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Description

This invention relates to a method of dephosphorizing molten pig iron, and more particularly it is
to provide a method of dephosphorizing molten pig iron wherein an oxygen bottom-blown or top and
bottom-blown converter or other similar vessels is used as a refining vessel, molten pig iron is charged
into the refining vessel, a powdery refining agent consisting mainly of lime is biown from the bottom of
the refining vessel into molten pig iron together with a refining gas, particularly oxygen gas as a carrier
gas to perform desiliconization and subsequent dephosphorization of molten pig iron.

From a viewpoint of steel quality, there are strongly demanded super-low phosphorus steels.
However, it is usually difficult to considerably reduce the phosphorus content of moiten pig iron in the
blast furnace operation under current circumstances for raw materials.

Now, it is particularly important to perform the dephosphorization of molten pig iron before the
steel-making step in order to stabilize the dephosphorization state at the step.

As a preliminary dephosphorization treatment of molten pig iron, there have hitherto been
proposed the use of burnt lime as a flux and the use of soda ash as a dephosphorizing agent in Tetsu-to-
Hagané, 1977, Vol. 63, No. 12, pp 1801—1808, Seiftetsu Kenkyu, 1979, No. 299, pp 13057-131186,
and the like.

In the former case, it is intended to perform the dephosphorization by merely contacting the flux
with molten pig iron. For this purpose, it is indispensable to use a flux giving a low basicity (Ca0/Si0,)
and having a high iron oxide (FeO) content. As a result, the oxidation loss of manganese becomes high,
the dephosphorization ratio is not so high, and further flux consumption increases.

In the latter case, soda ash possesses both high dephosphorization and desulfurization ratios, but
its unit cost is high. Further, the evaporation loss is large in the use, so that it is difficult to perform high-
temperature treatment. And. also, the erosion of refractory is conspicuous and hence the material cost
becomes. higher.

Moreover, the conventional technics for preliminary dephosphorization treatment of molten pig
iron including the above mentioned processes generaily take a-long time of approximately 20 minutes
or more, so that they come into question in view of productivity.

Besides, there is a so-cailed double-blowing process in a top-blown converter. In this case, an
oxidizing slag is produced by a first blowing to conduct the dephosphorization, but this procedure
usually takes 10 to 156 minutes and is problem in the productivity. Particularly, the carbon content of
molten pig iron is reduced up to 2 to 2.5%, so that recarburization is usually required in the second
blowin

Ngw the inventors have aimed at dephosphorization behavior appeared at an initial blowing
stage in a bottom-blown converter capable of easily achieving an equilibrium between slag and metal.
That is, as apparent from Fig. 1 illustrating an example of variations of phosphorus content in molten
metal during the oxygen blowing, the reduction of phosphorus content is caused at an initial blowing,
i.e. until the total oxygen blowing quantity reaches approximately 20 Nm?® per ton of molten metal at an
oxygen blowing rate of 3 Nm®/min-t (in 6—7 minutes after the start of the blowing). Moreover, if iron
ore is added as an auxiliary material during the blowing, the total oxygen blowing quantity may include
oxygenaproduced from the iron ore (1 kg of the iron ore produces oxygen gas corresponding to
0.2 Nm3).

In this case, however, the ultimate phosphorus content is 0.040—0.070% at most. Therefore, it is
still insufficient to apply the dephosphorization behaviour at the initial blowing stage in the bottom-
blown converter as it is to the preliminary dephosphorization treatment for molten pig iron.

The inventors have made further investigations and experiments with respect to conditions for
reducing the ultimate phosphorus content at the above initial blowing stage of the bottom-blown
converter to a value suitable as the preliminary dephosphorization treatment for molten pig iron, and as
a result it has been found that a considerably low ultimate phosphorus content can advantageously be
realized by the method as mentioned below in a very short time without substantially producing
oxidation loss of manganese, whereby the bottom-blown converter can properly be utilized for the
preliminary dephosphorization treatment of molten pig iron.

According to the invention, there is the provision of a method of dephosphorizing molten pig iron
wherein said molten pig iron is charged into a refining vessel provided at its bottom with tuyeres for
blowing gas and if necessary, at its top with a gas injecting member, a powdery refining agent together
with said blowing gas is blown into said molten pig iron through said tuyeres, while a flux for said
refining agent is charged into said refining vessel to perform desiliconization and subsequent dephos-
phorlzatlon of said molten pig iron, which comprises: - —_

(a) charging a coolant together with said molten pig iron into said reflmng vessel to control a

temperature of said molten pig iron during the blowing to a range of 1,250—1,450°C;

(b) blowing said powdery refining agent into said molten pig iron so as to adjust a value of slag

basicity after the treatment to not iess than 2.5; and

(c) blowing said blowing gas at a rate of not less than 0.5 Nm%min per ton of moiten pig iron so

that a net oxygen quantity is 8—15 Nm? per ton of molten pig iron.

According to the invention, the bottom-blown converter using an oxygen gas as a blowing gas is



10

15

20

25

30

35

40

45

50

55

60

65

0043238

effectively utilized for the dephosphorization of moiten pig iron. Further, the invention is applicable to
oxygen refining furnaces or other similar vessels such as top and bottom-blown converter and the like
as far as they have functions similar to those of the bottom-blown converter.

According to the method of the invention, not only the phosphorus content of moiten pig iron can
considerably be reduced in a very short time, but also the necessarily produced desiliconization is
secondarily accompanied with an effective desulfurization, so that the invention is particularly useful as
the preliminary treatment for moiten pig iron prior to the steel-making and refining steps. That is, the
invention is advantageously adaptable to overcome various problems in the steel-making step because
the thus treated molten pig iron is applicable to, for example, a slagless converter.

