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Abstract

In recent years, casting conditions are severe, and so the requirements for mold powder are also

very strict and important. Additionally, casting speed is being increased to above 2.5m/min, called

3rd generation, so new mold powder products are required. We developed some new unique mold

powders with allow both stable higher casting speed operation and increased of steel quality.

Current trends, topics and development of new mold powder technology will be described in this

paper.
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1. Introduction

The mold powders are the most important ele-
ment for stable casting operation and steel quality.
During the change in economic situation and social
conditions, requirements for steel materials have
been complex, high position, and the requirement
for mold powder are also very strict and important.

During the higher productivity with high quality
1s being required, the higher casting speed opera-
tions for slab, bloom, billet and thin slab casters are
being directed and also no conditioning of steel are
being required for ultra low carbon, low carbon and
very cracks sensitive peritectic carbon steel. In
addition, Increasing the casting speed of middle
carbon steel plate was difficult, but in recent years
casting speed has been increasing, so the demands
on mold powders been changed.

In this report, some trends for high speed casting
mold powders are described.

2. New Problem in High-speed Casting Operation
and Its Improvement

In the past, casting speed at 1.5m/min was called
high-speed casting. Then new casters were installed
one after another in the 1980’s and casting speed at
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2.0m/min, called 2nd generation, became general.
After that the usual casting speed of some casters
has been over 2.5m/min, called 3rd generation, since
2000. The throughput of ultra high-speed casting,
2.5 ~ 3.0m/min, is over Ston/min/str. In the case of
high-throughput casting operation, the casting
speed needs to be reduced during unusual casting,
such as ladle change or timing adjustment from
others processes.

The meniscus condition during high-speed casting
is different from that of low-casting speed because
continuous casting parts, such as SEN and so
on, are designed for high-speed casting.
Electromagnetic force, called electromagnetic
brake or EMLS"?, is being used to improve the
meniscus condition of high-speed casters in recent
years. But control of the molten steel flow is not
sufficient during casting speed changes. Therefore
casting operation and steel quality trouble occurred,
so the cast strands needed special conditioning.
Mold powders are required to be useable not only
for high-speed casting but also various casting
conditions, such as reduced casting speed.

The solidified steel shell is so thin in ultra high-
speed casting that steel strand bulging between the
rollers can’t be prevented. Therefore production loss
due to a large amount of molten steel level fluctua-
tion caused by bulging is occurred. Furthermore
steel quality and the casting operation trouble due
to molten steel level fluctuation can occur. The
relation between mold powder and unstable bulging
1s considered slight because unstable bulging occurs
in the secondary cooling region. However the rela-
tion between mold powder and unstable bulging has
become obvious gradually and mold powder which
prevents unstable bulging has been developed.

3. Technology for the Stable Casting Operation
and Mold Powder

3. 1 Flexibility for variable casting speed and
mold powder

Some steel quality trouble and operation trouble
caused by the casting condition changes such as
molten steel level fluctuation and casting speed
reduction occurred because of molten steel flow
changes and temperature drop in the mold.

Actually, sticking and inclusion defects tend to
occur during large casting speed decrease. One of
the factors is considered to be that the melting
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Fig. 1 Influence of mold powder shapes on melting behavior in different level fluctuation.
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Fig. 2 Influence of mold powder shapes on melting behavior in different temperature.
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Fig. 3 Effect of newly developed mold powder on
maintaining steady casting speed.
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behavior of the mold powder is changed by reduced
temperature at the meniscus.

The main factor of melting behavior change of
mold powder is considered to be the shape of the
mold powder.

Fig.1 and Fig.2 are the results of melting behavior
and melting speed tests of mold powder on molten
pig iron in a high frequency induction furnace. In
the case of granule mold powder, melted slag con-
tacts the unmelted powder layer when molten steel
level fluctuation occurs. Then sintered blocks are
formed. (Fig.l) In the case of fine mold powder,
melted slag contacts the unmelted powder layer, but
sintered blocks aren’t formed. Therefore, when
molten steel level fluctuation occurs during high-
speed casting operation, granule mold powder easily
forms sintered blocks and slag bear formation is
accelerated by the sintered blocks. Sticking type
break out is likely to occur easily from trapped
sintered blocks and slag bear on the solidified steel
shell.

