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Abstract

In continuous casting of steel, improving the insulation property of the mold powder is effective
to reduce gas bubble and inclusion defects on low carbon and ultra-low carbon steel grades.
Similarly, increased insulation value can reduce surface cracking of cast slab on medium carbon
and peritectic grades. Fine type mold powder has inherently higher heat insulation property
than granulated type, and therefore provides better steel quality. Here we see by increasing
the insulation property of granules by the addition of exothermic, metal raw materials, that it is
possible to improve steel quality compared to steel produced with fine type powders.
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Along with lubrication between mold wall
and solidified shell, heat removal control, etc., a
critical role of mold powder used for continuous
casting of steel is heat insulation of the molten
steel surface. When the molten steel surface
is excessively cooled, the surface can become
frozen, causing unstable operation. Freezing
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will also have a significant negative affect the
steel quality.

An increase in the thermal insulation property
of mold powder is believed to play an important
role in improving the steel quality of low carbon
and ultra-low carbon steel grades, even if there
is already enough insulation to prevent freezing.
Additionally, there are cases where mold pow-
der with enhanced insulation has improved the
steel quality on medium carbon and peritectic
grades.

This report describes the reasons that
increased insulation property of the mold
powder can result in a steel quality improve-
ment and will describe the method to enhance
insulation.

2. Improvement of Steel Quality by

Enhancement of Heat Insulation

Typical defects in low carbon and ultra-low
carbon steels are scums, slivers, and blisters
which occur in the rolling process. These are
caused by inclusions and gas bubbles under
the surface layer of the cast strand steel.
These defects are considered to be caused by
entrapped inclusions such as de-oxidation prod-
ucts including alumina, entrapped mold powder
slag and argon gas bubbles that are trapped by
the meniscus hook due to excess solidification
of the solidifying shell as shown in Figure 1"?.

Ultra-low carbon steel grades are especially
prone to hook formation compared to medium
carbon steel*”. It arises from low molten steel
temperature at the meniscus area.

Medium carbon steel and peritectic grades
tend to have longitudinal cracking issues on
the strand surface. This is due to uneven initial
solidification shell thickness caused by high
shrinkage accompanying o/y phase transfor-
mation after solidification®.

In order to prevent the cracking, softer
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cooling of the solidified shell is effective,
in particular, for the meniscus area where
solidification is initiated. Maintaining higher
molten steel temperature at the meniscus area
requires sufficient heat supply to the area. The
improvement of molten steel flow pattern with
optimized port design of the submerged entry
nozzle, use of electromagnetic stirring, sufficient
argon gas blowing, and so on, are all effective
approaches.

When lower heat removal at the meniscus
area is needed, it is effective to use a mold
powder with high basicity and high crystalliza-
tion temperature in order to reduce the heat
transfer to the mold side along with to use a
mold powder having excellent heat insulation
property for reduce heat loss upwards.

3. Factors Influencing Mold Powder Heat
Insulation

In actual casting process, there are some
methods to enhance the heat insulation of the
molten steel surface in the mold powder that
are 1) Increasing un-melted mold powder layer
thickness, 2) Use fine powder type rather than
granulated type, 3) Reducing the mold powder
consumption, 4) Reducing the amount of raw
materials having endothermic reaction during
melting, 5) Increasing the amount of carbon
material, and 6) Adding a metallic materials for
exothermicity. Details of these are described in
following.

