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Abstract

Mold powder is one of the most important materials for achieving stable casting operation and

good steel qualities. Development of better mold powders is becoming more important in improving

casting technologies.

Main defects in low carbon (LC) steel and ultra low carbon (ULC) steel are inclusions and gas

bubbles. New higher viscosity mold powders were developed and used in casting these grades.

Casting operation was stable without any problems and the defects ratios of cold rolled steel sheets

were improved by approximately 40% by using new higher viscosity mold powders.
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1. Introduction

Recently, higher standards for steel quality
need to be met. Mold powder manufacturers
are expected to develop new mold powders
which will help achieve these higher standards.
One of the high priority issues is to decrease
the inclusion and gas bubble defects in the LC
and ULC grades for automobiles. Mold pow-
der technology is becoming more important to
address this situation as most steel mills want
to reduce the conditioning of cast strands as
much as possible.

In this paper, development of new mold pow-
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Fig. 1 Probable mechanisms of defects.
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ders to address aforementioned quality issues is

described.
2. Quality Issues in LC and ULC Steel

Typically, Al:O; inclusions, gas bubble defects
and powder inclusions are the main quality
defects of casting LC and ULC steel grades.
Probable mechanisms for the formation of these
defects are shown in Fig.l. Causes of powder
inclusions can be entrapment of mold powder
slag into liquid steel due to the fluctuation of lig-
uid steel level, aggressive downstream flow of
liquid steel at the meniscus, or vortexes formed
close to the SEN'®. On the other hand, Al,O;
inclusions and gas bubbles may be trapped by
“hook” formation"®. This curved part of the
shell occasionally formed at the meniscus which
can trap inclusions and gas bubbles floating up
in the liquid steel. Trapped inclusions and gas

bubbles become defects in the solidified strand.

3. The Concept of New Mold Powders for
LC and ULC Steel

3. 1 Countermeasure to decrease powder
inclusion defects

Increasing the viscosity of powder slag should
be effective at reducing powder inclusions in LC
and ULC grades. It is believed that the possi-
bility of powder slag entrapment should be less
with higher viscosity slag than that of lower
viscosity slag. This is because it will be more
difficult to separate higher viscosity slag into
the steel to be entrapped.

Fig.2 shows the relation between powder
consumption and viscosity for conventional

powders. In general, the consumption of mold
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Fig. 2 Relation between powder consumption
and viscosity.
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Fig. 3 Influence of Li,O addition on temperature
dependence of viscosity.

powder decreases when the viscosity of powder
slag increases. We have to be careful because
excessive decrease of consumption can cause
sticker problem in casting operations. There-
fore, it is necessary and important to design the
powder to have appropriate consumption even
though the viscosity is designed to be high. We
solved this issue by using Li.O in the mold pow-
der. Fig.3 shows the influence of Li,O addition
on the temperature dependence of viscosity. As
the temperature dependence of slag viscosity is
weakened by the addition of Li.O, it is expected
that powder consumption will be sufficient for
proper lubrication even though the viscosity is
relatively high.
3. 2 Countermeasures to reduce Al,O;
inclusions and gas bubble defects

In order to reduce Al,Os inclusions and gas
bubble defects, the formation of hooks at the
meniscus should be minimized. Maintaining a
hot meniscus temperature will prevent the for-
mation of hooks and premature solidification.

Fig4 shows the influence of the liquid pow-

der slag thickness on the insulation behaviour.
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Fig. 4 Influence of slag thickness on insulation.
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Fig. 5 Influence of mold powder shape on
insulation capability.

Temperature of molten iron was measured
5mm below the interface of molten iron and lig-
uid powder slag. The thickness of powder slag
was then varied. Thicker slag layers resulted
in higher increases of molten iron temperature.
Therefore, higher insulation can be achieved
by the increasing the thickness of the liquid
slag layer. Keeping the liquid slag thickness in
the appropriate range is also effective to pre-
vent carbon pickup by preventing direct con-
tact between liquid steel and un-melted original
powder layer which contains carbon materials.

