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(57)  The present invention provides a steel continu-
ous casting process in which a molten steel path from an
upper nozzle of a tundish to a submerged entry nozzle
via a sliding gate is provided, the whole or part of the
molten steel path constituting one electrode and gener-
ating an electric current due to a potential difference pro-
vided between the inner surface of the molten steel path
and molten steel passing through the inside of the molten
steel path, characterized in that : the other electrode is
provided in a portion except for a refractory constituting
said one electrode in the tundish to thereby form an elec-
trical circuit between said portion and the molten steel
path; the polarity of the molten steel path and the polarity
ofthe other electrode repeatedly alternate in atime period
of 1 to 100 ms; and a current or voltage is controlled to
electrify such that the polarity of the molten steel path,
which is defined by an average current or an average
voltage, is regarded as the cathode. Therefore, the clog-
ging of the molten steel path from the tundish to the sub-
merged entry nozzle can be prevented to perform stable
continuous casting. In the continuous casting process, it
is preferable that an average current density ranges from
3to 200 A/m2 and the polarities alternate in a pulse-like
waveform.

CONTINUOUS CASTING METHOD OF STEEL
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Description
TECHNICAL FIELD

[0001] The presentinvention relates to a continuous casting process in which the clogging of a molten steel path such
as a submerged entry nozzle is prevented. More particularly, the invention relates to a steel continuous casting process,
in which an amount of non-metallic inclusions deposited onto an inner surface of the molten steel path is reduced by
electrifying between the inner surface of the molten steel path and molten steel passing through the inside of the path,
thereby preventing the clogging of the molten steel path.

BACKGROUND ART

[0002] Inthe steel continuous casting, one important challenge is to prevent the clogging of the molten steel path due
to adhesion of non-metallic inclusions, typified by alumina (Al,O3), to an inner surface of the molten steel path from a
tundish to a submerged entry nozzle. Conventionally, many countermeasures have been proposed in order to prevent
the clogging of the molten steel path. Examples of the conventional countermeasures to prevent the clogging of the
molten steel path include improvements of quality and shape of materials constituting the molten steel path, prevention
of adhesion of depositions by gas purging, and prevention of clogging by applying electrochemical means.

[0003] As to an approach from the standpoint of materials constituting the molten steel path, there is a well known
technique, in which a refractory containing neither SiO, as low-grade oxide nor carbon as a potential CO gas source is
provided in the inner surface of the path, and the reaction between the refractory and the molten steel is suppressed to
prevent the generation and adhesion of Al,O5 as reaction product. In addition, there is a well known method in which a
CaO containing refractory that reacts with Al,O5 to lower a melting point is provided in the inner surface of the molten
steel path to wash off Al,O5.

[0004] An effect of the material improvement is limited, or there still remains a problem in that the washed-off coarse
inclusions are caught and mingled into the molten steel and taken into cast products.

[0005] As to an approach from the standpoint of the shape improvement, Japanese Patent Application Publication
Nos. 05-318057, 11-123509, and 2001-129645 each disclose a technigue of preventing stagnation of molten steel flow
in a nozzle to suppress the adhesion of non-metallic inclusions. For example, Japanese Patent Application Publication
Nos. 05-318057 and 2001-129645 each disclose a submerged entry nozzle in which a ratio of flow path sectional area
and an outlet port sectional area in a continuous casting submerged entry nozzle falls within a specific range. Japanese
Patent Application Publication No. 11-123509 discloses a continuous casting submerged entry nozzle having a single-
or plural-bump structure in the inner wall of the nozzle.

[0006] The improvement of the shape generally exerts the effect only in cases where a flow rate of the molten steel
or a purging amount of inert gas satisfies a specific condition, and it is difficult to prevent the adhesion of the inclusions
under broad casting conditions.

[0007] As to the method for purging gas into the nozzle, for example, Japanese Patent Application Publication No.
04-319055 discloses a method for purging an inert gas or reducing gas from a stopper, slidingnozzle, submerged entry
nozzle or the like of the tundish.

