative example 2. Also, comparative example 2 is
complicated to manufacture, costs thereof rise, and the
durability is weak. Thus, it is verified that the embodiment
reduces the dead volume, has a simple structure, and
may widely distribute the upward flow on the melt surface.
[0069] FIG. 4 is a view illustrating modeling structures
for flow evaluation of molten material processing devices
according to embodiments of the present invention and
comparative examples. FIG. 5 is a view showing quan-
titative numerical values of flow characteristics of the mol-
ten material derived from the flow evaluation results ac-
cording to the embodiments of the present invention and
the comparative examples. FIG. 6 is a view showing flow
evaluation results according to the embodiments of the
present invention.
[0070] Hereinafter, with a design parameter of a top
surface height of a dam 3 according to an embodiment
of the present invention, flow evaluation was further per-

formed while changing a mounting position, the number
of dams, and existence of a through-portion.
[0071] In the drawing, PI is a mounting position of the
dam 3 according to embodiment 1, P2 is a position
spaced L from PI in a rearward direction, and P3 is a
position spaced 2L from PI in the rearward direction.
Here, L is set to 500 mm, and the flow evaluation was
performed.
[0072] A position in FIG. 5 is a mounting position of the
dam 3. For example, P1+P2 in comparative example 10
and comparative example 11 means that dams 3 are
mounted at both PI position and P2 position. Similarly,
others represent mounting positions. A hole existence
means that whether there is a through-hole or not.
[0073] In (a) of FIG. 6, a numerical analysis result of
an internal flow of a container 1 for embodiment 1 of FIG.
5 is shown. In (b), a numerical analysis result of an inter-
nal flow of a container 1 for embodiment 2 is shown.
[0074] Examining a value of a dead region, it may be
confirmed that embodiment 1 and embodiment 2 have
very small values. That is, when the dam is constructed
as in embodiment 1, and the through-hole is provided, it
may be confirmed that the inclusion removal capacity is
further improved. On the other hand, referring to com-
parative examples 6 to 17, it may be confirmed that, when
a dam is mounted farther, or several dams are mounted
in places in addition to the drop area, the inclusion re-
moval capacity is adversely affected. Thus, when one
dam is mounted on the edge portion of the drop area
within the container 1, and the height of the top surface
thereof is in the upper portion of the molten material as
in the embodiment of the present invention, it may be
confirmed that the size of the dead volume is significantly
reduced to about 5%, the upward flow reaches a large
area of the melt surface as illustrated in (a) and (b) of
FIG. 6, and the inclusion is ultimately reduced.
[0075] Here, further explaining in a different way the
design factors of the dam 3 designed as above, the dis-
tance between the center c of the drop area and the one
width direction side wall 1a has to be greater than the
distance between the center c of the drop area and the
one surface of the dam 3 and smaller than the distance
between the center c of the drop area and the other sur-
face of the dam 3. The width of the dam 3 in the one
direction, for example, the thickness has to be 50 mm to
200 mm. Of course, the height of the top surface of the
dam 3 has to be lager than 1/2 and smaller than 3/4 of
the melt height of the molten material. When the dam 3
is designed with these design parameters, the size of
dead volume is reduced, and the distribution area of up-
ward flow is widened. Thus, the inclusion may be effec-
tively reduced as described earlier in the flow evaluation
results.
[0076] As described above, according to the embodi-
ment of the present invention, the distance between the
one surface of the dam 3 and the molten material inlet
part 2 may be in a range of 2.5 to 5 times the inner di-
ameter of the molten material inlet part 2, and the height
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of the top surface of the dam 3 is in a range of 0.5 to 0.7
times the melt height of the molten material. Therefore,
before turbulent flow energy of the molten material that
flows in the pouring zone is dissipated, the turbulent flow
of the molten material within the pouring zone is control-
led using the dam 3. Accordingly, the molten material
may overflow the upper portion of the dam 3, and the
sufficient upward flow may be stably formed. Thus, the
size of the dead volume of the molten material may be
reduced to a half level when compared to the related art,
and in the continuous casting process in which the molten
material processing device is used, the inclusion removal
capacity may be improved when compared to the related
art.
[0077] For example, the molten material processing
device was used in the continuous casting process, and
a continuous casting process for a plurality of charges
was performed to cast slabs. The cast slabs were sam-
pled, and inclusions were inspected. As a result, the total
number of inclusions was reduced by approximately 40%
on average compared to the related art, and the large
scale inclusions having a size exceeding 20 mm were
reduced by approximately 51% compared to the related
art. Also, the inclusions having a size of 10 mm to 15 mm
were reduced by approximately 35% compared to the
related art, and the inclusions having a size of 15 mm to
20 mm were reduced by approximately 40% compared
to the related art. That is, there is also an effect of reduc-
ing fine inclusions.
[0078] The above embodiments of the present inven-
tion have been made for describing the present invention,
but are not intended to limit the present invention. It
should be noted that the configurations and methods dis-
closed in the above embodiments of the present inven-
tion may be modified into various forms by combining or
crossing same, and these modified embodiments may
also be considered within the scope of the present inven-
tion. That is, the present invention may be embodied in
various forms within the scope of the claims and equiv-
alents thereof, and it will be understood by those skilled
in the art that various embodiments can be made within
the scope of the technical idea of the present invention.

Claims

1. A molten material processing device comprising:

a container which comprises a molten material
accommodation space formed therein, a molten
material inlet part disposed at one side thereof,
and a molten material outlet formed at the other
side thereof; and
a dam which is positioned between the molten
material inlet part and the molten material outlet
so that one surface thereof directly faces the
molten material inlet part, and which is mounted
on a bottom of the container and connected to

two longitudinal direction side walls,
wherein the dam is mounted on a drop area of
a molten material formed below the molten ma-
terial inlet part and has a top surface positioned
in an upper portion of the molten material.

2. The molten material processing device of claim 1,
wherein the dam is mounted on an edge portion of
the drop area.

3. The molten material processing device of claim 1,
wherein the other surface of the dam directly faces
a width direction side wall on the molten material
outlet side.

4. The molten material processing device of claim 1,
wherein a size of the drop area is proportional to an
inner diameter of the molten material inlet part, and
a distance between the one surface of the dam and
the molten material inlet part is proportional to the
size of the drop area.

5. The molten material processing device of claim 1,
wherein a distance between the one surface of the
dam and the molten material inlet part is in a range
of 2.5 to 5 times an inner diameter of the molten
material inlet part.

6. The molten material processing device of claim 1,
wherein a height of the top surface of the dam is in
a range of 0.5 to 0.75 times a melt height of the mol-
ten material.

7. The molten material processing device of any one
of claims 1 to 6, further comprising a through-hole
formed in the dam.

8. The molten material processing device of claim 7,
wherein the through-hole is formed in a lower portion
of the dam, is defined in a direction from the one side
toward the other side, and has an inner wall directly
connected to the bottom.
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