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Description

TECHNICAL FIELD

[0001] The presentdisclosure relates to a melt treating
apparatus, and a melt treating method. More specifically,
the presentdisclosure relates to a melttreating apparatus
capable of effectively removing inclusion, and a melt
treating method using the same.

BACKGROUND

[0002] A continuous casting method is superior to a
conventional ingot making method in quality uniformity
and recovery in steelmaking field. Therefore, many re-
searches and developments have been made on an op-
eration facility and technique, and the like of the contin-
uous casting method. As a result, almost all steel types,
including a high alloy steel except a few special applica-
tions, may be produced by the continuous casting meth-
od. An operation facility for this continuous casting meth-
od includes a continuous casting facility.

[0003] The continuous casting facility is a facility for
manufacturing a slab with refined molten steel supplied
from a steelmaking facility. The continuous casting facility
consists of a ladle configured for carrying molten steel,
a tundish configured for temporarily storing the molten
steel supplied form the ladle, a mold configured for con-
tinuously receiving the molten steel from the ladle, and
primarily solidifying the molten steel into a slab, and a
cooling bed configured for secondarily cooling the slab
continuously withdrawn from the mold, and performing a
series of molding operations.

[0004] As the molten steel is received in the tundish
andremains for a predetermined time, inclusion is floated
up and separated. Thus, the slag is stabilized, and re-
oxidation is prevented. The molten steel is then supplied
to the mold, and forms an initial solidification layer in a
shape of the slab. At this time, a surface quality of the
slab is determined.

[0005] That is, a degree of the surface quality of the
slab in the mold is determined by a cleanliness relevant
to the inclusion in the molten steel. For example, when
the clean degree of the molten steel relevant to the in-
clusion is low, the inclusion itself may cause defects on
the slab surface, or the inclusion may block a submerged
entry nozzle, and cause problems in flow of the molten
steel. Therefore, the surface quality of the slab may be
degraded.

[0006] Inthe moltensteel, the degree of the cleanliness
relevant to the inclusion varies considerably depending
on a degree of the floatation of the inclusion while the
inclusion stays in the tundish for a determined period of
time. The degree of the floatation of the inclusion is pro-
portional to the time the molten steel remains in the
tundish.

[0007] Therefore, conventionally, as a method for pro-
longing the retention time of the molten steel in the
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tundish, the retention time of the molten steel has been
controlled by controlling the flow of the molten steel by
building a dam or a weir in the tundish.

[0008] However, when a size of the inclusion in the
molten steelisless than orequal to 30 um, atime required
for the inclusion to float is longer than a time the molten
steel stays in the tundish. For this reason, the inclusion
size of 30 um or less is difficult to remove using the dam
and the weir of the tundish.

(Patent Document 1) KR10-2013-0076187 A
(Patent Document 2) KR10-2015-0073449 A

DISCLOSURE

TECHNICAL PURPOSE

[0009] The presentdisclosure provides a melt treating
apparatus and a melttreating method that may effectively
remove inclusion by injecting gas into a container con-
taining the melt.

[0010] The presentdisclosure provides a melt treating
apparatus and a melttreating method that may effectively
remove inclusion by generating rotational flow of melt
with gas injected into a container containing the melt.
[0011] The presentdisclosure provides a melt treating
apparatus and a melttreating method that may effectively
remove inclusion by controlling a flow direction and the
number of revolutions of rotational flow generated inside
a container containing the melt.

[0012] The presentdisclosure provides a melt treating
apparatus and a melttreating method that may effectively
prevent naked molten metal surface formed on the melt
by rotational flow of the melt contained in a container
from contacting the atmosphere.

TECHNICAL SOLUTION

[0013] A melt treating apparatus according to the em-
bodiment of the present disclosure comprises: a contain-
er having an inner space and an open top, is provided
with a melt injection unit at the top thereof, and having a
hole defined in at least a portion of a bottom thereof; a
guide member spaced from the meltinjection unit, where-
in the guide member is disposed between the hole and
the melt injection unit; and gas injection unit spaced from
the guide member, wherein the gas injection unit is dis-
posed between the meltinjection unitand the guide mem-
ber, wherein the gas injection unit is installed at the bot-
tom of the container.

[0014] The guide member may include a first member
spaced from the melt injection unit, wherein the first mem-
ber is disposed between the hole and the melt injection
unit, wherein the first member is extended in a width di-
rection, and wherein the first member is spaced apart
from the bottom of the container and installed on both
length-directional sidewalls of the container.

[0015] The guide member may include a second mem-
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ber spaced from the first member, wherein the second
member is disposed between the hole and the first mem-
ber, wherein the second member is extended in the width
direction, wherein the second member contacts the bot-
tom of the container, and is installed on both length-di-
rectional sidewalls of the container.

[0016] The gas injection unit may be spaced from the
first member, wherein the gas injection unit is disposed
between the melt injection unit and the first member, or
between the first and second members.

[0017] A chamber mounted on the top of the container
so as to extend in a width direction may be included. The
chamber has an inner space and an open bottom, and
facing the guide member and the gas injection unit.
[0018] The gas injection unit may include: a block
mounted on the bottom of the container, and having a
slit defined in a top face thereof; gas injection pipe pen-
etrating the container and communicating with the slit
defined in the top face of the block; and a control valve
mounted on the gas injection pipe for controlling an open-
ing degree and an opening and closing manner of the
gas injection pipe.

[0019] The chamber may include: a lid portion extend-
ing in the width direction; wall portions extending in the
width direction, and respectively mounted on a bottom
face of the lid portion, wherein the wall portions are
spaced apart from each other and are disposed in both
regions opposing in a longitudinal direction, wherein the
first member is centered between the wall portions,
wherein the wall portions contact or are spaced from both
length-directional sidewalls of the container; and flanges
extending in the longitudinal direction, and respectively
mounted on both width- directional edges of the lid portion
to connecting both of the wall portions.

[0020] Each of the wall portions may include: a first
wall portion spaced apart from the gas injection unit and
disposed between the melt injection unit and the gas in-
jection unit; and a second wall portion spaced from and
disposed above the second member.

[0021] A bottom face of the first wall portion may be
positioned higher than a top face of the first member,
wherein the bottom face of the first wall portion is im-
mersible into the melt injected into the container. A bot-
tom face of the second wall portion may be positioned
lower than a top face of the first member, and is immers-
ible into the melt injected into the container.

[0022] At least one of a supply pipe formed to be ca-
pable of supplying gas, and communicating with the inner
space of the chamber by passing through the chamber,
and an exhaust pipe formed to be capable of exhausting
gas, and communicating with the inner space of the
chamber by passing through the chamber may be includ-
ed. At least one of a first actuation unit for supporting the
chamber in an ascending or descending manner, and for
adjusting a vertical level of the chamber depending on a
vertical level of a top face of the melt injected into the
container, and a second actuation unit for supporting the
chamberin aslidable manner, and for adjusting a position
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of the chamber in a longitudinal direction depending on
a formation position of a naked molten metal surface of
the melt injected into the container may be included.
[0023] The melt injection unit may be formed to allow
molten steel to pass therethrough, and may be detach-
ably mounted on a ladle of a continuous casting facility.
Gas injected into the container through the gas injection
unit may include an inert gas.

[0024] A melttreating method according to the embod-
iment of the presentdisclosure includes: preparing a con-
tainer, the container having an inner space and an open
top, is provided with a meltinjection unit at the top thereof,
and having a hole defined in at least a portion of a bottom
thereof, and having a guide member between the hole
and the melt injection unit; injecting melt into the contain-
er; flooding the melt over the guide member; and gener-
ating rotational flow of the melt by injecting gas through
a gas injection unit into between the guide member and
the melt injection unit in the container.

[0025] Forming an inert atmosphere or a vacuum at-
mosphere in a region surrounding a formation position
of a naked molten metal surface of melt via gas injected
into the container using the chamber may be included.
[0026] The generating of the rotational flow may in-
clude controlling each of flux of melt flooding over the
guide member and flowing toward the hole, and flux of
melt flooding over the guide member and flowing toward
the gas injection unit by adjusting an immerse vertical
level of the chamber relative to the melt.

