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DEVICE FOR INJECTING MOLTEN MATERIAL, CASTING EQUIPMENT USING SAME, AND

CASTING METHOD

The present disclosure relates to a device for

injecting molten material, a casting equipment using the
same, and a casting method. A casting method compris-
es: preparing main mod flux; injecting molten steel into
a mold; melting the main mold flux to produce molten
mold flux and injecting the molten mold flux onto a top
face of the molten steel; casting a slab; and determining
whether to input an additive based on a casted state of
the slab during casting thereof. A quality and productivity
of the slab may be improved.
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Description
BACKGROUND
1. Technical Field

[0001] The present disclosure relates to a device for
injecting molten material, a casting equipment using the
same, and a casting method. More specifically, the
presentdisclosure relates to a device for injecting molten
material able to improve a quality and productivity of a
slab, a casting equipment using the same, and a casting
method.

2. Description of the Related Art

[0002] A device forinjecting molten material, for exam-
ple a device for injecting molten mold flux used in a slab
casting process, is an equipment that melts the mold flux
in powder and supplies it to a mold. Typical molten mold
flux injecting equipment includes a hopper configured for
storing the mold flux therein, a smelting furnace config-
ured for receiving the mold flux from the hopper and melt-
ing it, and a torch disposed at one side of the smelting
furnace and configured for melting the mold flux by spray-
ing a flame into the smelting furnace. In this connection,
at the smelting furnace, a discharge port configured for
discharging the molten mold flux may be defined.
[0003] Thus, whenthe moldfluxis melted and supplied
to the mold, a temperature drop of molten steel in the
mold may be suppressed, and at the same time a lubri-
cating ability may be improved to reduce a defect of the
slab.

[0004] However, when a slab is casted by melting a
mold flux produced to have a certain component for each
steel grade, the component of the mold flux changes due
to a reaction between impurities contained in the steel
and the mold flux. For example, when a slab is casted
using molten steel containing a large amount of Al, as
Al203 is picked up in the mold flux, a viscosity of the
mold flux is increased.

[0005] Thus, the mold flux does not inflow smoothly
between the mold and the slab (solidified shell), therefore
a heat transfer between the molten steel and the mold
becomes uneven and the lubricating ability decreases.
Thus, an operation accident such as a solidified shell
break-out or a crack on a surface of the slab occurs.
[0006] Suchchangeinthe components of the mold flux
may lead to difficulty in carrying out multiple continuous-
castings of a single steel grade at least one charge.
[0007] On the other hand, in case of multiple continu-
ous-castings of two grades of steel, change in the grade
of the steel may requires a mold flux suitable for the
changed grade. Therefore, when the steel grade is
changed, the mold flux produced so as to have a suitable
component for the changed grade should be injected into
the mold. However, when supplying the mold flux suitable
for the steel grade, it is preferable mold fluxes having
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different components not to be mixed with each other,
but due to an operation property, a transient phenome-
non in which the mold fluxes having different components
are mixed with each other is inevitable. In such the tran-
sient phenomenon, the mold flux does notinflow smooth-
ly between the mold and the solidified shell, so that the
solidified shell sometimes breaks out.

SUMMARY

[0008] The present disclosure provides a device for
injecting molten material which is able to improve a cast-
ing efficiency, a casting equipment using the same, and
a casting method.

[0009] The present disclosure provides a device for
injecting molten material which is able to improve a qual-
ity of a slab, a casting equipment using the same, and a
casting method.

[0010] A device for injecting molten material according
to an embodiment of the present disclosure, the device
may comprise: raw material supply units configured for
supplying differentfirstand second raw materials respec-
tively; a mixing unit configured for mixing the different
first and second raw materials supplied from the raw ma-
terial supply units to produce a mixture; a melting unit
connected to the mixing unit to melt the mixture supplied
from the mixing unit to produce molten material, and the
melting unit has a discharge port through which the mol-
ten material is discharged; and a control unit configured
for controlling a component of the mixture by controlling
operations of the raw material supply units, mixing unit
and melting unit.

[0011] The raw material supply unit may include: a first
raw material supply unit configured for supplying a first
raw material; and second raw material supply units con-
figured for respectively supplying a plurality of second
raw materials containing different components.

[0012] The first raw material supply unit may include:
afirst storage unit configured for storing the first raw ma-
terial therein; a first transfer pipe for communicating the
first storage unit and the mixing unit; and a first feeder
coupled to at least one of the first storage unit and the
first transfer pipe to regulate a discharge amount of the
first raw material.

[0013] Eachofthe second raw material supply unit may
include: asecond storage unit configured for storing each
of the plurality of second raw materials therein; a second
transfer pipe configured for communicating each of the
plurality of second storage units and the mixing unit; and
a second feeder coupled to at least one of the second
storage unit and the second transfer pipe to regulate a
discharge amount of each of the second raw material.
[0014] The mixing unit may include: a mixing vessel in
communication with the first supply pipe and the second
supply pipe; an agitator disposed in the mixing vessel for
mixing the first raw material and the second raw material;
and a third transfer pipe for transferring the mixture of
the first raw material and the second material to the melt-
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ing unit.

[0015] The mixing unit may include a mixing vessel in
communication with the first supply pipe and the second
supply pipe, and the mixing vessel is rotatable.

[0016] The melting unit may include: a smelting fur-
nace having a smelting space defined therein for receiv-
ing the first raw material and the second raw material
therein; a heat source supply unit disposed at one side
of the smelting furnace to supply a heat source to the
smelting space.

[0017] The heatsource supply unituses plasma as the
heat source.

[0018] The control unit may be configured to determine
whether or not to inject the second raw material based
on an input signal.

[0019] A casting equipment may comprise: a mold for
receiving and initially solidifying molten steel; a device
for injecting molten mold flux into the mold; a measuring
unit configured for measuring temperatures of at least
one of a temperature of the mold and a component of
the molten mold flux injected into the mold; and a control
unit configured for controlling an operation of the device
based on a measurement from the measuring unit to
change the component of the molten mold flux to be in-
jected into the mold.

[0020] Thedevice mayinclude: afirstraw material sup-
ply unit configured for supplying main mold flux; second
raw material supply units configured for supplying addi-
tives; a mixing unit configured for mixing the main mold
flux and the additives respectively supplied from the first
raw material supply unit and the second raw material
supply units, thereby to produce a mixture; and a melting
unit configured for melting the mixture supplied from the
mixing unit to produce molten mold flux, and for injecting
the molten mold flux into the mold.