1) Increasing un-melted mold powder layer
thickness

The un-melted mold powder layer provides
heat insulation. When the un-melted mold pow-
der layer becomes thin and the molten powder
slag is exposed, the heat losses from the molten
steel become large. Maintaining sufficient un-
melted mold powder thickness is effective in
increasing the heat insulation.
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2) Use fine powder type rather than granulated

type

Granulated type mold powder is often pre-
ferred because fine type creates a dusty work-
ing environment. However, the heat insulation
of granulated type is typically inferior to that
of fine type. The spray dried granule, which
are hollow spherical, is often assumed to have
excellent heat insulation property because of
their low bulk density. However, it has been
shown that the opposite is in fact true. This is
explained by the higher permeability of spray
dried granules due to the larger continuous
pores between the granule particles compared
to the fine type, as shown in Figure 2”. There
are many cases, especially for ultra-low carbon
grades, in which the use of fine type powders
with better heat insulation result in improved
steel surface quality compared to using conven-
tional granules.
3) Reducing the mold powder consumption

The mold powder is melted by getting heat
from the molten steel in the mold. Consequently
the mold powder draws a lot of heat from the
molten steel, which has the effect to cool the
molten steel surface. Thus, excessive consump-
tion mold powder which has too low molten slag
viscosity, is detrimental with regard to heat
insulation property.
4) Reduction of raw materials which have

endothermic reaction during melting

When raw materials which show an endo-
thermic reaction during the melting process
are a part of the mold powder, heat insula-
tion is decreased. For example, when calcium
carbonate is used as a CaO source, which is
one of main components of mold powder, an
endothermic reaction happens by decomposi-
tion of calcium carbonate at around 900 C with
generating CO; gas. Thus, it is preferable to use
a raw material other than calcium carbonate
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as the CaO source in the viewpoint of thermal
insulation.
5) Increasing the amount of carbon addition

Free carbon is added to mold powder to
control the melting rate. The carbon is oxidized
and dissipates during the melting process. This
process yields heat insulation by heat generation.
However, the melting rate of the mold powder
becomes too slow when free carbon amount
is excessive. Therefore, there is a limit on the
amount of free carbon that can be added. Addi-
tionally, with mold powder for ultra-low carbon
steel grades, free carbon additions to the mold
powder are further limited to minimize carbu-
rization of the molten steel.

6) Adding metallic materials for exothermicity

Exothermic type mold powders, containing a
metallic raw material and oxidizing agents to
generate heat, have been developed®.

Oxidation of metallic materials can provide
high heat generation even with a small amount
added. In this case there is no negative impact
such as a decrease in the melting rate of the
mold powder or carbon pick up into the molten
steel that we can expect when adding a high
amount of free carbon.

Especially at the start of cast, an exothermic
type starter mold powder containing metallic
additions has been widely adopted for the pre-
vention of freezing of the molten steel surface
and for improving the initial steel quality by
helping to overcome the fact that the inside of
the mold is cold at the start of casting. In addi-
tion, exothermic type running mold powder has
also been put to practical use.

However, there is an inherent problem in
granulating exothermic type mold powder
containing metallic materials in the production
process. Hydrogen gas is generated by the reac-
tion between metallic materials and the water
used in granulation process. We have developed
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a unique method of granulation of exothermic
mold powder in which we suppress the genera-
tion of hydrogen gas from the added metallic
material.

4. Experiments

4. 1 Exothermicity

The test apparatus shown in Figure 3 was
used to evaluate exothermicity of the mold
powder with metallic addition. In the test,
the center position temperature of the sample
was measured continuously by thermocouple
when heating rapidly using a 1000 C furnace.
Both “exothermic granule” samples and “non-
exothermic granule” samples evaluated had the
same chemistry and same hollow spray dried
form.

The results are shown in Figure 4. It was
confirmed that the “exothermic granule” sample
which included a 2.0 % addition of metallic mate-
rial generated heat by the oxidation reaction of
metallics as seen by the temperature increase
being much faster than that of “non-exothermic
granule” sample.

4. 2 Heat insulation property

The following experiment was conducted to
evaluate the heat insulation property of the mold
powder. Approximately 20 kg of pig iron was
melted in a magnesia-carbon crucible having
an inner diameter of 15 cm in a high frequency
induction furnace. The output of the high fre-
quency induction furnace remained constant to
stabilize the molten iron temperature at 1500 C.
Then 400 g of mold powder sample was put
onto the molten iron surface. The temperature
was recorded when the fiber optic radiation
thermometer was submerged instantaneously
from the molten iron surface to a depth of 2 cm
every 15 seconds.