[0027] The melt may include molten steel, and the gas
may include an inert gas.

ADVANTAGEOUS EFFECTS

[0028] According tothe embodiment of the present dis-
closure, the inclusion may be effectively removed in a
manner of injecting the gas into the container containing
the melt, and contacting the melt with the inclusion. In
addition, the inclusion may be effectively removed in a
manner of increasing a contact frequency of inclusion
and the gas by generating the rotational flow of the melt
with the gas injected into the container containing the
melt. In addition, the inclusion may be effectively re-
moved in a manner of increasing the contact frequency
of the inclusion and the gas by controlling the flow direc-
tion and the number of rotations of the rotational flow
generated inside the container containing the melt.
[0029] Further, according to the embodiment of the
present disclosure, the naked molten metal surface
formed on the melt due to the rotational flow of the melt
contained in the container is effectively prevented from
contacting the air such that re-oxidation and contamina-
tion of the melt is effectively prevented.

[0030] For example, when the embodiment of the
present disclosure is applied to a continuous casting
process of a steel mill, the inclusion may be effectively
removed in a manner of injecting argon gas into the
tundish containing refined molten steel to form a large
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number of bubbles, and collecting various inclusions
such as Al,O3 and SiO,. Further, rotational flow of the
molten steel may be generated, and the flow direction
and the number of rotations of the rotational flow may be
controlled by setting an injection position of argon gas
relevant to the dam and the weir mounted inside the
tundish to a predetermined position, and by injecting the
gas into the tundish. Using this, a contact frequency of a
micro inclusion, especially a micro inclusion of 30 uwm or
less with respect to an argon gas or a bubble of the argon
gas may be increased such that the micro inclusion may
be more effectively removed.

[0031] Further, the naked molten metal surface of the
molten steel may be prevented from contacting the air
by preparing the chamber at a region where the naked
molten metal surface of the molten steel is formed by the
rotational flow of the melt, then immersing the lower por-
tion of the chamber to surround the naked molten metal
surface, and then injecting the inert gas into the chamber.
Using this, re-oxidation and contamination of molten steel
may be effectively prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032]

FIG. 1 is a schematic diagram of a melt treating ap-
paratus according to an embodiment of the present
disclosure.

FIG. 2 is a top view of a melt treating apparatus ac-
cording to an embodiment of the present disclosure.
FIG. 3 is a cross-sectional view of a melt treating
apparatus according to an embodiment of the
present disclosure.

FIG. 4 is a state diagram illustrating a method for
removing inclusion according to an embodiment of
the present disclosure.

FIG. 5 shows inclusion removal process and result
according to an embodiment of the present disclo-
sure.

FIG. 6 is a graphical representation of a structure of
a melt treating apparatus for flow analysis of melt
according to an embodiment of the present disclo-
sure.

FIG. 7 shows a result of flow analysis of melt accord-
ing to an embodiment of the present disclosure.
FIG. 8 is a partial view of a melt treating apparatus
according to an embodiment and variations of the
present disclosure.

FIG. 9 is a schematic diagram of a melt treating ap-
paratus according to a comparative example of the
present disclosure.

FIG. 10 shows a result of a melt treatment according
to a comparative example of the present disclosure.

DETAILED DSCRIPTION

[0033] Hereinafter, embodiment of the present disclo-
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sure will be described in detail with reference to the ac-
companying drawings. However, the present disclosure
is not limited to the embodiment disclosed below, but
may be embodied in various different forms. The embod-
iment of the present disclosure is provided to only make
the disclosure of the present disclosure complete and
fully inform those skilled in the art to which the present
disclosure pertains of the scope of the presentdisclosure.
The relative proportions and ratios of elements in the
drawings may be exaggerated in size to illustrate the em-
bodiment of the present disclosure. In addition, the same
reference numerals denote the same elements through-
out the specification.

[0034] Among the terms used to describe the embod-
iment of the present disclosure, ‘'upper’ and ’lower’ are
used to refer to upper and lower portions, respectively,
as a part of a component. In addition, 'above’ and 'below’
are used to refer to a range in which a component or
force directly or indirectly touches or acts on a top and
bottom of another component.

[0035] The presentdisclosure relates to a melt treating
apparatus and a melt treating method by which, in sup-
plying and treating melt to and in a subsequent facility
while the melt is being received and maintained for a
predetermined time, an inclusion may be effectively re-
moved from the melt. Hereinafter, the embodiment will
be described in detail in accordance with a continuous
casting facility and process of steelworks. However, the
present disclosure may be applied to various facilities
and processes in various industries that treat various
types of melt.

[0036] FIG. 1is a schematic diagram of a melt treating
apparatus according to an embodiment of the present
disclosure. FIG. 2 is a top view of a melt treating appa-
ratus according to an embodiment of the present disclo-
sure. In addition, FIG. 3 is a cross-sectional view of a
melt treating apparatus according to an embodiment of
the present disclosure. FIG. 4 is a state diagram illustrat-
ing a method for removing inclusion according to an em-
bodiment of the present disclosure.

[0037] WithreferencetoFIG. 1toFIG. 3,the melttreat-
ing apparatus according to an embodiment of the present
disclosure includes a container 10 having an inner space
and an open top, the container is provided with a melt
injection unit 1 at a top thereof, and a hole 14 defined in
atleast a portion of abottom 13, a guide member installed
apart from the melt injection unit 1 toward the hole 14
side, gas injection unit 400 installed on the bottom 13,
and spaced from the guide member toward the melt in-
jection unit 1 side. In addition, the melt treating apparatus
according to an embodiment of the present disclosure
may include a chamber 500 extending in a width direction
(X) and having an inner space and an open bottom. Fur-
ther, the chamber 500 is installed on the top of the con-
tainer 10 so as to facing the guide member and the gas
injection unit 400. In one example, a plurality of the guide
members, a plurality of the gas injection units 400, the
plurality of chambers 500, and a plurality of the holes 14
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may be provided. Both guide members. both gas injection
units 400, both chambers 500, and both holes 14 may
be respectively disposed on both regions opposing in a
longitudinal direction (Y) with respect to the meltinjection
unit 1.

[0038] Melt (M) may include molten steel. The molten
steel may be provided after refined at a steelmaking fa-
cility. Alternatively, the molten steel may be carried in the
container 10, for example, in a ladle (not shown) of a
continuous casting facility, to above the container 10.
[0039] The meltinjection unit 1 may be a hollow refrac-
tory nozzle formed to allow the molten steel to pass
through. The melt injection unit 1 may include a shroud
nozzle. The melt injection unit 1 may be mounted and
supported to a manipulator provided outside the contain-
er 10. As the manipulator (not shown) rises, the melt in-
jection unit 1 may be coupled to a collector nozzle of the
ladle, and communicate with the inner space of the ladle.
The melt injection unit 1 may be positioned a predeter-
mined distance apart from the bottom 13 of the container
10. A lower portion of the melt injection unit 1 may be
immersed in the melt (M) as the melt (M) is injected into
the container 10.

[0040] In one example, gas (g) injected into the con-
tainer 10 by the gas injection unit 400 may contain an
inert gas. The inert gas may contain argon gas (Ar).
[0041] The container 10 may includes the bottom 13
and a side wall portion protruding from a periphery of the
bottom 13. The container 10 may be formed in a shape
of a container whose inner space is opened upward. In
this connection, the sidewall portion may include a pair
of sidewalls 12 in a longitudinal direction, and a pair of
sidewalls 11 in a widthwise direction. The container 10
may maintain its shape by forming an outer face thereof
with, for example, steel shell, and a refractory may be
employed on an inner face to accommodate the melt (M).
The container 10 may include a tundish of a continuous
casting facility.

