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Abstract

Steel grades which have high Al content experience significant changes in mold powder
performance 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 significant change in mold
powder composition causes casting troubles and deterioration in steel quality. It is extremely
difficult to design a mold powder for high Al medium carbon steel which can provide stable casting
operation and prevention of strand surface cracks even after the powder properties greatly change
during casting. In this report, a mold powder for high Al medium carbon steel which can have
stable casting operation and an improvement of steel quality is described.
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1. Introduction

In automotive steel sheets industry, it is
required that steel not only has excellent
processability and formability, but also vehicle
body weight reduction and collision safety while
improving fuel efficiency. For this reason, the
needs for thin and strong high tensile strength
steel are increasing. There are high-strength
steels which are medium carbon steels with
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high Al content called “Al-TRIP steel”. High
Al containing steel grades make mold pow-
der composition and performance change
significantly as compared with conventional
steel grades because of the reaction between
the Al in the molten steel and SiO; in the mold
powder slag during casting"?. The design of
the mold powder is relatively easy, even if it
contains High Al for grades other than medium
carbon steel. However, high Al medium carbon
steel is difficult to cast due to issues such as
rope formation in the mold, decreasing powder
consumption, breakout detection alarms due to
large variation of thermocouple temperatures in
the mold wall, strand breakouts, and deteriora-
tion in steel quality such as surface depressions
and cracks. In this report, a mold powder for
high Al medium carbon steel which can provide
stable casting and improvement of steel quality
is described.

2. Characteristics and Problems in Casting
High Al Medium Carbon Steel

Strand surface cracks when casting peritec-
tic and medium carbon steel grades in carbon
range 0.08 % to 0.18 % are caused by uneven
solidification of the steel shell due to the 6 — y
phase transformation that is accompanied by
high solidification shrinkage®. Uneven solidified
shell in the initial stage easily causes longitudinal
cracks and depressions on the strand surface
because the thinner shell thickness can result
in local areas of high stress. In order to make a
uniform solidified shell, an effective and common
method is to have softer heat removal in the
mold with increased heat resistance in the slag
film. Generally, Cuspidine (3Ca0-2SiO.-Cal>)
is formed in the slag film, and strand surface
cracks are prevented by softer heat removal in
the mold meniscus area.

The Al in molten steel reacts with the SiO; in
the powder slag during casting as Eq.(1). This
reaction increases the ALO; content in powder
slag and increases basicity by decreasing the
SiO; in powder slag.
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Fig. 2 Al,O; content in powder slag.
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3Si0, + 4Al — 2AL0, + 3Si

Figure 1 shows an example of the changes
in the powder slag composition when casting
1.5% Al steel. The original powder slag com-
position is shown at the 0 m casting length in
this figure. The AlO; greatly increases and the
Si0O, greatly decreases immediately after the
start of casting by the reaction shown in Eq.
(1). Then, the composition changes gradually as
the casting proceeds.

Figure 2 shows relationship between the Al
content in the molten steel and the Al:O; con-
tent in the powder slag during casting high Al
medium carbon steel. The Al:O; content in the
powder slag tends to increase as the Al content
in the molten steel increases, up to 35 %.

When the Al:O; content in the powder slag
increases to 15-35 %, Gehlenite (2CaO-SiO.-
AlO;) tends to be formed instead of the gener-
ally formed Cuspidine. Furthermore, when the
basicity of the powder is high, Dicalcium Sili-
cate (2Ca0-Si0y) is also easily formed. Gehlenite
and Dicalcium Silicate are high melting point
crystals compared to Cuspidine and are not
preferred because they cause roping formation
in the mold and large variation of thermocouple
temperature in the mold wall. High Al elec-
tromagnetic steel (ultra-low carbon steel) and
nitrided steel (high carbon steel) are unlikely
to cause strand surface cracks, and there is
no need to crystallize the slag film. Therefore,
there is no problem using a low basicity mold
powder in these steels even if a significant
increase in Al:O; and an increase in basicity
occurs. Stable casting is possible by preventing
undesired crystal formation in the slag film.