The melting speed of granule mold powder was
found to be slower than that of fine mold powder in
low temperature conditions. (Fig.2) Therefore the
melting speed of granule mold powder is considered
to be easily affected by temperature.

As the results of these tests, fine mold powder
was found to be advantageous for stable operation
because sintered blocks rarely form. The melting
behavior is stable during low temperatures at the
meniscus due to reduced casting speed, and the
thickness of melted layer is also stable. Fine mold
powder has been found to be suitable for high-speed
casters, and is now being used stably in ultra high-
speed casting operation.

3. 2 Reduction of molten steel level fluctuation
from bulging and mold powder

Bulging is the phenomena in the secondary cool-
Ing region. Secondary cooling water quantity, roller
adjustment and the crater-end position control have
already improved to prevent bulging. However these
actions were not sufficient. The control of heat
removal by the mold powder and uniform cooling of
steel strands at the secondary cooling region have
been very effective in recent years.

In the case of the formation of an uneven and thin
steel shell, we found that the weak point of the steel
shell triggered bulging. Furthermore, the powder
slagfilm remaining on the steel strand surface
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prevents cooling of the steel strand. The powder
slagfilm causes steel strand surface temperature
deviation resulting in bulging. We have developed
new mold powders which can make a uniform and
strong steel shell and can reduce adhesion of
slagfilm on the steel strand surface.

Fig.3 shows the effect of newly developed mold
powder on maintaining steady casting speed. The
high viscosity of the new mold powders helps pre-
vent molten steel entrapment of powder slag, con-
trolling heat removal in the mold, and slagfilm
comes off quickly at the secondary cooling region.
These new products are contributing to the increase
of steel quality and increase of the productivity
greatly.

4. Increase of Steel Quality and Mold Powder

4. 1 Mold powders for ultra low carbon steel and
low carbon steel

The typical steel defects on the ultra low carbon
steel and low carbon steel are gas bubbles and
inclusions on the steel surface. These defects are
caused by the gas bubbles and inclusions trapped at
the hock of the steel shell. Increasing steel surface
temperature and powder insulation®’ are very
important for the prevention of defects. According
to current studies, a uniform steel shell at the
meniscus is also very important for decreasing these
defects. Reduction of the heat removal at the menis-
cus by the mold powder is very important for
uniform steel shell formation. Additionally, heat
removal in the mold is increased in current ultra
high-speed casting conditions. Therefore the steel
shell isn’t formed uniformly, so low heat removal in
the mold should be strongly required for uniform
steel shell formation.

On the other hand, in the case of ultra high speed
casting conditions for ultra low carbon steel and
low carbon steel, the steel flow velocity at the
meniscus in the mold increases and it causes the
powder inclusions and also it causes the steel defects
on the steel strands and steel coils. That is to say,
higher viscosity mold powder is required.”

Increasing mold powder crystal formation while
maintaining high viscosity is very difficult from the
viewpoint of crystal formation logic. So, we paid
attention to the re-crystallinity of the mold powder.
Powder slag flows between mold and steel shell and
the mold side slagfilm is quickly cooled by the mold.
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Fig. 4 Re-crystallization behavior of conventional
and newly developed mold powders.
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Fig. 5 Comparison of crystallizing speed of some
mold powders during cooling.

In this case, the higher viscosity powder slag forms
a glass layer with super cooling condition. This
prevents mild cooling at the meniscus. However, if
the glass layer is re-crystallized by heat from steel
shell, heat removal becomes lower.

Fig.4 shows the results of re-crystallization
behavior. The newly developed mold powder has
re-crystallization performance with high viscosity
by means of controlling the chemical composition.
These mold powder products are being used in the
ultra high speed casting conditions for high spec
steel grades.