[0042] The container 10 may be formed into a rectan-
gular shape symmetrical with respect to a center of the
longitudinal direction (Y) and the width direction (X). In
this connection, the container 10 may have a width in the
longitudinal direction (Y) that is greater than a width in
the width direction (X). In one example, the melt injection
unit 1 may be provided at the top of the container 10. In
this connection, the meltinjection unit 1 may be vertically
aligned in the center of the longitudinal direction (Y) and
the width direction (X) of the container 10.

[0043] The hole 14 may be defined in atleast a portion
of the bottom 13 of the container 10. A plurality of holes
14 may be provided. The plurality of holes 14 may be
spaced apart from each other in the longitudinal direction
(Y), and defined vertically through both width- directional
edges of the bottom 13 in the vicinity of the pair of side-
walls 11. The hole 14 may be bilaterally symmetrical in
the center of the longitudinal direction (Y) and the width
direction (X) of the container 10. The melt (M) accommo-
dated in the container 10 may be discharged to below
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the container 10 through the hole 14. The hole 14 may
be equipped with a gate 60.

[0044] The guide member may include a first member
20, and asecond member 30. In addition, the guide mem-
ber may be spaced from the melt injection unit 1 toward
the hole 14. In this connection, the guide member may
include only the first member 20, or may include both the
first member 20 and the second member 30. That is, the
guide member may include at least the first member 20.
The first member 20 and the second member 30 may
employ a refractory. When the melt (M) is received in the
container 10 up to a desired level, for example a molten
steel level in a normal state of a middle stage of the con-
tinuous casting operation, the first member 20 and the
second member 30 may control flow of the melt (M) in a
state of being immersed in the melt (M).

[0045] The first member 20 may be provided to control
the flow of the melt (M) injected into the container 10.
The first member 20 may be spaced from the melt injec-
tion unit 1 toward the hole 14, and extend in the width
direction (X). Further, the first member 20 may be spaced
upward from the bottom 13 by a predetermined vertical
level, and installed to connect the pair of sidewalls 12
facing each other in the direction of length of container
10. The first member 20 may include a weir of the tundish.
A plurality of first members 20 may be provided at posi-
tions spaced from each other in the longitudinal direction
(Y) with respect to the meltinjection unit 1. The first mem-
ber 20 may guide flow (Pi) near the melt injection unit 1
of the melt (M) injected into the container 10 through the
melt injection unit 1 to an inner upper or lower portion of
the container 10.

[0046] Inoneexample, aflow direction, a flow velocity,
and the like of the melt near the first member 20 may be
controlled by adjusting at least one of top and bottom
levels of the first member 20. The vertical level below the
firstmember 20 may be determined to be an ideal vertical
level at which the melt near the first member 20 may pass
below the first member 20 and easily recovered toward
the gas injection unit 400 due to the Venturi effect near
the gas injection unit 400. Further, the top level of the
first member 20 may be determined such that a top of
the member 20 may be submerged into the melt by an
ideal depth.

[0047] The second member 30 may be provided to
control the flow of the melt (M) injected into the container
10. The second member 30 may be spaced from the first
member 20 toward the hole 14, and extend in the width
direction (X). Further, the second member 30 may be
installed so as to contact the bottom 13, and installed to
connect the pair of sidewalls 12 facing each other in the
direction of length of container 10. The second member
30 may include a dam of the tundish. A plurality of second
members 30 may be provided at positions spaced from
each other in the longitudinal direction (Y) with respect
to the melt injection unit 1. In this connection, the second
member 30 may be placed closer to the first member 20
than to the hole 14. In one example, a remained molten
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metal hole (not shown) may be provided at a predeter-
mined lower portion of the second member 30. The re-
mained molten metal hole may be defined by penetrating
the second member 30 in the longitudinal direction (Y)
at a position in contact with the bottom 13.

[0048] The second member 30 may divide flow of the
melt (M) near the second member 30 guided toward the
second member 30 by flowing above or below the first
member 20 in a direction toward the hole 14 from the
melt injection unit 1 into flow (P,) near the hole 14 toward
the hole 14, and rotational flow (Pc) of the melt (M) toward
the first member 20. In one example, a flow direction,
and a flow velocity of the melt (M) near the second mem-
ber 30 may be controlled by adjusting at least one of a
vertical level of above the second member 30, and a sep-
aration distance of the second member 30 relative to the
first member 20.

[0049] The inclusion may be floated while the melt (M)
stays in the container 10 for a predetermined time be-
cause of the first member 20 and the second member
30. However, when a size of the inclusion is equal to or
less than 30 pwm, itis difficult to float the inclusion by only
a flow control by the first member 20 and the second
member 30. This is because, in the case of the flow con-
trol using only the first member 20 and the second mem-
ber 30, the melt (M) may not be sufficiently retained in
the container 10 during a time when the micro-inclusion
of 30 um or less may be floated.

[0050] Thus, in an embodiment of the present disclo-
sure, the gas injection unit 400 may be provided between
the guide member and the melt injection unit 1, and the
rotational flow (Pc) of the melt (M) may be generated
near the guide member. For example, when the guide
member includes only the first member 20, the gas in-
jection unit 400 may be installed between the first mem-
ber 20 and the melt injection unit 1, and installed spaced
apart from the first member 20 toward the melt injection
unit 1. In addition, when the guide member includes both
the first member 20 and the second member 30, the gas
injection unit400 may be installed between the first mem-
ber 20 and the melt injection unit 1, or between the first
member 20 and the second member 30, and installed
spaced apart from the second member 30 toward the
first member 20.

[0051] That is, the gas injection unit 400 may be pro-
vided between the first member 20 and the melt injection
unit 1, or between the first member 20 and the second
member 30, and the gas (g) may be injected near the
first member 20. Therefore, a strong upward flow and
rotational flow (Pc) of the melt (M) may be generated.
Thus, the melt (M) in the vicinity of the first member 20
may be sufficiently rotated several times, and maintained
inside the container 10 so that the micro-inclusion of 30
um or less may be floated. In particular, it is possible to
increase the number of rotations of the rotational flow
(P¢), thereby greatly increasing a contact frequency be-
tween the inclusion and the gas.

[0052] In this case, the inclusion (s’) incorporated into

10

15

20

25

30

35

40

45

50

55

the melt (M) may be floated along the rotational flow (P)
of the melt (M) during staying in the vicinity of the first
member 20 for a long time to be easily collected to the
slag (S) and removed. Further, while the inclusion (s’)
incorporated into the melt staying in the vicinity of the
first member 20 for a long time, the inclusion (s’) incor-
porated into the melt (M) may frequently contact the bub-
bles in the gas (g) injected into the melt (M) by the gas
injection unit 400 along the rotation flow (Pc) of the melt
(M), as shown in FIG. 4, and thus may be easily collected
onto an interface of the bubbles. Thus, the inclusion may
be more effectively removed.

[0053] In one example, when the guide member only
includes the first member 20, the gas injection unit 400
may be installed in closer to the first member 20 between
first member 20 and hole 14. In this connection, an up-
ward flow due to the gas (g) injected from the gas injection
unit 400 is guided to flood over the first member 20 in a
direction from the hole 14 toward the melt injection unit
1 by a wall portion of the chamber 500 described below.
Further, a pressure of the melt (M) of both regions op-
posing in the longitudinal direction (Y) with respect to the
first member 20 is changed because of the gas (g) in-
jected from the gas injection unit 400 so that flow passing
below the first member 20 in a direction from the melt
injection unit 1 toward the hole 14 may be formed. From
this, rotational flow of the melt (M) rotating repeatedly
around the first member 20 may be formed. A rotation
direction of the rotational flow at this point may be differ-
ent from that of the rotational flow (Pc) of Fig. 3, for ex-
ample.

[0054] The gas injection unit 400 may be installed on
the bottom 13, spaced from the guide member toward
the melt inlet 1. For example, the gas injection unit 400
may be spaced from the first member 20 toward the melt
injection unit 1 or the second member 30, and may be
installed on the bottom 13. A plurality of gas injection
units 400 may be provided on both sides with respect to
the longitudinal direction (Y) with respect to the melt in-
jection unit 1. A configuration and manner of a porous
plug used in a ladle furnace, and the like may be applied
to the gas injection unit 400.