The term “net oxygen quantity” used herein means to be a total oxygen quantity during the
blowing including oxygen quantity produced from the charge of iron ore as the coolant but excluding
oxygen quantity consumed by the desiliconization reaction.

The invention will now be described with reference to the accompanying drawings, wherein:

Fig. 1 is a graph showing the dephosphorization behaviour in the conventional bottom-blown con-
verter as mentioned above;

Fig. 2 is a graph showing an influence of the slag basicity on the dephosphorization ratio;

Fig. 3 is a graph showing a relation between the net oxygen guantity and the dephosphorization
ratio; .

Fig. 4 is a graph showing a relation between the treating temperature of molten pig iron and the
dephosphorization ratio; i

Fig. 5 is a graph showing a relation between the gas bottom-blowing quantity and the dephos-
phorization ratio;

Fig. 6a is a graph showing a relation between the mixing amount of CaF, as a flux and the
dephosphorization ratio;

Fig. 6b is a graph showing a relation between the mixing amount of Na,CO, as a flux and the
dephosphorization ratio;

Fig. 7 is a graph showing a relation between the mixing amount of lumpy fluorite charged from
the top of the vessel and the dephosphorization ratio;

Fig. 8 is a graph showing influences of the bottom-blowing and top charging of fluorite on the
dephosphorization ratio;

Fig. 9 is a graph showing a relation between the amount of CaO used and the dephosphorization
ratio;

Fig. 10 is a graph showing a reiation between the consumption of fluorite per ton of moiten pig
iron and the dephosphorization ratio; and

Fig. 11 is a graph showing an effect of the method according to the invention on the
desulfurization.

In order to achieve the object of the invention, the slag basicity after the treatment of molten pig
iron, net oxygen quantity, treating temperature and gas bottom-blowing quantity are considerably
important, experimental results of which will be described below.

The experiment is made as follows: That is, molten pig iron having a chemical composition of
about 4.6% of C, 0.2—0.4% of Si, about 0.4% of Mn, about 0.14% of P, about 0.02% of S and the
remainder of Fe is tapped out from the blast furnace and charged into the bottom-blown converter or
top and bottom-blown converter at a temperature of about 1,380°C together with a necessary amount

~of iron ore or manganese ore for controlling the temperature rise of molten pig iron accompanied with

the blowing treatment, and then a powdery refining agent is blown into moiten pig iron from the
bottom of the converter together with oxygen gas as a carrier gas.

In this experiment, 30 kg/t of CaO as the powdery refining agent and 4 kg/t of CaF, as a flux are
blown into molten pig iron together with Nm?3/min-t of oxygen gas from the bottom of the converter in
such a manner that the net oxygen quantity is 10—15 Nm?3t/ in 2—3 minutes. After this treatment, the
temperature of molten pig iron is controlled to about 1,370°C. In this case, calcium oxide (CaO} is used
as the powdery refining agent, but calcium carbonate {CaCO,) may aiso be used.

First of all, the influence of slag basicity (CaO/SiO,) on the dephosphorization and demanganiza-
tion ratios are examined to obtain a result as shown in Fig. 2.

In Fig. 2, each value of dephosphorization and demanganization ratios taken on the ordinate is
given by the foliowing equation: -

Ei—‘Ef

x 100
E;

wherein E represents a phosphorus or manganese content of molten pig iron, suffix i is the case before
treatment and suffix f is the case after treatment, while the value of slag basicity (CaO/SiO,) taken on
the abscissa is given by increasing or decreasing the amount of CaO on the basis of 30 kg/t. Moreover,
a solid line represents the dephosphorization ratio and a broken line represents the demanganization
ratio.
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For the reference, the dephosphorization ratio in the conventional oxygen bottom-blown converter
is shown by a dot-dash line in Fig. 2, from which it is obvious that the value of the resulting slag basicity
Ca0/Si0, changes within a range of 2—3 at an initial blowing stage, i.e. over 6, 7 minutes after the
start of the blowing, during which the dephosphorization ratio reaches only about 60%.

As can be seen from Fig. 2, according to the invention, the higher the slag basicity (Ca0/SiO,)
after the treatment, the higher the dephosphonzatlon ratio and the lower the demangamzatlon ratio.
That is, when the value of CaQ/SiO, is not less than 2.5, the conspicuous increase of dephos-
phorization ratio and reduction of demanganization ratio are simultaneously realized, while when
Ca0/Si0, value is less than 2.5, the dephosphorization ratio is not improved so much and the reduction
of demanganization ratio is insufficient. Moreover, if the basicity is too high (i.e. it exceeds 6), the
addition effect of CaO tends to be saturated and the excessive consumption of CaO brings about the
increase of procedure cost.

Secondly, the influence of oxygen blowing quantity on the dephosphorization ratio is examined to
obtain a result as shown in Fig. 3, wherein an abscissa represents the net oxygen quantity, i.e. oxygen
quantity obtained by subtracting the oxygen quantity consumed in the desiliconization from the sum of
oxygen quantity produced from the charged iron ore and the like and oxygen quantity to be blown. As
apparent from Fig. 3, when the net oxygen quantity is less than 8 Nm? per ton of molten pig iron, the
dephosphorization ratio of at least about 85% required for the preliminary dephosphorization treatment
of molten pig iron cannot be obtained, while when the net oxygen quantity is not less than 8 Nm3/t, the
sufficiently high dephosphorization ratio can be obtained. Moreover, when considering the temperature
rise of molten pig iron at the steel-making and refining steps after the preliminary treatment according
to the invention without additional recarburization, the carbon content of molten pig iron is necessary
to be about 3.0%. Therefore, the net oxygen quantity is necessary to be not more than 15 Nm?%t in
order to avoid the decarburization exceeding the above carbon content.