The three types of mold powders used for
the test had the same chemistry and melting
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rate. The differences of samples were only form
and/or exothermicity; 1) Fine powder type, 2)
Hollow spray dried granule without metallic
materials, and 3) Hollow spray dried granule
containing 2.0 % of metallic material.

The experimental results are shown in Fig-
ure 5.

Although the melting behavior was different
between fine type sample and granulated type
samples, no difference was shown by the metal-
lic material existence between the granulated
samples.

When the fine type powder was put onto the
molten iron surface, the molten iron temperature
was increased. On the other hand, the non-exo-
thermic granulated sample showed an immedi-
ate temperature drop after the application and
the temperature did not increase appreciably
afterwards. It suggests that the heat insulation
property of granulated type was worse than
that of the fine type.

The result of exothermic granulated type
showed that although the molten metal tempera-
ture dropped immediately after application, the
temperature increased as a result of exothermic
reaction and the temperature eventually reached
close to that of the fine type. Therefore, it can be
concluded that the exothermic granulated type
mold powder has a comparable heat insulation
property to the fine type.

b. Actual Casting Results

Four examples of running granulated exo-
thermic mold powder in actual casting are
shown below:

5. 1 A steel works

- Mold Type : Slab

- Steel Grade : Ultra-Low Carbon Steel
- Casting Speed : 1.2 m/min

Granulated exothermic mold powder replaced
a conventional granule powder which didn't
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contain metallic material. Steel coil quality
result is shown in Figure 6.

Since this application was an ultra-low carbon
steel, the conventional product had limited free
carbon content for prevention of carbon pick up
issues. Consequently, sufficient heat insulation
could not be obtained.

The granulated exothermic mold powder has
improved coil quality while maintaining the low
pickup of carbon in the steel.

5. 2 B steel works

- Mold Type: Slab

- Steel Grade: Ultra Low Carbon Silicon steel
- Casting Speed: 1.0~1.4 m/min

Granulated exothermic mold powder trial
was conducted to solve scum issues that was
experienced using a conventional non-exother-
mic granule.

As shown in Figure 7, the index of coil defects
that are caused by scum issues was decreased.

Additionally, the problem of the molten slag
layer thickness being insufficient with the con-
ventional product was solved with the granu-
lated exothermic mold powder able to ensure
sufficient molten slag thickness by controlling
the melting rate.

5. 3 C steel works
- Mold Type: Slab
- Steel Grade: Low Carbon Steel
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- Casting Speed: 1.2~1.4 m/min

Conventional mold powder was modified to a
granulated exothermic type with higher viscos-
ity for prevention of mold powder entrapment.
As shown in Figure 8, the steel coil quality
improved because of both improved heat insula-
tion and the higher viscosity.

5. 4 D steel works

- Mold Type : Slab

- Steel Grade : Medium Carbon Steel
- Casting Speed : 0.9~1.2 m/min

In the casting of medium carbon steel grade,
enhanced heat insulation for the molten steel
surface has been evaluated by the application
of exothermic granule powder in place of the
conventional non-exothermic powder.

The result was that the mold copper plate
temperature fluctuation was stabilized as shown
in Figure 9 and 10, and the coil quality also
improved as shown in Figure 11.

It is surmised that solidified shell at the
meniscus area was formed uniformly by high
heat insulation on the molten metal surface.
The uniform solidified shell growth resulted in
stabilized mold copper plate temperature which
contributed to decreasing defects caused by
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fine cracking on the cast strand surface.
6. Conclusion

Heat insulation of molten steel surface is a
critical requirement of mold powder for stable
casting and improved steel quality. Because the
insulation property of conventional granulated
mold powder is worse than fine type powder, we
have developed and manufactured granulated
exothermic mold powders which contain metal-
lic materials. These are shown to overcome the
disadvantage of conventional granulated type
powder. Application of exothermic spray dried
type mold powder has improved the steel qual-
ity at several casters.
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