[0055] The gas injection unit 400 extends in the width
direction (X) and protrudes from the top face of the bottom
13. The gasinjection unit400 may include: a block having
a vertical level lower than a vertical level of a bottom face
of the first member 20; a plurality of slits defined in a top
face of the block; gas injection pipe 410 penetrating the
bottom 13 of the container and the block in order and
communicating with the slit defined in the top face of the
block; and a control valve 420 mounted on the gas injec-
tion pipe 410 for controlling an opening and closing man-
ner. In this connection, the control valve 420 may control
opening/closing manner so that the gas (g) in the melt
(M) is injected continuously or intermittently.

[0056] The block may be formed of a high dense re-
fractory, and may be formed in various shapes having a
top face of a predetermined area. The slit may extend
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into the block and may pass through the top face of the
block in a vertical level direction. The slit may be defined
in a hollow pipe shape, or may be formed of a porous
refractory so that gas (g) may flow inside. The gas g may
be injected into the container 10 through the slit in a fine
bubble state.

[0057] The block of the gas injection unit 400 may be
located relatively closer to the first member 20 than to
the melt injection unit 1. In this connection, at least one
of the melt flow direction and the number of rotations due
to the gas (g) injected into the container 10 from the gas
injection unit 400 may be controlled by adjusting a sep-
aration distance (W1) between the block and the first
member 20.

[0058] For example, the shorter the separation dis-
tance (W1) between the first member 20 and the block,
the more steeply vertically rising melt flow due to the gas
(g) may be generated. In the opposite case, the melt flow
may be generated in a direction that the melt flow rela-
tively gently rises along the first member 20.

[0059] Further, as the separation distance W1 is short-
er, the rotational flow (P¢) of the melt (M) between the
first member 20 and the second member 30 is more
smoothly collected toward the gas injection unit 400 by
the venturi effect, thereby increasing the number of ro-
tations of the rotational flow (P). On the other hand, the
longer the separation distance W1, the smaller the col-
lection degree of the melt (M) between the first member
20 and the second member 30, thereby reducing the
number of rotations of the rotational flow (Pg).

[0060] As described above, the gas injection unit 400
may be located near the first member 20 to cause the
venturi effect. That is, as the melt (M) near the first mem-
ber 20 repeatedly rotates depending on the install posi-
tion of the gas injection unit 400, and generates a con-
tinuous and strong rotational flow (P), micro inclusions
of size 3 pum or less may float up to the top face of the
melt (M) or be collected by the gas (g) bubbles.

[0061] In one example, a naked molten metal surface
N of a predetermined size may be formed above the gas
injection unit 400 or the first member 20. This is because
the slag (S) formed on the top face of the melt (M) is
pushed out because of the rapid upward flow of the melt
(M) between the gas injection unit 400 and the first mem-
ber 20 due to the gas (g) injected into the melt (M) through
the gas injection unit 400. In this case, the cleanliness of
the melt (M) may be lowered because the melt (M) is re-
oxidized by contacting the atmosphere through the naked
molten metal surface (N).

[0062] Thus, as in the embodiment of the present dis-
closure, the chamber 500 is provided above the guide
member and the gas injection unit 400. When the naked
molten metal surface (N) is formed on the top face of the
melt (M), by generating a vacuum atmosphere or an inert
atmosphere by covering a vicinity (C) of the naked molten
metal surface (N) with the chamber 500, the melt (M)
may be effectively prevented from being re-oxidized by
contacting the atmosphere. Thus, as the naked molten
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metal surface N is protected from the outside air by the
chamber 500, the gas (g) may be sufficiently injected
through the gas injection unit 400 regardless of the for-
mation of the naked molten metal surface (N), thereby
achieving a formation of sufficiently strong rotational flow
(P).

[0063] In addition, the melt (M) flooding over the first
member 20 in a direction from the melt injection unit 1
toward the hole 14 may be guided toward below the first
member 20 by immersing a lower portion of the chamber
500 into the melt (M), and using the immersed portion of
the chamber 500. Thus, the rotational flow (Pc) may be
stably generated in the vicinity of the first member 20.
That is, the chamber 500 helps form the rotational flow
(Pc) while protecting the naked molten metal surface (N),
and increases the number of rotations of the rotational
flow (Pc). Therefore, the inclusion removing efficiency
may be improved by the chamber 500, and the cleanli-
ness of the melt (M) may be further improved.

[0064] The chamber 500 may be installed so that it
extends in the width direction (X) and the inner space
thereof is opened downwardly. In addition, the chamber
500 may be installed on the top of the container 10 so
as to face away the guide member and the gas injection
unit 400. In this connection, a plurality of the chambers
500 may be provided at positions spaced apart from each
other in the longitudinal direction (Y) with respect to the
melt injection unit 1.

[0065] The chamber 500 may include a lid portion 510
extending in the width direction (X), wall portions extend-
ing in the width direction, and respectively mounted on
a bottom face of the lid portion 510, wherein the wall
portions are spaced apart from each other and are dis-
posed in both regions opposing in a longitudinal direction,
wherein the first member 20 is centered between the wall
portions, wherein the wall portions contact or are spaced
from both length-directional sidewalls of the container
10, andflanges 511 extending in the longitudinal direction
(Y), and respectively mounted on both edges in the width
direction (X) of the lid portion 510 to connect the wall
portions. The wall portions and the flanges 511 are im-
mersed in the melt (M) so that the naked molten metal
surface (N) may be airtightly protected by the chamber
500.

[0066] In this connection, at least part of the portions,
for example, the wall portions and the flanges 511, that
are immersed in the melt (M) may be protected by a re-
fractory. In addition, a bottom face of the flanges 511 may
be higher than a bottom face of the wall portions and a
top face of the first member 20 so as to prevent collision
or interference of the flange 511 with respect to the first
member 20 when they are immersed in the melt (M).
[0067] The lid portion 510 may be formed in a plate
shape, and may be formed with an area sufficiently cov-
ering the naked molten metal surface (N) formed on the
top face of the melt (M). An installation vertical level of
the lid portion 510 may be determined such that the lid
portion 510 may be spaced apart from the top face of the
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first member 20 or the top face of the melt (M) injected
into the container 10 by a predetermined vertical level.
The wall portions may include a first wall portion 520, and
a second wall portion 530. The first wall portion 520 may
be spaced apart from the gas injection unit 400 toward
the melt injection unit 1, and the second wall portion 530
may be spaced above the second member 30.

[0068] For example, the first wall portion 520 may be
a vertical wall extending in the width direction (X). A bot-
tom face of the first wall portion 520 may be positioned
at a position higher than the top face of the first member
20, and may extend downward to a vertical level that may
be immersed in the melt (M) injected into the container
10. For example, the second wall portion 530 may be a
vertical wall extending in the width direction (X). A bottom
face of the second wall portion 530 may be positioned at
a position lower than the top face of the first member 20,
and may extend downward to a vertical level that may
be immersed in the melt (M). The second wall portion
530 may determine each of flux (Q1) of the melt flowing
toward the hole 14 and flux (Q2) of the melt flowing toward
the gas injection unit 400 of the melt (M) flooding over
the first member 20 by adjusting a separation distance
(d1) relative to the second member 30. The second wall
portion 530 may adjust a relative magnitude or absolute
magnitude of the flux (Q1) and the flux (Q2), respectively.
[0069] For example, as the separation distance (d1)
with respect to the second member 30 decreases, the
flux (Q2) of the melt flowing toward the gas injection unit
400, and used for generating the rotational flow (P) be-
comes larger than the flux (Q1) of the melt flowing toward
the hole 14. On the contrary, as the separation distance
(d1) with respect to the second member 30 increases,
the melt flux (Q1) flowing toward the hole 14 becomes
larger than the melt flux (Q2) flowing toward the gas in-
jection unit 400, and used for generating the rotational
flow (Pg).