Thirdly, the influence of treating temperature on the dephosphorization ratio is examined by
increasing or decreasing the amount of iron ore as a coolant to be charged together with molten pig
iron into the refining vessel to vary the temperature of molten pig iron within a range of
1,300—1,500°C under such a condition that the slag basicity (Ca0Q/SiQ,) after the treatment is
adjusted to 3.7—4.2 by using 30 kg/t of CaO as the powdery refining agent and the amount of CaF,
corresponding to 13.3% of the CaO amount and the measured results are shown in Fig. 4, from which it
can be seen that the lower the treating temperature, the higher the dephosphorization ratio. As a
coolant, use may be made of iron ore, manganese ore, mill scale, scrap and the like.

In order to avoid a further dephosphorization at the steel-making and refining steps after the
preliminary dephosphorization treatment of molten pig iron, it is generally necessary to obtain the
dephosphorization ratio of not less than 85% at the preliminary dephosphorization treatment of molten
pig iron. That is, the phosphorus content of molten pig iron is usually 0.1—0.15%, while the
phosphorus content required for slagless refining is 0.02%, so that it is required to obtain the dephos—
phorization ratio of at least 85% at the preliminary dephosphorization treatment of moiten pig iron.
Viewing from Fig. 4, the upper limit of the treating temperature satisfying the above requirement
is 1,450°C, while the lower limit is required to be 1,250°C so as to prevent the solidification of molten
metal due to the temperature drop up to subsequent step.

Finally, the influence of oxygen bottom-blowing quantity on the dephosphorization ratio is
examined to obtain a result as shown in Fig. 5.

In this case, iron ore as a coolant is charged into the top and bottom-blown converter in an
amount enough to control the temperature of molten pig iron to 1,370°C together with molten pig iron.
Then, oxygen gas is blown from the bottom of the converter into molten pig iron together with 30 kg/t
of CaO as a powdery refining agent and CaF, corresponding to 13.3% of the CaO amount in such a
manner that the net oxygen quantity inclusive of oxygen quantity produced from the iron ore is
12—14 Nm? per ton of molten pig iron. Particularly, the dephosphorization ratio is measured by
changing the oxygen bottom-blowing quantity to 3 Nm3%mint, 0.8 Nm%mint and 0.3 Nm%min-t,
respectively.

As apparent from Fig. 5, the dephosphorization ratio of not less than 85% is achieved by blowing
oxygen gas from the bottom of the converter at a rate of not less than 0.5 Nm3/min per ton of molten
pig iron with good stirring.

When the preliminary dephosphorization treatment of molten pig iron according to the invention
satisfying all of four requirements as described above is shown in Fig. 1 as a function of the net oxygen
quantity, it is apparent that the conspicuous reduction of phosphorus content {shown by broken line} is
realized in a very short time as compared with that at the initial blowing stage in the conventional
bottom-blown converter. )

According to the conventional dephosphorization inside the top-blown converter or the oxidation
refining outside the furnace, the slag usable for the dephosphorization is important to include a large
amount of iron oxide in addition to the high basicity. On the contrary, the invention does not need the
addition of iron oxide to the slag as apparent from the above mentioned experimental results, which is
quite opposite to the common sense relating to the slag conditions in the conventional
dephosphorization due to oxidation.
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That is, there are considered the following two cases in the dephosphorization due to oxidation:

() oxidation of phosphorus in molten metal; and

(I} absorption of oxidized phosphorus into slag.

In order to achieve the case (I}, the prior art has been required to use an oxidizing slag, while according
to the invention, phosphorus is oxidized by oxygen gas blown from the bottom of the vessel and at the
same time migrates into Ca0 entrained with the oxygen gas. In the invention, therefore, the removal of
phosphorus from molten pig iron can rapidly be attained, and also the rephosphorization does not occur
in molten pig iron owing to the low-temperature operation due to high basicity slag.

The influence of a flux for the powdery refining agent on the dephosphorization and
demanganization will be described below.

The flux serves to promote the slag formation of the powdery refining agent and is charged into
molten pig iron in the following manners:

(i) the flux is mixed with the powdery refining agent and blown into molten pig iron together

with the blowing gas as a carrier gas from the bottom of the vessel;

(i) the flux is charged into molten pig iron from the top of the vessel independently of the

addition of the powdery refining agent; and

(iii) the flux is charged by the combination of the above cases (i) and (ii).

As the flux, mention may be made of fluorite (CaF,), soda ash (Na,CO,), cryolite, colemanite, red
mud and the like. According to the invention, the flux is used in an amount of 2 to 30% by weight per
the powdery refining agent (Ca0). Moreover, the red mud may be used in an amount of 10—45% by
weight.

In the case (i), the fluorite as a flux is added together with the powdery refining agent to molten
pig iron, whereby the viscosity of the resulting slag is lowered during the treatment to enlarge the
reaction surface area against molten pig iron and hence the dephosphorization effect is enhanced.
Particularly, the addition of powdery fluorite passing through tuyeres at the bottom of the vessel
increases a chance of contacting with powdery lime as a refining agent, which is effective for early and
surely lowering the slag viscosity.

In Figs. 6a and 6b are shown influences of CaF, and Na,CO, as a powdery fiux to be mixed with
the powdery refining agent on both the dephosphorization and demanganization ratios, respectively.

