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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a method for efficiently producing a low-phosphorous molten iron by perform-
ing a dephosphorization treatment as a molten iron preliminary treatment.

DESCRIPTION OF THE RELATED ARTS

[0002] Instead of conventional converter-using methods, molten iron preliminary treatment methods that perform a
dephosphorization treatment in a molten iron stage are enjoying wide use. This is attributable to an advantage of the
molten iron preliminary treatment method. In the method, as the refining temperature is lower, dephosphorization re-
actions are more facilitated to progress in terms of thermodynamics, and so that the dephosphorization treatment can
be accomplished with a smaller amount of a refining agent.

[0003] Generally speaking, in the molten iron preliminary treatment, a desiliconization treatment is first performed
by adding a solid oxygen source such as iron oxide, and the dephosphorization treatment is then performed by using
a refining agent after removing slag occurred in the desiliconization treatment. Ordinarily, a CaO based refining agent,
such as lime, is used as a refining agent, and a solid oxygen source (iron oxide, for example) or gaseous oxygen is
used as oxygen source. As a treatment vessel, a torpedo car, a ladle (charging ladle), a converter type vessel, or the
like vessel is used.

[0004] By way of example, Japanese Unexamined Patent Publication No. 07-70626 discloses as conventional de-
phosphorization treatment conditions: slag basicity = 0.6 - 2.5; treatment termination temperature = 1,250 - 1,400°C;
bottom blowing agitation force = 1.0 kg/ton of molten iron or more; oxygen supplying rate = 2.5 Nm?3/ton of molten iron
or higher. This technique is described that the slag basicity is controlled to 2.5 or less for the reason that slag fluidity
is deteriorated at a basicity higher than the set value. This requires the treatment to be performed at a high temperature
that is disadvantageous to dephosphorization. Additionally, it is described that when the basicity is 2.5 or less, the more
the slag basicity, the more the dephosphorization progresses.

[0005] In addition, Japanese Unexamined Patent Publication No. 08-311523 discloses a method of blowing CaO
powder and oxygen of 0.7 to 2.0 Nm3/min/ton of molten iron in a converter-type vessel, and concurrently, blows an
agitation gas of 0.5 to 0.30 Nm3/min/ton of molten iron from the bottom of a furnace or a sidewall of the converter-type
vessel. This method is described that the oxygen supplying amount in top-blowing refining is optimized to implement
the optimization of quick generation of slag (dissolution of the CaO) and the FeO concentration in the slag, whereby
an efficient dephosphorization treatment can be implemented.

[0006] As can be known from discussions made with reference to the dephosphorization equilibrium method, con-
ventional molten iron dephosphorization refining techniques, such as those disclosed in the Japanese Unexamined
Patent Publications No. 07-70626 and No. 08-311523, are constituted on a prerequisite that post-treatment slag is
equally melted, and the slag-metal conditions are close to equilibrium. As such, the slag dephosphorization capability
(phosphorus distribution Lp = mass% (P)/mass% [P]; mass% (P): P concentration in the slag; and mass% [P]: P content
in the metal), the slag volume, and the like are also determined under such the prerequisite, and the operation is carried
out.

[0007] The phosphorus distribution Lp of the slag is dependent on the slag basicity; and the higher the slag basicity
is, the lower the phosphorus distribution Lp. Conventionally, however, it has been considered that the higher the slag
basicity, the lower the slag fluidity, whereby the dephosphorization conditions are worsened. On the other hand, as the
slag basicity is reduced, the phosphorus distribution Lp also is reduced, so that the slag rate should be increased by
adding much lime (also SiO, source by necessity).

[0008] As described above, according to the conventional techniques, the slag basicity necessary to secure the
predetermined phosphorus distribution Lp is set, the slag rate necessary to reach the object P is determined, and the
refining agent is then added. However, because of the relationship with the slag fluidity, the slag basicity cannot be
increased so much. For this reason, in a normal dephosphorization treatment for a molten iron with a Si content of
about 0.2 mass%, the operation is performed with a slag rate (post-treatment slag rate) of about 40-50 kg/ton of molten
iron. For example, according to Japanese Unexamined Patent Publication No. 08-311523, the feed amount of CaO
(refining agent) is determined in accordance with the P content; and when a pre-treatment P content is about 0.10
mass% of a normal level, the CaO is fed at a rate of about 20 kg/ton of molten iron. However, the slag existing in the
refining vessel during the dephosphorization refinement consists of various substances. The substances are, for ex-
ample, slag generated with the above-described CaO having been fed and various other substances such as a SiO,
part generated by desiliconization reaction of the molten iron, a P,Og part generated by dephosphorization reaction,
a slag part generated from molten iron ingredients (FeO and MnO, for example), a slag part carried over from the
previous processing step, a slag part (Al,O5 and MgO, for example) generated due to a melt loss of the furnace body,
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a slag part originally adhered to the furnace body, a slag part adhered to fed scrap and carried over, and a slag part
generated from added ore and the like. With these added substances, the amount of slag existing in the refining vessel
is increased to about 2 to 2.5 times the amount of the CaO having been fed. As such, as described above, when the
CaO of about 20 kg/ton of molten iron is fed, the post-treatment slag rate inevitably reaches the level of about 40-50
kg/ton of molten iron.

[0009] In recent years, from the viewpoints of environmental protection and the like, the amount of slag to be gen-
erated in refining steps including the dephosphorization step is required to be minimized. However, the conventional
techniques as described above are limited in the capability of reducing the slag rate, so that the techniques cannot
sufficiently respond to the requirements for reducing the amount of the occurring slag.

[0010] In connection with the addition of CaF, for accelerating dissolution of the refining agent, in recent years, the
use amount of CaF, is required to be minimized also in refining steel, taking influence of F on the environment into
consideration. As such, improvement in the dephosphorization efficiency through the addition of CaF, is limited.

SUMMARY OF THE INVENTION

[0011] Itis an object of the invention to provide a method for producing a low-phosphorous molten iron that is capable
of performing an efficient dephosphorization treatment without requiring addition of much CaF, and with a small addition
of a refining agent, thereby enabling the generated slag to be minimized.

[0012] In a dephosphorization refinement of a molten iron, the oxygen source and a refining agent acting as a CaO
source are added to the molten iron. As a method of supplying the oxygen source, methods of the type that blows a
gaseous oxygen onto a bath surface of the molten iron from a top blowing lance is suitable in that that concurrently
with inhibition of temperature drop, the generation of FeO can be effectively promoted. According to the oxygen sup-
plying method of that type, the inside of a refining vessel is separated into two portions. In the one portion, the bath
surface (bath surface of the molten iron) is pushed out by the energy of the gaseous oxygen to be exposed; and in the
other portion, the bath surface is covered by the slag. In the inside of the refining vessel, the slag-existing state is not
uniform. As such, not sticking to conventional concepts of keeping the slag to be in a uniform state, the inventors
conducted research for a dephosphorization refinement method that is capable of stabilizing dephosphorization effi-
ciency with a small addition amount of the refining agent. As a result, the inventors found that under a condition where
an amount of post-treatment slag is appreciably reduced in comparison to the conventional techniques, and more
preferably, under a condition where the Si content in the pre-treatment molten iron is set not higher than a predetermined
level, when the gaseous oxygen and the refining agent are supplied in a specific manner onto the bath surface of the
molten iron, there can be implemented a very efficient dephosphorization refinement using a nonuniform molten state
to which is converse to the conventional concept of uniformly melting the slag.

[0013] A method for producing a low-phosphorous molten iron according to the present invention has been developed
in accordance with the knowledge described above. A feature of the inventive method is that in a method for producing
a low-phosphorous molten iron in a manner that an oxygen source and a refining agent acting as a CaO source are
added into a vessel containing a molten iron and a dephosphorization treatment as an molten iron preliminary treatment
is thereby performed, the method being characterized in that the dephosphorization treatment is performed by blowing
a gaseous oxygen and at least a part of the refining agent onto a bath surface of the molten iron through a top blowing
lance; and a post-treatment slag rate is 30 kg/ton of molten iron or smaller. In this case, preferably, the post-treatment
slag rate is preferably 30 kg/ton of molten iron or smaller. More preferably, the post-treatment slag rate is 10 kg/ton of
molten iron or smaller. However, the method uses a direct dephosphorization reaction in the region of the bath surface
onto which the gaseous oxygen has been blown and also uses a mechanism to fix P through a solid-phase base slag
in aregion outside the region of the bath surface. Thereby, an efficient dephosphorization treatment can be implemented
without a large addition amount of CaF, and with a small addition amount of the refining agent.

[0014] To make the effects of the presentinvention even higher, the dephosphorization treatment is preferably applied
to a low Si molten iron. More specifically, the dephosphorization treatment is preferably applied to a 0.7 mass% or
lower molten iron and is more preferably applied to a 0.03 mass% or lower molten iron, thereby enabling an optimal
condition to be provided to stably cause the dephosphorization reaction by the above-described mechanism.

[0015] As a mode of adding refining agent fed from the top blowing lance, at least the part of the refining agent to
be fed from the top blowing lance is preferably blown onto a region of the bath surface of the molten iron onto which
the gaseous oxygen has been blown. More preferably, at least the part of the refining agent is blown onto a hot spot
formed on the bath surface of the molten iron by blowing the gaseous oxygen. It is further preferable that at least the
part of the refining agent be blown with the oxygen gas as a carrier gas. These arrangements enables the refining
agent to be efficiently to melt in the region of the bath surface where a large amount of FeO are generated with the
feeding of the gaseous oxygen, and consequently enables the dephosphorization reaction to be effectively promoted.
[0016] According to the present invention, an efficient dephosphorization treatment can be implemented under a
condition wherein the addition amount of CaF, is 2 kg/ton of molten iron is smaller or CaF, is substantially not added.
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[0017] In the present invention, it is preferable that a molten iron having a P content of 0.10 mass% or more be
dephosphorized and refined to have a P content required for crude steel (steel ingredient standard value); and it is
particularly preferable that the P content in the molten iron after the dephosphorization treatment be 0.010 mass% or
less. In this case, substantially no slag seed material has to be used in a converter refinement in a subsequent step,
and only an essential decarburization refinement can be implemented in that step.

[0018] The presentinvention allows various preferred embodiments, as described hereunder, to be carried out under
the basic conditions described above.

[0019] According to a first embodiment, a dephosphorization treatment is performed so that a supplying rate B in
terms of CaO (kg/min/ton of molten iron) of the refining agent to be blown onto the bath surface of the molten iron and
a supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen to be blown onto the bath surface of the molten
iron satisfy Equation (1) below, and preferably Equation (2) below. This optimizes the balance between a generation
amount of FeO dependent on the feeding of the gaseous oxygen and a feed amount of the CaO, consequently enabling
an even higher dephosphorization efficiency to be secured.

03<AB<7 (1)

12<AB<25 )

[0020] According to a second embodiment, the dephosphorization treatment is performed by using a ladle or a tor-
pedo-car type vessel as a vessel for holding the molten iron. Concurrently, the gaseous oxygen and at least a part of
the refining agent are blown onto the bath surface of a molten iron through the top blowing lance, and gas including
powder is injected into the molten iron through an immersed lance and/or a blowing nozzle lance. Thereby, in the
dephosphorization treatment using the ladle or the torpedo-car type vessel, an appropriate agitation effect of the molten
iron can be attained, and even higher dephosphorization efficiency can be secured.

[0021] In the second embodiment, the powder to be injected into the molten iron through the immersed lance and/
or the blowing nozzle is preferably the part of the refining agent. In addition, a supplying rate of the gaseous oxygen
to be blown onto the bath surface of the molten iron through the top blowing lance is preferably 0.7 Nm3/min/ton of
molten iron or less. Further, 80 mass% or'more of the addition amount of the refining agent in the dephosphorization
treatment is preferably blown onto the bath surface of the molten iron to effectively implement the process. When
adding substantially all of the refining agent by being blown onto the bath surface of the molten iron through the top
blowing lance and by being injected into the molten iron through the immersed lance and/or the blowing nozzle, the
addition amount of the refining agent through the top blowing lance is preferably 20 to 80 mass% of the total amount
of the refining agent. Thereby, the effect of blowing the refining agent on the bath surface of the molten iron and the
agitation effect of blowing thereof into the molten iron can be secured with good balance.

[0022] According to a third embodiment, the dephosphorization treatment is performed so that the supplying rate of
the refining agent to be blown onto the bath surface of the molten iron and the supplying rate of the gaseous oxygen
to be blown onto the bath surface of the molten iron satisfy Equations (3) and (4) below:

(C1/D1) > (C2/D2) (3)

C1>C2 4)

[0023] In these equations:

C1 = average value of supplying rates in terms of CaO of the refining agent in the earlier stage of the dephosphori-
zation treatment (kg/min/ton of molten iron);

C2 = average value of supplying rates in terms of CaO of the refining agent in the latter stage of the dephosphori-
zation treatment (kg/min/ton of molten iron);

D1 =average value of supplying rates of the gaseous oxygen in the earlier stage of the dephosphorization treatment
(Nm3/min/ton of molten iron); and

D2 = average value of supplying rates of the gaseous oxygen in the latter stage of the dephosphorization treatment
(Nm3/min/ton of molten iron).

[0024] In the third embodiment, the supplying rate in terms of CaO of the refining agent and the supplying rate of
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the gaseous oxygen can be continually and/or gradually varied during the dephosphorization treatment.

[0025] According to a fourth embodiment, the dephosphorization treatment is performed for a molten iron having a
Si content of 0.15 mass% or lower by blowing the gaseous oxygen and at least a part of the refining agent onto the
bath surface of the molten iron through the top blowing lance. In addition, lime is added as the refining agent in the
dephosphorization treatment, wherein the supplying amount of the lime is the sum of a lime amount W, P (kg/ton
of molten iron) obtained from Equation (5) below and a lime amount W,o Si (kg/ton of molten iron) obtained from
Equation (6) below. -

W a0_P = (molten iron [P] - object [P]) x (10/62) X 56 X 3/M¢a0 ®)

[0026] Where:

molten iron [P] = P content (mass%) in the molten iron before the dephosphorization treatment;
object [P] = P content (mass%) in the molten iron after the dephosphorization treatment; and
Ncao (lime efficiency) = 0.5 to 1

W, Si= (molten iron [Si] X (10/28) X 56 X 2 (6)

[0027] In the expression:
molten iron [Si] = Si content (mass%) in the molten iron before the dephosphorization treatment.

[0028] In the fourth embodiment, the lime in the amount of 80 mass% or more of the lime amount W, o P (W0 P
obtained when 1, = 1) is preferably blown onto the bath surface of the molten iron through the top bIovﬁng lance to
implement an efficient treatment. For the refining agent corresponding to the lime amount W, Si, atleast one selected
from powdered lime, massive burnt lime, massive limestone, and iron-making slags containiné unreacted CaO can be
used.

[0029] According to a fifth embodiment, a depth L of a concave, which occurs in the bath surface of a molten iron in
association with blowing of the gaseous oxygen thereonto or blowing of the refining agent thereonto with the gaseous
oxygen being used as the carrier gas, is controlled to 200 to 500 mm, the depth L being defined by Equation (7) below.
Thereby, the feeding mode for the gaseous oxygen onto the hot spot, which is a reaction site, is optimized, and the
dephosphorization treatment can be implemented even more efficiently with a small addition amount of refining agent.

L=L, X exp{(-0.78 X L)Ly} @)

Lo = 63 X {(Foy/n)/d}**

[0030] Where:

Ly = lance height (mm) of the top blowing lance;

Fg2 = supplying rate (Nm3/hr) of the gaseous oxygen to be fed from the top blowing lance;

n = number of nozzle holes of the top blowing lance; and

d; = diameter (mm) of each of the nozzle holes of the top blowing lance (which alternatively represents an average
hole diameter of all the nozzle holes in a case where the nozzle diameters of the plurality of nozzle holes are
different).

[0031] According to a sixth embodiment, the dephosphorization treatment is performed for an molten iron having a
Si content of 0.15 mass% or lower by blowing the gaseous oxygen and at least a part of the refining agent onto the
bath surface of the molten iron through the top blowing lance in a condition wherein the addition amount of CaF, is 1
kg/ton of molten iron or smaller or CaF, is substantially not added; and the temperature of the molten iron at completion
of the dephosphorization treatment is controlled to 1,360°C to 1,450°C. Thereby, the dephosphorization treatment can
be performed even for a high temperature process, whereby a sufficient heat can be secured in latter processing steps.
[0032] According to a seventh embodiment, a substance absorbing heat of the molten iron through a chemical re-
action and/or a thermal decomposition reaction is fed onto the region of the bath surface to which the gaseous oxygen
is fed. Thereby, without interfering melting of the refining agent the substance enables inhibition of the temperature
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rise in the region of the bath surface whereon the gaseous oxygen is fed. Consequently, even higher dephosphorization
efficiency can be secured.

[0033] Inthe seventh embodiment, at least a part of the substance absorbing the heat of the molten iron through the
chemical reaction and/or the thermal decomposition reaction is preferably fed onto the hot spot occurring on the bath
surface of the molten iron by being blowing the gaseous oxygen. Preferably, the substance absorbing the heat of the
molten iron through the chemical reaction and/or the thermal decomposition reaction is at least one selected from
carbon dioxide, water vapor, nitrogen oxide, metal carbonate and metal.hydroxide. Particularly, it is preferable that the
substance is at least one selected from metal carbonate that generates CO, or H,O through thermal decomposition
and metal hydroxide that generates CO, or H,O through thermal decomposition. More preferably, the substance is at
least one selected from CaCO;, Ca(OH),, and CaMg(COs3)s.

[0034] Additionally, in the seventh embodiment, as the substance absorbing the heat of the molten iron through the
chemical reaction and/or the thermal decomposition reaction, instead of the part or all of the refining agent acting as
CaO source, at least one selected from CaCO3, Ca(OH),, and CaMg(CO3), may be fed onto the region of the bath
surface. In this embodiment, at least part of the at least one selected from CaCO3, Ca(OH),, and CaMg(CO,), is
preferably fed onto the hot spot occurring on the bath surface of the molten iron by blowing the gaseous oxygen.
[0035] The above-described first to seventh embodiments of the inventive method may be individually practiced; or
alternatively, two or more of the conditions of the embodiments may be arbitrarily combined for practical application.
In this case, the effects of the present invention may be enhanced in proportion to the increase in the number of
combination conditions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036]

FIG. 1 is a graph of showing the relationship between the slag rate and the P content in a molten iron after a
dephosphorization treatment.

FIG. 2 is a graph showing the relationship between the Si content in the molten iron before the dephosphorization
treatment and the slag rate in the molten iron after the dephosphorization treatment.

FIG. 3 is an explanatory view showing an application example of an inventive method using a converter-type vessel.
FIG. 4 is a graph showing the relationship between the ratio of the addition amount of a refining agent fed through
the top blowing lance with respect to the total amount of the refining agent and the amount of necessary lime in a
second embodiment of the present invention.