[0070] In this connection, these fluxes are also closely
related to the rotational speed of the rotational flow (P).
That is, as the flux Q2 of the melt, which flows toward
the gas injection unit 400, and used to generate the ro-
tational flow (P), increases, the rotational flow (P ) may
be smoothly generated, and the number of rotations may
be increased.

[0071] Thatis, the second wall portion 530 of the cham-
ber 500 and the second member 30 of the guide member
are main components for determining the number of ro-
tations of the rotational flow (P). In addition, the number
of rotations of the rotational flow (P) may be determined
by the distance (d1) between the second wall portion 530
and the second member 30. Thus, it is preferable that
the second member 30 is mounted at a predetermined
position spaced apart from the first member 20 toward
the hole 14 so as to face the second wall portion 530 at
least vertically.

[0072] In one example, the second wall portion 530 is
provided spaced from the gas injection unit 400 with re-
spect to the first member 20. In this connection, an in-
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clined face may be provided on one face of the second
wall portion 530 facing the first member 20. The inclined
face may be formed to be inclined upward from a bottom
to a top of the second wall portion 530, from the first
member 20 toward the second member 30. The inclined
face smoothly descends the melt (M) flooding over the
first member 20 in a direction from the melt injection unit
1 toward the second member 30, and may guide the melt
(M) toward bottom of the first member 20.

[0073] A negative pressure is generated by the gas (g)
flowing into the chamber 500 through the naked molten
metal surface (N), so that the chamber 500 may be
formed in an inert atmosphere. Of course, the chamber
500 may be equipped with a supply pipe 560 and an
exhaust pipe 570, respectively, so that the inner space
atmosphere of the chamber 500 may be directly control-
led.

[0074] The supply pipe 560 is formed to be capable of
supplying gas. The supply pipe 560 may communicate
with inside by passing through, for example, one end of
the lid portion 510 of the chamber 500. The exhaust pipe
570 is formed to be capable of exhausting gas. The ex-
haust pipe 570 may communicate with inside by passing
through, for example, the other end of the chamber 500.
An inlet of the supply pipe 560 may be connected to gas
supply (unshown), and may receive an inert gas to form
an inert atmosphere inside the chamber 500. An inlet of
the exhaust pipe 570 may be connected to an exhaust
pump (unshown) and a vacuum pump (unshown), and
may form an inert atmosphere or a vacuum atmosphere
inside the chamber 500 using these pumps.

[0075] Inoneexample, the melttreating apparatus ac-
cording to the embodiment of the present disclosure may
include a first actuation unit 540 that supports the cham-
ber 500 in an ascending or descending manner, and is
able to adjust a vertical level of the chamber 500 depend-
ing on a vertical level of the top face of the melt (M) in-
jected into the container 10. Further, the melt treating
apparatus may include a second actuation unit 550 that
supports the chamber 500 in a slidable manner, and is
able to adjust a vertical level of the chamber 500 in the
longitudinal direction Y depending on a formation position
of the naked molten metal surface N of the melt injected
into the container 10. These actuation units may be, but
not limited to, formed in a structure such as a hydraulic
cylinder, and the like which is applied to a manipulator
of the continuous casting facility.

[0076] The first actuation unit 540 may be mounted on
a center portion of the top face of the lid portion 510, and
may be formed to be stretchable in the vertical level di-
rection (Z) using, for example, hydraulic pressure, and
the like. The second actuation unit 550 may be mounted
on a top face of the first actuation unit 540, and may be
formed to be stretchable in the longitudinal direction (Y)
using, for example, hydraulic pressure, and the like. The
movement in the longitudinal direction Y of the second
actuation unit 550 may be transmitted to the chamber
500 through the first actuation unit 540.
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[0077] Inone example, the melt treating apparatus ac-
cording to an embodiment of the present disclosure may
further include a second gas injection unit (unshown) in-
stalled at the bottom 13 spaced apart from the gas injec-
tion unit 400 with respect to the first member 20. For
example, when the gas injection unit 400 is installed
spaced from the first member 20 toward the melt injection
unit 1, the second gas injection unit may be provided
between the first member 20 and the second member
30. When the gas injection unit 400 is provided between
the first member 20 and the second member 30, the sec-
ond gas injection unit may be installed spaced from the
first member 20 toward the melt injection unit 1. A con-
figuration and operation method of the second gas injec-
tion unit may be the same as the configuration and op-
eration method of the gas injection unit 400, and thus a
detailed description thereof will be omitted.

[0078] Inthis case, the rotational flow (P) may be con-
trolled more precisely because the second gas injection
unit may inject the gas (g) in the melt (M) spaced from
the gas injection unit 400 with respect to the first member
20, and directly control the flow of the melt.

[0079] Thegate 60 may be soastobe capable of open-
ing and closing the hole 14, and may be mounted on the
bottom face of the container 10 so as to be vertically
aligned with the hole, respectively. The gate 60 may in-
clude a slide gate of the continuous casting facility, and
the slide gate may control the melt (M) discharge by ad-
justing an opening degree of the hole 14. A nozzle 70
may be mounted beneath the gate 60.

[0080] The nozzle 70 may include a hollow refractory
nozzle extending in the vertical level direction (Z), and
may be mounted on the bottom face of the gate 60 to
communicate with the hole 14. The melt (M) discharged
from the hole 14 may flow into the nozzle 70 passing
through the gate 60, and may be supplied to a mold (un-
shown) provided to surround a lower portion of the nozzle
70.For example, the nozzle 70 may include a submerged
entry nozzle of the continuous casting facility.

[0081] The mold may be formed in a rectangular or
square hollow block shape, and inside thereof may be
vertically opened upward and downward. The melt (M)
supplied to the mold may be primarily solidified into a
slab, and may be secondarily cooled while passing a
cooling bed (unshown) having a curved or vertically
curved shape provided at a lower portion of the mold,
and molded, so that the melt (M) may be continuously
casted into a slab, which is a semi-finished product.
[0082] In the operation of the melt treating apparatus
formed as described above, after melt is transported by
a transport container, melt (M) is injected into the con-
tainer 10 through the melt injection unit 1 which is con-
nected to the transport container. In this connection, the
injected melt forms flow along the bottom 13 towards the
guide member. Then, an upward flow is formed by gas
(9) injection of the gas injection unit 400 installed at a
position preceding the guide member. Some of the up-
ward flow is circled toward the melt injection unit 1, and
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most of which flows over the first member 20 and bumps
into the second wall portion 530 of the chamber 500, and
flow thereof is switched downward. Some of the flow to-
ward downward floods over the second member 30, and
is discharged toward the hole 14, while the rest of the
flow descends to reach the bottom 13, then floods below
the first member 20 to generate the rotational flow (Pc)
due to the venturi effect near the gas injection unit 400.
Using this rotational flow, inclusion (s’) in the melt (M)
may contact the gas (g) multiple times, and may be re-
moved. During this process, the chamber 500 encloses
the naked molten metal surface (N) to form the inert or
vacuum atmosphere, thereby preventing contamination
of the melt (M) due to the atmosphere.

[0083] Hereinafter, a melt treating method according
to an embodiment of the present disclosure will be de-
scribed in detail. A melt treating method according to an
embodiment of the present disclosure is applicable to the
aforementioned melt treating apparatus according to the
embodiment of the present disclosure. The melt treating
method includes: preparing the container having an inner
space and an open top, is provided with a melt injection
unit at the top thereof, and having a hole defined in at
least a portion of a bottom thereof, and having a guide
member between the hole and the melt injection unit;
injecting the melt into the container; flooding the melt
over the guide member; and generating the rotational
flow of the melt by injecting gas through the gas injection
unitinto between the guide member and the meltinjection
unit in the container. In this connection, the melt (M) may
include molten steel, and the gas (g) may include an inert
gas.