[0021] The secondraw material supply units may store
therein the plurality of additives individually, and the sec-
ond supply units feed selectively the plurality of additives
to the mixing unit.

[0022] The measuring unit may include a thermometer
configured for measuring a temperature of the mold.
[0023] The measuring unit may include: a probe con-
figured for collecting molten mold flux injected into the
mold; an analyzing unit configured for analyzing a com-
ponent of the molten mold flux collected by the probe.
[0024] The control unit may be configured to determine
whether to input the additives using a measurement from
the measuring unit, and to control types and input
amounts of the additives by controlling the second raw
material supply units based on the measurement.
[0025] A casting method may comprise: preparing
main mod flux; injecting molten steel into a mold; melting
the main mold flux to produce molten mold flux and in-
jecting the molten mold flux onto a top face of the molten
steel; casting a slab; and determining whether to input
an additive based on a casted state of the slab during
casting thereof.

[0026] In preparing of the main mold flux, the additive

10

15

20

25

30

35

40

45

50

55

may be prepared.

[0027] During melting the main mold flux to produce
the molten mold flux, the main mold flux and the additive
may be melted together.

[0028] In casting the slab, a temperature of the mold
may be measured to indicate the casted state of the slab,
and the method may include determining whether to input
the additive based on the measured temperature of the
mold.

[0029] In casting the slab, a component of the molten
mold flux injected into the mold may be analyzed to in-
dicate the casted state of the slab, the method may in-
clude determining whether to input the additive based on
the analyzed component of the molten mold flux.
[0030] The method may include, upon determination
that the additive is added, mixing the main mold flux and
the additive to form a mixture, and melting the mixture,
and injecting molten mold flux containing a changed com-
ponent into the mold.

[0031] The method may include, when, in casting the
slab, a grade of molten steel to be injected into the mold
has been changed, mixing the main mold flux and the
additive, melting the mixture, and injecting molten mold
flux containing a changed component into the mold.
[0032] When the main mold flux and the additive are
mixed, components of the additives as injected may vary
depending on the grades of the molten steel.

[0033] When the main mold flux and the additive are
mixed, injection amounts of the additives containing the
same component may vary depending on the grades of
the molten steel.

[0034] According to embodiments of the present dis-
closure, casting efficiency and slab quality may be im-
proved by rapidly responding to the component changes
in the mold slag during the casting.

[0035] In other words, by adding an additive to control
the component of the mold slag during the casting, it may
cope with the component change of the mold slag in real
time.

[0036] Therefore, it is possible to prevent slab surface
cracking or solidified shell breaking-out resulted from the
component change of the mold slag, which may improve
the quality of the slab.

[0037] In addition, continuous-continuous castings of
a single steel grade is possible and productivity may be
improved.

[0038] In addition, the casting efficiency may be im-
proved by rapidly producing and supplying the molten
mold flux suitable for the steel grade in continuous-con-
tinuous casting of various steel grades.

[0039] Therefore, itis possible to suppress or prevent
occurrence of the slab breaking-out phenomenon by re-
ducing a mixing time of molten mold fluxes having differ-
ent physical properties.

BRIEF DESCRIPTION OF DRAWINGS

[0040]
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Figure 1 is a schematic view of a casting equipment
according to an embodiment of the present disclo-
sure.

Figure 2 shows a main configuration of the casting
equipment shown in Figure 1.

Figure 3 is a block diagram showing the configuration
of the casting equipment shown in Figure 2.

Figure 4 is a sequence diagram showing a casting
method according to a first embodiment of the
present disclosure.

Figure 5 is a block diagram conceptually showing a
method of injecting molten mold flux into a mold when
a slab is casted according to a second embodiment
of the present disclosure.

Figure 6 is a graph showing experimental results
based on whether an additive inputted when a slab
is casted according to a casting method of the em-
bodiment of the present disclosure.

DETAILED DESCRIPTION

[0041] Hereinafter, an embodiment of the present dis-
closure will now be described in detail with reference to
the accompanying drawings. The present disclosure
may, however, be embodied in many different forms and
should not be construed as limited to the embodiments
set forth herein, rather, these embodiments are provided
by way of illustration only and so that this disclosure will
be thorough, complete and will fully convey the full scope
of the invention to those skilled in the art.

[0042] Figure 1is a schematic view of a casting equip-
ment according to an embodiment of the present disclo-
sure, Figure 2 shows a main configuration of the casting
equipment shown in Figure 1, and Figure 3 is a block
diagram showing the configuration of the casting equip-
ment shown in Figure 2.

[0043] Referring to Figure 1, a casting equipment ac-
cording to an embodiment of the present disclosure may
include a ladle 10 configured for receiving molten steel
refined in a steelmaking process therein; a tundish 20
configured for receiving the molten steel through an in-
jecting nozzle (unshown) connected to the ladle 10, stor-
ing the molten steel therein temporarily and supplying it
to a mold 30; the mold 30 configured for receiving the
molten steel through a submerged nozzle 22 connected
to the tundish 20 and initially solidifying it in a uniform
shape; a cooling line 40 disposed below the mold 30 and
having a plurality of segments continuously arranged for
performing a series of molding operations while cooling
an unsolidified slab 1 drawn from the mold 30.

[0044] Further, referring to Figure 2 and 3, the casting
equipment may include a device 100 for injecting molten
material, wherein the device 100 is configured for melting
and supplying a mold flux onto a top face of the molten
steel to be supplied to the mold 30; a measuring unit 130
configured for measuring various component changes
resulted from a change in a component of the mold flux
in the mold 30; a control unit 140 configured for controlling
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an operation of the device 100 for injecting the molten
material based on a measured result from the measuring
unit 130.

[0045] The device 100 for injecting the molten material
may melt a solid mold flux and supply a liquid mold flux
i.e. molten mold flux, to the mold 30. Conventionally, the
device for injecting the molten material melted a mold
flux provided to have a certain component suitable for a
steel grade as it is by a heating means such as a plasma
torch and supplied to the mold 30 simultaneously. How-
ever, although the molten mold flux supplied into the mold
30 during casting reacts with impurities in the molten steel
to change its component, the device for injecting the mol-
ten material continuously supplies the mold flux of the
same component, therefore it was impossible to cope
with the component change in real time.