[0008] In these gas purging techniques, an amount of bubbles taken into cast products to form a pinhole therein is
increased as the purging amount is increased, resulting in a problem that the quality of cast products is deteriorated.
[0009] As to the countermeasure from the electrochemical standpoint, for example, Japanese Patent Application
Publication Nos. 2001-170742 and 2001-170761 each disclose a technique, in which the inner surface of a metal vessel
or a flow path that contacts with a molten metal is made of a solid electrolyte as oxygen ion conductor and a direct
current is applied between the inner surface and the molten metal to thereby prevent the adhesion of the inclusions. As
proposed in Japanese Patent Application Publication Nos. 2003-200242 and 2005-66689 by the present inventors, there
is known a continuous casting process, in which at least part of inner surface contacting with a molten steel is made of
a refractory mainly containing graphite, and a voltage is applied between the inner surface and the molten steel and
electrifying is performed therebetween to thereby prevent the adhesion of inclusions.

[0010] The improvement technique from the electrochemical standpoint exerts the excellent effect of preventing the
inclusion adhesion. However, in the method in which the solid electrolyte is used among the techniques, disadvanta-
geously the solid electrolyte is expensive or has a low resistance to thermal shock. Therefore, it has been difficult for
the method to be widely applied to the continuous casting process.

DISCLOSURE OF THE INVENTION

[0011] In view of the above problems, the present invention is attempted, and the task of the present invention is to
provide a continuous casting process in which the clogging of the molten steel path from the tundish to the submerged
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entry nozzle is prevented. Particularly, the invention is applied to a casting method in which a carbon containing refractory
such as widely-used alumina graphite is used for the molten steel path, among the casting methods in which the inclusion
adhesion is prevented by the above-described electrochemical improvement. An object of the present invention is to
provide a steel continuous casting process in which an excellent inclusion adhesion preventing effect is exerted by
optimizing the voltage or current waveform to be applied.

[0012] As the casting methods described in Japanese Patent Application Publication Nos. 2003-200242 and
2005-66689, the present inventors further performed research and development on a casting method in which the
inclusions are prevented from adhering to the inner surface of the molten steel path by electrifying between the molten
steel and the inner wall surface of the refractory constituting the molten steel path. As a result, the inventors obtained
the following findings or understandings (a) to (d).

[0013] (a) A CO gas generating reaction as being one process of dissolution wastage reaction of the refractory can
be prevented by electrifying while the refractory constituting the molten steel path is used as a cathode. As a result, the
electrifying method has such merit that the CO gas becomes an oxygen source to oxidize Al in the molten steel, thereby
preventing the Al,O5 generating reaction.

[0014] (b) However, when electrifying is performed while the refractory is set as the cathode, there arises such demerit
that oxygen ion elution simultaneously progresses and the oxygen ion becomes the oxygen source to oxidize Al in the
molten steel, thereby generating Al,Os.

[0015] (c) As a result of coexistence of the above merit and demerit, the effect is limited when electrifying only is
performed while the refractory is simply used as the cathode. For example, as the voltage or current is increased, the
proportion of the demerit is relatively increased and the adhesion of inclusions is rather promoted.

[0016] (d) In spite of the refractory polarity (that is, whether the refractory is set to the cathode or anode) during
electrifying, when the voltage or current is increased, wettability between the refractory and the molten steel becomes
well by movements of ions or electrons at an interface. As a result, the action on driving out the inclusions in the molten
steel toward the refractory side by a repelling force in the molten steel is reduced to decrease the frequencies that the
inclusions contact with the inner wall surface of the refractory, so that the inclusions are prevented from adhering to the
refractory.

[0017] The present inventors gave further tests and considerations to achieve the present invention in a process of
uncovering the method for restraining the demerit of (b) while the merit of (a) and the effect of (d) aremaximallyenjoyed.
[0018] The present invention has been made based on the above findings and understandings, and the gist thereof
is summarized in the following steel continuous casting processes (1) to (3).