[0084] Firstly, the container 10 having the inner space
and the opentop, having the hole 14 defined in the bottom
13, and having the guide member between the hole 14
and the melt injection unit 1 is prepared. In this connec-
tion, the guide member may include the first member 20
spaced from the melt injection unit 1 toward the hole 14,
and mounted on both of the longitudinal sidewalls 12 of
the container 10 spaced apart from the bottom 14, and
the second member 30 spaced from the first member 20
toward the hole 14, and mounted on both of the longitu-
dinal sidewalls 12 of the container 10 with contacting the
bottom 13.

[0085] Thereafter, the transport container (unshown)
is mounted above the meltinjection unit 1. Then, the melt
injection unit 1 is opened so that the melt (M) in the trans-
port container is injected into the container 10.

[0086] Thereafter, the melt (M) is continuously injected
so as to raise the level of the melt (M), thereby flooding
the melt (M) over the guide member. At this time, the melt
(M) may flood over the first member 20 and the second
member 30, and flow toward the hole 14. For example,
the melt (M) flowing from the melt injection unit 1 toward
the first member 20 floods over and below the first mem-
ber 20, then flows toward the second member 30. In ad-
dition, the melt (M) floods over the second member 30,
then flows toward the hole 14.
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[0087] Thereafter, the gasis injected into the container
10 between the guide member and the melt injection unit
400 through the gas injection unit 400, thereby generat-
ing the rotational flow (Pc) of the melt (M). At this time,
the gas (g) may be injected into the container 10 between
the first member 20 and the melt injection unit 1 through
the gas injection unit 400, thereby generating the rota-
tional flow (Pc) of the melt (M). Alternately, the gas (g)
may be injected into the container 10 between the second
member 30 and the first member 20 through the gas in-
jection unit 400, thereby generating the rotational flow
(Pc) of the melt (M).

[0088] In addition to the process of generating the ro-
tational flow (Pc) of melt (M), the chamber 500 is used
to form the vacuum atmosphere or the inert atmosphere
in the region surrounding the position of the naked molten
metal surface of the melt (M) formed by the gas (g) in-
jected into the container 10.

[0089] This process may be performed by moving the
chamber 500, for example, in the longitudinal direction
(Y) depending on the position of the naked molten metal
surface. Further, this process may be performed by mov-
ing the chamber 500, for example, in the vertical level
direction (Z) depending on a change of the top face of
the melt (M) due to the continuous casting, or the like.
Accordingly, the immersion depth of the chamber 500
may be constant, and the immersion position of the cham-
ber 500 may be constantin a position where surrounding
the naked molten metal surface (N).

[0090] In addition, this process may be performed by
aligning the chamber 500 above the naked molten metal
surface (N) and by immersing the lower portion of the
chamber 500 into the melt (M) to enclose the vicinity of
the naked molten metal surface (N), and then using the
gas (g) injected into the chamber 500 through the naked
molten metal surface (N) to form the inert atmosphere.
Alternately, this process may be performed by injecting
a separate inert gas directly into the chamber 500, or by
discharging gas inside the chamber 500 and forming the
vacuum atmosphere, and the like.

[0091] In this connection, the process of forming the
rotational flow, and forming the vacuum atmosphere or
the inert atmosphere at the naked molten metal surface
may be sequentially performed in an arbitrary order, or
may be performed simultaneously. Therefore, it is pos-
sible to prevent the melt (M) from being contaminated
using the naked molten metal surface (N) generated by
the rotational flow (P) while eliminating the inclusion (s’)
by generating the strong rotational flow (P¢) in the melt
(M).

[0092] In one example, in forming the rotational flow
(P¢), by varying the gas injection position of the gas in-
jection unit 400 relative to the guide member, for example
the first member 20, at least one of the flow direction and
the number of rotations of the rotational flow (Pc) may
be controlled. For example, by adjusting the separation
distance (W1) of the gas injection unit 400 relative to the
first member 20 to change the gas injection position of
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the gas injection unit 400 relative to the first member 20,
a working range and a size of the venturi effect by the
first member 20 may be varied. From this, the flow direc-
tion and the number of rotations of the rotational flow (Pc)
may be controlled. In this connection, the smaller the
separation distance (W1) of the gas injection unit 400
relative to the first member 20, the flow direction of the
rotational flow (P) may be formed perpendicular to the
first member 20 and the number of rotations may be in-
creased.

[0093] Further, in generating the rotational flow (Pg),
by adjusting the vertical level of the second wall in a man-
ner of adjusting the immersion vertical level of the cham-
ber 500 relative to the melt (M), the separation distance
(d1) of the second wall portion 530 relative to the second
member 30 may be adjusted. From this, the flux (Q1) of
the melt, which floods over the guide member, and flows
toward the hole 14, and the flux (Q2) of the melt, which
floods over the guide member and flows toward the gas
injection unit 400, and is collected to the rotational flow
(Pc) may be controlled, respectively.

[0094] Therefore, by adjusting the number of rotations
of the rotational flow (P) to rotate the melt (M) several
times near the guide member and keep the melt (M) for
a long time, the contact frequency of the gas (g) to the
melt (M) near the guide member may be significantly in-
creased.

[0095] Further, in generating the rotational flow (P¢),
by controlling the gas (g) injection manner of the gas
injection unit400 in at least one of the continuous manner
and the intermittent manner, the flow of the rotational flow
(Pc) near the guide member may be controlled in various
ways into desired flow. That is, by continuously injecting
the gas (g) while treating the melt (M), the intensity, the
number of rotations of the rotational flow (P), and the
like, may be constantly controlled over time. Alternatively,
during the treatment of the melt (M), by jetting the gas
(9) in a predetermined cycle, or intermittently jetting the
gas (g) irregularly, flow characteristics such as the inten-
sity, the number of rotations, and the like of the rotational
flow (P¢) may controlled to change with time, and to have,
for example, pulsation.

[0096] In this way, the flow characteristics such as the
flow direction, the number of rotations, and the like of the
rotational flow (Pc) generated near the guide member
may be controlled in various ways by jetting the gas (g)
in various positions near the guide member.

[0097] Inoneexample, in generating the rotational flow
(Pc). the gas is injected through the second gas injection
unit (unshown) into between the gas injection unit 400
and the guide member in the container such that at least
one of the flow direction and the number of rotations of
the rotational flow may be controlled.

[0098] For example, the gas (g) is injected through the
gas injection unit 400 into between the first member 20
and the melt injection unit 1 in the container 10, and the
gas is injected through the second gas injection unit (un-
shown) installed at the bottom 13 spaced apart from the
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first member 20 in the opposite side of the gas injection
unit 400 into between the second member 30 and the
first member 20 in the container 10 such that the rota-
tional flow (P¢) of the melt may be controlled.

[0099] In this connection, at least one of gas injection
amount and an injection manner of the second gas in-
jection unit is controlled differently from at least one of
gas injection amount and an injection manner of the gas
injection unit 400 such that an injection amount and an
injection manner of the gas (g) may be controlled differ-
ently in the longitudinal direction (Y) with respect to the
first member 20. From this, the flow of the melt (M) near
the first member 20 may be variously controlled in a de-
sired flow.

[0100] While performing the above process, the inclu-
sion may be effectively removed from the melt (M) sup-
plied into the container 10 to discharge the melt (M) to
the outlet 14. The discharged melt (M) may be cast into
the slab (unshown) in the mold (unshown) provided be-
low the outlet (14). Thus, a quality of the slab being cast
may be improved, and inclusion defects on a slab surface
may be prevented.

