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Synopsis

In ovder to obtain ultra low sulphur and nitrogen steel for producing high grade electromagnetic steel, the RH
-PB (Powder Top Blowing) method was developed for wuse in a 160t RH.

In this method, the pulverized desulphurizer is blown into molten steel from a top-blowing lance with an argon
gas carviev under reduced pressure in RH treatment

Since 1996, this method has been under commercial opevation in a 160t RH at the Wakayama Steel Works and
S and N as low as 5 and 15 ppm have been obltained.

Further, the total refining time, from the end of tapping to the start of casting, was veduced by 40%.

1. Introduction 2. Features of Electromagnetic Steel

In recent years, there has been an increasing With electromagnetic steel used for transformers
demand for high purity steel. and motors, it is required to reduce sulphur, carbon,

So far, in order to obtain ultra low sulphur steel, and nitrogen levels in order to enhance the most
a gas injection method has been applied in the ladle important characteristics, such as core loss or induc-
treatment. tion.

However, in the conventional method, the process To improve these characteristics, the RH-PB
is very complicated because some secondary refin- method was introduced on an industrial 160t RH.
ing facilities are used. The chemical composition of electromagnetic

High cost, low productivity and an increase of steel is shown in Table 1.
nitrogen concentration are the results.

In order to solve such problems, the RH-PB (Pow- 3. Features of BH-PB
der Top Blowing) method"® has been developed
for use in a 160t RH degasser at the Wakayama The RH-PB method is a new refining process in
Steel Works. which a pulverized desulphurizer is blown into the

Table 1 Chemical composition of electromagnetic steel (wi%)
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molten steel under reduced pressure through a
water-cooled lance at the top of RH furnace.

The features of RH-PB method are summarized
below.
(1) Prevents air contamination ( O, N, H ) because
desulphurization is performed under vacuum condi-
tions.
(2) Pressure reduction is handled entirely by the
desulphurizer, so the previously used vacuuming
process can be omitted.

4. Concept of Reaction Mechanism

The concept of the reaction mechanism is shown
in Fig. 1.

The blown pulverized materials, which greatly
increase the reaction interfacial area between the
particles and the molten steel, penetrate the surface
of the molten steel.

As a result, the desulphurization reaction is
extremely accelerated.

Further,the great increase in reaction interfacial
area between the argon gas bubbles and the molten
.steel significantly accelerates the removal rate of
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Concept of reaction mechanism

5. Operational Conditions

5.1 RH-PB Equipment
As shown in Fig. 2, the RH-PB equipment was
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installed on the 160t RH degasser at the Wakayama
Steel Works already in commercial operation.

The specifications of the RH degasser are shown
in Table 2.

This equipment consists of the powder feeding
system and the water-cooled lance through which
the pulverized material is blown into the molten

steel.
E Tank truck
N,
Storage ,_ Ar
tank
1 Cooling water
—
Lift tank ]ﬂ
Vacuuming
Dispenser Powder
Ladle
Fig. 2 Schematic view of RH powder top blowing (RH-PB)

Table 2 Specification of RH degasser

-
1000 kg/h(at 0.6 to;;;
450 mm

Max 2500 N1/min

Heat sioe

Exhaust capacity

Snorkel diameter

Circulation gas

5.2 Powder Blowing Conditions

The powder blowing conditions are shown in
Table 3.

The lance height and ambient pressure are
optimumly set so that the penetration efficiency of
the pulverized materials is high enough and no
operational trouble occurs.
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Table 3 Condition of powder blowing

Ca0O-CaF,
— 100 mesh
100 ~ 130 kg/min

2~3m

1~ 2 torr

5.3 Process Flow

Table 4 shows the refining process of high grade
electromagnetic steel.

In the conventional process, after tapping,
desulpurization treatment was first done using the
ladle injection method.

After removing slag, carbon and nitrogen were
removed in by the RH degasser.

This complicated process results in high cost, low
productivity and an increase of nitrogen concentra-
tion.

But in the RH-PB method, installing the new
desulphurizing system in the RH treatment offers
the following benefits.

(1) Simplified refining process
(2) Higher quality and purity by treatment under
reduced pressure only

Table 4 Producing process
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6.Results and Discussion

6.1 Sulphur and Nitrogen Levels
Figure 3 shows the typical behavior of sulphur
and nitrogen concentration during powder blowing.
In the commercial operation, ultra low sulphur
concentration under 5 ppm, can be obtained with
low nitrogen under 15 ppm.
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Fig. 3 Change of S and N during powder top blowing

6.2 Sulphur Removal

Figure 4 shows the relationship between desul-
phurization ratio and flux consumption.

A high desulphurization ratio can be obtained in
commercial operation with the same results as in
experiments.

Further, a high desulphurization ratio can be
obtained by the RH-PB method with less flux con-
sumption than the conventional method.

This is because the following.

In the RH-PB process, the transitory reaction
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Fig. 4 Relationship between the flux consumption
and the desulphurization ratio




The Sumitomo Search N

.59 Sep. 1997

between the penetrating particles and the molten

metals is the dominant reaction, although the per-
manent reaction between the top slag and the
molten metal is the dominant reaction in the conven-
tional ladle injection process.

Thus, in the RH-PB process, the slag particles
with high sulphide content, formed from blown flux
and distributed in the metal, increase the desulphur-
ization efficiency.

6.3 Nitrogen Removal Rate

The nitrogen removal reaction occurs during
powder blowing.

In general, the nitrogen removal rate can be re-
presented by equation (1) or (1).

-d[%N1/dt = Ky[%N]? n

1/[%N] = Kyt + 1/[%N], (1)
where, [%N] : Nitrogen content in steel (%)
[%N], : Initial nitrogen content (%)
Ky : Apparent rate coefficient (%™
min.”?)

In equation (1), it is assumed that the rate-deter-
mining step is the chemical reaction on the gas-
metal interface. Figure 5 shows the relationship
between the inverse of nitrogen concentration and
powder blowing time. From the inclination of the
line, the apparent rate coefficient of nitrogen
removal, Ky, is calculated.

In the RH-PB method, the apparent rate coeffi-
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Fig. 5 Relationship between blowing time and 1/ [N]

cient of nitrogen removal was estimated to be about
3.5 times larger than in the conventional method.
This seems to depend on the increase in reaction
interfacial area between argon gas bubbles and the
molten steel.

6.4 Process Simplification

Figure 6 shows the process flow and the behavior
of sulphur and nitrogen in the conventional method
and RH-PB method. In the RH-PB method, ladle
injection treatment and slag removal have been
omitted. Therefore, the total refining time is
reduced by 409%.

Figure 7 shows RH treatment time is the same as
in the conventional method because of the simulta-
neous removal reaction of sulphur and nitrogen.
That is to say, the nitrogen removal process in the

conventional method can be omitted.
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Fig. 8 Refining process and composition behavior
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Technical Reports

7. Conclusion

In order to obtain ultra low sulphur and nitrogen
steel for producing high grade electromagnetic steel,
the RH-PB(Powder Top Blowing) method was
developed for use in a 160t RII.

In this method, the pulverized desulphurizer is
blown into the molten steel from a top-blowing
lance with an argon gas carrier under reduced
pressure in RH treatment.

Since 1996, this method has been under commer-
cial operation in the 160t RH at the Wakayama
Steel Works and S and N as low as 5 and 15 ppm
have been obtained.

Further, the total refining time, from the end of
tapping to the start of casting, was reduced by 40%.
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