In this case, the value of basicity (CaQ/SiO,) after the treatment is adjusted to a range of 3.7—4.2
by using 30 kg/t of Ca0, and the amount of CaF, or Na,CO, is varied up to 30% by weight per CaO.
Moreover, the temperature of molten metal after the treatment is controlled to approximately 1,370°C,

As can be seen from Figs. 6a and 6b, when the amount of flux is less than 3%, the addition effect
is less, but when the amount of flux is not less than 3%, it develops the remarkable effect on the
improvement of dephosphorization ratio and the reduction of demanganization ratio. Particularly, the
amount of flux is preferable within a range of 7—30% by weight, which is due to the fact that the
resulting slag is softened to increase the rate of reaction as a result of the observation of reaction
system. :

In general, the fluorite as a flux is available as a lumpy material. Therefore, it is necessary to
pulverize the lumpy fluorite in order to blow the powdery flux together with the powdery refining agent
into molten pig iron as in the case (i). In the puiverization of lumpy fluorite, however, the use of large
grinding equipment is required in addition to the power and fuel. And also, it is required to use various
installations such as pipelines for transporting from the grinding equipment to steel-making factory,
pipeline for carrier gas, storage tanks and the like. Therefore, there may be caused problems such as the
increase of maintenance cost for these installations or the like.

Now, the inventors have made experiments with the case (ii) and found out that an unexpectediy
better effect is obtained when the lumpy fluorite is directly charged onto molten pig iron from the top of
the refining vessel. in this case, the charging of lumpy fluorite can be performed by applying a chute for
auxiliary material always installed in a usual steel-making factory without using many instailations
inclusive of the aforementioned grinding equipment, and as a result, the dephosphorization ratio equal
to or higher than that of the prior art is obtained, which is related to considerable reduction of treatment
cost in molten pig iron.

That is, various experiments were made in order to elucidate the dephosphorization mechanism
during the preliminary treatment of molten pig iron in the bottom-blown converter, i.e. the unclear point
whether the remarkablie addition effect of the fluorite on the dephosphorization is the contribution to
powdery l[ime blown from the bottom tuyeres of the vessel or the action to the slag existent on moiten
pig iron. As a result, when the lumpy fluorite is charged from the top of the vessel without changing the
other operational factors, the dephosphorization result is fairly high as compared with the case of
blowing the powdery fluorite together with the powdery refining agent. Consequently, the amount of
fluorite used can be decreased.

As previously mentioned, the case of blowing the powdery fluorite together with lime as the
powdery refining agent from the bottom tuyeres is shown in Fig. 6a. On the contrary, the case of
blowing powdery lime through the bottom tuyeres and charging the lumpy fluorite from the top of the
vessel is shown in Fig. 7. As can be seen from the comparison of Figs. 6a and 7, even when using the
lumpy fluorite, the tendency for the improvement of the dephosphorization ratio and the reduction of
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the demanganization ratio is similar to the case of Fig. 6a. Particularly, it should be noted that the
minimum addition ameunt of fluorite required for obtaining the dephosphorization ratio of 85% is 5%
by weight per lime in case of blowing the powdery fluorite together with the powdery lime from the
bottom tuyeres and approximately 2% by weight in case of charging the lumpy fluorite from the top of
the vessel. In order to make the above more clear, the comparison of the cases (i) and (ii) with respect
to only the dephosphorization ratio is shown in Fig. 8.

As apparent from Figs. 6a, 7 and 8, the use of lumpy fluorite is more effective in the dephos-
phorization than the use of powdery fluorite. Although the reason for this result is not yet clear, the
inventors have guessed that when using the powdery fluorite, a part of the fluorite charged is taken into
oxygen bubbles, floats upward without contacting with the lime as the powdery refining agent, and
escapes outside the vessel together with the produced gases without slag formation. That is, the
addition of powdery fluorite is poor in the effect of decreasing the slag viscosity as compared with the
addition of lumpy fluorite. 7 o

Although the a@bove embodiments. are described with respect to the use of fluorite or soda ash
alone as a flux, similar results are obtained by using at least one flux, selected from fluorite, soda ash,
cryolite, colemanite and red mud.

In the use of lumpy fiuorite, there is no cost for the pulverization of fluorite (power and heating
cost for removal of water content) and also there is no maintenance cost for the grinding equipment
and transportation pipeline. Moreover, when newly establishing installations for the preliminary
dephosphorization treatment of molten pig iron in the bottom-blown refining vessel, the grinding
equipment for fluorite is disused from the equipments for pulverizing lime and fluorite, so that the
reduction of equipment cost can be expected. )

That is, according to the invention, when the preliminary dephosphorization treatment of moiten
pig iron is performed by blowing the powdery refining agent together with the bottom-blowing gas into
molten pig iron, the amount of the flux used for effectively promoting the dephosphorization per-
formance can be reduced in a high contribution ratio together with the omission of the pulverizing work
for the flux.

As mentioned above, the invention is an epochal dephosphorization method adaptable for usual
molten pig irons. Further, the invention is effective for the dephosphorization of low-silicon molten pig
iron having a silicon content of, for example, not more than 0.15%.

In the dephosphorization of such a low-silicon moiten pig iron, the amount of SiO, produced is too
little as against the amount of Ca0 charged for achieving the sufficient dephosphorization ratio. As a
result, the slag basicity after the treatment becomes extremely higher to hardly produce the slag
formation playing a part in the dephosphorization. According to the invention, however, the dephos-
phorization ratio of at least 85% can be. realized in the low-silicon molten pig iron by controlling the
amounts of the powdery refining agent and flux charged to a certain extent under conditions satisfying
the previously mentioned four requirements.