[0019] (1) A steel continuous casting process in which: a molten steel path from an upper nozzle of a tundish to a
submerged entry nozzle through a sliding gate is provided; the whole or part of the molten steel path constitutes one
electrode; and electrifying is performed by providing a potential difference between the inner surface of the molten steel
path and molten steel passing through the inside of the molten steel path, the process being characterized in that: the
other electrode is provided in a portion except for a refractory constituting said one electrode in the tundish to thereby
form an electrical circuit between said portion and the molten steel path; the polarity of the molten steel path and the
polarity of the other electrode repeatedly alternate between the cathode and the anode in a time period of 1 to 100 ms
(millisecond); and electrifying is performed such that the polarity of the molten steel path, which is defined by an average
current or an average voltage, is regarded as the cathode while the other electrode becomes the anode, when the time
period in which the molten steel path is the cathode while the other electrode being the anode is longer than that of the
reversed condition, namely, the other electrode reversely being the cathode while the molten steel path being the anode
and/or when an average potential difference during the time period in which the molten steel path is the cathode while
the other electrode being the anode is larger than that of the reversed condition, namely, during the time period in which
the other electrode is the cathode while the molten steel path being the anode (hereinafter referred to as "afirstinvention").
[0020] (2) The steel continuous casting process described in the above (1), in which an average current density ranges
from 3 to 200 A/m?2 (hereinafter referred to as "a second invention”).

[0021] (3) The steel continuous casting process described in the above (1) or (2), in which the polarity of one electrode
and the polarity of the other electrode change and alternate in a pulse-like steep waveform (hereinafter referred to as
"a third invention™).

[0022] As used herein, "average potential difference” means a value obtained by time-averaged absolute values of
instantaneous values of the potential difference for one cycle of the waveform.

[0023] "An average potential difference during the time period in which the molten steel path is the cathode while the
other electrode is the anode is larger than that of the reversed condition, namely, during the time period in which the
other electrode is reversely the cathode while the molten steel path being the anode" means that a value obtained by
time-averaged absolute values of instantaneous values of the potential difference during the time period in which the
molten steel path is the cathode while the other electrode is the anode for the period, is larger than that of the reversed
condition, namely, a value obtained by time-averaged absolute values of instantaneous potential difference readings
during the time period in which the other electrode is reversely the cathode while the molten steel path being the anode
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for the period. This is synonymous with the condition "a time period in which the molten steel path is the cathode while
the other electrode being the anode is longer than that of the reversed condition, namely, a time period in which the
other electrode is reversely the cathode while the molten steel path being the anode" when the voltage waveform is a
sine-shaped waveform. However, since this is not always synonymous when the voltage waveform is a pulse-like
waveform or a rectangular waveform, "a time period in which the molten steel path is the cathode while the other electrode
being the anode is longer than that of the reversed condition, namely, a time period in which the other electrode is the
cathode while the molten steel path is the anode" is defined as an independent subject matter.

[0024] "An average current or an average voltage" means a value obtained by time-averaged instantaneous values
of the current or voltage for one cycle of the waveform, and "average current density" means a value obtained by time-
averaged absolute values of instantaneous current density readings for one cycle of the waveform.

[0025] According to the continuous casting process of the present invention, the current or voltage waveform is con-
trolled to electrify between the inner surface of the molten steel path from the upper nozzle of the tundish to the submerged
entry nozzle via the sliding gate and the molten steel passing through the inside of the molten steel path such that the
polarities are periodically alternated and such that the time period in which the molten steel path is the cathode is longer
than that of the reversed condition, namely, the time period in which the molten steel path reversely is the anode, and/or
such that the molten steel path polarity defined by the average current or average voltage is regarded as the cathode.
Therefore, the change in wettability by electrifying is effectively utilized while the generation of Al,O5 is prevented,
whereby the adhesion of the inclusions can be suppressed. Accordingly, compared with the conventional continuous
casting process in which casting is performed with electrifying, the method of the present invention exhibits more excellent
effect of preventing the adhesion of the inclusions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026]

Fig. 1 is a view schematically showing an example of a configuration of a machine used to perform a continuous
casting process according to the present invention.

