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Development of New Mold Powder for Medium Thick Slab Caster
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Abstract

The technologies of near net shape caster are progressing, and many medium slab caster
(100-150mm thick) is been operated in North America, Europe and China. However, there are
many problems on the steel quality, the operation and the mold powder such as cracks,
sintering, sticker BO and incorrect of BO detector system by the characteristic of casting
conditions. We developed new mold powder for medium thick slab casters with high viscosity
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and good melting property to solve these problems.
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1. Introduction

During the 1980's, many new thin slab
casters (50-70mm thick) were built and
operated in the United States primarily for
steel sheet production’. Since then, several
new medium thick slab casters (100-150mm
thick) which were technically similar to the
thin slab caster have been built and operated.
These medium thick slab casters are
typically capable of casting very wide slabs
such as 2000mm, and they are primarily used
for the production of plate and pipe grades.
Now, thin slab and medium thick slab casters
are used not only for ordinary steel grade
but also for some fine steel sheet grades and
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Fig. 1 Relation between mold heat area and
circumference.
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stainless grades.

The technologies of these near net shape
casters are progressing and catching up with
conventional slab casters. However medium
thick slab casters actually have some
problems in operation and steel quality.

We have developed new mold powder for
medium thick slab casters in order to solve
these problems, and in this paper, the
features of new mold powder are described.

2. Characteristics of Medium Thick Slab
Caster

In Japan and the USA, medium thick slab
casters are being operated mainly for steel
plate production. On the other hand, the steel
sheets productions for such as automobiles,
electric motors and containers are increasing
in China. Because all of these casters are
mainly fed with EAF produced steel rather
than converter process, there are some
problems caused by the production process.
That is to say, there are some operational
and quality problems peculiar to medium
thick slab caster and these problems need to
be improved by mold powder.

Fig.1 and 2 show the differences between
medium thick slab casters and conventional
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Fig. 2 Relation between mold heat area and
molten steel throughput.
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slab casters from the view points of mold
size, heat area and throughput.

Because the mold circumference length
of medium thick slab casters is longer than
that of conventional slab casters with the
same area, the powder consumption should
be increased and slag depth should be de-
creased in medium thick slab caster (Fig.l).
Furthermore, the smooth melting of mold
powder is more difficult in medium thick slab
caster because the throughput of medium
thick slab caster is normally smaller than
that of conventional caster (Fig.2).

3. Problems of Medium Thick Slab Casters

The problems of medium thick slab casters
with EAF process are summarized as follows.
3. 1 Steel strand quality

Medium thick slab casters are usually
operated at low carbon range because
peritectic carbon range easily develops crack.
However, even at low carbon range, the steel
strands cast by medium thick slab caster are
very sensitive to transverse and edge cracks
and the high Cu and N content of EAF
smelted steel could increase the sensitivity to
these cracks. In case of thick plate production
with low rolling reduction, the prevention of
surface clacks is more important because the
surface cracks easily remain in the final
products. The reduction of oscillation mark
(OSM) depth is also important because the
deep OSM easily remain in the final products

as well.
3. 2 Sticker of solidified steel shell and
breakout

Because the clearance between mold wide
face and submerged entry nozzle (SEN) of
medium thick slab casters is narrower than
that of conventional slab casters, the powder

sintering and roping occur more easily in the
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narrow space and they sometimes cause the
sticker of solidified steel shell resulting in
breakout (BO). Additionally, uneven flow in
powder slag is accelerated by this narrow
space which could cause the surface cracks.
As medium thick slab casting has a charac-
teristic of difficulty in securing good slag
depth as shown in Fig.1 and Fig.2, it is im-
portant to maintain adequate slag depth for
the prevention of sticker BO.
3. 3 High hydrogen in molten Steel

N and H contents of EAF smelted steel are
generally higher than that of converter
process because many of the steel mills with
EAF process do not have RH degasser and
they usually use Si-Mn for deoxidation
agent. Therefore, gas accumulated in powder
slag film reduces heat removal in the mold
and hinders the smooth development of so-
lidified shell and sometimes cause sticker BO.