In Fig. 9 is shown a relation between the amount of CaQ and the dephosphorization ratio when
molten pig iron having a silicon content of not more than 0.15% is dephosphorized at the treating
temperature of 1,350°C with 3 kg/t of fluorite as a flux by varying the amount of Ca0. As apparent from
Fig. 9, it is necessary to charge Ca0O in an amount of not less than 12 kg per ton of molten pig iron in
order to achieve the dephosphorization ratio of at least 85%.

In Fig. 10 is shown a relation between the consumption of fluorite as a flux and the dephos-
phorization ratio when molten pig iron having a silicon content of not more than 0.15% is
dephosphorized at the treating temperature of 1,350°C with 20+2 kg/t of Ca0 as a powdery refining
agent by varying the amount of the fluorite. As apparent from Fig. 10, it is necessary to charge the
fluorite in an amount of not less than 2 kg per ton of molten pig iron in order to achieve the
dephosphorization ratio of at least 85%. Even when using soda ash, cryolite, colemanite or red mud as a
flux, similar results are obtained. i

Moreover, when charging the flux into the refining vessel, powdery flux may be blown into molten
pig iron together with the powdery refining agent and bottom-blowing gas, or lumpy flux may be
charged onto molten pig iron from the top of the vessel.

According to the invention, the dephosphorization ratio can effectively be achieved by the
preliminary dephosphorization treatment of molten pig iron to such an extent that dephosphorization
operation at subsequent step is not required anymore. Therefore, if the dephosphorization is carried out
at the subsequent step, the production of super-low phosphorus steel can simply and easily be realized.

The foilowing examples are given for the purpose of illustration of this invention and are not
intended as limitations thereof.

Example 1
22.5 kg/t of Ca0 as a powdery refining agent and 2.5 kg/t of CaF, corresponding to 11% based on
Ca0 amount were blown with 6.8 Nm?® per ton of molten pig iron of bottom-blowing gas at an oxygen
blowing rate of 2.7 Nm3tmin for 2.5 minutes into a bottom-blown converter wherein 260 tons of
molten pig iron was charged together with 35.5 kg/t of iron ore to effect pretreatment of molten pig
iron. The resuit as shown in Table 1 was obtained.
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TABLE 1
Tempera-
Chemical components of ture of Slag
molten pig iron (wt. %) molten
pig iron T.Fe
C Si Mn P S (°C) (%) Ca0/8i09
Before
treatment 4,70 0.30 0.44 0.151 0.018 1,384 - -
After '
treatment 3.81 tr 0.36 0.006 0.012 1,377 4.3 3.1

At the original stage of this blow-refining operation, 2.4 Nm® of oxygen was consumed for
desiliconization and the dephosphorization ratio reached about 97%.

Example 2 :

32.3 kg/t {an amount calculated as Ca0: 18.1 kg/t) of CaCQ;, as a powdery refining agent instead
of Ca0O and 3.0 kg/t of CaF, corresponding to 16.6% based on the calculated amount of CaO were
blown with 5.8 Nm3 per ton of bottom-blowing gas as a carrier gas at an oxygen blowing rate of
2.6 Nm3/t-min for 2.2 minutes into a bottom-blown converter wherein 265 tons of moiten pig iron was
charged together with 18.1 kg/t of iron ore. The obtained result is shown in Table 2. In this example,
calcium carbonate was used as the refining agent to reduce the amount of iron ore but the satisfactory
desiliconization was attained as shown in Table 2.

TABLE 2
Tempera-
Chemical components of ture of Slag
molten pig iron (wt. %) molten .
pig iron T.Fe
C Si Mn P S (°C) (%) CaO/Si02
Before '
ireatment 4,75 0.21 0.43 0.150 | 0.019 1,390 - -
After
treatment 3.78 tr 0.30 0.004 0.014 1,357 2.8 3.5
Exampie 3

19.4 kg/t of Ca0 as a powdery refining agent and 2.0 kg/t of CaF, corresponding to 10% based on
the amount of Ca0 were blown with 7.0 Nm?® per ton of molten pig iron of bottom-blowing gas as a
carrier gas at an oxygen blowing rate of 2.7 Nm®t-min for 2.6 minutes into a bottom-blown converter
wherein 260 tons of molten pig iron was charged together with 34.7 kg/t of manganese ore instead of
iron ore. The obtained result is shown in Table 3.
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TABLE 3
Tempera-
Chemical components of ture of Slag
molten pig iron {wt. %) molten
pig iron Te.Fe N
o] Si Mn P S (°C) (%) Ca0/8i0p

Before
treatment 4,65 0.19 0.36 0.137 0.021 1,369 - -
After
treatment 3.73 tr 0.54 0.007 | 0.011 1,362 4.7 4.1

In this example, it was possible to increase an amount of Mn in the molten pig iron by using
manganese ore as a coolant. The dephosphorization ratio reached about 95%.

Example 4
18.3 kg/t of CaO as a powdery refining agent and 3.2 kg/t of Na,CO, corresponding to 17.5%
based on the amount of CaO instead of CaF, were blown with 8,1 Nm?® per ton of moiten pit iron of
bottom-blowing gas at an oxygen blowing rate of 2.7 Nm?®/t-min for 3.0 minutes into a bottom-blown
converter wherein 268 tons of moiten pig iron was charged together with 26.3 kg/t of iron ore. The
obtained result is shown in Tabie 4.

TABLE 4
: : Tempera-
Chemical components of ture of Slag
molten pig iron (wt. %) molten
pig iron T.Fe
C Si Mn P S cC) (%) Ca0Q/§i0o

Before . )
treatment 4.73 0.22 0.51 0.138 | 0.028 1,370 - -
After :
treatment 3.63 tr 0.42 0.010 | 0.012 1,410 3.5 3.7

In this example, the dephosphorization ratio reached about 93% and Na,CO, had substantially the
same activity as CaF,.