[0046] In addition, when in case of continuous-contin-
uous-castings of different steel grades, mold fluxes hav-
ing different components suitable for the steel grades
provided. Thus, it is time consuming to change the mold
flux to a mold flux having a component suitable for the
steel grade, and mold fluxes of different components are
inevitably mixed to each other in a smelting furnace 112.
Result from the mixing of the mold fluxes, the mold flux
does not inflow smoothly between the mold 30 and a
solidified shell, so thata problem such as a solidified shell
break-out occurred.

[0047] Therefore, in order to solve the above-men-
tioned problem of the device for injecting the molten ma-
terial, the device 100 for injecting the molten material is
configured to change the molten mold flux component
supplied to the mold 30 in real time in the present disclo-
sure. Hereinafter, the term "mold flux" refers to a solid
mold flux when before being supplied to the smelting fur-
nace 112, and then when after the solid mold flux being
melted in the smelting furnace 112, it is referred as the
"molten mold flux". In addition, when after the molten
mold flux is injected into the mold 30, it is referred as
"mold slag".

[0048] The device 100 for injecting the molten material
according to an embodiment of the present disclosure
may include: a raw material supply unit 110 configured
for supplying the solid mold flux; a melting unit 120 con-
figured for receiving and melting the solid mold flux to
generate the molten mold flux, and injecting the molten
mold flux into the mold 30; and the control unit 140 con-
figured for controlling an operation of the raw material
supply unit 110 and the melting unit 120.

[0049] The raw material supply unit 110 may include:
a first raw material supply unit 112 configured for supply-
ing a first raw material; a second raw material supply unit
112 configured for supplying a second raw material; and
a mixing unit 116 connected to the first raw material sup-
ply unit 112 and the second raw material supply unit 114,
and configured for mixing a first raw material and a sec-
ond raw material respectively supplied from the first raw
material supply unit 112 and the second raw material
supply unit 114.
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[0050] Inaddition, the raw material supply unit 110 may
supply the mixture of the first raw material and the second
material to the melting unit 120 through the mixing unit
116, but araw material feeding unit 118 may be disposed
between the mixing unit 116 and the melting unit 120 to
supply the first raw material or the mixture of the first raw
material and the second raw material uniformly to the
melting unit 120.

[0051] The first raw material supply unit 112 may in-
clude: a first storage unit 112a configured for storing the
first raw material, such as a main mold flux therein; and
a first transfer pipe 112b for communicating the first stor-
age unit 112a and the mixing unit 116.

[0052] The first storage unit 112a stores the solid first
raw material e.g. the main mold flux therein. A first feeder
112¢c may be disposed at a portion where the main mold
flux is discharged from the first storage unit 112a or at
the first transfer pipe 112b to discharge the main mold
flux by a predetermined amount or uniformly. In this con-
nection, the first feeder 112c may be a screw feeder pro-
vided at the first storage unit 112a or the first transfer
pipe 112b and operated by an operation of a driving de-
vice, or may be a valve that opens or closes a connection
of the first storage unit 112a and the first transfer pipe
112b or a flow path inside the first transfer pipe 112b.
[0053] The second raw material supply unit 114 may
include a second storage unit 114afor storing the second
raw material, such as an additive therein, and a second
transfer pipe 114b for communicating the second storage
unit 114a and the mixing unit 116. In this connection, the
plurality of second storage units 114a may be provided
so that various types of the additive may be independ-
ently stored therein. A second feeder 114c may be pro-
vided at a portion of the second storage unit 114a from
which the additive is discharged or at the second transfer
pipe 114b to discharge the additive to the mixing unit 116
by a predetermined amount or uniformly. The second
feeder 114c may be a screw feeder connected to the
second storage unit 114a or the second transfer pipe
114b and operated by the operation of the driving device
or may be a valve that opens or closes a connection of
the second storage unit 114a and the second transfer
pipe 114b or a flow path inside the second transfer pipe
114b.

[0054] Due to this configuration, the second raw ma-
terial supply unit 114 may selectively supply at least one
of the plurality of additives.

[0055] The mixing unit 116 may supply a mold flux uni-
formly mixed of the main mold flux and the additive re-
spectively from the first raw material supply unit 112 and
the second raw material supply unit 114 to the melting
unit 120. The mixing unit 116 may also supply only the
first raw material from the first raw material supply unit
112 to the melting unit 120.

[0056] The mixing unit 116 may include: a mixing ves-
sel 116a configured for receiving the main mold flux and
the additive respectively supplied from the first raw ma-
terial supply unit 112 and the second raw material supply
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unit 114 therein; an agitator (not shown) configured for
uniformly mixing the main mold flux and the additive re-
ceived in the mixing vessel 116a; and a third transfer pipe
116b configured for transferring the mixture of the main
mold flux and the additive, that is, the mold flux, to the
melting unit 120.

[0057] The mixing vessel 116a may receive solid main
mold flux and additive discharged from the first raw ma-
terial supply unit 112 and the second raw material supply
unit 114 therein. A third feeder 116¢ may be disposed at
a portion from which the mixture of the main mold flux
and the additive is discharged or at the third transfer pipe
116b to discharge the mixture of the first raw material
and the second raw material by a predetermined amount
or uniformly. In this connection, the third feeder 116c may
be a screw feeder provided at the mixing vessel 116a or
the third transfer pipe 116b and operated by the operation
of the driving device or may be a valve that opens or
closes a connection of the mixing vessel 116a and the
third transfer pipe 116b or a flow path inside the third
transfer pipe 116b.

[0058] The agitator may be formed of a screw or an
impeller configured to be rotatable in the mixing vessel
116a. In addition, the agitator may be formed of a nozzle
capable of blowing inert gas and the like into the mixing
vessel 116a.

[0059] Inthisspecification, the mixing unit116 includes
the mixing vessel 116a and the agitator. However, the
mixing vessel 116a may be configured to be rotatable to
uniformly mix the main mold flux and the additive without
the agitator. The mixing unit 116 may not limited thereto
and formed in various shapes to uniformly mix the main
mold flux and the additive.

[0060] The mixing unit 116 may also include a heater
116d configured for preheating the main mold flux or the
mixture of the main mold flux and the additive. The heater
116d may be provided at the agitator or the mixing vessel.
The main mold flux or the mixture of the main mold flux
or the additive may be heated at a predetermined tem-
perature and supplied to the raw material feeding unit
118.