FIG. 5is a graph showing the relationship between the ratio of the addition amount of the refining agent fed through
the top blowing lance with respect to the total amount of the refining agent and the dephosphorization rate when
adding the total amount of the refining agent by being blown onto a bath surface of the molten iron and by being
injected into the molten iron through an immersed lance and/or a blowing nozzle in the second embodiment of the
present invention.

FIG. 6 is an explanatory view showing an application example of the second embodiment of the present invention.
FIG. 7 is a graph showing the relationship between a CaO unit consumption necessary to cause the P content in
an molten iron after the dephosphorization treatment to be 0.012 mass% and the efficiency of dephosphorization
in each of a third embodiment of the present invention and a conventional method.

FIG. 8 is a graph showing the relationship between the Si content in a molten iron and the necessary amount of
lime in each of a fourth embodiment of the present invention and the conventional method.

FIG. 9 is a graph showing the relationship between the necessary amount of lime for dephosphorization and a
lime efficiency nc,o and the P content in the molten iron after the dephosphorization treatment in each of the fourth
embodiment and the conventional method.

FIG. 10 is a graph showing the relationship between a ratio X/W¢,o P between a lime amount X of lime and a
lime amount W,o P of the lime for dephosphorization, which are blown onto the bath surface of the molten iron
from the top blowinb lance, and the P content in the molten iron after the dephosphorization treatment in the fourth
embodiment of the present invention.

FIG. 11 shows graphs each illustrating the relationship between a depth L of a concave, which occurs in the bath
surface of an molten iron in association with blowing of the gaseous oxygen thereonto or blowing the refining agent
thereonto with the gaseous oxygen being used as a carrier gas, and the efficiency of dephosphorization, and the
relationship between the depth L and the P content in the molten iron after the dephosphorization treatment in a
fifth embodiment of the present invention.

FIG. 12 is a graph showing the relationship between the Si content in a molten iron, the molten iron temperature
after the dephosphorization treatment, and the dephosphorization lime efficiency in the dephosphorization treat-
ment without CaF, being added in a sixth embodiment of the present invention.
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FIG. 13 is a graph showing the relationship between the amount of CaF, and the dephosphorization lime efficiency
in the dephosphorization treatment at the molten iron temperature of 1,360 to 1,450°C after the dephosphorization
treatment without CaF, being added in the sixth embodiment of the present invention.

FIG. 14 shows explanatory views each illustrating an example of a feeding mode using the top blowing lance for
feeding the gaseous oxygen, the refining agent, and an endothermic substance onto the bath surface of the molten
iron in a seventh embodiment of the present invention.

FIG. 15 shows explanatory views each schematically showing a slag/metal state at a molten iron discharge start
time in each of the conventional method and the present invention.

FIG. 16 shows explanatory views each showing a slag/metal state in the vicinity of a molten iron discharge end in
a molten iron discharge termination time in each of the conventional method and the present invention.

FIG. 17 is a graph showing the relationship between a ratio A/B and the P content in an molten iron after the
dephosphorization treatment, the ratio A/B being a ratio between a supplying rate A of the gaseous oxygen and
a supplying rate B of a CaO based refining agent in the first embodiment of the present invention.

DESCRIPTION OF THE EMBODIMENT

[0037] According to conventionally developed dephosphorization mechanisms, CaO added into a refining vessel
reacts with SiO, and FeO generated with the feeding of oxygen to become a melt. Thereby, CaO-SiO,-FeO based
slag is generated that is homogeneous and that has high dephosphorization capability, and dephosphorization of a
molten iron progresses with the reaction between the slag and P in the molten iron. As described above, with the
dephosphorization mechanism being used as a prerequisite, by taking the fluidity and dephosphorization capability of
the slag into account, the slag basicity is determined, and the slag rate necessary for the molten iron to reach the object
P is determined. In this connection, the inventors found the following. Under a condition where a amount of post-
treatment slag is appreciably reduced in comparison to the conventional techniques, and more preferably, under a
condition where the Si content in the pre-treatment molten iron is set not higher than a predetermined level, when a
process method is employed to blow a gaseous oxygen and a refining agent through a top blowing lance onto the bath
surface of the molten iron, there can be implemented a very efficient dephosphorization refinement using a mechanism
that is completely different from the conventional technique.

[0038] Details of the present invention in accordance with the knowledge described above and preferred embodi-
ments will be described hereinbelow.

[0039] An inventive method is applied in the event of making a low-phosphorous molten iron in a manner that an
oxygen source and a refining agent acting as a CaO source are added into a vessel containing an molten iron and a
dephosphorization treatment as a molten iron preliminary treatment is thereby performed. At this event, according to
the inventive method, a dephosphorization treatment is performed by blowing gaseous oxygen and at least a part of
the refining agent onto a bath surface of the molten iron through a top blowing lance. When the gaseous oxygen is
blown onto the bath surface of the molten iron through the top blowing lance, the gaseous oxygen impinges on the
bath surface caused a large amount FeO to occur. In this case, the condition is made a very advantageous to promote
dissolution of the refining agent, and the refining agent is directly fed to a region where the large amount of FeO has
been generated, whereby the dissolution of the refining agent (CaO) can be effectively promoted.

[0040] In the event of the blowing of the gaseous oxygen and the refining agent onto the bath surface of the molten
iron through the top blowing lance, a carrier gas (inert gas such as N, or Ar) other than the refining agent and the
gaseous oxygen may be used the blowing onto the bath surface of the molten iron. Even in this event, preferably, a
part or the entire refining agent is blown to the region of the bath surface onto which the gaseous oxygen is fed (blown).
The reasons for the above are as described hereunder. The region of the bath surface where the gaseous oxygen is
fed is a region where FeO is generated with the feeding of oxygen. With the CaO being directly added onto the bath
surface region, the dissolution of the CaO is effectively accelerated, a CaO-FeO contact effect is increased. In the
region of the bath surface onto which the gaseous oxygen is fed, a most preferable region onto which the refining agent
is to be blown is a region called a "hot spot" caused by top blowing of the gaseous oxygen. In the hot spot thus occurring
in the region of the bath surface, the temperature is increased highest due to impingement on gaseous-oxygen jets,
oxidation reactions caused by the gaseous oxygen are concentrated, and the molten iron is agitated with the gaseous-
oxygen gas jets. As such, the hot spot can be defined as a region where the most prominent effect with the feeding of
the CaO can be obtained. For this reason, the gaseous oxygen is preferably used as the carrier gas for blowing the
refining agent onto the bath surface of the molten iron. In this case, the refining agent is directly fed to the hot spot,
consequently causing the CaO-FeO contact effect to be increased highest.

[0041] Intheinventive method, the adding mode for the gaseous oxygen and the refining agent, as described above,
is aimed to cause an efficient dephosphorization reaction by use of a basic mechanism described hereunder.

[0042] More specifically, the refining agent (CaO) is blown onto the region of the bath surface (preferably, the hot
spot) to which the gaseous oxygen is fed under an optimal condition through the top blowing lance. Thereby, the CaO
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quickly reacts with FeO that is generated at the hot spot and is melted (dissolved) to form a CaO-FeO based melt. The
generated CaO-FeO based melt is pushed out according to the kinetic energy to a region with a low oxygen potential
in the periphery of the region of the bath surface from the region of the bath surface to which gaseous oxygen with the
hot spot in the center is fed. Concurrently, the melt first reacts with Si in the molten iron, whereby the FeO is reduced,
and a stable solid phase, such as 2Ca0 - SiO,, corresponding to the Si content in the pre-treatment molten iron. When
the Si content in the molten iron is reduced by the above-described reaction lower to a certain level, the CaO-FeO
based melt subsequently begins to react with the phosphorus to form a 3CaO - P,Og solid phase similar to the above.
As a consequence, an equivalent amount (or most) of slag that is progressively generated with the progress of the
dephosphorization treatment and that is sequentially pushed out to an outer region of the region of the bath surface
of the molten iron from the region of the bath surface to which the gaseous oxygen with the hot spot in the center is
present as the stable 2CaO - SiO, or 3Ca0 - P,0Oj solid phase. The slag thus formed as the solid phase is so stable
that the slag is never melted again even when the slag basicity is low. Thus, the direct dephosphorization reactions
take place in the region having the hot spot in the center, the slag pushed out to the outer region of that region exists
in the solid-state state. This enables the dephosphorization treatment to be implemented with a small addition amount
of the refining agent.

[0043] Thus, the inventive method is aimed for implementing the efficient dephosphorization treatment by using the
mechanism in which the direct dephosphorization reactions take place in the region of the bath surface with the hot
spot in the center and P is fixed by the slag present as the solid phase object in the outer region of that region of the
bath surface. However, stable dephosphorization reactions according to the mechanism cannot be implemented only
by blowing the gaseous oxygen and the refining agent onto the bath surface of the molten iron. To implement stable
dephosphorization reactions in the above-described mechanism, the process should be performed under conditions
in which the slag rate is sufficiently small, in addition to the condition of using the above-described specific feeding
mode for the gaseous oxygen and the refining agent. More specifically, the dephosphorization treatment is required
under a condition the post-treatment slag rate is 30 kg/ton of molten iron, preferably 20 kg/ton of molten iron, and more
preferably, 10 kg/ton of molten iron. In addition, from a similar viewpoint, an object molten iron for the dephosphorization
treatment is preferably a low Si molten iron; more specifically, the Si content is preferably 0.15 mass% or lower, more
preferably 0.07 mass% or lower, and even more preferably 0.03 mass% or lower.

[0044] Described hereunder are reasons that the process is performed with the small amount of slag. In order to
cause the dephosphorization reactions with the above-described specific mechanism, the gaseous oxygen should be
fed through the top blowing lance onto the bath surface of the molten iron with a so-called soft blow (low dynamic
pressure). More specifically, in the dephosphorization reaction through the above-described specific mechanism, a
FeO generation region where FeO is generated is the region of the bath surface which has the hot spot in the center
and to which the gaseous oxygen is fed is a main FeO generation region. The CaO fed into this region and dissolved
therein directly reacts with the FeO, whereby a CaO-FeO based melt is thereby generated. The CaO-FeO based melt
directly reacts with P in the molten iron, and a stable 3CaO * P,Og solid phase is thereby formed. Suppose now that
the gaseous oxygen is fed with the soft blow (low dynamic pressure) in a state where the slag rate is large and a thick
slag layer is generated, as in the conventional technique. In this case, the gaseous-oxygen gas jet is unable to penetrate
the slag layer, so that the gaseous oxygen cannot be appropriately fed onto the bath surface of the molten iron. As
such, the generation amount of the FeO on the bath surface of the molten iron is insufficient, whereby also the generation
amount of the CaO-FeO based melt is small. In comparison to the above, suppose that when the gaseous oxygen is
fed with a hard blow (high dynamic pressure) so that the gaseous-oxygen gas jet penetrates the slag layer generated
to be thick. In this case, the feed region to which the gaseous oxygen is fed becomes a violent agitation state, so that
even when FeO is generated, the FeO is reduced by C in the molten iron. Resultantly, in this case also, a necessary
amount of FeO cannot be secured, whereby also the generation amount of the CaO-FeO based melt also is small. As
described above, in the case where the slag rate is large, even when the gaseous oxygen is fed either the soft blow
or the hard blow, the generation quantities of, for example, the FeO and CaO-FeO based melt cannot be stably secured.
This makes it difficult to cause the dephosphorization reactions through the mechanism described above. For these
reasons, indispensable conditions are that the gaseous oxygen be appropriately fed with the soft blow onto the bath
surface of the molten iron, and the slag rate be controlled to reduce the thickness of the slag layer to be sufficiently
small in order to effectively cause the dephosphorization reactions through the mechanism. In addition, for the reasons
described above, the post-treatment slag rate is preferably as small as possible; particularly, the amount is preferably
20 kg/ton of molten iron or smaller, and more preferably 10 kg/ton of molten iron or smaller.

[0045] Reasons that the dephosphorization treatment is preferably performed for the low Si molten iron will be de-
scribed hereunder. As already described, in the specific dephosphorization mechanism, the CaO fed into the region
of the bath surface (= main FeO generation region), which has the hot spot in the center and onto which the gaseous
oxygen is fed and dissolved therein, directly reacts with the FeO, whereby the CaO-FeO based melt is generated; and
the CaO-FeO based melt directly reacts with P in the molten iron to thereby causes the dephosphorization to progress.
In this case, when the Si content in the molten iron is high, the generated CaO-FeO based melt is consumed for the
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reactions with the Si to an extent that it does not sufficiently contribute to the direct dephosphorization reaction described
above. As such, optimal conditions for stably causing the dephosphorization reaction through the above-described
mechanism are that the condition for the above-described post-treatment slag rate be satisfied, and concurrently, the
Si content in the molten iron undergoing the dephosphorization treatment be sufficiently low. In addition, when the Si
content in the molten iron is low, the SiO, generation amount also is low, so that this case is advantageous also to
reduce the post-treatment slag rate. For these reasons, in the present invention, the dephosphorization treatment is
applied preferably to an molten iron having a Si content of 0.15 mass% or lower, more preferably to a molten iron
having a Si content of 0.07 mass% or lower, and even more preferably to a molten iron having a Si content of 0.03
mass% or lower.

[0046] In the present invention, the post-treatment slag rate refers to the amount of slag existing in a refining vessel
(molten iron retaining vessel). The post-treatment slag rate can be obtained in various manners. For example, the slag
rate was calculated from the mass balance between a amount of added lime and an intra-slag CaO concentration (slag
analysis value). In another manner, for example, a post-treatment tracer concentration in the slag is analyzed; and in
another manner, the thickness of the slag is directly measured.

[0047] FIG. 1 is a graph of showing the relationship between the slag rate and the P content in an molten iron after
a dephosphorization treatment in accordance with the results of tests performed by the inventors. The post-treatment
P content in the molten iron indicates the average value and the variation width. More specifically, FIG. 1 shows a
summary of P contents in an molten iron after the dephosphorization treatment for 6 to 72 charges in units of a range
of individual slag quantities after the process for a range from 5 kg/ton of molten iron to 10 kg/ton of molten iron, a
range from larger than 10 kg/ton of molten iron to 20 kg/ton of molten iron, a range from larger than 20 kg/ton of molten
iron to 30 kg/ton of molten iron, a range from larger than 30 kg/ton of molten iron to 40 kg/ton of molten iron, and a
range from larger than 40 kg/ton of molten iron to 50 kg/ton of molten iron.

[0048] In each of the tests, a desiliconization treatment was performed for an molten iron discharged from a blast
furnace on a casting bed and in an molten iron ladle by necessity, and a desulfurization process was subsequently
performed in the molten iron ladle by using a mechanical agitator; and thereafter, a dephosphorization treatment was
performed in a converter-type vessel (300 tons). Molten iron ingredients before the dephosphorization treatment were
C:4.5t0 4.7 mass%; Si: 0.01 to 0.28 mass%; Mn: 0.15 to 0.25 mass%; P: 0.10 to 0.11 mass%; and S: 0.001 to 0.003
mass%. Powdered lime having a particle size diameter of 1 mm or smaller was used as a dephosphorization refining
agent, and the powdered lime was blown with the gaseous oxygen used as a carrier gas via a lance. During the
refinement, CaF, was not added. The blowing time was controlled to 10 minutes as a constant time, and a nitrogen
gas of 0.05 to 0.15 Nm3/min/ton of molten iron was fed from the bottom of the furnace to agitate the molten iron. While
the lime and oxygen source units are variable depending on the Si content in the molten iron, the lime and oxygen
were fed in the quantities corresponding to constant values each excluding the desiliconization part (dicalcium silicate:
stoichiometric mixture part when 2CaO « SiO, is formed). The quantities of the lime and the oxygen were 3.5 kg/ton
of molten iron and 9 Nm3/ton of molten iron, respectively. The temperature of the molten iron before and after the
dephosphorization treatment was controlled to 1,250 to 1,350°C. The post-treatment quantities of the slag were each
calculated from the mass balance between the amount of added lime and CaO concentration (slag analysis value) in
the slag.

[0049] AccordingtoFIG. 1, the larger the post-treatment slag rate is, the higher the post-dephosphorization treatment
P content is and also the larger the nonuniformity on the upper limit side of the each amount is. In comparison, however,
when the each post-treatment slag rate is 30 kg/ton of molten iron or smaller, the nonuniformity on the upper limit side
of the P content is significantly reduced, and the P content is 0.020 mass% even at highest. When the post-treatment
slag rate is 20 kg/ton of molten iron or lower, the post-dephosphorization treatment P content in the molten iron is 0.15
mass% even at highest. Also, when the post-treatment slag rate is 20 kg/ton of molten iron or lower, the post-dephos-
phorization treatment P content in the molten iron is 0.10 mass% even at highest. For these reasons, in the present
invention, the post-treatment slag rate is controlled to 30 kg/ton of molten iron or smaller, preferably 20 kg/ton of molten
iron or smaller, and particularly preferably 10 kg/ton of molten iron or smaller.

[0050] FIG. 2is a graph showing the relationship between the Si content in the molten iron before the dephosphori-
zation treatment and the slag rate in the molten iron after the dephosphorization treatment in the tests illustrated in
FIG. 1. According to the figure, when the pre-treatment Si content is high, the amount of the lime to be added is large
and the slag rate is therefore increased, so that there occurs a good relationship between the slag rate and the pre-
treatment Si content. In this case, it can be known that the pre-dephosphorization treatment Si content in the molten
iron should be controlled to 0.15 mass% or lower to reduce the post-treatment slag rate to 30 kg/ton of molten iron or
smaller. Similarly, it can be known that the pre-dephosphorization treatment Si content in the molten iron should be
controlled to 0.07 mass% or lower to reduce the post-treatment slag rate to 20 kg/ton of molten iron or smaller. Also,
it can be known that the pre-dephosphorization treatment Si content in the molten iron should be controlled to 0.03
mass% or lower to reduce the post-treatment slag rate to 10 kg/ton of molten iron or smaller. For these reasons, in the
present invention, the Si content is controlled to 0.15 mass% or lower, preferably 0.07 mass% or lower, and more
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preferably 0.03 kg/ton or lower.

[0051] As described above, when the Si content in the molten iron is low, the ratio of the CaO-FeO based melt to be
consumed to generate the reaction with Si is reduced, whereby an advantage can be obtained in that the direct de-
phosphorization reaction by the CaO-FeO based melt is accelerated. The results shown in FIG. 1 are considered to
be reflected with the above-described advantage.

[0052] The pre-dephosphorization treatment Si content in the molten iron can be tuned in a manner described here-
under.

