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Abstract

Preventing the alumina adhesion of submerged entry nozzle (SEN) is greatly important not
only for prolonging its service life but also improving steel quality. Carbon-free liner (material)
contributes to prevent alumina adhesion. The wear resistance of carbon-free liner is the key
retaining its efficacy. We have studied the influence of trace carbon component in carbon-free
material. We conclude that even small amount of carbon in carbon-free material gives negative
effect on preventing alumina clogging. On the basis of this knowledge, we tested new carbon-free
liner and it performed very well at an actual caster.

1. ¥#E 1. Introduction

BE/ AWV (SEN) X, # T4 v ahbE— SEN are used to pour molten steel from
U RANEHEAHH S, B O FERILR 1EX tundish into casting mold. It has important roles
=V FANOEIREIHIEICH 515, SENO of preventing re-oxidation of molten steel and
Farlx, —fRICAT 774 COEHERL T IV M controlling flow in the mold. Service life of SEN
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3Si0(g) + 2Al = ALOs(s) + 3Si

3CO(g) + 2Al = ALOs(s) + 3C
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is generally limited by erosion at slag zone, alu-

mina adhesion (clogging) and so on. Notably in

case of casting low carbon and ultra-low carbon
steel grades, alumina clogging often impedes
service life of SEN.

Alumina adhesion on SEN could be classified
in two mechanisms "

1) Oxidation of dissolved Al in molten steel
with CO and SiO gasses emitted from SEN
material at refractory and molten steel
boundary.

2) Adhesion of non-metallic (alumina) inclu-

sions suspended in molten steel onto refrac-

tory surface by interfacial tension.

Common alumina carbon material used SEN
body contains C and SiO. components. Both
components react to generate CO and SiO gas-
ses at high temperature. These gases oxidize
aluminum in molten steel.

SiOy(s) + C(s) = SiO(g) + CO(g)

3SiO(g) + 2Al = ALO;(s) + 3Si

3CO(g) + 2Al = ALLOs(s) + 3C

Carbon-free material does not contain C com-
ponent so that it does not emit these gasses.

Therefore to prevent alumina clogging from

refractory side, it is highly efficacious to adapt

carbon-free material on the inner bore of SEN.

Carbon-free material also retains original
good surface smoothness during preheating
and casting because no generating gasses nor
decarburizing into steel. Interfacial tension as
driving force of alumina adhesion is correlated
with wettability of refractory to molten steel.

More smoothness of a refractory surface is more

wettability to molten steel, which would contrib-

ute to reduce alumina clogging ?. Furthermore
carbon-free material coming in a liquid surface
by manganese invasion from molten steel has
been reported ¥ *.

However commercially based carbon-free
materials often contain a small amount of carbon
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Table 1 Physical properties of samples (wt. %)

Properties | Sample #1 | #2 | #3
After firing at 1,000 degrees Celsius
Porosity (%) 22.7 22.7 25.2
Density (g/cm’) 2.41 2.41 2.35
After re-firing at 1,200 degrees Celsius

Porosity (%) 22.9 23.0 25.5
Density (g/cm’) 2.42 2.43 2.36

Table 2 Chemical compositions of re-fired
samples (wt. %)

Sample # #1 #2 #3
C 3.1 2.1 0.1
SiO; 25.9 28.5 28.9
Al,Os 67.2 67.5 67.4
MnO 0.0 0.0 0.0
Ca0 0.2 0.2 0.2
Na:O 0.1 0.1 0.1
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component deriving from organic binder used
at mixing process etc. This study reports the
effect of trace carbon component on preventing
alumina adhesion characteristics of carbon-free
material and the performance of new carbon-
free material at an actual caster.

2. Experimental Procedure

We prepared sample #1 as reference, which
is our regular Al,0;-SiO,-system carbon-free
material used at many casters. Samples #2
and #3 had the same raw material mixture as
sample #1 and had different organic binder /
wetter ratio adjusting carbon content. Sample
#1 had the most organic binder. Sample #2 had
the second most.

Raw material mixture was mixed with
organic binder and wetter in high speed mixer
for each. We pressed them, fired them at
1,000C in reducing atmosphere and machined
them into specific dimensions for examinations.
Then we re-fired them at 1,200 degrees Celsius
(pre-heating temperature).

2. 1 Physical properties

We measured apparent porosity and bulk
density of the samples after firing and after
re-firing (Table 1). Sample #3 showed higher
apparent porosity and lower bulk density
because the mixed mixture had slightly poor
press formability for adding minimum organic
binder. All the samples had no crack in them.
2. 2 Chemical composition

Chemical compositions of samples after
re-firing are as below (Table 2).

2. 3 Alumina adhesion test

We executed alumina adhesion test with
using high frequent induction furnace. We
melted 22kg of low carbon steel in magnesia
carbon crucible in argon atmosphere and then
added 26g (0.12 wt. %) of Al to molten steel.
20mm(w) X 20mm(d) % 160mm(l) of samples
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Argon gas

- Samples

Molten low carbon steel

. Magnesia carbon
— T material crucible

Fig.1 Schematic drawing of high frequency
induction furnace.
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were immersed into molten steel for 60 minutes
at the same time (Fig.1).

3. Experimental Results

3. 1 Visual observation

Alumina adhesion test samples were cut along
longitudinal section for observation (Fig.2).

Powdery alumina was adhered all over the
immersed area for samples #1 and #2. The
thickness of adherent alumina were roughly
uniform. The thickness from sample #1 was
1.7mm and it from sample #2 was 1.bmm. Cen-
tral parts of the samples looked black color.