[0061] The raw material feeding unit 118 may include:
a third storage unit 118a for communicating with the third
transfer pipe 116b of the mixing unit 116; a fourth transfer
pipe 118b configured for connecting the third storage unit
118a to the melting unit 120 and supplying the first raw
material or the mixture of the first raw material and the
second raw material through an internal flow path thereof;
and a fourth feeder 118c may be provided to connect the
third storage unit 118a and the fourth transfer pipe 118b
to supply the first raw material or the mixture of the first
raw material and the second raw material to the melting
unit 120 by a predetermined amount or uniformly. The
fourth feeder 118c may be a screw feeder or a valve that
is connected to the third storage unit 118a and the fourth
transfer pipe 118b like as above-mentioned first to third
feeders 112c, 114c, and 116c¢.

[0062] The raw material feeding unit 118 may also in-
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clude a heater 118d for preheating the main mold flux or
the mixture of the main mold flux and the additive supplied
from the mixing unit 116. The heater 118d may be dis-
posed at the third storage unit 118a or the fourth transfer
pipe 118b. The heater 118d may heat the main mold flux
or the mixture of the main mold flux and the additive at
a predetermined temperature and supply to the melting
unit 120. Therefore, by accelerating the melting of the
main mold flux or the mixture of the main mold flux and
the additive, it may be possible to respond more rapidly
to the change of the component of the mold slag.
[0063] The melting unit 120 may generate and tempo-
rarily store molten mold flux by heating and melting the
mold flux, that is the mixture of the main mold flux and
the additive supplied from the mixing unit 116, and dis-
charge the molten mold flux and inject it into the mold
30. The melting unit 120 may include: the smelting fur-
nace 112 configured for receiving the mixture supplied
from the mixing unit 116 therein; a heat source supply
unit 128 configured for supplying a heat source inside
the smelting furnace 112.

[0064] A smelting space where the main mold flux and
the additive are injected and melted may be defined in-
side of the smelting furnace 112, and a discharge port
126 for injecting the molten mold flux to the mold 30 may
be defined at one side of the smelting furnace 112. The
smelting furnace 112 may be formed in an approximately
"V" shaped with downwardly bent center portion and may
be provided in a tilted manner. The smelting furnace 112
may include an injection port 124 for injecting the mold
flux discharged from the mixing unit 116 into the smelting
space at an upper side thereof and the discharge port
126 for injecting the molten mold flux generated in the
smelting space into the mold 30. Further, the heat source
supply unit 128 may be connected to one side of the
smelting furnace 112 so as to supply the heat source to
the smelting space. By the heat source from the one side
of the smelting furnace 112 may be supplied, the mold
flux in the smelting space may be melted so that the mol-
ten mold flux may be generated and temporarily stored
therein and through the discharge port 126 at the other
side thereof, the molten mold flux may be discharged and
injected into the mold 30. This is possible because the
smelting furnace 112 is provided in the tilted manner. A
discharging amount of the molten mold flux may be reg-
ulated based on a degree of tilting of the smelting furnace
112.

[0065] The heat source supply unit 128 may include a
plasma torch and a gas supply pipe that supplies plasma
gas such as nitrogen (N,), argon (Ar), helium (He), etc.
with the plasma torch. The plasma torch is a device for
generating plasma of a high temperature of 20,000 °C or
above using electricity, and generates the plasma to the
smelting space of the smelting furnace 112. The plasma
torch may include: a plasma confinement tube for receiv-
ing a plasma gas supplied from the gas supply pipe; an
induction coil disposed to surround the plasma confine-
ment tube; and a power supply unit for supplying power

10

15

20

25

30

35

40

45

50

55

to the induction coil. Thus, when the power from the pow-
er supply unit is applied to the induction coil, the plasma
is generatedinside the plasma confinementtube. Plasma
thus generated and heat induced by the plasma may be
used as a heat source to melt the mixture, i.e. the solid
mold flux and the additive supplied to the smelting space
through the injection port 124. The molten mold flux in
the smelting space may be temporarily stored therein,
and when the smelting furnace 112 is tilted, it may be
discharged from the discharge port 126 and injected into
the mold 30.

[0066] The smelting furnace 112 constituting the melt-
ing unit 120 may be formed in various shapes, and the
molten mold flux may also be discharged by various
ways. Such a melting unit 120 is a well-known technol-
ogy, therefore a detailed description thereof will be omit-
ted.

[0067] With this configuration, the device 100 for in-
jecting the molten material may control and melt the com-
ponent of the mold flux in real time and inject into the
mold 30.

[0068] In addition, the measuring unit 130 may be dis-
posed at the mold 30. The measuring unit 130 may in-
clude a thermometer for measuring a heat transferring
behavior of the mold 30, or a probe for measuring the
component of the mold flux injected into the mold 30.
[0069] When the thermometer is used as the measur-
ing unit 130, the thermometer may be installed at the
mold 30 to measure a temperature change of the mold
30. For example, when in case of multiple continuous-
castings of the single steel grade, the viscosity of the
mold slag is increased due to an introduction of Al,O5
into the mold slag after a certain period of time. Thus,
the mold slag is ununiformly introduced between the mold
30 and the solidified shell, and a lubrication is not properly
performed.

[0070] As a result, a heat transfer from the solidified
shell to the mold 30 is not uniform, resulting in a variation
in a temperature value measured by the thermometer.
Therefore, a casting performance may be improved by
changing the component of the molten mold flux to be
injected into the mold 30 based on the temperature value
measured by the thermometer.

[0071] When the probe is used as the measuring unit
130, a portion of the mold slag in the mold 30 is sampled.
Then, by analyzing the components of the mod slag col-
lected fromthe probe, the components of the molten mold
flux injected into the mold 30 and the mold slag may be
compared and analyzed. In response to the change of
the component of the mold slag during casting, the cast-
ing performance may be improved by changing the com-
ponent of the molten mold flux to be injected into the mold
30 in the future.

[0072] The addition of the additive to the mold flux
based on the measurement of the measuring unit 130
will be described again in the description of the casting
method.

[0073] The control unit 140 may receive the measure-
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ment of the measuring unit 130. Based on the measure-
ment of the measurement, the control unit 140 may con-
trol the operation of the raw material supply unit and con-
trol the component of the molten mold flux to be injected
into the mold 30. As a result, supply amounts of the main
mold flux and the additive may be controlled. In addition,
the control unit 140 controls the operation of the melting
unit 120 and the measuring unit 130, thereby controlling
supply amount of the molten mold flux to be injected into
the mold 30 based on the measurement.

