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Development of “SIPS series” Mold Powder for High Al Electromagnetic Steel
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Abstract

Steel grades which have high Al content for electromagnetic steel sheet change mold powder

performance greatly as compared with conventional steel grades because of the reaction between

the Al in the molten steel and SiO, in the powder slag during casting. This causes casting troubles

such as breakouts and reduces casting productivity.

We developed a new mold powder for electromagnetic steel sheets.

Stable slag thickness could be maintained and BO (Break Out) was completely eliminated.

Furthermore casting heats were increased from a single heat with the new mold powder

contributing to increase steel productivity.
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1. Introduction

While the global environmental problem and
conserving energy have become global topics,
production of electromagnetic steel sheets used
as magnet core material for dynamos and a trans-
formers, is increasing.

Steel grades which have high Al content for
electromagnetic steel sheet change mold powder
performance greatly as compared with conventional
steel grades because of the reaction between the Al
in the molten steel and SiO; in the powder slag

%7 This causes casting troubles

during casting

such as breakouts reducing casting productivity.
In this report, a new mold powder for casting

high Al content electromagnetic steel sheet is

described.
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Fig. 1 Change in Chemical Composition.
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Molten Slag

Molten Steel

Fig. 2 Schematic of Mold.

2. Characteristics and Problems in Casting High
Al Eectromagnetic Steel Sheets

Generally, electromagnetic steel grade is charac-
terized by a high Al content of between 0.8 to 1.2%.
Therefore the Al in molten steel reacts with the
Si0; in the powder slag during casting as (1).

This reaction increases the Al:O; content in
powder slag and increases basicity by decreasing the
S10; in powder slag. This reaction is larger than in
other steel grades and the reaction continues to
proceed with casting time.

Fig.1 CaO-Si0,-ALO; phase diagram showing the
change that takes place in conventional powder
slags during casting. According to Fig.1, the slag
chemistry change is larger than that of conven-
tional steel grades.

Fig.2 is an image of mold powder in a mold.

Slag chemistry changes effect mold powder
performance and especially crystallization tempera-
ture.

Roping builds up on the mold wall because of
higher melting temperature crystal formation and
1t prevents consumption of powder slag.

The thickness of the powder slag continues to

increase because of the unbalance between mold
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Table 1 Typical properties of mold powders

SIPS Conventional
CaO / SiO, 0.64 0.85
Li:O (%) 5.7 0.0
Viscosity at1300°C (Pa * S) 0.20 0.49
Crystallization temperature (°C) None 1040
1260
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Fig. 3 Change in crystallization temperature.
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powder melting and powder slag consumption.

When the powder slag thickness increases during
casting, powder slag was pumped out from the
mold. This makes it difficult to maintain stable
casting operations.

Furthermore, powder slag cannot enter the space
between mold and steel shell because of roping
formation on the mold and it causes thermocouple
temperature deviation on the mold wall and incor-
rect BO detection.

Therefore stable casting for Al content electro-
magnetic steel sheets grade is a big issue.

The main problems for this steel grade are
increasing stable casing operation and high produc-

tivity.

3. Development of “SIPS Series” Powder for
High Al Electromagnetic Steel Sheets

3. 1 Concept for new mold powder development

It is very important to prevent roping of high Al
content electromagnetic steel.

We thought that it was necessary to prevent the
increase in crystallization temperature caused by
reaction between Al and SiO..

Powder slag viscosity was decreased and it
increased powder consumption during casting.
Higher consumption reduces the existence of
powder slag on the molten steel and decreases the
reaction time. And it prevent of slag chemistry
change.

The amount of Li,O in the mold powder, which
affects crystallization control, was increased
greatly and basicity was decreased in order to
decrease powder crystallization temperature.

Special carbon materials were also used in the new
mold powder to prevent sintering.

Table 1 shows typical properties of new mold

powder.

4. Slag Characteristics After Composition

Change

4. 1 Change in crystallization temperature

To investigate the before and after powder slag
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Fig. 4 Change in crystallizing before and after.
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Fig. b Change in slag fluidity before and after.

performance, high Al steel was melted in a crucible
by high frequency induction. After high Al steel
was melted, each powder sample was added on
melted high Al molten steel.

Powder slag was sampled after 1omin and chemis-
tries were analyzed and average slag chemistries
were calculated. This average slag chemistry was
used as standard.

Powder sample of crystallization temperature
adjusted to slag chemistry result was measured.

Fig.3 shows the results for the crystallization
temperature of each sample.

The crystallization temperature of conventional
mold powder is over 1200°C. This is because of slag
chemistry change. On the other hand, that of the
new mold powder was under 1000°C and the lower
crystallization temperature was maintained.

That is to say, the crystallization temperature of
the newly developed mold powder was low in spite of
large slag chemistry change.

4, 2 Change of crystallinity and fluidity

To investigate the prevention of roping and
fluidity of powder slag, the powder sample was
tested with the above slag samples.

From the results of slag chemistry analysis in the
lab.test, about 25% Al:O; was increased and SiO,
was deceased.

A powder slag sample arranged to fit slag analy-

sis result was melted at 1400°C, poured into a metal
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Table 2 Casting conditions

Sol-Al in steel (%) 1.2
Mold size (mm) 1350mm width
Casting speed (m/min) 0.8-1.0
Tundish temperature (°C) 1626
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Fig. 6 Thickness of slag layer during the actual
casting.
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crucible quickly and observed.

Additionally, for the consideration of largest slag
chemistry change, sample of 30% ALO; increased
and basicity decreased was also tested.

Furthermore these samples were poured on a
water-cooled copper runner and the fluidity of each
sample was measured to compare slag performance.

Fig.4 and Fig.5 show experimental result.

Crystals were formed inside the conventional
powder slag sample and the fluidity was poor.
Therefore it was considered that roping will form
and slag fluidity will be decreased.

On the other hand, crystals in the newly devel-
oped mold powder were formed only on the surface
in spite of a 25% Al O; increase and high slag
fluidity was maintained.

Crystals of the 30% AlLO; slag sample also
slightly formed only on the surface and the slag had
good fluidity.

From these test results, it was considered that
newly developed mold powder will prevent roping
formation and high slag fluidity can be maintained

to achieve stable casting operation.
b. Casting Test Results

Table 2 shows the casting conditions.

Fig.5 shows the results for slag thickness during
casting.

The slag thickness of conventional mold powder
increased gradually during casting. The operators
pumped out slag from the mold casting and opera-
tion could not continue.

On the other hand, slag thickness with the newly
developed mold powder was maintained at 10 to
15mm constantly during casting and steel quality
such as inclusion, pinhole defects, and cracks defects
was also improved.

The thermocouple temperature was stable and BO

detector was not alarmed.
6. Conclusion

We developed a new mold powder for electromag-

netic steel sheets.
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Stable slag thickness could be maintained and BO
was completely eliminated.

Furthermore casting heats were increased from a
single heat with the new mold powder contributing
to increase steel productivity.

The newly developed mold powder is being used at

many steel makers with high valuation.