Example 5
24.2 kg/t of Ca0 as a powdery refining agent and 3.8 kg/t of CaF, corresponding to 15.7% based
on the amount of Ca0O were blown with bottom-blowing gas as a carrier gas for 2 minutes by dividing
6.5 Nm?2 per ton of molten pig iron of oxygen in such an amount that a bottom-blowing oxygen rate is
0.8 Nm3t-min and a top-blowing oxygen rate is 2.5 Nm3%tmin, into a top and bottom-blown
converter wherein 270 tons of molten pig iron was charged together with 36.2 kg/t of iron ore. The
obtained result is shown in Table 5.



70

1§

20

25

30

35

40

45

50

55

60

65

0043238

TABLE 5
z . Tempera~
Chemical components of ture of Slag
moiten pig iron (wt. %) molten
pig iron T.Fe
C Si Mn P 8 (°C) (%) Ca0/Si0y

Before
treatment 4.58 0.28 0.44 0.142 | 0.021 1,395 - -
After
treatment 3.81 tr 0.33 0.007 } 0.013 1,380 4.1 3.4

As seen from the above described examples, the treatment of the molten pig iron of about 250
tons according to the invention needs only about 2-—3 minutes, while the conventional treatment using
Ca0 needs 15—40 minutes. Accordingly, the invention can noticeably reduce the treating time and is
not only advantageous in view of the productlwty but also the ultimate phosphorus content is very low.
The above described conventional treatment is only to reduce a load of dephosphorization in the
refining in the next step of converter, while in the treatment of the invention, the dephosphorization can
be effectively carried out to such an extent that the dephosphorization in the next step is not necessary
and therefore if dephosphorization is added in the next step of refining in converter, super-low
phosphorus steel can be simply and easily made. in “addition, in the above described prlor process, an
amount of manganese is remarkably reduced in the treatment of molten pit iron, while in the invention,
at least 80% of manganese prior to treatment remains and therefore if the refining in converter in the
next step is carried out in slagless, the decrease of Mn does not substantially occur, so that the yield of
Mn through the whole steps is lmp[gy_eg

In the above described prior process, the formatlon of a slag havmg a low meltmg point is
necessary for promoting the contact reaction and the basicity becomes necessarily low and therefore
T-Fe of the slag should be increased in order to realize a high dephosphorizing ability, while in the
invention, the dephosphorization does not depend upon T:Fe in the slag, so that it is not necessary to
increase T-Fe and the dephosphorization can be advantageously carried out at low temperatures by
using iron ore and other iron series coolant and the reduction of the coolant can be completely carried
out, so that the yvield of iron is high and T-Fe in the slag is low, so that the durable life of the refractory
is not adversely affected and the erosion of the refractory can be advantageously reduced and an
amount of slag formed is small. In general, in the converter refining of molten pig iron having a level of Si
of 0.30%, even in the best condition, about 70 kg/t of slag is formed, while in the invention, the Torma-
tion of slag is reduced to about 35 kg/t. Accordingly, if the treatment of molten pig iron according to the
invention and the subsequent slagless refining are combined, the amount of slag formed in steel
making step can be broadly reduced.

As a secondary effect, the remarkable desulfurizing function is far more highly realized than the
usual refining in converter and in the usual steel making, the desulfurizing step is not necessary and in
low sulfur steel making, the load in the desulfurizing step can be remarkably reduced and this is shown
in Fig. 11.

Example 6
This example illustrates the case where a lumpy flux of fluorite is charged into a bottom-blown
converter from a top opening and the other treating manners follow to the manner as mentioned in the
preceding examples. The treating conditions in this example are shown in Table 6. Table 6 shows also
the results in the above mentioned process wherein the powdery refining agent and the powdery flux
are blown with bottom-blowing oxygen into the converter, for comparison with the results in this
example.

10
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By the treatment as described above, the cost for pulverizing fluorite {electric powder and heating
cost for removing water) becomes zero and maintenance cost of installation for pulverising fluorite and
transportation pipes is not necessary. When installations for pretreatment of moiten pig iron by means
of bottom-blown refining vessel are newly provided, a pulverizer for fluorite has been needed other than
a pulverizer for calcium oxide but the pulverizer for fluorite is not needed and the installation cost can
be lowered.

In this example, the amount of the flux used can be reduced without decreasing the
dephosphorizing activity as compared with the case where the powdery refining agent and the powdery
flux are blown with an oxygen blowing gas into the bottom-blown converter and the pulverizing process
may be omitted. - R o ;

" - n this example, a bottom-blown converter was used as the refining vessel bu the top and bottom-
blown converter may be used.

Exampie 7
260 tons of molten pig iron having 0.09% by weight of Si, which has been tapped from a blast_
furnace, was charged into a bottom-biown converter and then 24 kg/t of iron ore was charged therein
and 19 kg/t of powdery CaO as a refining agent was blown with 8 Nm?%t of oxygen at an oxygen
blowing rate of 2.5 Nm%tmin into molten pig iron in the converter and 4 kg/t of fluorite was charged
from the converter top to effect the pretreatment of the molten pig iron. The obtained result is shown
in Table 7 and the dephosphorization ratio reached 98%.