[0074] Hereinafter, the casting method according to an
embodiment of the present disclosure will be described.
[0075] The casting method according to the present
disclosure may include a first embodiment for casting a
slab using a single steel grade and a second embodiment
for casting a slab using two grades of the steel.

[0076] Figure 4 is a sequence diagram showing the
casting method according to the first embodiment of the
present disclosure.

[0077] First, the first embodiment for casting the slab
using the single steel grade will be described.

[0078] The casting method according to the first em-
bodiment of the present disclosure may include: a step
S110 of preparing the main mold flux and the additive; a
step S120 of injecting the molten steel passed through
the ladle 10 and the tundish 20 into a mold 30; a step
S130 for injecting the molten mold flux to a top face of
the molten steel injected into the mold 30; a step S140
for measuring the casting state; and a step S150 for an-
alyzing the casting state and determining whether or not
to input the additive; and a step S160 for inputting the
additive. Injecting the molten steel and the molten mold
flux into the mold 30 may be performed continuously dur-
ing casting. Further, by a step S170 of determining wheth-
er the casting is completed, measuring the casting state
and inputting the additive may be repeatedly performed
during casting.

[0079] Hereinafter, the molten mold flux injected into
the mold 30 at beginning of the casting is called a first
molten mold flux, and the molten mold flux mixed with
the additive during the casting and injected into the mold
30 is called a second molten mold flux.

[0080] Inpreparing the main mold flux and the additive,
the solid main mold flux is provided into the first storage
unit 112a, and the additive to be mixed with the main
mold flux during the casting is provided into the second
storage unit 114a. In this connection, the molten mold
flux may include CaO, SiO,, MnO, P,05, Al,O5, MgO,
TiO,, K50, Na,0, F, Fe;05 and the like. The main mold
flux may be prepared to have a composition suitable for
the molten steel to be used in the casting. In addition,
the additive may be one or a mixture of at least two com-
ponents selected from a group consisting of NaF(s),
NasAlFg, CaF,(s), AlF5(s), SiO4(s), Li,O(s), LiF(s), CaO,
MnO, P,05 MgO, Al,O5(s), TiO,, Fey,05 Ky0(s),
Na,O(s).

[0081] In injecting the molten steel into the mold 30, a
refining process is completed and the molten steel re-
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ceived inthe ladle 10 is supplied to the tundish 20 through
the injecting nozzle, and the molten steel supplied to the
tundish 20 is injected into the mold 30 through the sub-
merged nozzle 22 provided at the tundish 20.

[0082] Once the molten steel has been injected into
the mold 30, the first molten mold flux is injected to the
top face of the molten steel in the mold 30. The main
mold flux is transferred from the first storage unit 112
where it is firstly stored to the melting unit 120 through
the mixing vessel 116a of the mixing unit 116. The first
molten mold flux may be produced by melting said main
mold flux in the melting unit 120. The first molten mold
flux injected at the beginning of the casting may be pro-
duced by melting only the main mold flux in the melting
unit 120.

[0083] In this way, the slab may be casted by injecting
the molten steel and the first molten mold flux into the
mold 30. The first molten mold flux injected into the mold
30, i.e. the mold slag, inflows between the mold 30 and
the solidified shell (or the molten steel), controlling the
heat transfer between the mold 30 and the solidified shell,
and lubricating to smooth the casting of the slab.
[0084] At the beginning of the casting, the mold slag
maintains its components when injected, but as the cast-
ing progresses, the impurities in the molten steel flow
into the mold slag and the components of the mold slag
change. For example, when Al,O3 in the molten steel is
introduced into the mold slag, the viscosity of the mold
slag increases. In this case, the mold slag does not inflow
smoothly between the mold 30 and the solidified shell,
and the mold slag is unevenly introduced in the width
direction and the longitudinal direction of the mold 30.
[0085] As aresult, the heat is unevenly transferred be-
tween the mold 30 and the solidified shell, and the solid-
ified shellis notformed properly. Therefore, after the cast-
ing, a crack on a surface of the slab or a slab break-out
may occur.

[0086] By injecting the second molten mold flux pre-
pared by mixing the main mold flux and the additive dur-
ing the casting into the mold 30, a quality of the slab may
be improved by allowing the mold slag to inflow uniformly
between the mold and the solidified shell in response to
the component change of the mold slag.

[0087] Whether or not to inject the additive may be de-
termined based on the casting state, for example, the
temperature change of the mold 30 or the change of the
component of the mold slag.

[0088] By measuring the temperature change of the
mold 30 during the casting, mixing the additive to the
mold flux based on the measured temperature change,
and melting and injecting the mixture into the mold 30,
thereby rapidly responding to the component change of
the mold slag. Therefore, by allowing the mold slag to
inflow uniformly between the mold 30 and the solidified
shell, the same heat transfer characteristics and lubricat-
ing ability as in the initial stage of casting may be main-
tained until the casting is completed.

[0089] The temperature of mold 30 may be measured
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by installing a plurality of thermometers in the longitudinal
direction and the width direction of the mold 30 and meas-
uring the temperature value in the longitudinal direction
and(or) the width direction of the mold 30. Then, the de-
viation of the measured temperature value from the ther-
mometer may be measured. When the measured tem-
perature value falls within a deviation range of about 0%
to 5% from the initial measured temperature value, the
casting may proceed as itis. Or when the measured tem-
perature value deviates from above-stated deviation
range, the additive may be determined to be injected.
[0090] As aresult of comparison, when the measured
temperature value is within the deviation range, it is de-
termined that the mold slag is being uniformly injected
between the mold 30 and the solidified shell, and the
component change of the mold slag is insignificant, thus
the molten mold flux of the same component as the initial
casting, i.e. the first molten mold flux is injected into the
mold 30.

[0091] However, when the measured temperature val-
ue deviates from the deviation range, it is determined
that the component of the mold slag has changed greatly.
Therefore, the molten mold flux into which the additive
is injected, i.e. the second molten mold flux may be in-
jected into the mold 30.

[0092] The additive to be injected into the mold 30 may
be selected as follows.