4. 2 The mold powder for middle carbon steel for
plate

Main defects of middle carbon plate steel are
surface cracks. Middle carbon steel has large linear
shrinkage during solidification. This shrinkage
tends to create an uneven thickness solidified steel
shell and easily causes longitudinal surface cracks.
Moreover, plate steel strand surface defects remain
easily because the quantity of scale that falls off
during the rolling process is small. Therefore the
casting speed of middle carbon plate steel had been
held usually under 2.0m/min.

In order to increase casting speed of plate steel,
both secure solidified steel shell thickness and mild
heat removal are necessary. High crystallization

temperature and mild cooling mold powders®”*’

are
effective for decreasing surface cracks. But they are
not enough to decrease surface cracks in ultra-high
speed casting. And excessively mild cooling makes it
difficult to attain adequate shell thickness.

We have developed a mold powder that can de-

crease heat removal near the meniscus region in
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order to prevent surface cracks and increase heat
removal under the meniscus region in order to
secure shell thickness. We found that the crystalli-
zation velocity was important. Fig.5 shows the
crystallization velocity of typical mold powders.
Although the crystallization temperature of the
mold powders being developed is lower than the past
mold powder, the crystallization velocity can be
increased by adjusting the chemical composition.

Recently, middle carbon plate steels have been
cast at ultra-high speed (through put is 9.6ton/
min/str) with decreased strand surface cracking
with the newly developed mold powders.

5. Consideration on Operating Environment

Fine mold powder has advantages in insulation
performance and flexibility for the various operat-
ing conditions. However it causes dust and black
stains on hands and clothes.

So we have developed and have been supplying
“GEMINI” ", a fine mold powder which doesn’t
create dust.

Furthermore, we have developed “ WHITE
POWDER”®, which doesn’t cause black stain on
hands and clothes, by changing the color from black
to white. Fig.6 shows the appearance of “WHITE
POWDER” and conventional powder.

We were able to control melting properties and
melting speed without using carbon black in devel-
oping “WHITE POWDER”. It has good reputation
among customers.

6. Problems to be Solved

We expressed the high speed casting of the third
generation as “ultra high speed casting”. This is
different from conventional high speed casting.
Needless to say, we should develop mold powders to
suit much higher casting speeds demanded in the
future.

Continuous casting process is the solidification
process. So, molten steel should solidify uniformly
in a short time. During high-speed casting, heat
removal in the mold becomes higher, so lower heat
removal should be required to improve steel quality.
However, too much lower heat removal causes
insufficient thickness of the solidified steel shell
required for stable operation. Technique and mate-
rial, for a uniform solidified steel shell in spite of
higher heat removal, should be developed to
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stabilize high speed casting and steel quality. This
technique is important especially for high speed
casting of middle carbon steel with high cracking
sensitivity. More improvement is needed.

On the other hand, according to past knowledge,
experience and the content mentioned above, it is
clear that mold powder with lower heat removal is
effective for middle carbon steel with high cracking
sensitivity. However, because lower heat removal
with higher crystallization tends to cause sticking,
viscosity of mold powder should be decreased to
increase lubrication. Powder slag with lower viscos-
ity 1s easily trapped in molten steel and causes
inclusion defects. Fortunately, inclusion defects in
middle carbon steel are slighted at this time, but the
demands of end users will be severer in the future.
So, mold powders that can decrease both powder
inclusions and surface cracks of middle carbon steel
should be developed.

As mentioned above, it is clear that fine mold
powder has advantages in stable operation and steel
quality, but further improvement of the operating
environment is an everlasting theme.

7. Conclusion

New high speed casting mold powder trends and
development were described in this paper. It is
difficult to observe the mold directly, so developing
new mold powders requires repeated hypothesis
consideration and experimental trials. It is difficult
to improve mold powder more quickly because of the
lack of manpower and costs. Also, mold powder
tests are difficult because steel making companies
keep rigorous production schedules.

In the future, we look toward mold powder actual
use simulation technology for faster development.
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