[0053] A molten iron is fed from a molten iron making facility, such as a blast furnace. An effective technique for
reducing a Si content in the molten iron to be produced is to reduce a total charge amount of a amount of silicic acid
is reduced in, for example, a preliminary treatment for an molten iron making raw material. Other known effective
technique in this connection include, for example, a technique of a low temperature operation for inhibiting silicate
reduction reactions in the inside of the blast furnace, and a technique of inhomogeneous charging of coke. As such,
when an molten iron produced using a blast furnace or the like facility has a S| content of 0.15 mass% or lower, a
dephosphorization treatment may be performed for the molten iron without performing a desiliconization treatment
described below.

[0054] However, when an molten iron produced using a blast furnace or the like facility has an Si content exceeding
0.15 mass%, a desiliconization treatment is performed, for example, on a casting bed of the blast furnace or in a molten
iron ladle before a dephosphorization treatment. The pre-dephosphorization treatment Si content in the molten iron is
reduced thereby to 0.15 mass% or lower, and the molten iron is then subjected to the dephosphorization treatment.
[0055] Ordinarily, a desiliconization treatment for a molten iron is practiced adding substances such as solid-state
oxygen source and gaseous oxygen. For example, solid-state oxygen sources such as sintered powder and mill scale
are added by, for example, being top-charged onto the bath surface of the molten iron or blowing into the bath. Alter-
natively, for example, gaseous oxygen is added by being blown onto the bath surface of the molten iron or by being
blown into the bath.

[0056] In addition, instead of using the blast-furnace casting bed or the molten iron ladle, the desiliconization treat-
ment for the molten iron can be implemented by adding oxygen source to a molten iron flow flowing to a transportation
vessel such as an molten iron ladle from, for example, a blast-furnace casting bed. Other techniques also are available.
For example, an agitated gas is blown into an molten iron in a vessel to enhance the desiliconization efficiency. In
addition, reduction efficiency can be enhanced in such a manner that CaO source, such as sintered lime, is added to
the molten iron and the slag basicity is thereby tuned to minimize iron oxide contained in desiliconization slag.
[0057] When performing the dephosphorization treatment for a molten iron after the desiliconization treatment, it is
preferable that slag such as desiliconization slag be dissolved away to minimize the ingress of silicate for the imple-
mentation of an efficient dephosphorization treatment. As such, the slag is separated from the molten iron by a me-
chanical dissolution apparatus and/or manual operations before the dephosphorization treatment, and then the de-
phosphorization treatment is done.

[0058] In the inventive method, no specific limitations are imposed on the method of blowing via the top blowing
lance the gaseous oxygen and the refining agent onto the bath surface of the molten iron. As such, for example, the
arrangement may be such that only the gaseous oxygen is fed onto the bath surface of the molten iron from some of
a plurality of lance holes of the top blowing lance, and the refining agent using the gaseous oxygen or a gas (inert gas
such as nitrogen or Ar) different from the oxygen as a carrier gas is fed onto the bath surface of the molten iron from
other lance holes. This arrangement enables the refining agent to be fed onto the region of the bath surface onto which
the gaseous oxygen is fed. In this arrangement, it is particularly preferable that a top blowing lance to be used has a
main lance hole in the center of a lance tip and a plurality of sub-lance holes in peripheral portions of the main lance
hole. In this case, the gaseous oxygen is fed onto the bath surface of the molten iron from the sub-lance holes, and
the refining agent is fed thereonto by using the gaseous oxygen or the above-described gas different from the gaseous
oxygen as the carrier gas from the main lance hole. Still alternatively, different top blowing lances may be individually
used to blow the gaseous oxygen and to blow the refining agent with the gaseous oxygen or the gas other than the
gaseous oxygen as the carrier gas. However, in any of the cases, the carrier gas for the refining agent is preferably
gaseous oxygen to cause the refining agent to be most efficiently dissolved.

[0059] The gaseous oxygen to be used in the present invention may be any of a pure oxygen gas and an oxygen
containing gas. As the oxygen source to be added into the refining vessel, other substances than the gaseous oxygen,
such as solid-state oxygen source such as iron oxides (sintered powder and mill scale, for example) may be used.
These substances may be added in an arbitrary manner, such as top-charging or blowing into the bath. However, it is
preferable that 50% or more of oxygen source to be added into the refining vessel, and more preferably 70% (gaseous-
oxygen equivalent amount) or more be fed onto the bath surface of the molten iron through the top blowing lance to
implement an efficient molten iron dephosphorization, as described above, by feeding (blowing) the gaseous oxygen
onto the bath surface of the molten iron.

[0060] A part of the gaseous oxygen may be fed by a technique other than the above-described technique of blowing
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onto the bath surface of the molten iron. For example, the part of the gaseous oxygen may be fed into the bath by, for
example, the technique of injection into the bath through an immersed lance or a blowing nozzle provided in a portion
of, for example, a bottom portion or a sidewall portion of an molten iron retaining vessel.

[0061] Ordinarily, a CaO based refining agent (refining agent based on Ca0) such as lime is used for the refining
agent. In addition, a powdered form is used for the refining agent that is to be blown onto the bath surface of the molten
iron through the top blowing lance.

[0062] By way of a technique alternative to the technique of blowing onto the bath surface of the molten iron through
the top blowing lance, the refining agent may partly be added, for example, by being top-charged thereonto or by being
blown info the bath. Even when using the aforementioned technique, the amount of the refining agent to be added is
preferably 20 mass% or smaller with respect to the total amount of the refining agent. Suppose that the ratio of the
refining agent added by a technique different from the technique of blowing onto the bath surface of the molten iron
through the top blowing lance exceeds 20 mass% with respect to the total amount. In this case, a reduction tends to
occur in the effect of dephosphorization reaction acceleration achievable through the blowing of the refining agent
together with the gaseous oxygen.

[0063] Inaddition, the molten iron preferably undergoes gas agitation to enhance the efficiency of dephosphorization.
The gas agitation in this case is carried out by injecting an inert gas such as nitrogen or Ar through, for example, an
immersed lance or a blowing nozzle that is provided in a portion such as a bottom portion or a sidewall portion of the
molten iron retaining vessel. The feed amount of the agitated gas is preferably 0.02 Nm3/min/ton of molten iron or
more. In addition, when the agitation of the bath is too intensive, the rate at which C in the molten iron reduces the
generated FeO is excessively increased, so that the feed amount is preferably 0.3 Nm3/min/ton of molten iron.
[0064] For the molten iron retaining vessel (refining vessel) used to perform the dephosphorization treatment, a
converter-type vessel is most preferable in that a freeboard can be sufficiently secured. However, an arbitrary vessel
such as a molten iron ladle or a torpedo car may be used.

[0065] FIG. 3 shows a state of an application example of an inventive method using a converter-type vessel, in which
1 denotes a converter-type vessel, 2 denotes a top blowing lance, and 3 denotes a bottom blowing nozzle. In the
example, a refining agent with a gaseous oxygen as a carrier gas is blown onto a metal bath surface from the top
blowing lance 2, and concurrently, an agitated gas is blown into an molten iron from the bottom blowing nozzle 3.
[0066] The conventional dephosphorization treatment indispensably and practically requires the addition of CaF,
(fluorspar) to accelerate the dissolution of CaO. However, in recent years, taking influence of F on the environment
into consideration, the use amount of CaF, is required even in the steel refinement. In this regard, according to the
inventive method, even when CaF, is not substantially added (that is, CaF, except CaF, contained as an unavoidable
impurity in the refining agent is not added) or only a small amount of CaF, is added, high efficiency of dephosphorization
can be obtained. As such, even when adding CaF, to accelerate the CaO dissolution, the amount of the CaF, to be
added is controlled to 2 kg/ton of molten iron or smaller and preferably to 1 kg/ton of molten iron. In addition, as will
be described below, in comparison to the conventional method, the present invention enables obtaining the effect of
significantly reducing the amount of flow-away slag. More specifically, slag fluidity can be caused lower by not adding
CaF, or by reducing the addition amount of CaF,, thereby enabling the above-described effect to be enhanced.
[0067] Ordinarily, the P content in a pre-dephosphorization treatment molten iron is 0.10 mass% or higher. However,
in the present invention, the molten iron is preferably dephosphorized and refined to have a P content required for
crude steel, that is, a P content lower than or equal to a steel ingredient standard value (normally, 0.020 mass% or
lower), and more specifically to have a P content of 0.010 mass% or lower. In this case, substantially no slug seed
material has to be used in intra-converter blowing in a subsequent step, and only an essential decarburization refine-
ment can be implemented. This enables the following advantages to be secured: (1) The decarburization refinement
is significantly simplified, and also the refining time can be reduced; (2) The occurrence slag rate in the decarburization
refinement can be effectively reduced; and (3) since slug seed material is not substantially used the decarburization
refinement, when manganese ore is added as manganese source, very high Mn yield can be secured.

[0068] Several preferred embodiments of the inventive method will be described hereunder. The efficiency of the
dephosphorization reaction can be further enhanced when the inventive method is practiced in the manners of the
embodiments described hereunder.

[0069] According to a first embodiment, a dephosphorization treatment is performed so that a CaO-equivalent sup-
plying rate B (kg/min/ton of molten iron) of the refining agent to be blown onto the bath surface of the molten iron and
a supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen to be blown onto the bath surface of the molten
iron satisfy Equation (1) below.

03<AB<7 1)

[0070] In addition, to secure a higher efficiency of the dephosphorization reaction, the dephosphorization treatment
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is performed so that the CaO-equivalent supplying rate B (kg/min/ton of molten iron) of the refining agent to be blown
onto the bath surface of the molten iron and a supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen to
be blown onto the bath surface of the molten iron satisfy Equation (2) below.

1.2<AB<25 (2)

[0071] As a result of the research conducted by the inventors, according to the technique of blowing the gaseous
oxygen and the refining agent onto the bath surface of the molten iron, the dephosphorization reaction was verified to
vary depending on the supplying rate of the gaseous oxygen and the supplying rate of CaO (refining agent). More
specifically, the inventors verified that while FeO is generated in the region of the bath surface onto which the gaseous
oxygen is fed, a preferable CaO supplying rate corresponding to a generation amount thereof exists. In this case, when
the supplying rate of the gaseous oxygen is excessively low in the ratio between the supplying rates of the gaseous
oxygen and the CaO, FeO in a amount corresponding to the CaO feed amount is not generated. As such, the dissolution
of the CaO (generation of a CaO-FeO based melt) does not progress, and the CaO remains undissolved, not effectively
acting for the dephosphorization. When the supplying rate of the gaseous oxygen is excessively high, CaO necessary
for the dephosphorization is short with respect to the feed amount of the gaseous oxygen. In this case also, the
CaO-FeO based melt is not sufficiently generated. Either of the cases makes the conditions disadvantageous to the
molten iron dephosphorization that is performed by the mechanism of dephosphorization reaction, and exhibits a ten-
dency to disable a high dephosphorization speed rate to be obtained. In addition, when the supplying rate of the gaseous
oxygen is excessively high, the amount of ineffective oxygen different from oxygen necessary for the dephosphorization
increases, and the ineffective oxygen is consumed for decarburization and/or the like. Thereby, the heat source be-
comes insufficient for subsequent processing steps, consequently leading to a significant increase in the operation
costs in the decarburization process.

[0072] If the above-described ratio A/B is lower than 0.3, the CaO feed amount is excessive with respect to the feed
amount of the gaseous oxygen, so that FeO in a amount corresponding to the CaO feed amount is not generated in
the region of the bath surface onto which the gaseous oxygen is fed. As such, the dissolution of the fed CaO (generation
of a CaO-FeO based melt) does not progress, and the CaO remains undissolved, not effectively acting for the dephos-
phorization, therefore causing the tendency of reducing the dephosphorization speed rate. When the supplying rate
of the gaseous oxygen exceeds 7, CaO necessary for the dephosphorization is short with respect to the feed amount
of the gaseous oxygen. In this case also, since a sufficient CaO-FeO based melt is not generated, there is a tendency
to reduce the dephosphorization speed rate. When the ratio A/B is controlled to the range of 1.2 to 2.5, the balance
between the FeO generation amount associated with the feeding of gaseous oxygen and the CaO feed amount is even
more optimized, whereby a particularly higher efficiency of the dephosphorization reaction can be secured.

[0073] A second embodiment of the present invention is a method of a dephosphorization treatment to be performed
using a ladle or torpedo-car type vessel. In the dephosphorization treatment using the ladle or torpedo-car type vessel,
a gaseous oxygen and at least a part of a refining agent are blown onto a bath surface of an molten iron through a top
blowing lance, and gas containing powder is injected into the molten iron through an immersed lance and/or a blowing
nozzle lance.

[0074] The inventors conducted research regarding a method using the ladle or torpedo-car type refinement vessel
for more efficiently performing the molten iron dephosphorization. As a result, the inventors verified that the method is
very effective that blows the gaseous oxygen and the refining agent onto the bath surface of the molten iron through
the top blowing lance and additionally injects the gas containing the powder into the molten iron through the immersed
lance or the like.

[0075] In the second embodiment, the rate of the gaseous oxygen to be blown onto the bath surface of the molten
iron through the top blowing lance is preferably 0.7 Nm3/min/ton of molten iron or smaller. When the supplying rate of
the oxygen from the top blowing lance is excessive, slag overflow from the refinement vessel can occur because of
slag foaming. Such slag foaming can be inhibited by reducing the supplying rate of the oxygen from the top blowing
lance to 0.7 Nm3/min/ton of molten iron or smaller, whereby stable operation can be performed.

[0076] Also in the second embodiment, a part of the gaseous oxygen may be fed by, for example, top-charging or
injection into the bath by way of a technique different from the technique of blowing onto the bath surface of the molten
iron through the top blowing lance. Even in the different technique, the amount of the refining agent to be blown from
the top blowing lance onto the bath surface of the molten iron is preferably 80 mass% or more of the total amount of
the refining agent. When the ratio in amount of the refining agent to be added by being blown onto the bath surface of
the molten iron through the top blowing lance is lower than 80% of the total amount, there can occur the tendency of
reducing the effect of the dephosphorization reaction acceleration resulting from the blowing of the refining agent
together with the gaseous oxygen onto the bath surface of the molten iron.

[0077] FIG. 4 is a graph in accordance with the results of tests performed by the inventors. The graph shows the
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relationship between the ratio of the addition amount of a refining agent having been fed through the top blowing lance
with respect to the total addition amount of the refining agent and the amount of necessary lime. The tests were each
performed on an molten iron retained in a ladle type vessel (150 tons) and having a P content of 0.10 to 0.11 mass%,
and an Si content of 0.07 mass% or lower. In the test, the dephosphorization treatment (process time: 15 minutes) was
performed by blowing powdered lime (0 to 6 kg/ton of molten iron) having a particle size diameter of 1 mm or smaller
as a refining agent with a gaseous oxygen (4.5 to 5.0 Nm3/ton of molten iron) being used as a carrier gas onto the
bath surface of the molten iron and by injecting powder into the molten iron through an immersed lance. The amount
of the powder to be injected through the immersed lance was controlled to a fixed amount of 30 kg/min. For a part or
all of the powder, a residue of the necessary lime part is used, and dust (Fe content: 40 mass%) or coke powder was
used for a shortage part. In the dephosphorization treatment described above, CaF, was not added to the refining
agent, and the post-treatment slag rate was controlled to 20 kg/ton of molten iron or smaller. The ratio A/B between
the supplying rate B (kg/min/ton of molten iron) of the lime to be blown onto the bath surface of the molten iron and
the supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen to be blown onto the bath surface of the
molten iron was controlled to 2.0. The addition amount of the lime was controlled to fall within a range of the sum of a
lime amount W¢,o P (kg/ton of molten iron) and a lime amount W, Si (kg/ton of molten iron) defined by Expressions
(5) and (6) described below. A depth L (value L defined by Equation7(7) described below) of a concave, which occurs
in the bath surface of the molten iron in association with blowing of the refining agent with the gaseous oxygen being
used as the carrier gas, was controlled to fall within the range of 200 to 500 mm. The temperature of the molten iron
before and after the dephosphorization treatment was controlled to 1,300 to 1,320°C. The post-treatment slag rate
was calculated from the mass balance between the amount of added lime and an intra-slag CaO concentration (slag
analysis value). FIG. 4 shows the lime amount necessary to cause the P content in the post-treatment molten iron to
be 0.02 mass% or lower.

[0078] Accordingto FIG. 4, in line with the increase in the ratio of the refining agent to be fed through the top blowing
lance with respect to the total amount of the refining agent, the amount of the necessary lime decreases; and particularly,
the amount of the necessary lime decreases utmost when the ratio' is 80 mass% or lower.

[0079] No specific limitations are imposed on the type of the powder that is to be blown together with the gas into
the molten iron. The powder to be used may be one or two or more types selected from, for example, a part of a refining
agent such as powdered lime, dust such as converter dust occurring in a steel mill, carbon-source base powder, iron
oxides such as sintered powder and mill scale, and powder of, for example, CaCO3, Ca(OH),, and CaMg(CO3),.
[0080] Among these substances, when the refining agent such as powdered lime is used as the powder, the refining
agent is heated while floating in the molten iron, and the dissolution thereof into slag is accelerated thereby.

[0081] The use of dust occurring in a steel mill leads to effective use of waste. More specifically, since dust is in a
powder form, when reusing the dust, conventional techniques require processing such as that of making it into the
form of briquette. However, according to the present invention, dust can be reused as in the powder form without using
time and cost for processing such as that of making it into the form of briquette. In addition, the powder composed of
the carbon source carburizes the molten iron to be an effective heat source in subsequent processing steps. The
powder of CaCOg3, Ca(OH),, or CaMg(COs),, for example, generates gases (CO, and H,0), whereby the gases con-
tribute to intensify agitation of the bath, and CaO generated by thermal decomposition functions as a refining agent.
The powder of the iron oxide becomes a part of the oxygen source in the bath.

[0082] In addition, also the gas (carrier gas), which is to be blown with the powder into the molten iron, is not limited
regarding the type, and the gaseous oxygen (pure oxygen gas or oxygen-containing gas) or an inert gas such as N,
or Ar may be used. Among these gases, when the gaseous oxygen is used to blow the refining agent into the molten
iron, while the agent is floating in the molten iron, a so-called transitory reaction can be expected to occur, thereby
enabling the effect of accelerating the reaction to be obtained. However, since the oxygen gas is fed from, for example,
the immersed lance and the blowing nozzle, FeO is generated at, for example, the lance and the nozzle tip. As such,
service lives of, for example, the lance and the nozzle become a problem. In comparison, when the inert gas such as
N, or Ar is used, while the effect in terms of reaction cannot be expected, the service lives of, for example, the lance
and the nozzle are prolonged longer than in the case of using the gaseous oxygen. For these reasons, the type of the
gas to be used is preferably selected in consideration of the total costs inclusive of the service lives of, for example,
the lance and the nozzle.