[0093] Atthe beginning of the casting, the temperature
value measured from the thermometer changes within a
certain range because there is little change in the com-
ponent of the mold slag. However, as the casting
progresses, the impurities in the molten steel flow into
the mold slag, causing a change in the component of the
mold slag. For example, Al,O5 in the molten steel may
inflow, or fluorine (F) component in the mold slag may
volatilize, resulting in a higher viscosity of the mold slag.
In this case, since the mold slag is not uniformly intro-
duced between the mold 30 and the solidified shell, the
heat transfer ability is lowered, and the measured tem-
perature value measured from the thermometer installed
at the mold 30 is changed. In this case, by mixing the
mold flux and the additive and melting and injecting the
mixture into the mold 30, thereby suppressing or prevent-
ing a deterioration of casting efficiency resulted from the
component change of the mold slag. When a large
amount of Al,O5 is introduced into the mold slag, at least
one of NaF, CaF,, and Li,CO3 may be used as the ad-
ditive, and when fluorine in the mold slag is volatilized,
Na3AlFg or NaF and the like may be used as the additive.
Because of this, the viscosity of the mold slag in the mold
30 may be reduced to some extent, so that the mold slag
may be uniformly injected between the mold 30 and the
solidified shell. For example, when the molten mold slag
is injected at 1 kg/min, NazAlFg as the additive may be
inputted at 50 g/min. Thatis, the additive may be inputted
in a range of 1 to 5% by weight of the molten mold slag.
In this case, the fluorine content of the component in the
mold slag injected into the mold 30 is increased up to
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about 2.7 wt%, and the viscosity of the mold slag is in-
creased, thereby smooth inflow of the mold slag between
the mold and the solidified shell. In this connection, Al,O4
and Na,O components also somewhat increased within
arange of more than 0 to 2 wt%. The change of the Al,O4
and Na,O contents is not so much compared to the
change of the fluorine content, thus it does not affect the
casting much.

[0094] In addition, at least one of various kinds of ad-
ditives described above may be used as the additive.
[0095] Mixing of the main mold flux and the additive is
performed via the control unit 140. The control unit 140
receives the measurement from the measuring unit 130,
for example, the thermometer, and controls the opera-
tions of the first feeder 112c of the first raw material supply
unit 112 and the second feeder 114c of the second raw
material supply unit 114. Then, the main mold flux and
the additive respectively stored in the first storage unit
112a and the second storage unit 114a are supplied into
the mixing vessel 116a of the mixing unit 116.

[0096] Thereafter, the control unit 140 operates the ag-
itator of the mixing unit 116 to uniformly mix the main
mold flux and the additive supplied to the mixing vessel
116a. When the main mold flux and the additive are uni-
formly mixed, the control unit 140 operates the third feed-
er 116¢ of the mixing unit 116 to inject the mixture of the
main mold flux and the additive into the smelting furnace
112 of the melting unit 120.

[0097] The mixture injected into the smelting furnace
112 is melted by the heat supplied from the heat source
supply unit 128 of the melting unit 120, that is, the plasma,
to be produced as the second molten mold flux. The sec-
ond molten mold flux thus produced is injected into the
mold 30 through the discharge port 126 formed at the
smelting furnace 112 by the inclination of the smelting
furnace 112 and mixed with the mold slag. Thus, the vis-
cosity of the mold slag in the mold 30 is lowered, allowing
the uniform inflow between the mold 30 and the solidified
shell.

[0098] Thus, by continuously monitoring the tempera-
ture of the mold 30 during the casting of the slab, the
quality of the slab may be improved by rapidly responding
to the temperature change of the mold 30 resulting from
the component change of the mold slag. Control of the
component of the mold slag during the casting may be
repeated many times, depending on the measurement
from the measuring unit 130. Therefore, since the com-
ponent of the mold slag may be rapidly controlled in re-
sponse to the component change of the mold slag during
the casting, unless deterioration of the device such as
the submerged nozzle 22 and the like occurs, the number
of the charge may be increased to prolong the casting
time, and the continuous continuous-casting becomes
possible, which may improve a throughput of the molten
steel, that is a production amount of the slab.

[0099] In the present specification, it is described that
the component change of the mold slag is measured
based on the temperature change of the mold 30. How-
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ever, the component of the mold slag may be analyzed
by collecting the mold slag during the casting. Alterna-
tively, when Al,O5 is injected into the mold slag, because
color of the mold slag is changed, the component change
of the mold slag may be measured visually.

[0100] Hereinafter, the second embodiment of the
present disclosure will be described below.

[0101] Figure 5is a block diagram conceptually show-
ing a method of injecting the molten mold flux into the
mold when the slab is casted according to a second em-
bodiment of the present disclosure.

[0102] The second embodiment of the present disclo-
sure describes a method of casting different steel grades,
such as the two grades of the steel.

[0103] For example, when the slabs are casted using
high Al or high Mn steel, mold fluxes with different com-
ponents are used. In this case, the mold flux to be used
includes Ca0, SiO,, MnO, P,04, Al,05, MgO, TiO,, K50,
Na,O, F, Fe,O4 and the like, but there is a difference in
contents thereof, and other components may be further
included. Therefore, when continuously casting these
two grades of the steel, different mold fluxes are injected
as the steel grade changes. In this case, suitable mold
flux based on the steel grade should be provided sepa-
rately. In this connection, when production amount of the
steel grade to be casted is small, the molten mold flux
remaining in the melting furnace is discarded, and new
mold flux is melted and provided as molten mold flux, or
a transient phenomenon in which mold fluxed having dif-
ferent components are mixed with each other during the
casting occurs.

[0104] Therefore, in the second embodiment of the
present disclosure, the component of the molten mold
flux may be controlled based on the steel grade used in
the casting and injected into the mold 30.

[0105] Hereinafter, a mold flux applicable to all steel
grades is called a main mold flux, an additive used at the
beginning of the casting is called a first additive, and an
additive used when the steel grade is changed during
the casting is called a second additive. In addition, an
additive used based on the results measured by the
measuring unit 130 during the casting is called a third
additive.

[0106] The casting method according to the second
embodiment of the present disclosure may include: pre-
paring the main mold flux and the first additive, the sec-
ond additive and the third additive; injecting a first molten
steel passed through the ladle 10 and the tundish 20 into
the mold 30; injecting a first molten mold flux prepared
by mixing the main mold flux and the first additive to the
top face of the first molten steel injected into the mold
30; injecting a second molten steel into the mold 30 when
after the casting using the first molten steel is completed;
and injecting a second molten mold flux, prepared using
the main mold flux and the second additive, to the top
face of the second molten steel injected into the mold 30.
In addition, in casting the slab using the first molten steel
and the second molten steel, measuring the casting state
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and injecting the third additive based on the casting state
may be included.