It 1s important for mold powder to restrain
the heat removal reduction by gas and main-
tain stable casting especially in the rainy
season when H content in steel tends to be
high.
3. 4 Melting behavior in the mold

Medium thick slab casters generally have
wide size mold and do not have electro-
magnetic flow control system. In some cases
they do not have Ar gas injection system.
Therefore, it is quite difficult to control the
molten steel flow adequately and level
flactuation deviation often occurs locally in
the mold. Moreover, molten steel surface is
not active and rather calm in many cases.
Because of these characteristics in the mold,
the liquid slag depth of the medium thick
slab casters easily becomes un-uniform and
often causes the strand defects or operation
troubles at the position of thinner slag
depth.
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Fig. 3 Slag crystallization appearance.
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3. 5 Incorrect of BO detector system

BO detector system of medium thick slab
casters sometimes warns falsely because of
the long mold circumference length, locally
deviation in molten steel surface and unsta-
ble thermocouple temperatures. Especially,
the sudden rise of the thermocouple tempera-
ture after slow decrease which occurs
periodically and sometimes called “spike”
phenomenon disturbs stable operation seri-

ously.
4. Development of New Mold Powder

4. 1 The concept of mold powder
4. 1. 1 High viscosity

Lower heat removal and uniform solidified
shell formation in the mold are generally
effective to reduce strand cracks. High crys-
tallization temperature and high basicity
powders are usually preferable to obtain
these characteristics. However, crystalliza-
tion temperature and basicity can not be
increased excessively because of the problems
such as roping, unstable liquid slag depth
and unstable thermocouple temperature
which are peculiar to medium thick slab
caster, therefore mold powder with weak
crystallization characteristic and high slag
viscosity is considered to be effective to solve
these problems.

Since the excessively thin crystallized layer
in slag film cause higher heat removal, crys-
tallization characteristics such as crystalliza-
tion temperature and density are precisely
controlled in developed new mold powder.

Fig.3 shows the slag crystallization ap-
pearance of new mold powder after fused at
1300°C and poured into water cooled copper
gutter. The adequate formation of crystal-
lized layer was confirmed by controlling
precise chemistry.
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Fig. 6 Results of heat removal.

4. 1. 2 Melting property around SEN

In the area around SEN, mold powder is
heated from molten steel in mold and SEN
wall as well. The heats from these two differ-
ent directions induce the deterioration of
powder melting property and cause sintering
and roping more easily. The melting prop-
erty of new mold powder was designed to
keep the stable melting behavior even around
SEN.

Fig.4 shows the results of the sintering
test in which powder was heated from two
directions. By controlling the suitable raw
materials choice and carbons content, devel-
oped new mold powder successfully reduced
sintering index. The melting speed of new
powder was also adjusted to keep stable
thickness of liquid slag layer.

4. 2 Application results of new mold
powder
4. 2. 1 Steel quality

Fig.5 shows the steel strand surface of the
new mold powder in comparison with con-
ventional powder.

Longitudinal, transverse and edge cracks
were all reduced by new mold powder.

4. 2. 2 Heat removal

Fig.6 and 7 show the heat removal in the

mold.
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The heat removal of the new mold powder
was higher than that of conventional pow-
der. In spite of high heat removal, strand
surface cracks were successfully reduced in
consequence of uniform heat removal by high
viscosity slag and appropriate crystallization
property.

Furthermore, the decrease of heat removal
rate at the casting of high H content steel
was also successfully prevented by new mold
powder.

4. 2. 3 Thermocouple temperature

Fig.8 shows the deviations of thermocouple
temperature.

The temperature deviation of the new mold
powder was greatly reduced from conven-
tional powder and the “spike” behavior com-
pletely disappeared.

4. 2. 4 Melting characteristics

Fig.9 and 10 show the liquid slag depth in
relation to casting speed.

The liquid slag depth of new mold powder
was increased and stabilized compare with

conventional powder.
5. Summary

The new mold powder for medium thick

slab caster was developed to solve, its
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peculiar problems. The field application re-

sults of new mold powder are summarized as

follows.

1) Strand surface cracks are greatly re-
duced.

2) Liquid slag depth was stabilized and
roping was also reduced.

3) Stable heat removal was achieved even at
the casting of high H content steel.

4) Sticker BO caused by hydrogen gas
completely disappeared.

5) SEN erosion was reduced.

The new mold powder is being used for
many medium thick slab casters around the
world with good reputations.