Sample #3 had powdery alumina adhesion
just below meniscus area of which thickness
was average 1.2Zmm. Central part looked pale
yellow color.

3. 2 Microscopic observation

Fig.3 shows microscopic observation of
samples #1 and #3. Both samples had reactive
layer formed at boundary face between mate-
rial and molten steel.

Sample #1 had lots of large pores in carbon-
free material itself and reactive layer. The
reactive layer was thin and had porous texture.
Reactive layer did not cover whole carbon-free
material. Some parts of the material exposed to
molten steel.

Immersed part

Sample #3

Fig.2 Appearance and cut section of test samples.
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Reactive layer

Reactive layer

-~ > <> <—>
Material Alumina Material
Sample #1 Sample #3

Fig.3 Microscopic analysis of test samples.
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5

Sample #3

Carbon-free material Reaction layer

Fig.4 Microprobe analysis of test samples.

Sample #3 had thick reactive layer. There
were many small pores in reactive layer how-
ever reactive layer covered entirely carbon-free
material.

3. 3 Microprobe observation

Fig4 shows microprobe observation of
samples #1 and #3. Samples are the same ones
as observed in 3. 1 and 3. 2. There were two
major chemical phases in both reactive layers
from samples #1 and #3. One phase was ALO;
and another phase was SiO.-MnO-AlO;. It
is considered that Al;O; and SiO. components
were derived from carbon-free material and
MnO was invaded from molten steel.

Reactive layer of sample #1 had lots of 10-100
micrometer size of open pores as described in
3. 2. Alumina network was adhered external
reactive layer. We consider that C and SiO.
components in material reacted and emitted CO
and SiO gasses formed open pores. Texture of
reactive layer seems porous and weak.

Reactive layer of sample #3 had 10 microm-
eter size pores, which looks like closed pores.
The texture seems more secure and more wear
resistance comparing to sample #1.
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Fig.b Alumina adhesion evaluation.
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Conventional material

327 min. TiSULC casting
Clogging thickness= 18 mm

New carbon-free material

416 min. TiSULC casting
Clogging thickness= 0 mm

Fig.6 Comparison of alumina adhesion after
cast.

4. Performance Results at Actual Caster

We tried new material at an actual caster,
which had two strands of 1050-2100 mm wide
and three of 200, 225 and 250mm thickness
casting mold. 92 of new SENs were tested in
one strand. In the other strand the conventional
SENs were used in order to compare the process
and quality results. IF-TiSULC, low carbon and
medium carbon steel grades were cast.

Fig.5 shows the alumina adhesion evaluation.
Conventional SEN sometimes clogged heavily
and was exchanged during casting. New SEN
had maximum 8mm of alumina adhesion up to
461 minutes casting.

Fig.6 shows an example of alumina adhesion
comparison with new and conventional SEN
used in the same tundish. New SEN cast for 416
minutes and conventional SEN was replaced
after 327 minutes as heavy alumina clogging.

Alumina adhesion is closely related to uneven
and bias flow from SEN ports and mold sur-
face fluctuation. Heavy alumina clogging often
affects them in adverse way. New SEN improved
alumina adhesion and therefore 18% of mold
surface fluctuation index clearly (Fig.7).

For certain steel grade at this caster, over
10mm alumina adhesion results in downgrading
slab regardless any casting process condition
nor steel quality issues. New SEN reduced



Vol. 59 2016

1.20 4
1.00 |
0.80 -
0.60 -

Index

0.40 |
0.20 -

0.00 -

New SEN Conventional SEN

Fig.7 Mold surface fluctuation index.
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Fig.8 Downgrading (>10mm alumina adhesion)
index.
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Fig.9 Residual thickness of inside materials.

Al.deposit : Max 6mm

FAI deposit.: Max 2mm

Conventional material

Casting Time= 329 min
Total remaining = 10mm

New carbon-free material

Casting Time= 329 min
Total remaining = 16mm

Fig.10 Wear resistance comparison at slag zone.

largely downgrade ratio (Fig.8).

Fig.9 shows the remaining thickness of inside
materials after casting. The original thickness
of conventional and also new carbon-free mate-
rials were 8mm both. Conventional material
sometimes disappeared at the early and middle
stage of the casting. On the other hand new
material remained some up to 461 minutes cast-
ing.

Fig.10 is comparison of wear resistance at
slag zone with new and conventional SEN used
in the same tundish. The total thickness (zirco-
nia carbon and carbon-free material) of the new
SEN remained enough thicker. Therefore the
new carbon-free material lead to extend SEN
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Fig.11 Wear speed comparison in actual casting.
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service-life and to save SEN exchange during
casting.

We calculated the wear speed at slag zone
of SEN by total residual thickness according
to the equation below and summarized in the
graph of Fig.11.

Wear speed of new SEN was 0.037mm/min.
on average versus that of conventional one was
0.053mm/min. That is to say that the new SEN
improved 30% of wear speed.

5. Conclusion

We reported the influence of trace carbon
component on carbon-free material preventing
alumina adhesion in this paper. We conclude
that even small amount of carbon in carbon-free
material gives negative effect on preventing alu-
mina adhesion. On the basis of this knowledge,
we tried new carbon-free material SEN at an
actual caster. It performed very well to improve
alumina adhesion and therefore mold surface
fluctuation, downgrading and SEN service-life.
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