Fig. 2 is a view showing examples of current and voltage waveforms to be applied according to the present invention,
in which Fig. 2(a) shows the current waveform, and Fig. 2(b) shows the voltage waveform.

Fig. 3 is a view showing other examples of the current and voltage waveforms to be applied according to the present
invention, in which Fig. 3 (a) shows the current waveform, and Fig. 3(b) shows the voltage waveform.

Fig. 4 is a view showing examples of applied current and voltage waveforms that are outside the scope of the present
invention, in which Fig. 4 (a) shows the current waveform, and Fig. 4(b) shows the voltage waveform.

Fig. 5 is a view showing other examples of applied current and voltage waveforms that are outside the scope of the
present invention, in which Fig. 5(a) shows the current waveform, and Fig. 5(b) shows the voltage waveform.

BEST MODES FOR CARRYING OUT THE INVENTION

[0027] As described above, the present invention provides a steel continuous casting process in which a molten steel
path from an upper nozzle of a tundish to a submerged entry nozzle is provided, the whole or part of the molten steel
path constitutes one electrode and electrifying is performed by providing a potential difference between the inner surface
of the molten steel path and molten steel passing through the inside of the molten steel path, characterized in that:
the other electrode is provided in a portion except for a refractory constituting said one electrode in the tundish to thereby
form an electrical circuit between said portion and the molten steel path; the polarity of the molten steel path and the
polarity of the other electrode alternate in a time period of 1 to 100 ms; and electrifying is performed such that the molten
steel path polarity, which is defined by an average current or an average voltage, is regarded as the cathode while the
other electrode becomes the anode.

[0028] Fig. 1is aview schematically showing an example of a configuration of a machine used to perform a continuous
casting process according to the present invention. A molten steel 2 supplied from a ladle (not shown) to a tundish 1
passes through an upper nozzle 3 and a sliding gate 4 adjusts a flow rate of the molten steel 2, and thereafter, the molten
steel 2 is poured into a casting mold 7 from a nozzle outlet port 6 via a submerged entry nozzle 5. The molten steel 2
forms a solidified shell 8 formed from a contact portion with the casting mold by a heat removing effect of the casting
mold 7, and is withdrawn downward to yield cast products 9. In Fig. 1, the numeral 10 designates mold powders.
[0029] In the method of the present invention, the whole or part of the molten steel path from the upper nozzle 3 of
the tundish to the submerged entry nozzle 5 via the sliding gate 4 constitutes one electrode, and the other electrode is
provided in the portion except for the upper nozzle 3 in the tundish 1 and the sliding gate 4. In the example of Fig. 1,
one electrode 11 is placed in the submerged entry nozzle 5, the other electrode 12 is placed so as to be submerged
into the molten steel 2 from above the tundish 1 by means of an electrode supporting member 15 formed by an insulating



10

15

20

25

30

35

40

45

50

55

EP 2 106 866 Al

element. The electricity supplied from a power supply 13 is controlled to the desired voltage and current waveform by
a voltage current control unit 14, and the electricity is supplied to each electrode through electrical wiring 16.

[0030] The reason why the present invention is defined as described above and preferred modes will be described
below.

(1) A First Invention

[0031] Asdescribed above, the first invention is the steel continuous casting process, characterized in that a current
or voltage waveform is controlled to electrify between the inner surface of the molten steel path from the upper nozzle
of the tundish to the submerged entry nozzle and the molten steel passing through the inside of the molten steel path
such that the polarities alternate in a time period of 1 to 100 ms and such that the molten steel path polarity as being
defined by the average current or average voltage is regarded as the cathode.