[0083] As means of blowing the refining agentinto the molteniron, the immersed lance or the blowing nozzle equipped
with the refinement vessel or the both may be used. For the blowing nozzle, any type such as a bottom blowing nozzle
or a horizontal blowing nozzle may be used.

[0084] In addition, in the second embodiment, suppose that substantially the total amount of the refining agent is
added by being blown onto the bath surface of the molten iron through the top blowing lance and by being blown into
the molten iron through the immersed lance and/or the blowing nozzle. In this case, the amount of the refining agent
to be added through the top blowing lance is preferably 20 to 80 mass% of the total amount of addition of the refining
agent. When the ratio in amount of the refining agent to be added by being blown onto the bath surface of the molten
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iron through the top blowing lance exceeds 80 mass% of the total amount of addition of the refining agent, since the
molten iron agitation effect through the blowing of the refining agent into the molten iron is low, an agitation power
necessary for the dephosphorization cannot easily be obtained. On the other hand, when the ratio is lower than 20
mass%, there cannot be obtained a sufficient effect of the dephosphorization reaction acceleration resulting from the
blowing of the refining agent together with the gaseous oxygen onto the bath surface of the molten iron.

[0085] FIG. 5is a graph in accordance with the results of tests performed by the inventors for the case that the total
amount of the refining agent is added by being blown onto the bath surface of the molten iron through the top blowing
lance and by being blown into the molten iron through the immersed lance and/or the blowing nozzle. The graph shows
the relationship between the ratio of the addition amount of a refining agent with respect to the total addition amount
of the refining agent having been fed through the top blowing lance and the efficiency of dephosphorization. The tests
were each performed on an molten iron retained in a ladle type vessel (150 tons) and having a P content of 0.10 to
0.11 mass%, and an Si content of 0.07 mass% or lower. In the test, the dephosphorization treatment (process time:
15 minutes) was performed by blowing powdered lime (0 to 6 kg/ton of molten iron) having a particle size diameter of
1 mm or.smaller as a refining agent with a gaseous oxygen (4.5 to 5.0 Nm3/ton of molten iron) being used as a carrier
gas onto the bath surface of the molten iron and by blowing the residue (0 to 6 kg/ton of molten iron) of the necessary
lime part into the molten iron through an immersed lance. For a part or all of the powder, a residue of a necessary lime
part is used, and dust (Fe content: 40 mass%) or coke powder was used for a shortage part. In the dephosphorization
treatment described above, CaF, was not added to the refining agent, and the post-treatment slag rate was controlled
to 20 kg/ton of molten iron or smaller. The ratio A/B between the supplying rate B (kg/min/ton of molten iron) of the
lime to be blown onto the bath surface of the molten iron and the supplying rate A (Nm3/min/ton of molten iron) of the
gaseous oxygen to be blown onto the bath surface of the molten iron was controlled to 2.0. The addition amount of
the lime was controlled to fall within the range of the sum of the lime amount W5 P (kg/ton of molten iron) and the
lime amount W, Si (kg/ton of molten iron) defined by Expressions (5) and (6) described below. The depth L (value
L defined by Equation (7) described below) of a concave, which occurred in the bath surface of the molten iron in
association with blowing of the refining agent thereonto with the gaseous oxygen being used as the carrier gas, was
controlled to fall within the range of 200 to 500 mm. The temperature of the molten iron before and after the dephos-
phorization treatment was controlled to 1,300 to 1,320°C. The post-treatment slag rate was calculated from the mass
balance between the amount of added lime and an intra-slag CaO concentration (slag analysis value).

[0086] According to FIG. 5, the efficiency of dephosphorization is significantly reduced in regions where the ratio of
the addition amount of the refining agent through the top blowing lance with respect to the total amount of the refining
is lower than 20 mass% and 80 mass% or higher.

[0087] FIG. 6 shows an application example of the present embodiment in the case where the molten iron dephos-
phorization treatment is performed using a blast-furnace-ladle type dephosphorization facility. Depending on the Si
content in the molten iron discharged from a blast furnace, a desiliconization treatment such as casting-bed desiliconi-
zation is performed by necessity before the desiliconization treatment. In the desiliconization treatment, an molten iron
is charged into a blast furnace ladle 4, and powdered lime (refining agent). Then, the powdered lime (refining agent)
is injected into the molten iron from a lance 5, and concurrently, the powdered lime (refining agent) together with the
gaseous oxygen is blown onto the bath surface of the molten iron. At this event, the supplying rate of the powdered
lime to be injected is control to enable sufficient agitation of the molten iron to be performed.

[0088] Inthe third embodiment, the dephosphorization treatmentis performed so that the supplying rate of the refining
agent to be blown onto the bath surface of the molten iron and the supplying rate of the gaseous oxygen to be blown
onto the bath surface of the molten iron satisfy Equations (3) and (4) below.

(C1/D1) > (C2/D2) (3)

C1>C2 (4)

[0089] In these equations:

C1 = average value of CaO-equivalent supplying rates (kg/min/ton of molten iron) of the refining agent in the earlier
stage of the dephosphorization treatment;

C2 = average value of CaO-equivalent supplying rates (kg/min/ton of molten iron) of the refining agent in the latter
stage of the dephosphorization treatment;

D1 = average value of supplying rates of the gaseous oxygen in the earlier stage of the dephosphorization treatment
(Nm3/min/ton of molten iron); and

D2 = average value of supplying rates of the gaseous oxygen in the latter stage of the dephosphorization treatment
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(Nm3/min/ton of molten iron).

[0090] In the earlier stage of the dephosphorization treatment, since the P content in the molten iron is high, there
occurs an intra-slag-(P) movement rate determination region in which as the supplying rate of the refining agent is
larger, the dephosphorization speed rate becomes higher. On the contrary, however, in the latter stage of the dephos-
phorization treatment, the P content in the molten iron becomes low, and the movement of intra-metal [P] to the reaction
site is in a rate-determining step, the ratio of the refining agent that effectively contributes to the dephosphorization
operation is reduced lower in comparison to the earlier stage of the dephosphorization treatment. As such, a feed-rate
ratio (refining-agent supplying rate/gaseous-oxygen supplying rate) between the refining agent and gaseous oxygen
to be fed onto the bath surface of the molten iron in the above-described specific mode can be reduced lower in the
latter stage of the dephosphorization treatment than the feed-rate ratio in the earlier stage of the dephosphorization
treatment. Thereby, an efficient dephosphorization treatment can be implemented with a smaller addition amount of
the refining agent.

[0091] According to the inventive method, the reactivity of the refining agent can be effectively enhanced for the
reasons described above, so that an efficient dephosphorization treatment can be implemented in the latter stage of
the dephosphorization treatment with a minimum necessary amount of the refining agent being added.

[0092] FIG. 7 is a graph showing results of investigation regarding the relationship between a CaO unit consumption
necessary to cause the P content in the molten iron after each dephosphorization treatment to be 0.012 mass% and
the efficiency of dephosphorization. The each dephosphorization treatment was performed using a converter-type
dephosphorization refinement furnace (300 ton) without CaF, being added under conditions (1) and (2) described
below.

(1) The dephosphorization treatment was performed in the manner that a CaO-equivalent supplying rate C (kg/
min/ton of molten iron) of the refining agent to be blown onto the bath surface of the molten iron is controlled to
be constant throughout the total process time. Concurrently, a C/D ratio between the supplying rate C of the refining
agent and a supplying rate D (Nm3/min/ton of molten iron) of the gaseous oxygen is controlled to be constant
throughout the total process time.

(2) The dephosphorization treatment was performed under the conditions of (C1/D1) > (C2/D2) and C1 > C2,
where C1 = average value of CaO-equivalent supplying rates of the refining agent in the earlier stage of the de-
phosphorization treatment (kg/min/ton of molten iron); C2 = average value of CaO-equivalent supplying rates of
the refining agent in the latter stage of the dephosphorization treatment (kg/min/ton of molten iron); D1 = average
value of CaO-equivalent supplying rates of the gaseous oxygen in the earlier stage of the dephosphorization treat-
ment (Nm3/min/ton of molten iron); and D2 = average value of CaO-equivalent supplying rates of the gaseous
oxygen in the latter stage of the dephosphorization treatment (kg/min/ton of molten iron).

[0093] The dephosphorization efficiency nc,o was defined according to the following equation, whereby a desiliconi-
zation part was excluded as 2Ca0O-SiO,:

Neao = HI%P, - [%P1)/(31 X 2)} X 56 X 3 X 10/[W ey -

{([%Si]; - [%Si];)/28} X 56 X 2 X 10]

[0094] In the equeation:

Wea0 = CaO unit consumption (kg/ton of molten iron) ;

[%P]; = P content (mass%) in the molten iron before the dephosphorization treatment;

[%P]; = P content (mass%) in the molten iron after the dephosphorization treatment;

[%Si]; = Si content (mass %) in the molten iron before the dephosphorization treatment; and
[%Si]; = Si content (mass%) in the molten iron after dephosphorization treatment molten iron.

[0095] In the test, after the converter molten iron was subjected to desiliconization on the casting bed and in the
molten iron ladle by necessity, the molten iron was subjected to desulfurization, was moved into a converter-type vessel,
and was then subjected to the dephosphorization treatment. The P content in the molten iron before the dephosphori-
zation treatment was 0.10 to 0.11 mass%, and the Si content therein was 0.07 mass% or lower. For the refining agent,
only CaO base calcined lime not containing CaF, was used. For the gaseous oxygen, gaseous oxygen was mainly
used and was added by being blown onto the bath surface of the molten iron from the top blowing lance; and partly,
addition of a solid-state oxygen source (iron ore) was concurrently performed. The feed amount of the refining agent
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was controlled to 4.6 to 9.0 kg/ton of molten iron, and the feed amount of the gaseous oxygen was controlled to 8.6 to
13.6 Nm3/ton of molten iron. For the dephosphorization treatment (1), control was performed such that C1 is 0.88 to
1.00 kg/min/ton of molten iron, C2 is 0.30 to 0.39 kg/min/ton of molten iron, C1/D1 is controlled to 0.60 to 0,83 kg/Nm3,
C2/C2is 0.38 to 0.48 kg/Nm3, and (C1/D1) X 56 to 72% = (C2/D2). The post-treatment slag rate was controlled to 20
kg/ton of molten iron. The addition amount of the lime was controlled to fall within the range of the sum of the lime
amount W, P (kg/ton of molten iron) and the lime amount W,o Si (kg/ton of molten iron) defined by Expressions
(5) and (6) described below. The depth L (value L defined by Eq_uation (7) described below) of a concave, which
occurred in the bath surface of the molten iron in association with blowing of the refining agent thereonto with the
gaseous oxygen being used as the carrier gas, was controlled to fall within the range of 200 to 500 mm. The temperature
of the molten iron before and after the dephosphorization treatment was controlled to 1,300 to 1,320°C. The post-
treatment slag rate was calculated from the mass balance between the amount of added lime and an intra-slag CaO
concentration (slag analysis value).

[0096] According to FIG. 7, it can be known that in the dephosphorization treatment (2), the CaO source units were
smaller and the efficiencies of dephosphorization were higher, in comparison to those in the dephosphorization treat-
ment (1). This indicates that in the case (2), since sufficient dephosphorization was performed without the refining
agent being added in the latter stage of the refinement, the high efficiencies of the dephosphorization were obtained.
[0097] In the third embodiment, the desired effects can be secured by controlling the refining-agent supplying rate
and the gaseous-oxygen supplying rate were controlled to be (C1/D1) > (C2/D2) and C1 > C2. Particularly, however,
the supplying rates are preferably controlled to fall within the range of (C1/D1) X 30 to 80% = (C2/D2) and C1 X 30
to 80% = C2. When (C1/D1) X 30% > (C2/D2) and C1 X 30% > C2, since the feed amount of the refining agent is
reduced, so that the dephosphorization efficiency tends to be reduced. On the other hand, however, when (C1/D1) X
80% < (C2/D2) and C1 X 80% < C2, since a surplus feed amount of the refining agent is increased in the latter stage
of the dephosphorization treatment, so that the dephosphorization efficiency tends to be reduced.

[0098] According to the third embodiment, the refining agent and the gaseous oxygen can be fed in accordance with
the above-described conditions during the time of the dephosphorization treatment (the earlier stage and the latter
stage of the dephosphorization treatment). Accordingly, the mode of controlling the refining-agent supplying rate the
supplying rate of the gaseous oxygen to vary is arbitral, and the supplying rates can be controlled to vary in a continuous
mode, in a step-by-step mode, or in both of the two modes.

[0099] According to the fourth embodiment, the dephosphorization treatment is performed for the molten iron having
an Si content of 0.15 mass% or lower by blowing the gaseous oxygen and at least the part of the refining agent onto
the bath surface of the molten iron through the top blowing lance. Concurrently, in the dephosphorization treatment,
there is added the lime in the total amount of the lime amount W4 P (kg/ton of molten iron) obtained from Equation
(5) below and the lime amount W, Si (kg/ton of molten iron) obtained from Equation (6) below.

Wca0 P = (molten iron [P] - object [P]) X (10/62) X 56 X
3Mcao (5)

[0100] Where:

molten iron [P] = P content (mass%) in the molten iron before the dephosphorization treatment;
object [P] = P content (mass%) in the molten iron after the dephosphorization treatment; and
Ncao (lime efficiency) = 0.5 to 1

Wa0, Si = (molten iron [Si] X (10/28) X 56 X 2 (6)

[0101] In the expression:
molten iron [Si] = Si content (mass%) in the molten iron before the dephosphorization treatment.

[0102] As already described, the conventional dephosphorization treatment technique is carried out on the prereqg-
uisite condition that the slag is maintained in the liquid state, wherein the slag volume is determined corresponding to
the phosphorus distribution Lp, therefore requiring the refining agent of the amount larger than the refinement amount
necessary for the practical P and Si fixation. However, the present invention uses the mechanism including the direct
dephosphorization reaction in the region of the bath surface with the hot spot in the center and the P fixation by the
solid-phase base slag in a region outside the region of the bath surface. Thereby, efficient dephosphorization reactions
can be efficiently generated with a minimum necessary amount of the refining agent, as described above.
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[0103] The amount of the lime consumed to practically fix P and Si in the molten iron amount can be calculated using
the equation shown below. In the equation, W, Py is a lime amount (kg/ton of molten iron) consumed to fix the P,
and W, Sig is a lime amount (kg/ton of molten iron) consumed to fix the Si.

Weqa0 Pg = (molten iron [P] - object [P]) X (10/62) X 56 X 3

[0104] Where:

molten iron [P] = P content (mass%) in the molten iron before the dephosphorization treatment;
object [P] = P content (mass%) in the molten iron after the dephosphorization treatment; and

W0 Sig = (molten iron [Si] X (10/28) X 56 X 2

[0105] In the expression:

molten iron [Si] = Si content (mass%) in the molten iron before the dephosphorization treatment.
[0106] In this case, where the total amount of addition of the lime is represented by Total CaO (kg/ton of molten iron),
the lime efficiency ng,0 of the lime contributed to the dephosphorization can be calculated according to the following
equation:

Ncao = Weao Pol(Total Cal - We,q SIO)

[0107] In the present embodiment, first, the ng,¢ is specified as 0.5 to 1. The lower limit of ng,¢ is specified from
the viewpoint of generating an appropriate dephosphorization reaction aimed in the present invention without perform-
ing surplus lime addition. When nc40 is below 0.5, substantially surplus lime addition needs to be performed. In this
case, not only the advantage of the present invention that performs the efficient dephosphorization treatment with a
small addition amount of the refining agent is lost, but also the addition amount of the lime is excessive relative to FeO
generated under a predetermined oxygen source unit. Consequently, a large amount of non-dissoluble CaO remains,
and the non-dissoluble CaO hinders the progress of the dephosphorization reaction described above.

[0108] Accordingly, according to the present embodiment, the dephosphorization treatment is performed by the ad-
dition of lime in the total amount of a lime amount W,5 P (kg/ton of molten iron) obtained from Equation (5) below
and a lime amount W, Si (kg/ton of molten iron) obtained from Equation (6) below.

W0 P = (molten iron [P] - object [P]) X (10/62) X 56 X
3Mcao (5)

[0109] Where:

molten iron [P] = P content (mass%) in the molten iron before the dephosphorization treatment;
object [P] = P content (mass%) in the molten iron after the dephosphorization treatment; and
Ncao (lime efficiency) = 0.5 to 1

W0 Si = (molten iron [Si] X (10/28) X 56 X 2 (6)

[0110] Where:
molten iron [Si] = Si content (mass%) in the molten iron before the dephosphorization treatment.

[0111] In the above , when N, = 0.5 to 1, W40 P is a lime amount necessary fix the P in the molten iron as
3Ca0-P,05, and W, Siis a lime amount necessary to form consumed to fix the Si in the molten iron as 2Ca0-Si0,.
[0112] Asan examplé, FIG. 8 shows the case of the dephosphorization treatment performed for an molten iron with
a P content of 0.11 mass% to be dephosphorized to a P content of 0.015 mass%. Specifically, the figure comparatively
shows the amount of the lime to be added corresponding to the Si content in the molten iron in the present embodiment
in comparison to the amount of the lime to be added in the conventional dephosphorization treatment. In the figure,
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Weca0 Sirepresents the lime amount necessary for Si fixation; W, P4 represents the lime amount necessary for P
fixation (P-removal) when nc,q = 1; Weao Po.s represents the lime amount necessary for P fixation when ng,q = 0.5;
and W represents the lime amount of the lime to be added in the conventional method. As is shown in the figure, since
the lime amount necessary in the conventional method is determined depending on the phosphorus distribution Lp
and the necessary amount of slag corresponding to thereto, the lime amount W is necessary regardless of the Si
content in the molten iron. In comparison, however, the lime amount to be added in the present embodiment is sufficient
with [We,o Si+ Weyo Pyl to [Weao Si+ W0 Pgsl, whereby the addition amount of the lime can be significantly
reduced in comparison to the case in the conventional method.

[0113] FIG. 9 shows the relationship between the amount of necessary lime for the P-removal and the lime efficiency
ncao in each of the present embodiment and the conventional method, wherein the amount of necessary lime for the
P-removal refers [W - W0 Si] shown in FIG. 8. According to FIG. 9, it can be known that in comparison to the
conventional method, the pre_sent embodiment performs the dephosphorization treatment with high lime efficiency by
using a very small amount of the P-removal lime.