[0107] In this connection, the casting using the first
molten steel and the casting using the second molten
steel may be performed sequentially, measuring the cast-
ing state and injecting the third additive may be repeat-
edly performed during the casting by determining the
completion of the casting using the second molten steel.
[0108] First, in preparing the main mold flux, first ad-
ditive, second additive and third additive, the main mold
flux applicable to all steel grades, the first additive for
controlling the component of the mold flux based on the
steel grade, the second additive for controlling the com-
ponent of the mold slag during the casting are prepared.
The main mold flux may include CaO, SiO,, MnO, P,0;,
Al,O3, MgO, TiO,, K,0, NayO, F, Fe,O3 and the like.
Further, the third additive may be at least one selected
from a group consisting of NaF(s), NajAlIFg, CaFy(s),
AlF5(s), SiO4(s), Li,O(s), LiF(s), CaO, MnO, P,05, MgO,
Al,O4(s), TiO,, Fe,05, K;O(s), Na,O(s), C. The first ad-
ditive and the second additive are prepared for control
the component of the mold flux based on the steel grade,
may include at least one of the components of the main
mold flux and may include atleast one of the components
of the second additive. That is, the first additive and the
second additive may be at least one of CaO, SiO,, MnO,
P,0s5, Al,O5, MgO, TiO,, K50, Na,0, F, Fe,0O3, NaF S,
NasAlFg, CaF,(s), AlF5(s), SiOy(s), Li,O(s), LiF(s), CaO,
MnO, P,05, MgO, Al,O4(s), TiO,, Fey03, K,0(s),
Na,O(s), C. In addition, the first additive and the second
additive may be the same component.

[0109] The main moldfluxthus prepared may be stored
in the first storage unit 112a of the first raw material stor-
age unit, and the first additive, the second additive and
the third additive may be stored in the second storage
unit 114a of the second raw material storage unit. In this
connection, the second storage unit 114a may be pro-
vided in a plurality, and may store each of the compo-
nents of the first additive, the second additive, and the
third additive.

[0110] Thereafter, when the casting starts, the first
molten steel is injected into the mold 30, and the first
molten mold flux, which is produced by mixing the main
mold flux and the first additive is injected to the top face
of the first molten steel.

[0111] After the casting using the first molten steel is
completed, the second molten steel is injected into the
mold 30, and the second molten mold flux, which is pro-
duced by mixing the main mold flux and the second ad-
ditive is injected to the top face of the second molten steel.
[0112] For example, when the first molten steel is high
manganese steel and the second molten steel is high
manganese-high aluminum steel, the first molten mold
flux and the second molten mold flux have different Al,O4
contents. That is, the first molten mold flux contains less
Al,O4 than the second molten mold flux.

[0113] Therefore, when the first molten steel is injected
into the mold 30 at the beginning of the casting, a small
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amount, for example less than 1 % ofthe Al,O5is injected
into the main mold flux and the first additive. When the
casting using the first molten steel is completed and then
the second molten steel is injected into mold 30, 1 to 3
% of the Al,O5 may be inputted to the main mold flux and
second additive. The second additive may be injected in
a gradual manner so that the second molten mold flux
has a suitable physical property for the second molten
steel. This is because when the physical property of the
second molten mold flux, such as the viscosity or a ba-
sicity is changed suddenly, the second molten mold flux
may not inflow smoothly between the mold and the so-
lidified shell, thus slab break-out may occur.

[0114] In the above example, an example of the first
additive and the second additive being composed of the
same component, and increasing the amount of the input
thereof was described. However, depending onthe grade
of the molten steel to be injected into the mold 30, the
input amount of the first additive and the second additive
may be gradually reduced, and the components of the
first additive and the second additive may be different.
In addition, although the method of casting using two
grades of the molten steel has been described, it is also
possible to cast using two or more grades of the molten
steel.

[0115] Further, during the casting using two grades of
the steel, i.e. the first molten steel and the second molten
steel, the casting state may be measured as in the above-
described embodiment, and the second additive may be
used to control the component of the mold slag based
on the measurement.

[0116] Hereinafter, an experimental example of cast-
ing the slab by the casting method according to the
present disclosure will be described. In this experimental
example, temperature changed of the mold during the
casting of the slab using the single steel grade will be
inspected.

[0117] Figure 6 is a graph showing experimental re-
sults based on whether the additive inputted when the
slab is casted according to the casting method of the
embodiment of the present disclosure. Figure 6 shows
the temperature change of the mold depending on wheth-
er the additive is inputted during the casting.

[0118] The plurality of thermometers were installed at
the mold 30, and the temperature of the mold 30 during
the casting was measured. The thermometer was in-
stalled at a plurality of points along the width direction of
the mold 30, for example, from a widthwise center of the
slab to the longitudinal direction of the mold 30, for ex-
ample, a casting direction of the slab, specifically at 300,
400, 500 and 600 mm from the top of the mold 30.
[0119] Then, the molten steel was injected into the
mold 30, and the first molten mold flux which melted the
main mold flux was injected to the top face of the molten
steel injected into the mold 30.

[0120] Figure 6 shows thatthe temperature of the mold
30 changes within a certain range at a beginning of the
casting (section A). However, in a middle of the casting
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(section B), the temperature of the mold 30 changes
sharply and fluctuates irregularly. The temperature of the
mold 30 was observed for a certain period of time, but it
did not return to the same pattern as the beginning of the
casting (period A).

[0121] The second molten mold flux, which was pro-
duced by mixing and melting the main mold flux and the
additive, was injected into mold 30. In this connection,
the fluorine F was injected as the additive.

[0122] When the second molten mold flux was injected
into the mold 30, the temperature of the mold 30 became
gradually and stably changed, and changed within a cer-
tain range.

[0123] This phenomenon may be caused by the
change of the component of the mold slag through the
reaction with the impurities in the molten steel during the
casting. Therefore, it is possible to smoothly perform
casting by controlling the component of the mold slag by
injecting the additive during the casting, thereby sup-
pressing or preventing the slab quality deterioration.
[0124] Although the method and the equipment for
casting the slab have been described above, the present
disclosure is not limited thereto and may be applied to
various operations such as a refining process using an
aqueous dephosphorization agent.

[0125] As such, although the detailed description of
the present disclosure has been provided for specificem-
bodiments, it should be understood that various modifi-
cations may be made without departing from the scope
of the present disclosure.