[0032] In the first invention, the alternation between the molten steel path polarity and the other electrode polarity will
be described in detail.

[0033] The voltage or current necessary to obtain the merit (a) : "a CO gas generating reaction as being one process
of dissolution wastage reaction of the refractory can be prevented by electrifying while the refractory being used as the
cathode, thereby preventing the Al,O5 generation caused by the oxidization of Al in the molten steel" is relatively small.
Keeping the voltage or current at a small value is also effective to restrains the above demerit (b) to the minimum level.
[0034] On the other hand, in order to obtain the above effect (d), it is necessary to apply high voltage or current as
much as possible.

[0035] Therefore, the present inventors have found an electrifying method in which the polarities are repeatedly al-
ternated between the cathode and the anode in a periodical manner and the molten steel path polarity turns to the
cathode when the polarity is defined by the average voltage or average current, as a method of suppressing the average
voltage or average current at lower level while the high effective voltage or effective current is applied. That is, as
described above, the molten steel path polarity can be the cathode by adopting the waveform where a time period in
which the molten steel path is the cathode is lengthened and/or the waveform where an average potential difference is
increased during the time period in which the molten steel path is the cathode.

[0036] Atthis point, the time period of alternation between the molten steel path polarity and the other electrode polarity
ranges from 1 to 100 ms. When the time period is shorter than 1 ms, the effect (d) of movements of ions or electrons at
the interface is not generated sufficiently, and therefore the effect of preventing the inclusion adhesion is not exhibited
adequately. On the other hand, when the polarity alternating period is longer than 100 ms, the inclusion adhesion
preventing effect is reduced due to the oxygen ion elution described in the above (b). Morepreferably, thepolarityalter-
natingperiod ranges from 3 to 50 ms.

(2) A Second Invention

[0037] The second invention is the steel continuous casting process described in the above (1), in which an average
current density ranges from 3 to 200 A/m2. The reason why the average current density preferably ranges from 3 to 200
A/m2 will be described below.

[0038] When the average current density is lower than 3 A/m2, the merit (a) of the effect as suppressing the CO gas
generating reaction is reduced. When the average current density exceeds 200 A/m2, the inclusion adhesion preventing
effect is lowered due to the demerit (b) of the oxygen ion elution. More preferably, the average current density ranges
from not less than 5 A/m? to less than 100 A/m2,

(3) A Third Invention

[0039] The third invention is the steel continuous casting process described in the above (1) or (2), in which the polarity
of said one electrode and the polarity of the other electrode change and alternate in a pulse-like steep waveform. The
reason why the polarity of the molten steel path from the upper nozzle of the tundish to the submerged entry nozzle and
the polarity of the other electrode are preferably changed and alternated in a pulse-like steep waveform in the third
invention will be described below.

[0040] When the molten steel path polarity turns from the anode to the cathode, the carriers of electric charges such
as free electrons, cations, and oxygen ions start to be mobilized in the refractory or in a slag layer including an antioxidant
on the surface of the refractory. At this point, when the voltage or current is changed in a steep waveform, other carriers
of electric charges are preferentially moved rather than the oxygen ions having the large ion radii, so that the oxygen
ions can be prevented from being mobilized toward the molten steel side. When the molten steel path polarity turns from
the cathode to the anode, the change of the steep waveform is not particularly required. However, since it is difficult to
selectively change the waveform according to the direction of the polarity change, it is practical to perform the change
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of the voltage or current in either direction by the pulse-like steep waveform.

[0041] The present invention is similar to the method proposed in Japanese Patent Application Publication No.
2005-66689 by the present inventors in that the voltage or current is periodically changed. However, in the present
invention, it is not necessary to provide a time in which the voltage of substantial OV is applied in the voltage waveform
in order to exhibit the effect of the invention. Additionally, it is not necessary to provide an electrical release time between
electrodes or an electrical short circuit time between electrodes in order to exhibit the effect of the invention. The present
invention differs from the method proposed in Japanese Patent Application Publication No. 2005-66689 by the present
inventors in these points.

