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Abstract

The shape of submerged entry nozzle (SEN) has a great influence on steel quality and stable

casting operation in the continuous steel casting. To optimize the flow pattern of molten steel

in the mold, Shinagawa developed in 2002 the Mogul SEN which is lined with many spherical

convex projections on the bore. The steel shop of Florange, member of ArcelorMittal Group,
was the first in Europe to test the Mogul SEN. The use of the Mogul SEN showed an
improvement of the quality results for the two major defaults generated by the steel plant:

blisters and slivers, as well as a significant improvement of the castability of the IF type low

carbon steels.
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1. Introduction

Submerged entry nozzles (SEN) are used to
pour molten steel from the tundish into the
mold in continuous steel casting. SENs
assume the important role of preventing
re-oxidation and controlling the molten steel
flow in the mold. To optimize the flow
pattern of molten steel in the mold, the
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Fig. 1 Inside bore appearance of Mogul SEN.
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Fig. 2 ArcelorMittal Florange SEN.
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selection of the SEN design is important.
Many authors are leaning on the role of
refractories on inclusion cleanliness. Also,
the chemical composition of the submerged

D2 on clogging is not any more to

nozzles
show. However, the modes of flow in the
(SEN), combined with the geometrical factors
of the latter, have a very important role on
the one hand on the blockage of the nozzle
itself and, on the other hand on the
cleanliness of metal downstream and a
strong influence on clogging and the
fluctuations in the mold.

Since 1992, Shinagawa developed the
annular step SEN®*?’ in the prolongation of
these researches® . And, they developed in
2002 the Mogul SEN which is lined with
many spherical convex projections on the
bore as a measure to meet increasingly
complex needs (Fig.1). The great effect of
Mogul SEN has been confirmed in many
continuous casting machines.

2. Characteristics and Effects of Mogul
SEN

The Mogul SEN is able to eliminate the
biased flow which occurs from throttling
through many spherical convex projections
which line the bore. Because the downward
molten steel flow becomes even inside the
bore, the distribution of the flow velocity at
the ports is also even. The most important
characteristic of the Mogul SEN 1is creating
an even flow velocity distribution at the
outlet ports.

ArcelorMittal
Florange SEN are shown hereafter (Fig.2).

The characteristics of

Figure 3 is a flow chart about the character-

istics and effects of Mogul SEN.

2. 1 Prevention of outlet port corrosion
Generally, when the conventional straight
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bore SEN is used, a strong outlet flow occurs
at the lower portion of the outlet port. In
addition, when the outlet port is oversized
and throughput is large, negative flow tends
to occur in the upper portion of outlet ports.
When a negative flow occurs, mold powder
slag is sucked into the outlet port and
corrosion of the ports or inside bore occurs.

The upper portion of the outlet port of the
SEN (Fig.4a) 1is
corroded by the powder slag which was

straight bore greatly
sucked in by a negative flow. But since
negative flow does not occur in the upper
portion of the outlet ports of the Mogul SEN
(Fig.4b), powder slag i1s not sucked in and the
ports are not corroded at all.

Suppression of bias flow caused by
slide gate throttling in nozzle bore

A

outlet port

Even flow velocity distribution at

Suppression of molten steel
» splashing at the start of
casting

v v

v v

Suppression of reverse Suppression of uneven
flow at upper portion flow between front-side
of outlet port and back-side of mold

A y

Reduction of stagnant Reduction of maximum
area in outlet port outlet flow velocity

A y

Prevention of outlet Improvement of molten
port corrosion caused steel flow pattern in mold

Suppression of alumina Reduction of impinging
buildup in outlet port force to mold narrow

by powder slag sucking

face

v ‘

Reduction of fluctuation Good floatation
of molten steel surface of gas bubbles
in mold and inclusions

Reduction of bubble and
inclusion defects

v

Stable casting operation and steel quality improvement ‘

Fig. 3 Effect of Mogul lined submerged entry nozzle.
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Fig.4a Straight bore SEN.