[0101] FIG. 5 shows inclusion removal process and
result according to an embodiment of the present disclo-
sure. In this connection, (a) of FIG. 5 is a photograph
showing, via capturing using an electron microscope, a
state of a cross-section of a solidified steel after perform-
ing a property test including injecting argon gas into mol-
ten steel and solidifying the molten steel. (b) of FIG. 5 is
a photograph showing, via magnifying using the electron
microscope, an area near bubble in the solidified steel
after performing the above-described property test. (c)
of FIG. 5 is a graph showing, using the electron micro-
scope, a component around the bubble in the solidified
steel after the above-mentioned property test. In this con-
nection, as shown in (c) of FIG. 5, a horizontal axis rep-
resents, for example, a keV spectrum of an X-ray energy
intensity detected by the electron microscope. With ref-
erence to FIG. 5, a process and a result of the property
test will be described to show that the micro inclusion
may be effectively collected and removed by injecting
the argon gas into the molten steel.

[0102] First, in order to perform a property test of col-
lecting and removing inclusion in molten steel by argon
gas, molten steel is prepared, and solidified by blowing
argon gas into the molten steel. When the molten steel
is solidified, a cross section of the solidified steel is ob-
served with the electron microscope such that the pres-
ence of the inclusion is observed at the bubble, and
around the bubble formed in the steel solidified by the
prepared argon gas. Then, a property of the inclusion is
analyzed. The above process and result are shown in
(a), (b), and (c) of FIG. 5.

[0103] As aresult of this property test, as shown in (a)
of FIG. 5, when the bubble due to the argon gas is formed
in the solidified steel, it may be seen that there is a large
amount of micro inclusion of equal to or less than 30 um
around the bubbles, as shown in (b) of FIG. 5. As a result
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of a component analysis of the micro inclusion, it was
proved to be inclusion of Al,O3, as shown in (c) of FIG.
5. This shows that the bubble of the argon gas may be
used to effectively remove the micro inclusion in the mol-
ten steel.

[0104] In this way, when the argon gas bubble is in-
jected into the molten steel, the inclusion attaches to an
interface of the argon gas bubble because the inclusion
has a property of attaching to an area where an interfacial
tension is lower. That is, since an interfacial tension of
the bubble due to the argon gas is relatively low com-
pared to an interfacial tension of the molten steel, the
inclusion may be collected at the interface of the argon
gas bubble.

[0105] In this connection, in the embodiment of the
present disclosure, in collecting and removing the inclu-
sion in the molten steel using the argon gas, a rotational
flow (Pc) may be generated in a predetermined area in
the molten steel where the argon gas is jetted such that
the same molten steel may be rotated several times and
repeatedly contact the argon gas at high frequency.
[0106] Thus, micro inclusion having a component such
as Al,O4, SiO,, and the like may be effectively collected
and removed from the molten steel. In this connection,
the bubble of the argon gas collected the inclusion at the
interface thereof may rise to the molten metal face and
escape to the outside the molten steel. In addition, the
inclusion may be adsorbed to the slag layer, and may be
removed.

[0107] As described above, in the embodiment of the
present disclosure, the inclusion may be easily collected
and removed from the molten steel, and therefore the
molten steel with ensured cleanliness relevant to the in-
clusion may be injected into the mold. Thus, applying this
to the continuous casting process may prevent the inclu-
sion defect in the mold, and reduce a clogging of the
nozzle due to the inclusion. As a result, a slab quality, a
process stability and a productivity in the continuous cast-
ing process may be improved.

[0108] FIG. 6 is a graphical representation of a struc-
ture of a melt treating apparatus for flow analysis of melt
according to an embodiment of the present disclosure.
FIG. 7 shows a result of melt flow analysis for a melt
treating apparatus according to an embodiment of the
present disclosure. First, an internal structure of the melt
treating apparatus is modeled graphically as shown in
Fig. 6 for numerical analysis using computational fluid
dynamics for the melt treating apparatus.

[0109] In this connection, in the modeled drawing, ref-
erence numeral 1’ denotes a meltinjection unit, reference
numeral 10’ denotes a container, and reference numeral
20’ denotes a first member. In addition, reference numer-
al 30’ denotes a second member, reference numeral 400’
denotes gas injection unit, and reference numeral 500’
denotes a chamber. Further, reference numeral 70’ de-
notes a nozzle. Further, reference signal P, denotes flow
near the melt injection unit, P, denotes melt flow near
the nozzle, P’ denotes melt flow near the first member,
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and V denotes an area where the venturi effect is formed.
[0110] Thereafter, predetermined analytical conditions
are input, and the modeling resultis numerically analyzed
using CFD (Computational Fluid Dynamics). The analy-
sis result is shown graphically in FIG. 7.

[0111] With reference to FIG. 6 and FIG. 7 together,
as a result of the above numerical analysis, melt flow is
generated in a direction from the melt injection unit 1’
toward the first member 20’, and the melt flow rises along
the first member 20’ due to an influence of gas lift from
the gas injection unit 400’. Some of the ascending melt
flow is returned toward the meltinjection unit 1’, and most
of which is rotated from the first member 20’ toward the
third member 30’. The melt flowing toward the third mem-
ber 30’ is bumped against a wall portion of the chamber
500’, and is directed downward. At this time, some of the
melt flows over the second member 30’, and escapes
toward the nozzle 70’, and the rest continues to flow be-
low the wall portion. It may be seen that the melt flowing
downward of the wall portion travels below the first mem-
ber 20’ toward the gas injection unit 400’ along the bottom
of the container 10’ due to the venturi effect generated
above the gas injection unit 400’ such that rotational flow
may be generated around the first member 20'.

[0112] Shapes of the first wall portion 520, and the sec-
ond wall portion 530 of the chamber 500 according to the
embodiment of the present disclosure may be variously
changed. Hereinafter, with reference to FIG. 8, shapes
of the first wall portions and the second wall portions of
the chamber 500 according to variations of the present
disclosure will be described in detail.

[0113] FIG. 8 is a partial view of the chamber of the
melt treating apparatus according to an embodiment and
variations of the present disclosure. In this connection,
(a) of FIG. 8 is a partial view of the chamber according
to the embodiment of the present disclosure, and (b) of
FIG. 8 to (i) of FIG. 8 are partial views showing the cham-
bers according to the first variation to the eighth variation
in order.

[0114] Inoneexample,inthereference numeralshown
in the drawings, 'b’ to '’ were used to distinguish compo-
nents according to each variation from the components
of the embodiment. For example, with reference to FIG.
8, reference numeral 510b to reference numeral 510i are
used to distinguish a lid portion according to each varia-
tion from the lid portion 510 of the embodiment. In addi-
tion, reference numeral 520b to reference numeral 520i
are used to distinguish a first wall portion according to
each variation from the first wall portion according to the
embodiment. Further, reference numeral 530b to refer-
ence numeral 530i are used to distinguish a second wall
portion according to each variation from the second wall
portion according to the embodiment.

[0115] In comparing (a) of FIG. 8 with (b) of FIG. 8 to
(i) of FIG. 8, in the variation of the present disclosure,
shapes of the first wall portion and the second wall portion
of the chamber may be various. The first wall portion may
be formed in a rectangular shape as shown in (b), (c),
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(), (9), (h) and (i) of FIG. 8 or may be in aright triangular
shape as shownin (d) and (e) of FIG. 8. In this connection,
in the case of a right triangular shape, a face correspond-
ing to a hypotenuse may be directed toward the inside
or the outside of the chamber.

[0116] The second wall portion may have at least one
of an upwardly inclined face 531, a downwardly inclined
face 531, a vertical face 532, a curved face 533, and a
concave groove 534 on one face thereof facing the first
wall portion, and the other face to the opposite. Its specific
shape is as shown in (a) of FIG. 8 to (i) of FIG. 8, respec-
tively.

[0117] Thus, in the variation of the present disclosure,
the shape of the first wall portion and the second wall
portion may be partially or completely different such that
the flow characteristics of the melt passing each of the
wall portions may be variously adjusted. Accordingly, the
melt flow formed below the chamber 500 may be adjusted
into a desired flow.

[0118] FIG. 9is a schematic diagram of a melt treating
apparatus according to a comparative example of the
presentdisclosure. FIG. 10 shows a result of a melt treat-
ment according to the comparative example of the
present disclosure, which is a result of performing an
operation using a conventional melt treating apparatus
according to the comparative example of the present dis-
closure.