[0114] Further, in the fourth embodiment, the lime of 80 mass% or more of the lime amountW,o P (W40 P obtained
when nc,o = 1, which hereinbelow will be the same) is preferably blown onto the bath surface of the molten iron through
the top blowing lance. FIG. 10 is a graph in accordance with the results of tests performed by the inventors. The figure
shows relationship between a ratio X/ W¢,o P between a lime amount X of lime and the lime amount for P-removal,
which is to be blown onto the bath surface of the molten iron from the top blowing lance, and the P content in the molten
iron after the dephosphorization treatment. The tests were each performed on an molten iron retained in a converter-
type vessel (340 tons) and having a P content of 0.095 to 0.135 mass%, and an Si content of 0.02 to 0.10 mass%. In
the test, the dephosphorization treatment (process time: 10 to 14 minutes) was performed by blowing powdered lime
(4 to 10 kg/ton of molten iron) having a particle size diameter of 1 mm or smaller as a refining agent with a gaseous
oxygen (10 to 15 Nm3/ton of molten iron) being used as a carrier gas onto the bath surface of the molten iron; and
thereafter decarburization blowing was performed by charging the molten iron into a decarburizing converter. In the
dephosphorization treatment described above, addition amount of CaF, was controlled to 1 kg/ton of molten iron or
smaller, and the post-treatment slag rate was controlled to 30 kg/ton of molten iron or smaller. The ratio A/B between
the supplying rate B (kg/min/ton of molten iron) of the lime to be blown onto the bath surface of the molten iron and
the supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen to be blown onto the bath surface of the
molten iron was controlled to 1.7. The depth L (value L defined by Equation (7) described below) of a concave, which
occurred in the bath surface of the molten iron in association with blowing of the refining agent with the gaseous oxygen
being used as the carrier gas, was controlled to fall within the range of 200 to 500 mm. The temperature of the molten
iron before and after the dephosphorization treatment was controlled to 1,300 to 1,320°C. The post-treatment slag rate
was calculated from the mass balance between the amount of added lime and an intra-slag CaO concentration (slag
analysis value).

[0115] According to FIG. 10, when the ratio of the lime amount X contained the lime amount W, P becomes
smaller then 80 mass%, the dephosphorization rate tends to slightly be reduced. This is considered to occur for the
reason that a high reaction efficiency as described above cannot relatively obtained by directly throwing the refining
agent onto the hot spot, which is a reaction site, or a gaseous-oxygen feed region in the vicinity of the hot spot.
[0116] Si has a higher combustibility than Fe, so that the Si can stably exist as SiO, in the molten iron during the
blowing. As such, the Si needs not be brought into reaction with the lime at the hot spot. For this reason, lime source
corresponding to the W, Si that fixes the generated SiO, is not limited to the quicklime, but the lime source may be
any substance containing unreacted lime (free lime). The refining agent corresponding to the lime amount Wea0 Si
may be at least one selected from powdered lime, massive calcined lime, massive limestone, and iron-making sl_ag
containing unreacted CaO. As the iron-making slag, converter slag (having a basicity of about 3 to 4) occurring in a
decarburization step and ladle slag, for example, may be used.

[0117] For the above-described reasons or to enable the high efficiency of dephosphorization to be secured with a
small addition amount of the refining agent, the Si content in the molten iron to be subjected to the dephosphorization
treatment is preferably controlled to 0.15 mass% or lower, preferably 0.07 mass% or lower, and more preferably 0.03
mass% or lower. When the Si content in the molten iron exceeds 0.15 mass%, the effect of reducing the addition
amount of the refining agent in the present embodiment is faded out thereby.

[0118] According to a fifth embodiment, a depth L, which is defined by Equation (7) below, of a concave, which
occurred in the bath surface of the molten iron in association with the gaseous oxygen or blowing of the refining agent
thereonto with the gaseous oxygen being used as the carrier gas is controlled to 200 to 500 mm.

L=Ly X exp{(-0.78 X L)Ly} @)
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Ly = 63 X {(Fgp/n)/d}*®

[0119] Where:

Ly = lance height (mm) of the top blowing lance;

Fo2 = supplying rate (Nm3/hr) of the gaseous oxygen to be fed from the top blowing lance;

n = number of nozzle holes of the top blowing lance; and

d; = diameter(mm)of each of the nozzle holes of the top blowing lance (which alternatively represents an average
hole diameter of all the nozzle holes in a case where the nozzle diameters of the plurality of nozzle holes are
different).

[0120] Optimizing the feed method for feeding, particularly, the gaseous oxygen onto the hot spot which is the reaction
site was found preferable to secure high efficiency of dephosphorization with a small amount of the addition amount
of the refining agent by using the aimed dephosphorization reaction mechanism in the present invention. More specif-
ically, the feed method is to control a depth of a concave (theoretical concave depth calculated in accordance with the
gaseous-oxygen supplying rate and the configuration and use conditions of the top blowing lance) to fall in an optimal
range.

[0121] Suppose now that the depth of a concave which occurs in the bath surface of the molten iron in association
with the blowing of the gaseous oxygen or the gaseous oxygen with the refining agent thereonto is excessively small;
that is, the blowing of the gaseous oxygen or the gaseous oxygen with the refining agent is excessively gentle. In this
case, foaming of slag occurs in regions other than the hot spot weak, and the foamed slag hinders the flow of a gaseous-
oxygen jet, so that the feeding of the gaseous oxygen onto the hot spot is weaken, thereby making the condition to be
disadvantageous for enhancing the efficiency of dephosphorization. In addition, since the feeding of the oxygen onto
the hot spot is unstabilized, so that the oxygen necessary for the dephosphorization is not fed, whereby the nonuni-
formity in the efficiency of dephosphorization is increased, 3Ca0O-P,0O5 is dissolved, and an undesirable phosphoriza-
tion can take place again.

[0122] On the other hand, suppose that the depth of a concave, which occurred in the bath surface of the molten
iron in association with the blowing of the gaseous oxygen or the gaseous oxygen with the refining agent is excessively
large; that is, the blowing of the gaseous oxygen or the gaseous oxygen and the refining agent is excessively violent.
In this case, the oxygen concentration within the hot spot is excessively increased, thereby disabling feeding of sufficient
P corresponding to FeO being generated. Consequently, undesirable decarburization is caused by excessive part of
the FeO to progress, also making the condition disadvantageous in terms of the enhancement of the dephosphorization
efficiency.

[0123] Equation (7) below enables defining the depth L of the concave, which occurs in the bath surface of the molten
iron in association with the blowing of the gaseous oxygen or the refining agent with the gaseous oxygen being used
as the carrier gas.

L=Ly X exp{(-0.78 X L)Ly} @)

Ly = 63 X {(Fgp/n)/d}*®

[0124] Where:

Ly = lance height (mm) of the top blowing lance;

Fo2 = supplying rate (Nm3/hr) of the gaseous oxygen to be fed from the top blowing lance;

n = number of nozzle holes of the top blowing lance; and

d; = diameter (mm) of each of the nozzle holes of the top blowing lance (which alternatively represents an average
hole diameter of all the nozzle holes in a case where the nozzle diameters of the plurality of nozzle holes are
different).

[0125] In the present embodiment, the dephosphorization treatment is performed by controlling the depth L of the
concave occurring in the bath surface of the molten iron to 200 to 500 mm. FIG. 11 shows, based on the results of
tests conducted by the inventors, the relationship between the depth L of a concave occurring in the bath surface of
an molten iron and between the depth L and the efficiency of dephosphorization, and the between the depth L and the

19



10

15

20

25

30

35

40

45

50

55

EP 1 533 388 A1

P content in the molten iron after the dephosphorization treatment. The tests were each performed on an molten iron
retained in a converter-type vessel (340 tons) and having a P content of 0.095 to 0.135 mass%, and an Si content of
0.02 to 0.15 mass%. In the test, the dephosphorization treatment (process time: 10 to 14 minutes) was performed by
blowing powdered lime (4 to 10 kg/ton of molten iron) having a particle size diameter of 1 mm or smaller as a refining
agent with a gaseous oxygen (10 to 15 Nm3/ton of molten iron) being used as a carrier gas onto the bath surface of
the molten iron; and thereafter decarburization blowing was performed by charging the molten iron into a decarburizing
converter. In the dephosphorization treatment, addition amount of CaF, was controlled to 1 kg/ton of molten iron or
smaller, and the post-treatment slag rate was controlled to 30 kg/ton of molten iron or smaller. The ratio A/B between
the supplying rate B (kg/min/ton of molten iron) of the lime to be blown onto the bath surface of the molten iron and
the supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen to be blown onto the bath surface of the
molten iron was controlled to 1.7. The addition amount of the lime was controlled to fall within the range of the sum of
the lime amount Wg,q P (kg/ton of molten iron) and the lime amount W¢,o Si (kg/ton of molten iron) defined by
Expressions (5) and (6)_described above. The temperature of the molten iron before and after the dephosphorization
treatment was controlled to 1,300 to 1,320°C. The post-treatment slag rate was calculated from the mass balance
between the amount of added lime and an intra-slag CaO concentration obtained as a slag analysis value.

[0126] According to FIGS. 11(a) and 11(b), compared with the range of the concave depth L from 200 to 500 mm,
in the rage from smaller than 200 mm to larger than 500 mm, the efficiency of dephosphorization is lower for the reasons
described above, and the post-treatment P content in the molten iron exhibits a tendency to increase.

[0127] According to a sixth embodiment, the dephosphorization treatment is performed for the molten iron having
the Si content of 0.15 mass% or lower by blowing the gaseous oxygen and at least a part of the refining agent onto
the bath surface of an molten iron through the top blowing lance in a condition wherein the addition amount of CaF,
is 1 kg/ton of molten iron or smaller or CaF, is substantially not added (specifically, CaF, other than that is contained
as an unavoidable impurity in the refining agent is not added). Concurrently, the temperature of the molten iron at the
completion time of the dephosphorization treatment is controlled to 1,360°C to 1,450°C.

[0128] Conventionally, it is a commonly knowledge that since a dephosphorization reaction is an oxidation reaction
of P, it is advantageous to perform the temperature of the molten iron at a low temperature. In addition, conventionally,
when a process is performed at a high temperature, a rephosphorization from slag to metal has been contemplated
to occur. As such, conventionally, it has been contemplated that even when a dephosphorization treatment is performed
at a high temperature of 1,360°C or higher, it is difficult to reduce the P content in an molten iron to a low level. In this
connection, the inventors verified the following. In the inventive method, in the event the dephosphorization treatment
is performed under conditions in which the Si content in an molten iron to be subjected to the dephosphorization
treatment is sufficiently reduced, and the addition amount CaF, is small or CaF, is not added, even when the high
temperature process is performed, substantially no rephosphorization from slag to metal occurs, and high efficiency
of the dephosphorization reaction can be secured. It is considered that even when the high temperature process is
performed, the high efficiency of the dephosphorization reaction can thus be obtained for the following reasons. Ac-
cording to the inventive method, the refining agent is fed onto the region of the bath surface in which a large amount
of FeO has been generated with the gaseous oxygen being added. As such, compared to the case of, for example,
the method of top-charging massive lime, the area where the CaO (refining agent) is in contact with the FeO is signif-
icantly large. Consequently, the efficiency and rate of the reaction between P,Og oxidized by the FeO and the CaO
are increased, so that a melt-state time of the CaO-FeO based melt can be reduced. That is, the dephosphorization
reaction is quickly completed, and the slag solution time thereafter is short, so that the rephosphorization rate also can
be reduced.

[0129] FIG. 12 shows results of tests performed to investigate the influence of the temperature of the molten iron
(temperature of the molten iron at the completion time of the dephosphorization treatment) and the Si content in the
pre-dephosphorization treatment molten iron on the efficiency of dephosphorization (dephosphorization lime efficiency)
after performing the dephosphorization treatment of the molten iron in a converter-type vessel (300 tons) under the
condition CaF, is not added. The dephosphorization lime efficiency shown in FIG. 12 refers to the ratio of the lime
contributed to the dephosphorization with respect to the total lime (calcined lime) added as the refining agent, and that
ratio was derived from the stoichiometric mixture ratio on the prerequisite that oxides are fixed as 3CaO-P,0s.
[0130] In each of the tests, after the converter molten iron was subjected to desiliconization on the casting bed and
in the molten iron ladle by necessity, the molten iron was subjected to desulfurization, was moved into a converter-
type vessel, and was then subjected to the dephosphorization treatment. In this case, the Si content in the molten iron
to be subjected to the dephosphorization treatment and the post-treatment molten iron temperature were changed to
various levels. In the molten iron before the dephosphorization treatment, P content was 0.10 to 0.11 mass%, and the
Si content was 0.15 mass% or lower, and the P content in the molten iron was reduced by the dephosphorization
treatment to 0.02 mass% or lower.

[0131] For the refining agent, only CaO base calcined lime not containing CaF, was used. For the gaseous oxygen,
gaseous oxygen was mainly used and was added by being blown onto the bath surface of the molten iron from the
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top blowing lance; and partly, addition of a solid-state oxygen source (iron ore) was concurrently performed. Except
for the desiliconization, the oxygen amount was controlled in a range of 10 to 11 Nm3/ton of molten iron. The dephos-
phorization treatment time was controlled to 10 to 11 minutes, and the pre-dephosphorization treatment molten iron
temperature and addition amount of scrap were tuned to control the post-dephosphorization treatment molten iron
temperature. The post-treatment slag rate was controlled to 30 kg/ton of molten iron.

[0132] InFIG. 12, "O" represents a test example (a) in which the molten iron temperature at the completion time of
the dephosphorization treatment was controlled to 1,260 to 1, 350°C; and "A" represents a test, example (b) in which
the lime (powdered lime having a particle size diameter of 1 mm or smaller) is blown onto the bath surface of the molten
iron with the gaseous oxygen as the carrier gas, the molten iron temperature at the completion time of the dephos-
phorization treatment was controlled to 1,360 to 1,450°C. The addition amount of the lime was controlled to vary in
the range of 5 to 10 kg/ton of molten iron corresponding to the Si content in the molten iron. In the test example (b),
the ratio A/B between the supplying rate B (kg/min/ton of molten iron) of the lime to be blown onto the bath surface of
the molten iron and the supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen to be blown onto the bath
surface of the molten iron was controlled to 1.7. The addition amount of the lime was controlled to fall within the range
of the sum of the lime amount W, P (kg/ton of molten iron) and the lime amount W, Si (kg/ton of molten iron)
defined by Expressions (5) and (6) described above. The depth L (value L defined by Equétion (7) described above)
of a concave, which occurred in the bath surface of the molten iron in association thereonto with the blowing of the
refining agent with the gaseous oxygen being used as the carrier gas, was controlled to fall within the range of from
200 to 500 mm. The post-treatment slag rate was calculated from the mass balance between the amount of added
lime and a CaO concentration obtained as a slag analysis value.

[0133] According to FIG. 12, regardless of, for example, the feed technique of the lime and the molten iron temper-
ature at the completion time of the dephosphorization treatment, as the Si content in the molten iron is lower, the ratio
of CaO to be consumed for a2caocio?2 is reduced, so that the dephosphorization lime efficiency is increased. However,
the dephosphorization lime efficiency is higher in the case where both the molten iron temperature at the completion
time of the dephosphorization treatment is controlled to 1,360 to 1,450°C in the method of blowing the lime with the
gaseous oxygen onto the bath surface of the molten iron (test example (b)), compared to the case where the molten
iron temperature at the completion time of the dephosphorization treatment is controlled to 1,260 to 1,350°C in the
method of adding the lime through top-charging (test example (a)). In addition, this effect becomes more prominent
as the Sl content in the molten iron becomes lower. Although the dephosphorization reaction is relatively advantageous
in terms of the averaging theory, the results shown in FIG. 12 is considered attributed to the fact that, in the test example
(b), the rephosphorization rate was reduced by slag solubility and the fixation of dephosphorization generation sub-
stances.

[0134] FIG. 13 shows results of tests performed to investigate the influence of the CaF, addition amount on the
efficiency of dephosphorization (dephosphorization lime efficiency) in the method that blows the refining agent with the
gaseous oxygen onto the bath surface of the molten iron. In each of the tests, a converter-type vessel similar to that
used in the test illustrated in FIG. 12, and also the adding technique of the refining agent and the oxygen source, the
process time, and the like were arranged similar to those in the test example (b) illustrated in FIG. 13. The molten iron
temperature at the completion time of the dephosphorization treatment was controlled in the range of 1,360 to 1,450°C.
The CaF, was batch-added by top-charging. The post-treatment slag rate was controlled to 30 kg/ton of molten iron
or smaller.

[0135] According to FIG. 13, the when the CaF, addition amount reaches 1 kg/ton of molten iron or smaller, the
dephosphorization lime efficiency is enhanced. CaF, has a function of accelerating the solution of CaO, and the addition
of the CaF, increases the liquid phase percentage of slag. However, in the case where the process temperature (molten
iron temperature) is 1,360°C, when the CaF, is added to increase the liquid phase percentage of slag, the rephos-
phorization rate from slag to metal increases and easily approaches to an equilibrium value, the dephosphorization
lime efficiency is considered to be deteriorated. As such, to enhance the efficiency of dephosphorization by controlling
the process temperature (molten iron temperature) to 1,360°C or higher, the CaF, addition amount should be minimized
(1 kg/ton of molten iron or smaller, or substantially no addition).

[0136] When the molten iron temperature at the completion time of the dephosphorization treatment exceeds
1,450°C, the effect of increasing the value of the intra-molten iron P concentration is higher than the effect of increasing
the temperature of the molten iron to solving the CaO. As such, the molten iron temperature at the completion time of
the dephosphorization treatment should be controlled to 1,450°C.

[0137] The results described above teach that the dephosphorization treatment can be implemented with the high
efficiency of dephosphorization even when the melt temperature at the completion time of the dephosphorization treat-
ment is as high as 1,360 to 1,450°C. The highly efficient process can thus be implemented under the conditions in
which the CaF, is added in the amount of 1 kg/ton of molten iron or is substantially not added, as described above.
[0138] In addition, as described above, the present embodiment enables the high molten iron temperature to be
secured at the completion time of the dephosphorization treatment, therefore enabling a sufficient heat margin to be
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secured for subsequent processing steps. Further, since the post-treatment molten iron temperature is high, intra-slag
T.Fe can be mitigated low, and dephosphorization ferrous yield also can be enhanced.

[0139] Generally, the pre-dephosphorization treatment molten iron temperature is about 1,250 to 1,350°C. Ordinary
techniques for tuning the molten iron temperature at the completion time of the dephosphorization treatment include,
for'example, a technique for restraining the feed amount of scrap for dephosphorization treatmentes using a converter-
type dephosphorization refinement furnace that melts the scrap. In addition, for dephosphorization treatmentes using,
for example, a ladle type vessel, such as an molten iron ladle or torpedo car, there is, for example, a technique for
regulating the feed amount of solid-state oxygen source such as sintered powder. Such the techniques may be used
to control the molten iron temperature at the completion time of the process to fall within the range of 1,360 to 1,450°C.
[0140] As practical control techniques for the molten iron temperature at the completion time of the dephosphorization
treatment, an easiest one is to calculate an in-dephosphorization treatment molten iron temperature from gas-compo-
sition analysis values and the temperature of the exhaust gas. More specifically, in this technique, the exhaust gas is
subjected to a gas composition analysis to obtain CO and CO, concentrations, a gas generation amount is calculated
from the temperature of the exhaust gas, and the molten iron temperature is calculated therefrom.