TABLE 7
Chemical components of Tempera~
moliten pig iron (wt. %) ture of
molten pig
o] Si Mn P S jron (°C]J
Before
treatment 4.55 0.09 0.23 0.110 | 0.018 1,307
After
treatment 3.21 tr 0.11 0.002 | 0.012 1,310
Exampie 8

To molten pig iron tapped from a blast furnace were fed Ca0 and iron ore and the desiliconization
was effected until a content of Si was 0.04% by weight, 250 tons of the thus.formed low Si pig iron
was charged into a bottom-blown converter and then 4 kg/t of iron ore was charged therein and then
16 kg/t of powdery CaO and 4 kg/t of fluorite were biown with 9 Nm?/t of bottom-blowing oxygen gas -
as a carrier gas at an oxygen blowing rate of 2.8 Nm3/t-min therein. The obtained result is shown in
Table 8 and the dephosphorization ratio was 93% ’

TABLE 8
Chemical components of Tempera-
molten pig iron (wt. %) ture of
molten pig
o] Si Mn P S iron (°C)

Sefore
treatment 435 0.04 0.27 0.113 | 0.019 1,281
After

treatment 3.38 tr | 0.17 0.008 | 0.011 1,345

in the above described Examples 7 and 8, a bottom-blown converter was used as a refining
vessel, as far as the vessel has the similar function thereto, a top and bottom-blown converter in which
top-blowing oxygen can be blown into the converter and the other iron making vessels having the
similar function may be applied to the invention as a refining vessel. :

12
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As mentioned above, according to the invention, in the pretreatment of a low Si pig iron having
Si content of less than 0.15% by weight, the dephosphorization can be effectively attained to such an
extent that the dephosphorization in the subsequent step is not necessary and when the dephosphor-
ization is added in the next step of refining in converter, the super-low phosphorus steels can be simply

5 and easily made.

Claims

1. A method of dephosphorizing moiten pig iron wherein said molten pig iron is charged into a
refining vessel provided at its bottom with tuyeres for blowing gas and, if necessary, at its top with a gas
injecting member, and a powdery refining agent together with said blowing gas is blown int6 said
moiten pig iron through said tuyeres, while a flux for said refining agent is charged into said refining
vessel to perform desiliconization and subsequent dephosphorization of said molten pit iron, charac-
terised by
15 {a) charging a coolant together with said molten pig iron into said refining vessel to control a

- temperature of said molten pig iron during the blowing to a range of 1,250—1,450°C;

{b) biowing said powdery refining agent into said molten pig iron so as to adjust a value of slag

basicity after the treatment to not less than 2.5; and

{c) blowing said blowing gas at a rate of not less than 0.5 Nm3/min per ton of molten pig iron so

20 that a net oxygen quantity is 8—15 Nm?* per ton of molten pig iron.

2. A method according to claim 1 characterised in that the coolant is at least one material
selected from iron ore, manganese ore, mill scale and scrap.

3. A method according to claim 1 or 2 characterised in that the powdery reflmng agent is at least
one of calcium oxide and calcium carbonate.

25 4. A method according to any one of the preceding claims characterised in that the flux is at least
one material selected from fluorite, soda ash, cryolite, colemanite and red mud.

5. A method accordmg to any one of the preceding claims characterised in that the powdery
refining agent is charged in an amount of not less than 12 kg per ton of moiten pig iron and/or the flux
is charged in an amount of not less than 2 kg per ton of molten pig iron.

30 6. A method according to any one of the preceding claims, characterised in that the flux is
charged onto the molten pig iron from the top of said refining vessel.

7. A method according to any one of claims 1 to § characterized in that the flux is mixed with said
powdery refining agent and blown into the molten pig iron together with said blowing gas through said

1

o

tuyeres.

35 8. A method according to any one of claims 1 to 5 characterised in that the flux is simultaneously
charged from the top of said refining vessel and through said tuyeres at the bottom of said refining
vessel.

9. A method according to any one of the preceding claims characterised in that the refining vessel
is a bottom-blown converter.
40 10. A method according to any one of claims 1 to 8 characterised in that the refining vessel is a
top and bottom-blown converter.

Patentanspriiche

45 1. Verfahren zur Entfernung von Phosphor aus geschmolzenem Roheisen, bei dem ein Laute-
rungsgefild, das an seinem Boden mit Winddlisen fur Blasegas und, erforderlichenfalls, an seinem Ober-
teil mit einer Vorrichtung zum Einpressen von Gas ausgestattet ist, mit dem geschmoizenen Roheisen
beschickt wird und ein pulverférmiges Lduterungsmittel zusammen mit dem Blasegas durch die Wind-
dlsen in das Laterungsgefaf eingeblasen wird, wéhrend ein FluBmittel fir das Lauterungsmittel in das

so Lauterungsgefidld hineingegeben wird, wodurch die Entfernung von Silicium und anschliefend von
Phosphor aus dem geschmolzenen Roheisen Bewirkt wird, dadurch gekennzeichnet, da? man

(a) ein Kihlmittel zusammen mit dem geschlozenen Roheisen in das LauterungsgeféR einspeist,
um die Temperatur des geschmoizenen Roheisens wéhrend des Blasens in einem Bereich von
1250°C bis 1 450°C zu halten;

55 (b) das Einblasen des pulverfofrmigen Lauterungsmittels in das geschmolzene Roheisen so vor-
nimmt, dal® die Basizitét der Schlacke nach der Behandlung auf einen Wert von nicht kleiner
als 2,5 eingestellt wird;

{c) das Blasegas mit einer Geschwindigkeit von nicht weniger als 0,5 Nm%/min pro 1 t geschmol-
zenes Roheisen einbldst, so dal? die nutzbare Sauerstoff-Menge bezogen auf das ge-

60 schmolzene Roheisen 8—15 Nm?3/t betrigt.