[0042] A first basic philosophy of the present invention is to increase the effective current or effective voltage to
maximally utilize the effect of movements of ions and the like at the interface. A second basic philosophy of the present
invention is that, when the polarity is defined by the average current or average voltage, the molten steel path polarity
is set as the cathode, and the average current or average voltage are controlled such that the demerit (b) is restricted
while the merit (a) is obtained. A third basic philosophy of the present invention is to increase the effective current to at
least three times or five times the average current. As used herein, "affective current" or "effective voltage" means a
square root of the time-averaged square of instantaneous current or voltage readings for one cycle of the waveform.
[0043] Thatis, the present invention essentially differs from any conventional technique in the casting method in which
the above first to third basic philosophies can be simultaneously realized.

[0044] The effect of the present invention is expected to be increased with increasing the effective current. However,
when the effective current is excessively increased, an electrifying cable becomes too large, and the cable is difficult to
handle. Therefore, the practical effective current has an upper limit of about 300A. When an effective current density is
excessively small, the effect of the present invention is reduced, and therefore, it is necessary that the effective current
density be at least 100 A/m?2 or more, more preferably 200 A/m2 or more. It should be noted that the effective current
density is higher than the average current density in the present invention.

(Example)

[0045] In order to confirm the effect of the steel continuous casting process of the present invention, the following test
was performed to evaluate the result.

(2) Influence of Applied Current and Voltage Waveforms on Inclusion Adhesion Preventing Effect

[0046] Fig. 2 is a view showing examples of current and voltage waveforms to be applied according to the present
invention, in which Fig. 2(a) shows the current waveform, and Fig. 2(b) shows the voltage waveform. Referring to Fig.
2, an alternating current of the sine-shaped curve having a frequency of 50 Hz, that is, the current maximum of +50A
and the current minimum of -50A in one period of electrical waveform cycle of 20 ms is passed through the continuous
casting machine shown in Fig. 1 while being shifted by 20A toward the negative side such that the molten steel path
polarity becomes the cathode. The examples of Fig. 2 are the current and voltage waveforms that satisfy the condition
defined in the first invention of the present invention. The electrical circuit of the continuous casting machine had a
resistance of 0.1Q.

[0047] Fig. 2 shows that the average current is -20A and the molten steel path polarity is the cathode. The current
waveform has a current peak value of -70A in the negative territory and a current peak value of +30A in the positive
territory. The voltage waveform has a voltage peak value of -7V in the negative territory and a voltage peak value of
+3V in the positive territory. The average current in the negative territory is -43A and the average current in the positive
territory is +20A. The effective current becomes 41A from the above described definition. Accordingly, the effective
current becomes about double the absolute value of the average current.

[0048] Fig. 3is aview showing other examples of the current and voltage waveforms applied according to the present
invention, in which Fig. 3(a) shows the current waveform, and Fig. 3(b) shows the voltage waveform. Referring to Fig.
3, an alternating current of a rectangular waveform in which the polarities are changed and alternated in the pulse-like
steep waveform is passed through the continuous casting machine shown in Fig. 1, and the examples of Fig. 3 is the
current and voltage waveforms that satisfy the conditions defined in the first and third inventions.

[0049] In Fig. 3, the current waveform has the negative-territory current of -100A, and the electrifying duration thereof
is 2.2 ms. The current waveform has the positive-territory current of +100A, and the electrifying duration thereof is 1.8
ms. The voltage waveform has the negative-territory voltage of -10V and the positive-territory voltage of +10V. Combining
the two durations as above, the time period of electrical waveform cycle becomes 4 ms. The average current is -10A,
and the effective current is 100A. Accordingly, the effective current becomes ten times the absolute value of the average
current.