[0126] Therefore, the scope of the present disclosure
should not be construed as limited to the described em-
bodiments, but should be determined by the claims ap-
pended hereto, as well as the appended claims.

[0127] The device for injecting the molten material, the
casting equipmentusing the same, and the casting meth-
od according to the present disclosure may be applied
to the continuous slab casting process to improve the
quality and productivity of the slab.

Claims

1. A device for injecting molten material, the device
comprising:

raw material supply units configured for supply-
ing different first and second raw materials re-
spectively;

a mixing unit configured for mixing the different
first and second raw materials supplied from the
raw material supply units to produce a mixture;
a melting unit connected to the mixing unit to
melt the mixture supplied from the mixing unit
to produce molten material wherein the melting
unit has a discharge port through which the mol-
ten material is discharged; and

a control unit configured for controlling a com-
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ponent of the mixture by controlling operations
of the raw material supply units, mixing unit and
melting unit.

The device for injecting molten material according
to claim 1, wherein the raw material supply unit in-
cluding:

a first raw material supply unit configured for
supplying a first raw material; and

second raw material supply units configured for
respectively supplying a plurality of second raw
materials containing different components.

The device for injecting molten material according
to claim 2, wherein the first raw material supply unit
including:

a first storage unit configured for storing the first
raw material therein;

a first transfer pipe for communicating the first
storage unit and the mixing unit; and

a first feeder coupled to at least one of the first
storage unit and the first transfer pipe to regulate
a discharge amount of the first raw material.

4. The device for injecting molten material according

to claim 3, wherein each of the second raw material
supply units includes:

a second storage unit configured for storing
each of the plurality of second raw materials
therein;

a second transfer pipe configured for communi-
cating each of the plurality of second storage
units and the mixing unit; and

a second feeder coupled to at least one of the
second storage unit and the second transfer
pipe to regulate a discharge amount of each of
the second raw materials.

5. The device for injecting molten material according

to claim 4, wherein the mixing unit includes:

a mixing vessel in communication with the first
supply pipe and the second supply pipe;

an agitator disposed in the mixing vessel for mix-
ing the first raw material and the second raw
material; and

a third transfer pipe for transferring the mixture
of the first raw material and the second material
to the melting unit.

The device for injecting molten material according
to claim 4, wherein the mixing unit include a mixing
vessel in communication with the first supply pipe
and the second supply pipe,

wherein the mixing vessel is rotatable.
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7. The device for injecting molten material according

to claim 6, wherein the melting unit including:

a smelting furnace having a smelting space de-
fined therein for receiving the first raw material
and the second raw material therein;

a heat source supply unit disposed at one side
of the smelting furnace to supply a heat source
to the smelting space.

The device for injecting molten material according
to claim 7, wherein the heat source supply unit uses
plasma as the heat source.

The device for injecting molten material according
to claim 8, wherein the control unit is configured to
determine whether or not to inject the second raw
material based on an input signal.

10. A casting equipment comprising:

a mold for receiving and initially solidifying mol-
ten steel;

adevice configured for injecting molten mold flux
into the mold;

a measuring unit configured for measuring at
least one of a temperature of the mold and a
component of the molten mold flux injected into
the mold; and

a control unit configured for controlling an oper-
ation of the device based on a measurement
from the measuring unit to change the compo-
nent of the molten mold flux to be injected into
the mold.

11. The casting equipmentaccordingto claim 10, where-

in the device includes:

a first raw material supply unit configured for
supplying main mold flux;

second raw material supply units configured for
supplying additives;

amixing unit configured for mixing the main mold
flux and the additives respectively supplied from
the first raw material supply unit and the second
raw material supply units, thereby to produce a
mixture; and

a melting unit configured for melting the mixture
supplied from the mixing unit to produce molten
mold flux, and for injecting the molten mold flux
into the mold.

12. The casting equipmentaccordingto claim 11, where-

in the second raw material supply units store therein
the plurality of additives individually,

wherein the second supply units feed selectively the
plurality of additives to the mixing unit.
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The casting equipmentaccording to claim 12, where-
in the measuring unit includes a thermometer con-
figured for measuring a temperature of the mold.

The casting equipmentaccording to claim 12, where-
in the measuring unit includes:

a probe configured for collecting molten mold
flux injected into the mold;

an analyzing unit configured for analyzing a
component of the molten mold flux collected by
the probe.

The casting equipmentaccording to claim 13 or claim
14, wherein the control unit is configured to deter-
mine whether to input the additives using a meas-
urement from the measuring unit, and to control
types and input amounts of the additives by control-
ling the second raw material supply units based on
the measurement.

A casting method comprising:

preparing main mod flux;

injecting molten steel into a mold;

melting the main mold flux to produce molten
mold flux and injecting the molten mold flux onto
a top face of the molten steel;

casting a slab; and

determining whether to input an additive based
on a casted state ofthe slab during casting there-
of.

The casting method according to claim 16, wherein
in preparing of the main mold flux, the additive is
prepared.

The casting method according to claim 17, wherein,
during melting the main mold flux to produce the mol-
ten mold flux, the main mold flux and the additive are
melted together.

The casting method according to claim 18, wherein
in casting the slab, a temperature of the mold is
measured to indicate the casted state of the slab,
wherein the method includes determining whether
to input the additive based on the measured temper-
ature of the mold.

The casting method according to claim 18, wherein
in casting the slab, a component of the molten mold
flux injected into the mold is analyzed to indicate the
casted state of the slab,

wherein the method includes determining whether
to input the additive based on the analyzed compo-
nent of the molten mold flux.

The casting method according to claim 19 or claim
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22.

23.

24.

22

20, wherein, the method includes, upon determina-
tion that the additive is added, mixing the main mold
flux and the additive to form a mixture, and melting
the mixture, and injecting molten mold flux containing
a changed component into the mold.

The casting method according to claim 21, wherein,
the method includes, when, in casting the slab, a
grade of molten steel to be injected into the mold has
been changed, mixing the main mold flux and the
additive, melting the mixture, and injecting molten
mold flux containing a changed component into the
mold.

The casting method according to claim 22, when the
main mold flux and the additive are mixed, compo-
nents of the additives as injected vary depending on
the grades of the molten steel.

The casting method according to claim 22, when the
main mold flux and the additive are mixed, injection
amounts of the additives containing the same com-
ponent vary depending on the grades of the molten
steel.
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