: 2. Verfahren nach Anspruch 1, dadurch gekennzeichnet, daR das Kiihimittel mindestens ein

Material ausgewdhlit aus Eisenerz, Manganerz, Walzzunder und Schrott ist.

3. Verfahren nach Anspruch 1 oder 2, dadurch gekennzeichnet, da das pulverférmige
Liuterungsmittel mindestens eines der Materialien Calciumoxid und Calciumcarbonate ist.
65 4, Verfahren nach Anspruch 1 bis 3, dadurch gekennzeichnet, dal3 das Flufmittel mindestens ein

13
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Material ausgewdhlt aus Fluorit, wasserfreier Soda, Kryolith, Kolemanit und Rotschiamm ist.

5, Verfahren nach Anspruch 1 bis 4, dadurch gekennzeichnet, dal® das pulverférmige Lauterungs-
mittel in einer Menge von nicht weniger als 12 kg pro 1 t des geschmoltzenen Roheisens und/oder das
FluRmittels in einer Menge von nicht weniger als 2 kg pro 1 t des geschmolzenen Roheisens zugesetzt
werden.

6. Verfahren nach Anspruch 1 bis 5, dadurch gekennzeichnet, daR® das FluRmittel von der Ober-
seite des LduterungsgefdBes her auf das geschmolzene Roheisen gegeben wird.

7. Verfahren nach Anspruch 1 bis 5, dadurch gekennzeichnet, daR das FluBmittel mit dem puiver-
férmigen Lauterungsmittel vermischt und zusammen mit dem Blasegas durch die ‘Winddusen in das ge~
schmolzene Roheisen eingeblasen wird.

8. Verfahren nach Anspruch 1 bis 5, dadurch gekennzeichnet, daR das FluBmittel gleichzeitig von
der Oberseite des LauterungsgeféRes her und durch die Winddiisen am Boden des LiterungsgefiRes
eingespeist wird.

9. Verfahren nach Anspruch 1 bis 8, dadurch gekennzeichnet, daB das LiuterungsgefiRR ein
bodenblasender Konverter {Unterwindfrischkonverter) ist.

10. Verfahren nach Anspruch 1 bis 8, dadurch gekennzeichnet, daB das LiuterungsgefiR ein
Oberwind- und Unterwind-Konverter ist.

Revendications .

1. Procédé pour déphosphorer de la fonte en gueuse ou fonte de premiére fusion, selon laquelle
ladite fonte en gueuse est chargée dans une cuve d’affinage pourvu dans son fond de tuyéres pour
souffler du gaz et si nécessaire, pourvue dans son dessus d'un élément d'injection de gaz, un agent
d’affinage pulvérulent étant conjointement avec ledit gaz de soufflage soufflé dans ladite fonte en
gueuse par I'intermédiaire des dites tuyéres, tandis qu'un fondant pour ledit agent d'affinage est chargé
dans ladite cuve d'affinage pour assurer la désilicatisation et la déphosphoration consécutive de ladite
fonte en gueuse, le procédé étant caractérisé:

a} par le chargement d'un réfrigérant conjointement avec ladite fonte en gueuse dans ladite cuve
d'affinage afin de contrdler une température de ladite fonte en gueuse durant le soufflage sur une
gamme de 1.250—1.450°C;

b) par le soufflage dudit agent affinant pulvérulent dans ladite fonte en gueuse de facon a régler une
valeur de basicité de laitier aprés le traitement no inférieure & 2,5; et

c) par le soufflage dudit gaz de soufflage & un taux non inférieur &4 0,5 Nm 3/mn par tonne de fonte en
gueuse de facon que la quantité d'oxygéne nette soit 8—15 Nm3 par tonne de fonte en gueuse.

2. Procédé selon la revendication 1, caractérisé en ce que le réfrigérant est au minimum un
matériau selectionné & partir de minerai de fer, de minerai de manganése, de calamine, et de déchets
de laminoirs.

3. Procédé selon la revendication 1 ou 2 caractérisé en ce que I'agent affinant pulvérulent est au
minimum composé d’oxyde de calcium et de carbonate de caicium.

4. Procédé selon une quelconque des revendications précédentes, caractérisé en ce que le
fondant est au minimum un matériau sélectionné 3 partir de spath de fluor, de soude calcinee, de
cryolité, de colémanite et de boue rouge.

5. Procédé selon une quelconque des revendications précédentes, caractérisé en ce que l'agent
affinant pulvérulent est chargé dans une quantité non inférieure a8 12 kg par tonne de fonte en gueuse,
et/ou en ce que le fondant est chargé dans une quantité non inférieure & 2 kg par tonne de fonte en
gueuse.

6. Procédé selon une quelconque des revendications précédentes caractérisé en ce que le
condant est chargé sur la fonte en gueuse & partir du haut de la dite cuve d'affinage.

7. Procédé selon une quelcongue des revendications 1 & 5, caractérisé en ce que le fondant est
mélangé avec ledit agent affinant pulvérulent et soufflé dans la fonte en gueuse conjointement avec
ledit gaz de soufflage par lesdites tuyéres.

8. Procédé selon une quelconque des revendications 1 4 5, caractérisé en ce que le fondant est
simultanément chargé a partir du haut de ladite cuve d’affinage et par le dites tuyéres au fond de la dite
cuve d'affinage.

9. Procédé selon une quelconque des revendications précédentes, caractérisé en ce que la cuve
d'affinage est un convertisseur & soufflerie de fond.

10. Procédé selon une quelconque des revendications 1 & 8 caractérisé en ce que la cuve
d'affinage est un convertisseur & soufflerie de dessus et de fond.

14
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