[0050] Fig. 4 is a view showing examples of applied current and voltage waveforms that are outside the scope of the
present invention, in which Fig. 4 (a) shows the current waveform, and Fig. 4(b) shows the voltage waveform. Referring
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to Fig. 4, the duration in which the molten steel path is the cathode is set to 20 ms, a break time in which the current is
not passed is set to 20 ms, and this arrangement is repeated in a time period of electrical waveform cycle of 40 ms.
[0051] InFig. 4, the current waveform has the negative-territory current of -40A and the average current of -20A. The
effective current is 20A, which is equal to the absolute value of the average current.

[0052] Fig. 5 is a view showing other examples of applied current and voltage waveforms that are outside the scope
of the present invention, in which Fig. 5(a) shows the current waveform, and Fig. 5(b) shows the voltage waveform. Fig.
5 shows current and voltage patterns when the constant negative direct current of -20A is continuously passed through
such that the molten steel path becomes the cathode.

(2) Confirmation of Effect by Continuous Casting Test

[0053] The effect of the present invention was confirmed by applying the continuous casting process of the present
invention to a bloom continuous casting in which the continuous casting machine shown in Fig. 1 was used.

[0054] A vertical-bending type continuous casting machine having a casting mold size of 0.3m by 0.4m and a tundish
capacity of 15 tons (t) was used in the continuous casting test, and thicknesses of non-metallic inclusions adhering to
the inner surface of the submerged entry nozzle 5 after the casting were measured and compared in the following cases:
one is the case where the alternating current having the voltage waveform of Fig. 3 was passed through the electrical
circuit; another is the case where the direct current having the voltage pattern of Fig. 5 was passed through the electrical
circuit; yet another is the case where no electrifying is performed.

[0055] In performing the continuous casting test in which the electric power having the voltage waveforms of Figs. 3
and 5 was applied, the other electrode 12 made of alumina graphite having a diameter of 1200 mm and a length of 800
mm was suspended so as to be immersed in the molten steel 2 from above the tundish 1 by means of the electrode
supporting member 15 formed by an insulating element. The alumina graphite that constitutes the other electrode 12
has a graphite content of 33 mass % and has electric conductivity. The submerged entry nozzle 5 comprises a main
body made of alumina graphite, and a slag-in outer circumferential portion made of zirconia graphite, wherein the alumina
graphite that constitutes the main body has a graphite content of 28 mass % and has electric conductivity. Since the
electrifying portion of the submerged entry nozzle 5 had an area of 0.25m?2, the average current density became 10A/
0.25m2=40A/m? in the casting test in which the alternating current of Fig. 3 was applied, and the conditions defined in
the first and second inventions were satisfied.

[0056] The molten steel of Al killed or Si-Al killed plain carbon steel having a chemical composition, in terms of mass
%, C: 0.07 to 0.5%, Si: 0.02 to 0.5%, Mn: 0.5 to 1.5%, P: 0.01 to 0.03%, S: 0.01 to 0.08%, and Al: 0.02 to 0.05% was
used in the bloom continuous casting test. The casting rate was set in the range of 0.6 to 0.7 m/min, and the superheat
(temperature difference in which molten steel temperature is subtracted from liquidus temperature) during the casting
was set in the range of 20 to 45°C.

[0057] After the molten steel of about 80 tons was continuously cast per a single submerged entry nozzle on the
above-described condition, the thickness of the non-metallic inclusions mainly containing alumina and adhering to the
inner surface of the submerged entry nozzle 5 was measured by the following method.

[0058] After the casting, the submerged entry nozzle is cut in a direction perpendicular to the axis of the submerged
entry nozzle at a position corresponding to a height of the molten steel surface in the casting mold during the casting,
the thickness of the inclusion adhesion in the cut surface (cross-sectional surface) was measured at four points in a
circumferential direction, and an average value of the thickness was obtained and regarded as the thickness of the non-
metallic inclusion adhesion. The inclusions mainly contain white alumina, and the substrate steel was included therein.
[0059] Table 1 shows the condition of applied current voltage and the measurement result of the thickness of the non-
metallic inclusion.