[0141] According to a seventh embodiment, a substance absorbing the heat of a molten iron through a chemical
reaction and/or a thermal decomposition reaction is fed onto the region of the bath surface to which the gaseous oxygen
is fed.

[0142] The region of the bath surface onto which the gaseous oxygen is blown makes the conditions very advanta-
geous for the decomposition acceleration of the refining agent since the gaseous oxygen impinging on the bath surface
causes a large amount of iron oxides to be generated in that region. On the other hand, however, a high temperature
site is formed by the oxidation reaction in the bath surface region (particularly, onto the hot spot) on which the gaseous
oxygen impinges. While generation of such a high temperature site is advantageous to melt the lime, the site disad-
vantageously acts from the viewpoint of dephosphorization equilibrium.

[0143] To solve such problems described above, the inventors conducted research regarding means capable of
making the region of the bath surface, onto which the gaseous oxygen is fed, to have temperature conditions advan-
tageous to the dephosphorization reaction. As a result, the inventors found that effective means is to feed a substance
absorbing the heat of an molten iron through a chemical reaction and/or a thermal decomposition reaction onto the
region of the bath surface to which the gaseous oxygen is fed. The feeding of the substance enables a temperature
rise in the region of the bath surface onto which the gaseous oxygen is fed to be appropriately restrained, and concur-
rently enables even higher efficiency of the dephosphorization reaction to be secured without allowing the gaseous
oxygen to hinder the decomposition acceleration operation of the refining agent.

[0144] The substance absorbing the heat of the molten iron through the chemical reaction and/or the thermal de-
composition reaction (the substance hereinbelow will also be referred to as an "endothermic substance") is added (fed)
onto the bath surface of the molten iron to restrain an excessive rise in the molten iron temperature due to heat gen-
eration by the gaseous oxygen fed onto the bath surface of the molten iron. For this reason, the endothermic substance
should be fed onto the bath surface of the molten iron onto which the gaseous oxygen is fed. In addition, in the region
of the bath surface of the molten iron onto which the gaseous oxygen is fed, a region called "hot spot" occurring on
the molten iron bath through the blowing of the gaseous oxygen through the top blowing lance is a particularly preferable
region onto which the endothermic substance is to be fed. The hot spot corresponds to a region of the bath surface
where the temperature is risen highest by the impingement on gaseous-oxygen gas jets, oxidation reactions (generative
reactions of FeO) caused by the gaseous oxygen are concentrated, and the molten iron is agitated with the gaseous-
oxygen gas jets. As such, the hot spot can be defined as a region where the most prominent effect with the feeding of
the endothermic substance can be obtained.

[0145] Forthe endothermic substance, no specific limitations are imposed thereon, and any substance may be used
as long as the substance removes (absorbs) the heat of the molten iron the chemical reaction and/or the thermal
decomposition reaction or both that occur upon being added to the molten iron. As such, the endothermic substance
may be either a gas or a solid.

[0146] Usable gaseous endothermic substances are, for example, carbon dioxide, water vapor, and nitrogen oxide
(NOx), and at least one of them may be used for the substance. The gaseous endothermic substances are fed onto
the bath surface of the molten iron, and are thereby brought into reaction primarily with Fe (for example,
CO,+Fe—FeO+CO and H,0+Fe—FeO+H,). In the event of the reactions, the substances absorbs the heat of the
molten iron). As a result, for the heat generation through the Fe oxidation (Fe+1/20,—FeQ) occurring with the gaseous
oxygen, either the region is totally endothermic or the heat generation amount is significantly reduced. Among the
gaseous endothermic substances described above, particularly the carbon dioxides or water vapor occurring in a steel
mill are preferable as they are easily available and exhibit high thermal effect. In addition, even when substances such
as nitrogen is entrained in the gases and the purity is somewhat reduced thereby, since the dephosphorization treatment
is not performed in a final steelmaking stage, no specific problems take place. The substances such as CO and H,
generated through reductions of the carbon dioxides and water vapor having been fed are collected as part of exhaust
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gas at the time of the dephosphorization treatment, thereby exhibiting also the effect of increasing the exhaust gas
calorie.

[0147] Examples of solids usable for endothermic substances are metal carbonate and metal hydroxide, and partic-
ularly preferable examples are carbonates of alkali metal and alkaline earth metal. At least one of these substances
may be used. These solid endothermic substances primarily generate a thermal decomposition reaction by being fed
onto the bath surface of the molten iron, exhibits an endothermic operation to remove the heat from the molten iron,
and generate CO, or H,O through the thermal decomposition. As described above, since the CO, or H,O further
function as the endothermic substances, a particularly high endothermic effect can be obtained. Examples of the car-
bonates are CaCO5, CaMg(CO3),, MgCO5, NaCO3, FeCO5, MnCO3, and NaHCOg, (sodium hydrogencarbonate); and
examples of metal hydroxides are Ca(OH),, Mg(OH),, Ba(OH),, Al(OH)5, Mn(OH),,, and Ni(OH),,; and at least one the
aforementioned may be used.

[0148] Among these solid endothermic substances, CaCO5, Ca(OH),, and CaMg(COs), are particularly preferable
for the reasons that the substances are not only easy to obtain, but also generate CaO through the thermal decompo-
sition, the CaO functioning as the refining agent, thereby exhibiting a significant advantage. Ordinarily, these solid
endothermic substances are added in the form of unburned, semiburned limestone, or dolomite.

[0149] When the granularity of the solid endothermic substance is excessively coarse, the thermal decomposition
and the like do not rapidly progress, so that the solid endothermic substance is preferably particulate substance having
an average particle size diameter of 5 mm or smaller.

[0150] The gaseous endothermic substance and the solid endothermic substances, as described above, may be
together used at the same time. Alternatively, the gaseous endothermic substance may be used as a part or all of a
carrier gas to feed the solid endothermic substance onto the bath surface of the molten iron.

[0151] No specific limitations are imposed on the adding technique for the endothermic substance (gas and/or solid).
As such, the endothermic substance may be added either by being blown onto the bath surface of the molten iron
through the top blowing lance or a different lance or by being top-charged (charged using, for example, a shooter for
the solid endothermic substance). However, preferably, a lance is used to feed the endothermic substance onto the
bath surface of the molten iron, and more preferably, the top blowing lance is used to feed the substance onto the bath
surface of the molten iron. This manner is preferable so that the endothermic substance is securely fed onto the region
of the bath surface (particularly preferably the "hot spot") onto which the gaseous oxygen is fed to secure the effects
described above.

[0152] Any one of two techniques described hereunder may be used to feed the endothermic substance onto the
bath surface of the molten iron through the top blowing lance. The one is a technique (1) in which the endothermic
substance is mixed with the gaseous oxygen (for,a solid endothermic substance, the gaseous oxygen is used as a
carrier gas) and is then fed onto the bath surface of the molten iron from same lance holes. The other is a technique
is (2) in which the endothermic substance and the gaseous oxygen are separately fed through separate gas feed lines
into a lance and are then fed onto the bath surface of the molten iron from separate lance holes (for a solid endothermic
substance, a carrier gas different from the gaseous oxygen is used to feed the endothermic substance).

[0153] The technique (1) is preferable from the viewpoint of securely feeding the endothermic substance onto the
region of the bath surface of the molten iron onto which the gaseous oxygen is fed. However, even in the technique
(2), the endothermic substance having been fed through a predetermined lance hole may be fed onto the region of the
bath surface onto which the gaseous oxygen is fed through a different lance hole. A practically preferable mode is that
the gaseous endothermic substance is fed from, for example, a central lance hole formed at a tip of the top blowing
lance, or the endothermic substance is fed using a gas other than the gaseous oxygen as a carrier gas, in which the
gaseous oxygen is fed from a different lance hole formed in a peripheral portion of the central lance hole. For the carrier
gas'; an inert gas such as N, or Ar is preferable. Alternatively, the gaseous endothermic substance (CO,, for example)
may be used as a carrier gas.

[0154] In the technique (1), only the gaseous oxygen may be fed from some of a plurality of lance holes onto the
bath surface of the molten iron, and gaseous oxygen mixed with the endothermic substance (and the refining agent,
depending on the case) may be fed from other lance holes onto the bath surface of the molten iron:

[0155] In any of (1) and (2) described above, the refining agent alone or together with the endothermic substance
(gas and/or solid) may be mixed with the gaseous oxygen or a carrier gas other than the gaseous endothermic sub-
stance or the gaseous endothermic substance, and the mixture may be fed in the mixture state onto the bath surface
of the molten iron.

[0156] Suppose that the endothermic substance (gas and/or solid) or the endothermic substance and the refining
agent are to be fed in the state of being mixed with the gaseous oxygen onto the bath surface of the molten iron through
the top blowing lance. In this case, the endothermic substance may be fed to a part or all of an oxygen feed line (a
header, piping, a gaseous-oxygen flow path in the lance, and the like) of the top blowing lance and may then be mixed
therein with the gaseous oxygen.

[0157] The endothermic substance (gas and/or solid) or the endothermic substance and the refining agent may be
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fed onto the bath surface of the molten iron by using feed means (such as a different lance) other than the top blowing
lance. The lance other than the top blowing lance may be a lance capable of feeding powder to a predetermined position
in the furnace, as in the case of the top blowing lance. For this lance, ordinarily, a sub-lance or the like used for sampling
and temperature measurement may be used as long as the lance has no-problem in cooling capability in the furnace.
Alternatively, even a top throwing apparatus such as a shooter or a flow-in apparatus may be used as long as the
apparatus has no problems in, for example, durability at high temperature and accuracy in a throw position.

[0158] Further, as described above, the dephosphorization reaction can be accelerated most effectively by blowing
(projecting) the refining agent onto the region (particularly, the "hot spot" region, as described above) of the bath surface
of the molten iron onto which the gaseous oxygen is fed, and concurrently, by directly feeding the endothermic sub-
stance onto that region. In this event, the technique of blowing onto the bath surface of the molten iron the gaseous
oxygen, the refining agent, and the endothermic substance (gas and/or solid) in the mixed state. Alternatively, however,
a different technique can be used. For example, only the gaseous oxygen can be fed onto the bath surface of the
molten iron from some of a plurality of lance holes of the top blowing lance. Concurrently, from other lance holes, the
refining agent and the endothermic substance (gas and/or solid) can be fed by necessity onto the bath surface of the
molten iron by using, as a carrier gas, the gaseous oxygen or a gas (an inert gas such as nitrogen or Ar, for example)
other than the gaseous oxygen. In this case, it is particularly preferable to use a top blowing lance that has a main
lance hole in a center at a tip of the lance and that has a plurality of sub-lance holes in peripheral portions of the main
lance. Thereby, the gaseous oxygen is fed onto the bath surface of the molten iron from the sub-lance holes. Concur-
rently, from the main lance hole, the refining agent and the endothermic substance (gas and/or solid) are fed by ne-
cessity onto the bath surface of the molten iron by using, as a carrier gas, the gaseous oxygen or a gas other than the
gaseous oxygen. Still alternatively, different top blowing lances may be individually used to blow the gaseous oxygen
and to blow the refining agent. However, in any of the cases, the refining agent and the endothermic substance (gas
and/or solid) are preferably blown with the gaseous oxygen onto the bath surface of the molten iron to cause the refining
agent to be most efficiently dissolved.

[0159] FIGS. 14(a) to 14(e) show several examples of feeding modes using a top blowing lance for feeding a gaseous
oxygen, a refining agent, and an endothermic substance(s) onto the bath surface of the molten iron. FIG. 14(a) shows
a mode of feeding (blowing onto the bath surface of the molten iron) the gaseous oxygen, the refining agent, and the
endothermic substance (gas and/or solid) in the form of a mixture from lance holes. FIG. 14(b) shows a mode of feeding
(blowing onto the bath surface of the molten iron) the gaseous oxygen and the refining agent from some lance holes
and feeding the gaseous oxygen and the endothermic substance (gas and/or solid) from other lance holes. FIG. 14(c)
shows a mode of feeding (blowing onto the bath surface of the molten iron) the gaseous oxygen and a carrier gas
other than the gaseous oxygen from some lance holes and feeding the gaseous oxygen and the endothermic substance
(gas and/or solid) from other lance holes. FIG. 14(d) shows a mode of feeding (blowing onto the bath surface of the
molten iron) a gaseous endothermic substance and the refining agent from some lance holes and feeding the gaseous
oxygen and the endothermic substance (gas and/or solid) from other lance holes. FIG. 14(e) shows a mode of feeding
(blowing onto the bath surface of the molten iron) the gaseous oxygen and the refining agent from some lance holes
and feeding the gaseous endothermic substance or the gaseous endothermic substance and a solid endothermic
substance from other lance holes. However, the feeding modes of the gaseous oxygen, the refining agent, and the
endothermic substance(s) to the bath surface of the molten iron are not limited to those illustrated.

[0160] As described above, among the solid endothermic substances, CaCO3, Ca(OH),, and CaMg(CO3), each
generate CaO through the thermal decomposition, and the CaO functions as the refining agent. As such in the present
embodiment, the dephosphorization treatment can be performed in the manner that the above-described solid endo-
thermic substance can be fed instead of a part or all of a CaO-based refining agent (primarily, quicklime), and the CaO
generated from the above-described substance is used as an essential refining agent. That is, in this case, instead of
a part or all of the CaO-based refining agent, at least one selected from CaCO3, Ca(OH),, and CaMg(COs), (which
hereinbelow will be referred to as a "refining-agent generation/endothermic substance") is fed onto the region of the
bath surface onto which the gaseous oxygen as a refining-agent generation substance and concurrently as a substance
absorbing the heat of the molten iron through the chemical reaction and/or the thermal decomposition reaction.
[0161] According to the method described above, the following advantages and/or effects can be obtained. The
refining-agent generation/endothermic substance fed onto the bath surface of the molten iron is thermally decomposed
to absorb the heat of the molten iron, the thermal decomposition generates CaO acting as the refining agent and CO,
or H,O acting as the endothermic substance, and the CO, or the H,0 reacts with Fe to further absorbs the heat of the
molten iron. Concurrently, an effect can be obtained that is similar to the effect of feeding both the CaO-based refining
agent and endothermic substance onto the region of the bath surface of the molten iron onto which the gaseous oxygen
is fed. Consequently, a high efficiency of the dephosphorization reaction can be secured.

[0162] In this case also, for reasons similar to those described above, it is preferable that the refining-agent gener-
ation/endothermic substance be fed to, particularly, a region called "hot spot" occurring in association with the feeding
of oxygen in the region of the bath surface of the molten-iron onto which the gaseous oxygen is fed.
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[0163] Ordinarily, the refining-agent generation/endothermic substance is added in the form of unburned, semiburned
limestone, or dolomite. When the granularity of the refining-agent generation/endothermic substance is excessively
coarse, the thermal decomposition and the like do not rapidly progress, so that the refining-agent generation/endo-
thermic substance is preferably particulate substance having an average particle size diameter of 5 mm or smaller.
[0164] The refining-agent generation/endothermic substance may be used together with the gaseous endothermic
substance at the same time. Alternatively, the gaseous endothermic substance may be used as a part or all of a carrier
gas to feed the refining-agent generation/endothermic substance onto the bath surface of the molten iron.

[0165] No specific limitations are imposed on the adding technique for the refining-agent generation/endothermic
substance. As such, the refining-agent generation/endothermic substance may be added either by being blown onto
the bath surface of the molten iron through the top blowing lance or a different lance or by being top-charged (charged
using, for example, a shooter). However, preferably, a lance is used to feed the substance onto the bath surface of the
molten iron, and more preferably, the top blowing lance is used to feed the refining-agent generation/endothermic
substance onto the bath surface of the molten iron. This manner is preferable so that the refining-agent generation/
endothermic substance is securely fed onto the region of the bath surface (particularly preferably the "hot spot") onto
which the gaseous oxygen is fed to secure the effects described above.

[0166] Any one of two techniques described hereunder may be used to feed the refining-agent generation/endother-
mic substance onto the bath surface of the molten iron through the top blowing lance. The one is a technique (1) in
which the refining-agent generation/endothermic substance is mixed with the gaseous oxygen (the gaseous oxygen
is used as a carrier gas) and is then fed onto the bath surface of the molten iron from a same lance hole. The other is
a technique (2) in which the refining-agent generation/endothermic substance and the gaseous oxygen are separately
fed through separate gas feed lines into a lance and are then fed onto the bath surface of the molten iron from separate
lance holes (a carrier gas different from the gaseous oxygen is used to feed the refining-agent generation/endothermic
substance).

[0167] The technique (1) is preferable from the viewpoint of securely feeding the refining-agent generation/endo-
thermic substance onto the region of the bath surface of the molten iron onto which the gaseous oxygen is fed. However,
even in the technique (2), the refining-agent generation/endothermic substance having been fed through a predeter-
mined lance hole may be fed onto the region of the bath surface onto which the gaseous oxygen is fed through a
different lance hole. A practically preferable mode is that the refining-agent generation/endothermic substance is fed
from, for example, a central lance hole formed at a tip of the top blowing lance, or the refining-agent generation/
endothermic substance is fed using a gas other than the gaseous oxygen as a carrier gas, in which the gaseous oxygen
is fed from a different lance hole formed in a peripheral portion of the central lance hole. For the carrier gas, an inert
gas such as N, or Ar is preferable. Alternatively, the gaseous endothermic substance (CO,, for example) may be used
as a carrier gas.

[0168] In the technique (1), only gaseous oxygen may be fed from some of a plurality of lance holes onto the bath
surface of the molten iron, and gaseous oxygen mixed with the refining-agent generation/endothermic substance may
be fed from other lance holes onto the bath surface of the molten iron.

[0169] Suppose that the refining-agent generation/endothermic substance is to be fed in the state of being mixed
with the gaseous oxygen onto the bath surface of the molten iron through the top blowing lance. In this case, the
refining-agent generation/endothermic substance may be fed to a part or all of an oxygen feed line (a header, piping,
a gaseous-oxygen flow path in the lance, and the like) of the top blowing lance and may then be mixed therein with
the gaseous oxygen.

[0170] The refining-agent generation/endothermic substance may be fed onto the bath surface of the molten iron by
using feed means (such as a different lance) other than the top blowing lance. The lance other than the top blowing
lance may be a lance capable of feeding powder to a predetermined position in the furnace, as in the case of the top
blowing lance. For this lance, ordinarily, a sub-lance or the like used for sampling and temperature measurement may
be used as long as the lance has no problem in cooling capability in the furnace. Alternatively, even a top throwing
apparatus such as a shooter or a flow-in apparatus may be used as long as the apparatus has no problems in, for
example, durability at high temperature and accuracy in a throw position.