[0119] The conventional melt processing apparatus
according to the comparative example of the present dis-
closure has a tundish 81 receiving molten steel (M’) and
slag (S), a melt injection unit 1 located at a center of the
tundish 81, an upper weir 82 spaced from the melt injec-
tion unit 1 toward a tap hole 84, and a lower dam 83
spaced from the upper weir 82 toward the tap hole 84.
In a melttreatment operation using the conventional melt
treating apparatus, as indicated by the dotted arrow on
the drawing, no rotational flow surrounding the upper weir
82 is generated inside the tundish 81. After applying the
apparatus to the continuous casting process and per-
forming the operation several times, as shown in FIG.
10, it may be seen that an inclusion defect is formed on
asurface of slab. This is because, unlike the embodiment
of the present disclosure, no rotational flow has been
generated and no gas has been injected so as to float,
or collect and remove micro inclusion in the tundish 81.
[0120] For example, during casting of molten metal,
such as in a continuous casting process, cleanliness of
the molten metal is an important factor in determining a
quality of the casted product. In the continuous casting
process, aluminum or silicon used in a deoxidation proc-
ess of molten steel (M’) reacts with oxygen in the molten
steel, and is mostly removed as an inclusion, but very
small inclusions remain in the molten steel. These inclu-
sions not only interfere with a molten steel injection into
the mold by causing a clogging of a submerged entry
nozzle of the tundish 81 in the continuous casting proc-
ess, but are also incorporated into the slab during a so-
lidification process, and cause a defect in the inclusion
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itself, as shown in FIG. 10. These inclusions have been
removed in a variety of ways, but, in case of inclusion of
30 um or less, the upper weir 82 and the lower dam 83
have a limitation in floating the inclusion using the molten
steel (M’) flow.

[0121] On the other hand, according to the embodi-
ment of the present disclosure, a rotational flow is gen-
erated by injecting, for example, argon gas into melt as
a means for maximizing a removal efficiency of an inclu-
sion. In this connection, a chamber is provided above a
first member, for example, a weir so as to maximize a
generation of the rotation flow by adjusting an injection
position of the argon gas, and to prepare for an occur-
rence of a naked molten metal surface caused by the
rotation and the argon gas injection. Therefore, while a
strong rotational flow is generated in the melt, and re-
peatedly contacts the argon gas to efficiently remove the
inclusion, an inert atmosphere is formed at the naked
molten metal surface due to the strong rotational flow
and the argon gas injection, thereby preventing melt con-
tamination.

[0122] It should be noted that the embodiment of the
present disclosure is for the explanation of the present
disclosure, and not for the limitation of the present dis-
closure. It should also be noted that the arrangements
and methods presented inthe embodiment of the present
disclosure will be combined or cross-linked to one anoth-
er and will be transformed into a variety of different forms,
and these variations may be regarded as the scope of
the presentdisclosure. As aresult, the presentdisclosure
will be implemented in a variety of different forms within
the scope of claims and equivalents thereof. Those
skilled in the art will appreciate that various modifications
of the present disclosure are possible within the scope
of the technical idea of the present disclosure.

Claims
1. A melt treating apparatus comprising:

a container having an inner space and an open
top, is provided with a melt injection unit at the
top thereof, and having a hole defined in at least
a portion of a bottom thereof;

a guide member spaced from the melt injection
unit, wherein the guide member is disposed be-
tween the hole and the melt injection unit; and
a gas injection unit spaced from the guide mem-
ber, wherein the gas injection unit is disposed
between the melt injection unit and the guide
member, wherein the gas injection unit is in-
stalled at the bottom of the container.

2. Theapparatus of claim 1, wherein the guide member
includes a first member spaced from the melt injec-
tion unit, wherein the first member is disposed be-
tween the hole and the melt injection unit, wherein
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the first member is spaced apart from the bottom of
the container.

3. Theapparatus of claim 2, wherein the guide member
includes a second member spaced from the first
member, wherein the second member is disposed
between the hole and the first member, wherein the
second member contacts the bottom of the contain-
er.

4. The apparatus of claim 3, wherein the gas injection
unit is spaced from the first member, wherein the
gas injection unit is disposed between the melt in-
jection unit and the first member or between the first
and second members.

5. The apparatus of one of claims 1 to 4, further com-
prising a chamber mounted on the top of the con-
tainer so as to extend in a width direction, wherein
the chamber has aninner space and an open bottom,
and facing the guide member and the gas injection
unit.

6. The apparatus according to any one of claim 1 to
claim 4, wherein the gas injection unit includes:

a block mounted on the bottom of the container,
and having a slit defined in a top face thereof;
gas injection pipe communicating with the slit;
and

a control valve mounted on the gasinjection pipe
for controlling an opening degree and an open-
ing and closing manner of the gas injection pipe.

7. The apparatus of claim 5, wherein the chamber in-
cludes:

a lid portion extending in the width direction;
wall portions extending in the width direction,
and respectively mounted on a bottom face of
the lid portion, wherein the wall portions are
spaced apart from each other and are disposed
in both regions opposing in a longitudinal direc-
tion, wherein the first member is centered be-
tween the wall portions, wherein the wall por-
tions contact or are spaced from both of longi-
tudinal sidewalls of the container; and

flanges extending in the longitudinal direction,
and respectively mounted on both width-direc-
tional edges of the lid portion to connecting both
of the wall portions.

8. The apparatus of claim 7, wherein each of the wall
portions includes:

a first wall portion spaced apart from the gas
injection unit and disposed between the meltin-
jection unit and the gas injection unit; and
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asecond wall portion spaced from and disposed
above the second member.

The apparatus of claim 8, wherein a bottom face of
the first wall portion is positioned higher than a top
face of the first member, wherein the bottom face of
the first wall portion is immersible into the melt in-
jected into the container,

wherein a bottom face of the second wall portion is
positioned lower than a top face of the first member,
and is immersible into the melt injected into the con-
tainer..

The apparatus of claim 5, further comprising at least
one of a supply pipe formed to be capable of sup-
plying gas, penetrating the chamber, and communi-
cating with the inner space of the chamber, and an
exhaust pipe formed to be capable of exhausting
gas, penetrating the chamber, and communicating
with the inner space of the chamber,

further comprising at least one of:

a first actuation unit for supporting the chamber
in an ascending or descending manner, and for
adjusting a vertical level of the chamber depend-
ing on a vertical level of a top face of the melt
injected into the container; and

a second actuation unitfor supporting the cham-
ber in a slidable manner, and for adjusting a po-
sition of the chamber in a longitudinal direction
depending on a formation position of a naked
molten metal surface of the melt injected into
the container..

The apparatus of one of claims 1 to 4, wherein the
melt injection unit is formed to allow molten steel to
pass therethrough, and is detachably mounted on a
ladle of a continuous casting facility,

wherein gas injected into the container from the gas
injection unit includes an inert gas..

A melt treating method comprising:

preparing a container, the container having an
inner space and an open top, is provided with a
melt injection unit at the top thereof, and having
a hole defined in at least a portion of a bottom
thereof, and having a guide member between
the hole and the melt injection unit;

injecting melt into the container;

flooding the melt over the guide member; and
generating rotational flow of the melt by injecting
gas through a gas injection unitinto between the
guide member and the melt injection unit in the
container.

13. The method of claim 12, comprising forming an inert

atmosphere or a vacuum atmosphere in aregion sur-
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rounding a formation position of a naked molten met-
al surface of the melt via gas injected into the con-
tainer using the chamber.

The method of claim 13, wherein generating the ro-
tational flow includes controlling each of flux of melt
flooding over the guide member, and flowing toward
the hole, and flux of melt flooding over the guide
member, and flowing toward the gas injection unit
by adjusting animmerse vertical level of the chamber
relative to the melt.

The method of one of claims 12 to 14, wherein the
melt includes molten steel, and wherein the gas in-
cludes an inert gas.
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