Furthermore, the insulation property of origi-
nal powder layer is also important to keep the
meniscus temperature hot. We compared insu-
lation capability of various powders to under-
stand the influence of particle size and shape
of powders. Al:O; powders which have differ-
ent particle size and shapes were used in this
comparison test. Surface temperature of each
sample filled in a crucible was measured while
being heated only through the bottom of the

crucible. If the powder has better insulation
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Fig. 6 Results of differential thermal analysis.
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Fig. 7 Results of powder consumption.
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Fig. 8 Results of liquid slag thickness.

capability, the increase of surface temperature
should be slower. Test results are shown in Fig.5.
The insulation capability of fine powder was the
best among the tested samples, followed by fine
granules. Surprisingly, spray dried granules
had the worst insulation capability even though
the particles were hollow.
3. 3 Countermeasure to prevent carbon
pickup in ULC steel

Carbon pickup needs to be minimized while
casting ULC steel grades, especially in cases
such as baked hardening steel, enamelled steel,
etc. Non-carbon mold powders can be used for
casting such strict ULC grades. However, it is
not easy to obtain good insulation and melt-

ing properties without using carbon materials



Shinagawa Technical Report

0.8 |

0.4

Defects index (-)

0.2

0.0 . .

Conventional Developed A Developed B

Fig. 9 Defects index of cold rolled sheet for
automobile steel.
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Fig.10 Defects index of cold rolled sheet
of LC steel tin plates.

in mold powders. We addressed this issue by
using metallic materials which cause an exo-
thermic reaction in the mold. Fig. 6 shows the
results of differential thermal analysis of con-
ventional and new non-carbon powder which
contains metallic materials. New non-carbon
powders are designed to have better insulation
properties (hotter meniscus) because they pro-

vide heat in the mold.

4. Results of Actual Usage of New Mold
Powders for LC and ULC Steel

4. 1 Properties of new mold powders for
LC and ULC steel

Table 1 shows the typical properties of newly
developed mold powders for LC and ULC steel
grades. Mold powder C is a non-carbon type
powder for casting ULC steel.
4. 2 Powder consumption

Consumptions from actual usage are shown
in Fig.7. Fig.8 shows liquid slag depth measure-
ments of new powder A and conventional pow-
der during casting. Although consumptions of

new higher viscosity mold powders are less
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than that of conventional powder, they were in
the appropriate range above 0.2kg/m®. Fluctua-
tion of liquid slag thickness of powder A was
less than that of the conventional powder, which
indicates new powder A has well balanced melt-
ing speed and consumption. New non-carbon
powder C maintained good slag thickness, con-
sistently between 10 and 15mm during casting.
4. 3 Quality of cold rolled sheet

Fig.9 shows the defect indexes of cold rolled
sheet for automobile steel. Fig.10 shows the
defect indexes of cold rolled sheet of LC steel
tin plates. As shown in these figures, the qual-
ity of cold rolled sheet was greatly improved by
using new higher viscosity mold powders. This
also resulted in a reduction of slab conditioning
and improvement in productivity.
4. 4 Carbon pickup

Fig.11 shows the index of slab surface defects
of enamelled steel as another example of the
quality improvement. Blowhole defects when
using new powder C were reduced greatly as

compared to conventional powder.
b. Summary

We developed new mold powders for improv-
ing steel quality based on new concepts in the
design of mold powders. We also developed
several new experimental methods to evaluate
mold powder characteristics.

1) New higher viscosity mold powders con-
taining Li.O were developed and used.

2 ) Powder inclusion defects were reduced by
increasing the viscosity of powder slag.

3) Although the viscosity of powder slag was

high, stable operation was achieved due to
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the well balanced powder consumption and
molten slag layer.

4) AlLOs inclusions and gas bubble defects
were reduced due to good insulation proper-
ties of new mold powders.

5) Melting and insulation properties of non-
carbon mold powders for carbon pickup sen-
sitive ULC steel were improved by using exo-
thermic metallic material.

6 ) Qualities of cold rolled sheet were improved

greatly by using new mold powders.

New mold powders are being used for many
steel mills around the world such as Japan,
China, Korea and U.S.A. and contributing the
improvement of steel quality, productivity, and

cost savings.
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