Flow velocity / cm * sec-!
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Fig.4b Mogul SEN.

Fig. 4 Distribution of average flow velocity at outlet port. (Water model simulation test)
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2. 2 Improvement of molten steel flow
pattern in the mold

When the distribution of flow velocity at
the outlet ports is even, the flow to the front
and back of the mold is balanced. Figure 5
schematically shows the flow condition of
gas bubbles injected from the porous upper
nozzle. In the case of clogging in the upper
part of the SEN or at the stopper rod tip, the
straight bore SEN shows many gas bubbles
rise at the back of the mold. On the other
hand, the Mogul SEN shows well balanced
gas rising conditions between the front and
back of the mold.

In addition, in the straight bore SEN, the
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Fig. 5 Schematic drawing of flow pattern in SEN
and mold (Side view).
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flow pattern tends to differ between the right
side and left side in the mold due to the
influence of throttling (Fig.6a). The gas
bubble penetration depth is shallow on one
side, however, on the other side, the gas
bubbles penetration is deep. Generally, the
meniscus flow velocity is faster on the side of
shallower penetration depth than on the
other side. Therefore, the flow tends to
become uneven between the right and left
side of the mold, however, in the case of

Mogul SEN, the flow tends to be even

(Fig.6h).

2. 3 Reduction of impacting force to mold
narrow face and molten steel surface
fluctuation

Hydrodynamic studies made it possible to
note that important fluctuations of the
meniscus thus cause defects of surface on the
cast products (cracks) as well as internal
defects (powder imprisonment, trapping of
argon bubbles and solid inclusions, etc.). To
avoid the defects of inclusion origin, the
metallurgists recommend to cast at high
casting speed and to operate a severe quality
control. It appears also judicious to improve
the physicochemical properties of the mold
powders and to control the level of the
meniscus out of the mold™.

Balancing the flow velocity distribution at
the outlet ports means not only balanced
flow in the mold but also a reduction of fast
flow from the lower portion of outlet ports
(Fig.4b). Reduction of fast flow from this
portion reduces the impacting force to the
mold narrow face. Since reduction of the
impacting force decreases the downward flow
caused by this force, inclusions easily float to
the surface. And since the strength of the
upward flow 1s also suppressed, the
fluctuation of the molten steel surface near
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Fig.6a : Straight bore SEN
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Fig.6b : Mogul SEN

Fig. 6 Schematic drawing of flow pattern in mold (Front view).
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the mold narrow face and the incidence of
powder slag inclusions decreases (Fig.6,
Fig.7).
2. 4 Suppression of alumina build-up in
outlet port

Suppression of alumina build-up in the
outlet port is not always achieved when the
Mogul SEN is used. However, when the
relationship between bore diameter, outlet
port design, through-put and injected gas is
correct, alumina adhesion can be suppressed
by the Mogul SEN.

3. Experience of ArcelorMittal Florange

3. 1 Presentation

The site of Florange,
ArcelorMittal Group, is a part of the flat
carbon steels sector. It supplies plain cold

member of

and coated products as well as semi-finished
products for other steelmaking fields. The
site 1s an important supplier to the
automobile industry, mainly in coated prod-
ucts and in external parts for the
bodywork. Florange is also supplying to the
electric household appliance and general

industry, relying on its special steels, like
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Fig. 7 Fluctuation height of molten steel surface
in mold.
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cast coated pre-painted and enamelling
steels.
3. 2 Quality: a catchword for Florange

The site of Florange (2.3Mt) produces high
quality steels for high grade applications
especially for automotive sector. In order to
meet the customers' requirements in terms of
quality and service, the site of Florange is
daily working on the improvement of its
production process. The steel shop is the first
element in this process. It is equipped with 2
LWS converters with bottom blowing
oxygen, 2 ladle furnaces, which allow to fully
treat its production of aluminium killed
steels, 1.e. half of its orders. The other 50%
undergo an additional VTD treatment to
produce very low carbon steels of the IFS
type.