[0171] The gaseous oxygen to be used to feed the refining-agent generation/endothermic substance may be any of
a pure oxygen gas and an oxygen containing gas.

[0172] The above-described first to seventh embodiments of the inventive method may either be practiced alone or
be practiced by combining the conditions of two or more of the embodiments (however, the second embodiment is
limited to the case where the ladle or torpedo-car type vessel is used for the refinement vessel). Needless to say, in
proportion to the increase in the number of the conditions to be combined, the effect of the inventive method are
enhanced higher.

[0173] As described above, according to the present invention, the efficient dephosphorization treatment can be
performed with a minimized addition amount of the refining agent. As additional effects, the inventive method exhibits
a significant advantage in that since generated slag is in the solid-phase dominant state, the slag can be appropriately
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prevented from flowing away at the melt-discharge time after the process.

[0174] Following an increase in the efficiency of the dephosphorization reaction in the dephosphorization treatment,
the phosphorous concentration in the slag increases. As such, it is important to prevent the slag from flowing out
together with the metal at the molten iron discharge time after the dephosphorization treatment (especially, at the time
of iron-metal discharge from a refinement vessel such as a converter-type vessel having an molten iron discharge
end). More specifically, suppose that a dephosphorization treatment with a phosphorus distribution of about 200, and
the post-treatment P content in the molten iron is 0.015 mass% (specified value: 0.020 mass%). In this case, when
slag of about 5 kg/ton of molten iron flows out, as much as 0.015 mass% into a decarburization blowing converter, so
that dephosphorizing coal is required also in the decarburization blowing converter. However; the inherent purposes
of the molten iron preliminary treatment cannot be achieved in the case described above. As such, the prevention of
flow-out of the dephosphorization slag is important.

[0175] Conventionally, methods as described hereunder by way of example are used to minimize slag outflow to a
subsequent processing step after a dicalcium silicate using a converter-type vessel. The methods are: (1) slag cut
technique used during molten iron discharge from the converter-type vessel; (2) technique of reducing slag fluidity by
controlling the slag composition after the process; and 3) technique of removing slag (skimming slag) from a ladle after
molten iron discharge.

[0176] However, these techniques have such problems as that slag outflow cannot stably be prevented, a high cost
is required since consumption articles are used, and the molten iron temperature is reduced since it takes a time for
operation, and the ferrous yield is reduced in association with slag removal.

[0177] However, as described above, according to the inventive method, the slag generated in the bath surface of
the molten iron having the hot spot in the center and serially pushed outwardly of the hot spot is formed into the stable
solid-phase dominant state. As such, the slag at the completion time of the dephosphorization treatment has a very
low fluidity in comparison with slag generated in the conventional dephosphorization treatment methods. Consequently,
slag outflow can be effectively prevented at the time molten iron discharge time after completion of the dephosphori-
zation treatment (particularly, at the time of molten iron discharge from a refinement vessel as a converter-type vessel
having an molten iron discharge end). In addition, as described above, the effects described above can be further
enhanced by not adding CaF, or by reducing the addition amount of CaF, to 1 kg/ton of molten iron or smaller and by
restraining the increase in slag fluidity.

[0178] A description will be given hereinbelow regarding a mechanism of preventing slag outflow at the molten iron
discharge time for slag generated with the inventive method in comparison with slag generated by the conventional
method. FIG. 15 shows slag/metal states at an molten iron discharge start time. In the conventional case shown in
FIG. 15(a), the slag was positively melted by, for example, reducing the slag basicity or adding a large amount of CaF,,
so that the slag is in a foaming state, and the slag thickness is increased. As such, when the furnace is tilted at the
molten iron discharge time, the slag travels through the molten iron discharge end, thereby unavoidably causing slag
outflow. In comparison, in the inventive method shown in FIG. 15(b), the slag exists in a solid-phase dominant state,
so that the slag thickness is very small, and slag outflow occurring at the molten iron discharge start time is at a
negligible level.

[0179] FIG. 16 shows slag/metal states at an molten iron discharge start time. Immediately before completion of
molten iron discharge, the metal depth decreases, thereby causing whirl streams of the metal to be generated. In the
conventional method shown in FIG. 16(a), since molten slag existing over the metal is swirled into the whirl streams,
and the slag flows out. In comparison, in the inventive method shown in FIG. 16(b), since the slag is in a solid-phase
dominant state, pieces of the slag interfere with one another to be aggregated, cases almost do not take place in which
the slag is swirled into whirl streams.

EXAMPLES
[Example 1]

[0180] A desiliconization treatment was performed for an molten iron discharged from a blast furnace on a casting
bed and in an molten iron ladle by necessity, and a desulfurization process was subsequently performed in the molten
iron ladle by using a mechanical agitator. Thereafter, a dephosphorization treatment was performed in a converter-
type vessel (300 tons). Molten iron ingredients were C: 4.5 to 4.7 mass%; Si: 0.01 to 0.28 mass%; Mn: 0.15 to 0.25
mass%; P: 0.10 to 0.11 mass%; and S: 0.001 to 0.003 mass%. Powdered lime having a particle size diameter of 1 mm
or smaller was used as a dephosphorization refining agent, and the powdered lime was blown with gaseous oxygen
used as the carrier gas via a lance. CaF, was not added into the refining agent. The blowing time was controlled to 10
minuets as a constant time, and a nitrogen gas of 0.05 to 0.15 Nm3/min/ton of molten iron was fed from the bottom of
the furnace to agitate the molten iron. While the lime and oxygen source units are variable depending on the Si content
in the molten iron, the lime and oxygen were fed in the quantities corresponding to constant values each excluding the
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desiliconization part (dicalcium silicate: stoichiometric mixture part when 2CaO - SiO, is formed) = The quantities of
the lime and the oxygen were 3.5 kg/ton of molten iron and 9 Nm3/ton of molten iron, respectively. The ratio A/B between
the supplying rate B (kg/min/ton of molten iron) of the lime to be blown onto the bath surface of the molten iron and
the supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen to be blown onto the bath surface of the
molten iron was controlled to 1.7. The addition amount of the lime was controlled to fall within the range of the sum of
the lime amount Wg,q P (kg/ton of molten iron) and the lime amount W¢,o Si (kg/ton of molten iron) defined by
Expressions (5) and (6)_described above. The depth L (value L defined by Equat_ion (7) described above) of a concave,
which occurs in the bath surface of the molten iron in association with blowing of the refining agent with the gaseous
oxygen being used as the carrier gas, was controlled to fall within the range of 200 to 500 mm. The temperature of the
molten iron before and after the dephosphorization treatment was controlled to 1,250 to 1,350°C. The post-treatment
slag rate was calculated from the mass balance between the amount of added lime and an intra-slag CaO concentration
(slag analysis value).

[0181] The results of individual application examples together with the dephosphorization treatment conditions are
shown in Table 1. Individual average values are values averaged for 6 to 72 charges in units of a range of individual
slag quantities after the process for a range from 5 kg/ton of molten iron to 10 kg/ton of molten iron, a range from larger
than 10 kg/ton of molten iron to 20 kg/ton of molten iron, a range from larger than 20 kg/ton of molten'iron to 30 kg/ton
of molten iron, a range from larger than 30 kg/ton of molten iron to 40 kg/ton of molten iron, and a range from larger
than 40 kg/ton of molten iron to 50 kg/ton of molten iron.
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[Example 2]

A desiliconization treatment was performed for an molten iron discharged from a blast furnace on a casting

[0182]
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bed and in an molten iron ladle by necessity, and a desulfurization process was subsequently performed in the molten
iron ladle by using a mechanical agitator. Thereafter, a dephosphorization treatment was performed in a converter-
type vessel (300 tons). In the molten iron before the dephosphorization treatment, the P content was 0.10 to 0.11
mass%, and the Si content was 0.15 mass% or lower. The molten iron temperature before and after the dephosphori-
zation treatment was controlled to 1,250 to 1,350°C. As a dephosphorization refining agent, CaO-based calcined lime
sieved screened to a granularity of 200 mesh or lower was used, and the CaO source unit was controlled to 5 to 15
kg/ton of molten iron corresponding to the Si content in the molten iron.

[0183] In the dephosphorization treatment, feeding of the refining agent and the oxygen source (blowing time: 10
minutes) was performed by flowing the refining agent with the gaseous oxygen as the carrier gas onto the bath surface
through a top blowing lance. In this event, operations were performed various different conditions each including a
different ratio A/B between the supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen and the supplying
rate B (kg/min/ton of molten iron) of the refining agent. As an agitation gas, a nitrogen gas was blown at a flow rate of
0.05 to 0.15 Nm3/min/ton of molten iron into the molten iron from the bottom of the furnace. CaF, was not added into
the refining agent, and the post-treatment slag rate was controlled to 30 kg/ton of molten iron or smaller. The addition
amount of the lime was controlled to fall within the range of the sum of the lime amount W4 P (kg/ton of molten iron)
and the lime amount W, Si (kg/ton of molten iron) defined by Expressions (5) and (6) described above. The depth
L (value L defined by Equation (7) described above) of a concave, which occurs in the bath surface of the molten iron
in association with blowing of the refining agent with the gaseous oxygen being used as a carrier gas, was controlled
to fall within the range of 200 to 500 mm. The post-treatment slag rate was calculated from the mass balance between
the amount of added lime and an intra-slag CaO concentration (slag analysis value).

[0184] FIG. 17 shows the relationship FIG. 17 shows the relationship between the ratio A/B, which is between the
supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen and the supplying rate B (kg/min/ton of molten
iron) of the refining agent, and the P content in the molten iron. According to the figure, when the ratios A/B in the
inventive examples are in the region of 0.3 to 7, the post-dephosphorization treatment P contents in the molten iron
are lower than or equal to 0.015 mass% that corresponds to the object [P] concentration. Particularly, when the pre-
dephosphorization treatment Si contents in the molten iron are in the region of 0.3 to 7, the post-dephosphorization
treatment P contents in the molten iron are lower than or equal to 0.010 mass%, "[P] < 0.010 mass%", which is a low
P standard, is stably satisfied. When the/B ratios are in the region of 1.2 to 2.5, an especially low level [P] concentrations
are obtained, from which it can be known that the highest efficiency of the dephosphorization reaction can be obtained
in that region.

[0185] In comparison, when the ratios A/B are in the region of lower than 0.3 to higher than 7, the post-dephosphori-
zation treatment P contents in the molten iron reach the level lower than or equal to 0.015 mass%, which is the object
[P] concentration, for any items.

[Example 3]

[0186] After a desiliconization treatment performed for an molten iron discharged from a blast furnace on a casting
bed, the molten iron was received by an molten iron ladle, and slag skimming was conducted therefor. The molten iron
ladle was then moved to a dephosphorization station, and a dephosphorization treatment was performed therein.
[0187] Inthe dephosphorization treatment, powdered lime (refining agent) was blown with the gaseous oxygen being
used as the carrier gas onto the bath surface of the molten iron through a top blowing lance, and the powdered lime
was injected into the molten iron through the immersed lance. For comparative examples, the blowing of powdered
lime through the top blowing lance was not performed, but the powdered lime was injected into the molten iron through
the immersed lance. In any of the cases, the process time was controlled to 20 minutes. The post-treatment slag rate
was controlled to 20 kg/ton of molten iron. For the inventive examples, the addition amount of the lime was controlled
to fall within the range of the sum of the lime amount W, P (kg/ton of molten iron) and the lime amount W¢,o Si
(kg/ton of molten iron) defined by Expressions (5) and (6) described above. The depth L (value L defined by Equation
(7) described above) of a concave, which occurs in the bath surface of the molten iron in association with blowing of
the refining agent with the gaseous oxygen being used as the carrier gas, was controlled to fall within the range of 200
to 500 mm. The molten iron temperature before and after the dephosphorization treatment was controlled to 1,300 to
1,320°C. The post-treatment slag rate was calculated from the mass balance between the amount of added lime and
an intra-slag CaO concentration (slag analysis value).

[0188] The results of individual application examples together with the dephosphorization treatment conditions are
shown in Table 2.
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[Example 4]

[0189] A desiliconization treatment was performed for an molten iron discharged from a blast furnace on a casting
bed and in an molten iron ladle by necessity, and a desulfurization process was subsequently performed in the molten
iron ladle by using a mechanical agitator. Thereafter, a dephosphorization treatment was performed in a converter-
type vessel (300 tons). In the dephosphorization treatment, the molten iron temperature before and after the process
was controlled to 1,250 to 1,350°C. The gaseous oxygen was blown onto the bath surface of the molten iron through
a top blowing lance. Concurrently, the refining agent was added according to any one of techniques: (1) in which
powdered lime (refining agent) having a particle size diameter of 1 mm or smaller is blown with the gaseous oxygen
being used as a carrier gas; and (2) in which powdered lime (refining agent) having a particle size diameter of 1 to 3
mm is top-charged into the molten iron. The molten iron was agitated with the nitrogen gas blown into the molten iron
at a feed amount of 0.05 to 0.15 Nm3/min/ton of molten iron from the bottom of the furnace, and concurrently, the
dephosphorization treatment was performed for 9 minutes. The post-treatment slag rate was controlled to 30 kg/ton
of molten iron or smaller. For the inventive examples, the addition amount of the lime was controlled to fall within the
range of the sum of the lime amount W, P (kg/ton of molten iron) and the lime amount W¢,o Si (kg/ton of molten
iron) defined by Expressions (5) and (6) described above. The depth L (value L defined by Equation (7) described
above) of a concave, which occurs in the bath surface of the molten iron in association with blowing of the refining
agent with the gaseous oxygen being used as the carrier gas, was controlled to fall within the range of 200 to 500 mm.
The post-treatment slag rate was calculated from the mass balance between the amount of added lime and an intra-
slag CaO concentration (slag analysis value).

[0190] The results of individual application examples together with the dephosphorization treatment conditions are
shown in Table 3.
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[Example 5]

[0191] After a desiliconization treatment performed for an molten iron discharged from a blast furnace on a casting
bed, the molten iron was received by an molten iron ladle, and slag skimming was conducted therefor. Thereafter, the
molten iron was charged into a converter-type vessel (300 tons), and a dephosphorization treatment was then per-
formed.

[0192] Inthe dephosphorization treatment, powdered lime (refining agent) was blown with the gaseous oxygen being
used as a carrier gas onto the bath surface of the molten iron through a top blowing lance, and the top-charging of
massive lime was concurrently conducted for some application examples. For comparative examples, the blowing of
powdered lime through the top blowing lance was not performed, but the massive lime was added by being top-charged.
For each of the application example, the nitrogen gas was blown at a feed amount of 0.07 to 0.12 Nm3/min/ton of
molten iron was fed from the bottom of the furnace, and the dephosphorization treatment was performed for 8 to 14
minutes. In the dephosphorization treatment, the molten iron temperature before and after the process was controlled
to 1,250 to 1,350°C, and the post-treatment slag rate was controlled to 30 kg/ton of molten iron or smaller. For the
inventive examples, the ratio A/B between the supplying rate B (kg/min/ton of molten iron) of the lime to be blown onto
the bath surface of the molten iron and the supplying rate A (Nm3/min/ton of molten iron) of the gaseous oxygen to be
blown onto the bath surface of the molten iron was controlled to 1.7. The molten iron temperature before and after the
process was controlled to 1,250 to 1,350°C. The post-treatment slag rate was calculated from the mass balance be-
tween the amount of added lime and an intra-slag CaO concentration (slag analysis value).

[0193] The results of individual application examples together with the dephosphorization treatment conditions are
shown in Tables 4 through 7.
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TABLE 5
No. | Concave Depthin | Dephosphorization | Lime Efficiency (-) Blowing Lime Classification
Bath Surface of Rate (%) Amount/Lime
Molten iron (mm) Amount We,o P *1
1 300 88.7 0.887 1.53 Inventive example
2 325 85.7 0.857 1.63 Inventive example
3 256 85.2 0.852 2.01 Inventive example
4 268 90.2 0.902 1.59 Inventive example
5 289 87.2 0.872 1.29 Inventive example
6 295 84.1 0.841 1.14 Inventive example
7 312 88.9 0.889 1.63 Inventive example
8 415 90.7 0.907 1.46 Inventive example
9 210 88.5 0.885 2.21 Inventive example
10 450 83.3 0.833 1.58 Inventive example
1" 480 92.2 0.922 1.88 Inventive example
12 290 88.0 0.990 1.05 Inventive example
13 360 91.9 0.973 1.26 Inventive example

*1 WCaO_P: Lime Amount calculated with ncgo = 1
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TABLE 7
No. Concave Depth in Bath Dephosphorization Rate (%) | Lime Efficiency (-) Classification
Surface of Molten iron (mm)
14 450 87.7 0.330 Comparative example
15 450 89.8 0.299 Comparative example
16 330 92.0 0.320 Comparative example
[Example 6]

[0194] After a desiliconization treatment performed for an molten iron discharged from a blast furnace on a casting
bed, the molten iron was received by an molten iron ladle, and slag skimming was conducted therefor. Thereafter, the
molten iron was charged into a converter-type vessel (300 tons), and a dephosphorization treatment was then per-
formed. In the dephosphorization treatment, the gaseous oxygen was blown onto the bath surface of the molten iron
through a top blowing lance. Concurrently, the refining agent was added according to any one of techniques: (1) in
which powdered lime (refining agent) having a particle size diameter of 3 mm or smaller is blown with the gaseous
oxygen being used as the carrier gas; and (2) in which massive lime (refining agent) is top-charged thereinto. The
molten iron was agitated with a nitrogen gas blown into the molten iron at a feed amount of 0.1 to 0.15 Nm3/min/ton
of.molten iron from the bottom of the furnace, and concurrently, the dephosphorization treatment was performed for
10 to 11 minutes. The pre-dephosphorization treatment molten iron temperature and the addition amount of scrap were
tuned, and the molten iron temperature at the completion time of the dephosphorization treatment was thereby con-
trolled. The post-treatment slag rate was controlled to 30 kg/ton of molten iron or smaller. For the inventive examples,
the addition amount of the lime was controlled to fall within the range of the sum of the lime amount W4 P (kg/ton
of molten iron) and the lime amount W,q Si (kg/ton of molten iron) defined by Expressions (5) and (6) described
above. The depth L (value L defined by Equ_ation (7) described above) of a concave, which occurs in the bath surface
of the molten iron in association with blowing of the refining agent with the gaseous oxygen being used as the carrier
gas, was controlled to fall within the range of 200 to 500 mm. The post-treatment slag rate was calculated from the
mass balance between the amount of added lime and an intra-slag CaO concentration (slag analysis value).