[0060] [Table 1]

Table 1
Test No. 1 2 3
Classification Inventive example | Comparative example | Comparative example
Condition of Applied current voltage Condition of Fig. 3 Condition of Fig. 5 Without electrifying
Thickness of;(;):e-gs:]allic inclusion 55 75 10.0 (reference)

[0061] In Table 1, the thickness of non-metallic inclusion adhesion is indicated in terms of relative thickness based
on a reference thickness of 10 of the non-metallic inclusion adhesion in Test No. 3 in which the inside of the submerged
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entry nozzle is not electrified.

[0062] In Test No. 1 of the inventive example in which casting was performed while the alternating current having the
current and voltage waveforms of Fig. 3 satisfying all the conditions defined in the first, second and third inventions was
applied, the relative adhesion thickness of the non-metallic inclusions was reduced to 5.5.

[0063] On the other hand, in Test No. 2 of the comparative example in which the direct current of Fig. 5 not satisfying
the condition defined in the present invention is applied, the relative adhesion thickness of the non-metallic inclusions
was reduced to 7.5. Test No. 2 is not sufficient to exhibit the effect of preventing the inclusion adhesion, although the
adhesion thickness is reduced compared with the case of Test No. 3 in which the electrifying is not performed.

INDUSTRIAL APPLICABILITY

[0064] According to the continuous casting process of the present invention, the current or voltage is controlled to
electrify between the inner surface of the molten steel path from the upper nozzle of the tundish to the submerged entry
nozzle via the sliding gate and the molten steel passing through the inside of the molten steel path such that the polarities
alternate in a time period of 1 to 100 ms and such that the molten steel path polarity as being defined by the average
current or average voltage becomes the cathode. Therefore, while the generation of the depositions mainly containing
alumina is prevented, the adhesion of the inclusions can be suppressed by effectively utilizing the change in wettability
between the refractory and the molten steel by electrifying.

[0065] Accordingly, the method of the presentinvention exhibits the excellent effect of preventing the inclusion adhesion
compared with the conventional continuous casting process in which the casting is performed while electrifying, and the
method of the present invention can be widely applied as the continuous casting process capable of producing the high-
quality cast products under stable operations.

Claims

1. A steel continuous casting process in which a molten steel path from an upper nozzle of a tundish to a submerged
entry nozzle via a sliding gate is provided, the whole or part of the molten steel path constituting one electrode and
generating an electric current due to a potential difference provided between the inner surface of the molten steel
path and molten steel passing through the inside of the molten steel path,
characterized in that:

the other electrode is provided in a portion except for a refractory constituting said one electrode in the tundish
to thereby form an electrical circuit between said portion and the molten steel path;

the polarity of the molten steel path and the polarity of the other electrode repeatedly alternate between the
cathode and the anode in a time period of 1 to 100 ms (millisecond); and

electrifying is performed such that the polarity of the molten steel path, which is defined by an average current
or an average voltage, is regarded as the cathode while the other electrode being the anode, when a time period
in which the molten steel path is regarded as the cathode while the other electrode being the anode is longer
than that of the reversed condition, namely, the time period in which the other electrode reversely is the cathode
while the molten steel path being regarded as the anode, and/or when an average potential difference during
the time period in which the molten steel path is regarded as the cathode while the other electrode is the anode
is larger than that of the reversed condition, namely, an average potential difference during the time period in
which the other electrode is the cathode while the molten steel path being regarded as the anode.

2. The steel continuous casting process according to claim 1, characterized in that an average current density ranges
from 3 to 200 A/m2,

3. The steel continuous casting process according to claim 1 or 2, characterized in that the polarity of said one
electrode and the polarity of the other electrode change and alternate in a pulse-like steep waveform.
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FIG. 2
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FIG. 4
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