The entire slab production of the steel shop
in Florange is produced on one single curved
mold continuous casting machine. By its
configuration, this machine generates
blisters and slivers. For certain applications,
these defaults are unacceptable. Moreover,
the late revelation of these defaults at the
automatic inspection lines at the cold rolling
mill degrades the customer service in case of
downgrading. In this context, the steel shop
1s developing new elaboration processes in
order to better control the inclusion
cleanliness of steels and is working together
with its refractory suppliers to find new
product solutions allowing a better control
of the IF steels castability.

In collaboration with Shinagawa
Refractories, the steel shop of Florange was
the first in Europe to test the Mogul SEN.
The objective was, on the one hand, to
improve the castability of the IF steels by
limiting the clogging of the SEN bore and,
on the other hand, to better control the steel
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Fig. 8 Castability indicator without Mogul SEN.
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Fig. 9 Castability indicator with Mogul SEN.

flow in order to reduce the mold variation. In
addition, studies on a water model showed a
reduction of splashes at the SEN outlets?. In
the context of a curved mold machine, this
has the advantage to avoid the dragging
down of argon bubbles and inclusions and
thus limiting the formation of blisters.

3. 3 The castability results

The inclusion cleanliness of the steels plays
a very 1mportant role concerning the
formation of blisters and sliver defaults.
Indeed, alumina clogging in the refractories
during the casting shows a deterioration of
the quality all along the sequence.

The studies of Shinagawa Refractories
show that the SEN allows limiting the
clogging in the bore by its internal
geometry. This is the reason why the steel
shop of Florange decided also to test this
type of SEN.

In order to control the castability of the
steels, the steel shop 1s equipped with
clogging indicating measuring instruments.
This indicator is calculated taking into
account the stopper position, the metal and
argon flow. The results (Figs. 8 and 9) of this
indicator are separated into 3 levels (1 : good
(green), 3 : bad (red)). The use of the Mogul

SEN shows an improvement of the
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Fig.10 “Slivers” comparison with Mogul/
reference on exposed face.
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Fig.12 “Blister” comparison with Mogul/
reference on unexposed face.
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Fig.11 “Slivers” comparison with Mogul/
reference on unexposed face.

castability on the 3rd and 4th ladle of the
sequence. This improvement is significant on
the 3rd ladle of the sequence, where the bad
castability is reduced from 12% to 5%, i.e. a
gain of 60%. In the case of the 4th ladle, it is
improved by 25%.
3. 4 The quality results

All the high quality steels produced by the
steel shop are controlled on downstream lines
from the electro-galvanizing or galvanizing
by an automatic surface inspection system
(STAS). This system allows to qualify the
quality level of the product and so to
authorize its affectation to the customer. In
the context of the trial period of the Mogul
SEN, which lasted for 6 months, all the slabs
produced under this configuration, have been
controlled by SIAS. The result of this
establishing  the
number of blisters and slivers for 1000m of

qualification  allowed
band according to the format range and the
products.
a) The “sliver” results

The use of the Mogul SEN reduces by half
the number of “slivers” on 1000m of band
compared to the reference on the continuous
casting process on the standard and very
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high quality steel production for the slab
sizes below 1500 mm (Figs. 10 and 11).
b) The blister results

The use of the Mogul SEN reduces by 1/3
to half the number of blisters on 1000m of
band compared to the reference on the
continuous casting process on the standard
and very high quality for any slab size
(Fig.12).

4. Conclusion

The use of the Mogul SEN, developed by
Shinagawa Refractories and tested for the
first time in Europe by the ArcelorMittal
Atlantique and Lorraine-site of Florange
steel plant, allowed to point out an
improvement of the quality results for the
two major defaults generated by the steel
plant: blisters and slivers, as well as a
significant improvement of the castability of
the IF type low carbon steels. These
improvements enable a better response to the
requirements of the group's customers in

terms of product quality and service.
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