[0195] The results of individual application examples together with the dephosphorization treatment conditions are
shown in Table 8.
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[Example 7]

[0196] After a desiliconization treatment performed for an molten iron discharged from a blast furnace on a casting
bed, the molten iron was received by an molten iron ladle, and slag skimming was conducted therefor. Thereafter, the
molten iron was charged into a converter-type vessel (300 tons), and a dephosphorization treatment was then per-
formed. In the dephosphorization treatment, powdered lime (refining agent) having a particle size diameter of 1 mm
or smaller and an endothermic substance were blown onto the bath surface of the molten iron through a top blowing
lance. For the endothermic substance, one of CaCO5 and Ca(OH), (each having a particle size diameter of 1 mm or
smaller), the substance was preliminarily mixed with the powdered lime to have a predetermined ratio. The molten iron
was agitated with a nitrogen gas blown into the molten iron at a feed amount of 0.1 Nm3/min/ton of molten iron from
the bottom of the furnace, and concurrently, the dephosphorization treatment was performed for 10 to 11 minutes. The
pre-dephosphorization treatment molten iron temperature and the addition amount of scrap were tuned, and the molten
iron temperature at the completion time of the dephosphorization treatment was thereby controlled. The post-treatment
slag rate was controlled to 30 kg/ton of molten iron or smaller. For the inventive examples, the addition amount of the
lime was controlled to fall within the range of the sum of the lime amount W, P (kg/ton of molten iron) and the lime
amount W, Si (kg/ton of molten iron) defined by Expressions (5) and (6) described above. The depth L (value L
defined by Equation (7) described above) of a concave, which occurs in the bath surface of the molten iron in association
with blowing of the refining agent with the gaseous oxygen being used as the carrier gas, was controlled to fall within
the range of 200 to 500 mm. The post-treatment slag rate was calculated from the mass balance between the amount
of added lime and an intra-slag CaO concentration (slag analysis value).

[0197] The results of individual application examples together with the dephosphorization treatment conditions are
shown in Table 9.
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[Example 8]

[0198] After a desiliconization treatment performed for an molten iron discharged from a blast furnace in an molten
iron ladle, slag skimming was conducted therefor. Thereafter, the molten iron was charged into a converter-type vessel
(300 tons), and a dephosphorization treatment was then performed. In the dephosphorization treatment, the molten
iron was agitated with the agitation gas (nitrogen) blown into the molten iron at a feed amount of 0.1 Nm3/min/ton of
molten iron from the bottom of the furnace, and concurrently, the gaseous oxygen, powdered lime (CaO-based refining
agent), and a gaseous endothermic substance were fed onto the bath surface of the molten iron from an upper portion
of the bath surface by using a top blowing lance. CaF, was not added into the refining agent. The post-treatment slag
rate was controlled to 30 kg/ton of molten iron or smaller. The ratio A/B between the supplying rate B (kg/min/ton of
molten iron) of the lime to be blown onto the bath surface of the molten iron and the supplying rate A (Nm3/min/ton of
molten iron) of the gaseous oxygen to be blown onto the bath surface of the molten iron was set to 1.7. The addition
amount of the lime was controlled to fall within the range of the sum of the lime amount W, P (kg/ton of molten iron)
and the lime amount W, Si (kg/ton of molten iron) defined by Expressions (5) and (6) described above. The depth
L (value L defined by Equation (7) described above) of a concave, which occurs in the bath surface of the molten iron
in association with blowing of the refining agent with the gaseous oxygen being used as a carrier gas, was controlled
to fall within the range of 200 to 500 mm. The molten iron temperature before and after the process was controlled to
1,250 to 1,350°C. The post-treatment slag rate was calculated from the mass balance between the amount of added
lime and an intra-slag CaO concentration (slag analysis value).

[0199] The top blowing oxygen-feed lance having one central hole and three peripheral holes as lance holes was
used.

[0200] The powdered lime having a particle size diameter of 3 mm or smaller was used. The gaseous oxygen was
allotted out of a cut-out apparatus as the carrier gas and was delivered through piping to be fed to the top blowing
lance, and the powdered lime was fed together with the gaseous oxygen onto the bath surface of the molten iron from
the central hole. In addition, the gaseous oxygen was fed into the top blowing lance through a different piping line to
be fed onto the bath surface of the molten iron from the peripheral holes. The total oxygen feed amount was controlled
to 1.5 Nm3/min/ton of molten iron.

[0201] The gaseous endothermic substance was added to the gaseous-oxygen lines to have a predetermined con-
centration. For the gaseous endothermic substance, carbon dioxide and water vapor were used, in which the mixture
ratio of the substance to the gaseous oxygen was controlled to 10 to 40 vol.% (corresponding number to 100% oxygen
gas).

[0202] For comparative examples, the gaseous oxygen was fed onto the bath surface of the molten iron from the
top blowing lance, and massive lime (CaO-based refining agent) was top-charged.

[0203] The results of individual application examples together with the dephosphorization treatment conditions are
shown in Table 10.
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TABLE 10
Molten iron Ingredients (mass%) Dephosphorization Conditions
No. | Predephosphorization [P] Endothermic Substance Lime Use Dephosphorization Classification
[Si] Amount (kg/T) Time (Min.)
Predephosphorization | Postdephosphorization Type Addition
Amount (%) *1

1 0.09 0.110 0.011 CO, 5 5.6 6.4 Inventive
example
2 0.08 0.108 0.010 CO, 10 5.2 6.1 Inventive
example
3 0.07 0.109 0.008 CO, 25 4.6 5.2 Inventive
example
4 0.07 0.109 0.007 CO, 40 4.3 5.0 Inventive
example
5 0.13 0.109 0.010 CO, 25 5.8 6.6 Inventive
example
6 0.07 0.107 0.010 H,0 10 51 5.9 Inventive
example
7 0.07 0.110 0.008 H,O 25 4.8 55 Inventive
example

8 0.07 0.105 0.015 - - 8.0 11.0 Comparative
example

9 0.08 0.108 0.014 - - 8.5 11.5 Comparative
example

*1) Corresponding Number (Vol.%) with respect to 100% Gaseous Oxygen
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[Example 9]

[0204] After a desiliconization treatment performed for an molten iron discharged from a blast furnace in an molten
iron ladle, slag skimming was conducted; and subsequently, a dephosphorization treatment was performed therefor
in the ladle. In the dephosphorization treatment, the molten iron was agitated with a nitrogen gas of 3 Nm3/min from
an immersed lance, and concurrently, the gaseous oxygen, powdered lime (CaO-based refining agent), and a gaseous
endothermic substance were fed from an upper portion of the bath surface by using a top blowing lance by using any
one of modes (1) to (4) described below. CaF, was not added into the refining agent. The post-treatment slag rate was
controlled to 30 kg/ton of molten iron or smaller. The ratio A/B between the supplying rate B (kg/min/ton of molten iron)
of the lime to be blown onto the bath surface of the molten iron and the supplying rate A (Nm3/min/ton of molten iron)
of the gaseous oxygen to be blown onto the bath surface of the molten iron was set to 1.7. The addition amount of the
lime was controlled to fall within the range of the sum of the lime amount W¢,o P (kg/ton of molten iron) and the lime
amount W, Si (kg/ton of molten iron) defined by Expressions (5) and (6) described above. The depth L (value L
defined by Eantion (7) described above) of a concave, which occurs in the bath surface of the molten iron in association
with blowing of the refining agent with the gaseous oxygen being used as the carrier gas, was controlled to fall within
the range of 200 to 500 mm. The molten iron temperature before and after the process was controlled to 1,250 to
1,350°C. The post-treatment slag rate was calculated from the mass balance between the amount of added lime and
an intra-slag CaO concentration (slag analysis value).

(1) Inventive example: Gaseous oxygen, powdered lime, and CO, are fed through a top blowing lance.

(2) Inventive example: Gaseous oxygen, powdered lime, and CaCO; (limestone) or Ca(OH), (slaked lime) are fed
through a top blowing lance.

(3) Inventive example: Gaseous oxygen, powdered lime, CO,, and CaCOj (limestone) are fed through a top blowing
lance.

(4) Inventive example: Gaseous oxygen and CaCO; (limestone) or Ca(OH), (slaked lime) are fed through a top
blowing lance.

[0205] The powdered lime, CaCO4 (limestone), and Ca(OH), each having a particle size diameter of 1 mm or smaller
were used. The gaseous oxygen was allotted out of a cut-out apparatus as the carrier gas, was delivered through
piping to be fed to the top blowing lance, was merged at an inlet of the top blowing lance with the gaseous oxygen fed
through a different piping, and fed together with gaseous-oxygen jets onto the bath surface from three lance holes
provided at a tip of the top blowing lance. The total oxygen feed amount was controlled to 6,000 Nm3/hour.

[0206] The CO, was controlled to have a mixture ratio of 25 vol.% (corresponding number with respect to 100%
gaseous oxygen) to the gaseous oxygen. The powdered lime, CaCOj (limestone), and Ca(OH), (slaked lime) were
added to be a CaO equivalent amount of 70 to 80 kg/min.

[0207] For comparative examples, the gaseous oxygen was fed onto the bath surface of the molten iron through the
top blowing lance, and concurrently, the powdered lime was injected through the immersed lance.

[0208] The results of individual application examples together with the dephosphorization treatment conditions are
shown in Table 11.
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INDUSTRIAL APPLICABILITY

[0209] The presentinvention is used to produce molten iron having alow phosphorus content in steel making process.

Claims

10.

1.

A method for producing a low-phosphorous molten iron, comprising introducing an oxygen source and a refining
agent acting as a CaO source into a vessel holding a molten iron to carry out a dephosphorization treatment as a
preliminary treatment,

characterized in that the dephosphorization treatment is performed by blowing a gaseous oxygen and at
least a part of the refining agent onto a bath surface of the molten iron through a top blowing lance; and a slag
rate after the dephosphorization treatment is 30 kg/ton of molten iron or less.

The method according to claim 1, characterized in that said at least a part of the refining agent to be fed from
the top blowing lance is blown onto a region of the bath surface of the molten iron onto which the gaseous oxygen
is blown.

The method according to claim 2, characterized in that said at least a part of the refining agent to be fed from
the top blowing lance is blown onto a hot spot generating in the bath surface of the molten iron in association with
blowing the gaseous oxygen.

The method according to claim 2 or 3, characterized in that said at least a part of the refining agent is blown with
the gaseous oxygen as a carrier gas.

The method according to any one of claims 1 to 4,
characterized in that the dephosphorization treatment is performed for a molten iron having a Si content
of 0.15 mass% or less.

The method according to any one of claims 1 to 4,
characterized in that the dephosphorization treatment is performed for a molten iron having a Si content
of 0.07 mass% or less.

The method according to any one of claims 1 to 4,
characterized in that the dephosphorization treatment is performed for a molten iron having a Si content
of 0.03 mass% or less.

The method according to any one of claims 1 to 7,
characterized in that the slag,rate after the dephosphorization treatment is 20 kg/ton of molten iron or less.

The method according to any one of claims 1 to 7,
characterized in that the slag rate after the dephosphorization treatment is 10 kg/ton of molten iron or less.

The method according to any one of claims 1 to 9,

characterized in that a supplying rate B in terms of CaO (kg/min/ton of molten iron) of the refining agent to
be blown onto the bath surface of the molten iron and a supplying rate A (Nm3/min/ton of molten iron) of the
gaseous oxygen to be blown onto the bath surface of the molten iron satisfy the following Equation (1):

03<AB<7 1)

The method according to claim 10, characterized in that the supplying rate B in terms of CaO (kg/min/ton of
molten iron) of the refining agent to be blown onto the bath surface of the molten iron and the supplying rate A
(Nm3/min/ton of molten iron) of the gaseous oxygen to be blown onto the bath surface of the molten iron satisfy
the following Equation (2) :

1.2<AB<25 (2)
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The method according to any one of claims 1 to 11, characterized in that:

a ladle or a torpedo-car type vessel is used as the vessel for holding the molten iron;
the gaseous oxygen and the at least a part of the refining agent are blown onto the bath surface of the molten
iron through the top blowing lance;
and
gas including powder is injected into the molten iron through an immersed lance and/or a blowing nozzle.

The method according to claim 12, characterized in that the powder to be injected into the molten iron through
the immersed lance and/or the blowing nozzle is a part of the refining agent.

The method according to claim 12 or 13, characterized in that a supplying rate of the gaseous oxygen to be blown
onto the bath surface of the molten iron through the top blowing lance is 0.7 Nm3/min/ton of molten iron or less.

The method according to any one of claims 12 to 14, characterized in that 80 mass% or more of a total amount
of the refining agent in the dephosphorization treatment is blown onto the bath surface of the molten iron through
the top blowing lance.

The method according to any one of claims 12 to 15, characterized in that:

substantially all of the refining agent is added by being blown onto the bath surface of the molten iron through
the top blowing lance and by being injected into the molten iron through the immersed lance and/or the blowing
nozzle;

and
the amount of the refining agent through the top blowing lance is 20 to 80 mass% of the total amount of the
refining agent.

The method according to any one of claims 1 to 16, characterized in that the dephosphorization treatment is
performed so that the supplying rate of the refining agent to be blown onto the bath surface of the molten iron and
the supplying rate of the gaseous oxygen to be blown onto the bath surface of the molten iron satisfy the following
Equation (3) and Equation (4):

(C1/D1) > (C2/D2) (3)

C1>C2 (4),

where:

C1 = average value of supplying rates in terms of CaO of the refining agent in the earlier stage of the dephos-
phorization treatment (kg/min/ton of molten iron);

C2 = average value of supplying rates in terms of CaO of the refining agent in the latter stage of the dephos-
phorization treatment (kg/min/ton of molten iron);

D1 = average value of supplying rates of the gaseous oxygen in the earlier stage of the dephosphorization
treatment (Nm3/min/ton of molten iron); and

D2 = average value of supplying rates of the gaseous oxygen in the latter stage of the dephosphorization
treatment (Nm3/min/ton of molten iron).

The method according to claim 17, characterized in that the supplying rate in terms of CaO of the refining agent
and the supplying rate of the gaseous oxygen are continually and/or gradually varied during the dephosphorization
treatment.

The method according to any one of claims 1 to 18, characterized in that the dephosphorization treatment is
performed for the molten iron having a Si content of 0.15 mass% or less by blowing the gaseous oxygen and at
least the part of the refining agent onto the bath surface of the molten iron through the top blowing lance; and lime
is added as the refining agent in the dephosphorization treatment, wherein the supplying amount of the lime is the
sum of alime amount W, P (kg/ton of molten iron) obtained from Equation (5) below and a lime amount W, Si
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(kg/ton of molten iron) obtained from Equation (6):
W,0_P = (molten iron [P] - object [P]) X (10/62) X 56 X 3/Mc,0 (5),

where:

molten iron [P] = P content (mass%) in the molten iron before the dephosphorization treatment;
object [P] = P content (mass%) in the molten iron after the dephosphorization treatment; and
Ncao (lime efficiency) = 0.5 to 1; and

Wea0 Si = (molten iron [Si] X (,10/28) X 56 X 2 (6);

where:
molten iron [Si] = Si content (mass%) in the molten iron before the dephosphorization treatment.

The method according to claim 19, characterized in that the lime in an amount of 80 mass% or more of the lime
amount W0 P (W P obtained when g, o = 1) is blown onto the bath surface of the molten iron through the
top blowing lance.

The method according to claim 19 or 20, characterized in that for the refining agent corresponding to the lime
amount WCaOfsii one or more are selected from powdered lime, massive burnt lime, massive limestone, and iron-
making slags containing unreacted CaO.

The method according to any one of claims 1 to 21, characterized in that a depth L of a concave, which occurs
in the bath surface of the molten iron in association with blowing of the gaseous oxygen thereonto or blowing of
the refining agent with the gaseous oxygen being used as the carrier gas, is controlled to 200 to 500 mm, the depth
L being defined by the following Equation (7):

L=1L, X exp{(-0.78 X L)Ly} @)

Ly = 63 X {(Fgo/n)/d}*"°

where:

Ly = lance height (mm) of the top blowing lance;
Fo2 = supplying rate (Nm3/hr) of the gaseous oxygen to be fed from the top blowing lance;
n = number of nozzle holes of the top blowing lance;

and

d; = diameter (mm) of each of the nozzle holes of the top blowing lance (which alternatively represents an
average hole diameter of all the nozzle holes in a case where the nozzle diameters of the plurality of nozzle
holes are different).

The method according to any one of claims 1 to 22, characterized in that the dephosphorization treatment is
performed in a condition wherein the addition amount of CaF, is 2 kg/ton of molten iron or less or CaF, is not
substantially added.

The method according to any one of claims 1 to 22, characterized in that the dephosphorization treatment is
performed for the molten iron having an Si content of 0.15 mass% or less by blowing the gaseous oxygen and at
least the part of the refining agent onto the bath surface of the molten iron through the top blowing lance in a
condition wherein the addition amount of CaF, is 1 kg/ton of molten iron or less or CaF, is not substantially added,
and the temperature of the molten iron at the completion time of the dephosphorization treatment is controlled to
1,360°C to 1,450°C.
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The method according to any one of claims 1 to 24, characterized in that a substance absorbing heat of the
molten iron through a chemical reaction and/or a thermal decomposition reaction is fed onto the region of the bath
surface to which the gaseous oxygen is fed.

The method according to claim 25, characterized in that at least a part of the substance absorbing the heat of
the molten iron through the chemical reaction and/or the thermal decomposition reaction is supplied onto the hot
spot generating in the bath surface of the molten iron in association with blowing the gaseous oxygen.

The method according to claim 25 or 26, characterized in that the substance absorbing the heat of the molten
iron through the chemical reaction and/or the thermal decomposition reaction is at least one selected from carbon
dioxide, water vapor, nitrogen oxide, metal carbonate and metal hydroxide.

The method according to claim 27, characterized in that the substance absorbing the heat of the molten iron
through the chemical reaction and/or the thermal decomposition reaction is at least one selected from metal car-
bonate that generates CO, or H,O through thermal decomposition and metal hydroxide that generates CO, or
H,0 through thermal decomposition.

The method according to claim 28, characterized in that the substance absorbing the heat of the molten iron
through the chemical reaction and/or the thermal decomposition reaction is at least one selected from CaCO;, Ca
(OH),, and CaMg(CO3),.

The method according to any one of claims 1 to 24, characterized in that as the substance absorbing the heat
of the molten iron through the chemical reaction and/or the thermal decomposition reaction, instead of the part or
all of the refining agent acting as CaO source, at least one' selected from CaCO5, Ca(OH),, and CaMg(COs), is
fed onto the region of the bath surface.

The method according to claim 30, characterized in that at least part of the at least one selected from CaCOs,
Ca(OH),, and CaMg(COs), is fed onto the hot spot generating in the bath surface of the molten iron by blowing
the gaseous oxygen.

The method according to any one of claims 1 to 31, characterized in that a molten iron having a P content of
0.10 mass% or more is dephosphorized and refined to have a P content required for crude steel (steel component
standard value).

The method according to claim 32, characterized in that the P content of the molten iron after dephosphorization
treatment is 0.010 mass% or less.
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