On the other hand, strand surface cracks
tend to occur when casting high Al medium
carbon steel. Therefore, crystallization in the
slag film is needed to gain softer heat removal
in the mold. However, the crystals must not be
undesirable, such as Gehlenite.
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3. Design for High Al Medium Carbon Steel
Mold Powder

It is important to consider the changes
of powder properties with the composition
changes of the powder slag in order to design
mold powder for high Al medium carbon steel.
It is necessary to design a powder to have the
intended properties during casting.

Table 1 shows the chemical composition of con-
ventional and the newly developed powder and
the slag properties during casting. The chemical
composition of the slag film during the actual
casting was increased by about 20 % Al,O; and
the SiO, decreased accordingly. To research the
crystallization behavior of these compositions,
powder slag samples were prepared as follows;
melted a raw material mixture at 1400 C, and
then poured into a metal crucible quickly. The
appearance of the quenched slag was observed,
and the crystals were identified by XRD.

Table 1 Chemical compositions and properties of mold powder
Conventional A Conventional B Developed C
Chemical composition / %
SiO. 40 39 36
Original Al:Os 2 2 2
Ca0O 31 39 43
Ca0/Si0; 0.8 1.0 1.2
Chemical composition / %
SiO; 22 19 16
Al,Os 22 22 22
CaO 31 39 43
Ca0/SiO; 1.4 2.1 2.7
Crystallization temp. / °C 950 1180 1110

Appearance of quenched slag

In casting

Crystalline in quenched slag
Gehlenite —
Fluorite -
Mayenite —
Cuspidine —

(Glass)

NOJO)
OO 1 |

Gehlenite (2Ca0+Si0,*Al,0;), Fluorite (CaF,), Mayenite (12Ca0-7Al,0,), Cuspidine (3Ca0-2Si0,*CaF,)
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Conventional mold powder A had low crystal-
lization temperature during casting due to low
basicity (0.8). The solid slag sample in the cru-
cible was entirely glass. There were breakout
detector alarms and strand surface defects
such as cracks and depressions when this mold
powder was used in actual casting.

Conventional mold powder B had a higher
crystallization temperature during casting
because it had a higher basicity (1.0) than
conventional mold powder A. However, not only
crystals but also glass was observed on the
surface of slag sample. When this mold powder
was used in actual casting, the same problem
occurred as when the powder A was used,
although it was slightly improved compared to
the powder A.

On the other hand, the crystallization tem-
perature of the developed mold powder C dur-
ing casting was lower than conventional mold
powder B, but the formation of Gehlenite was
prevented, and the slag sample in the crucible
was crystallized uniformly. The crystals formed
in the slag sample of powder C were Mayenite
(12Ca0-7Si0;) and Cuspidine. Mayenite has a
lower melting point than Gehlenite, so it can be
used without issues in actual casting.

Figure 3 shows the CaO-Al:0;-SiO; ternary
phase diagram. The original composition of the
slag and the composition during casting of the
conventional mold powder A and B and the
developed mold powder C were plotted. The
slag during casting of the conventional mold
powder A and B was in the Gehlenite primary
crystal region surrounded by the red frame in
the phase diagram, while the developed mold
powder C was designed to avoid this region.
Therefore, when the developed mold powder C
is used in actual casting, it is expected that the
formation of Gehlenite will be prevented and
the shell thickness will grow uniform.

4. Actual Casting Results

When the developed mold powder C was used
in high Al medium carbon steel, no malfunction
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Fig. 3 Change in chemical composition during casting.
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of breakout detector was caused and strand
surface defects such as cracks and depressions
were improved compared to the conventional
powder. The Gehlenite was not formed in
the slag film, and the formation of Mayenite
(12Ca0-7A1:0;) and Cuspidine were confirmed.

5. Conclusion

In the casting of high Al medium carbon
steel, the casting operation was not stable, and
the steel quality was poor with conventional
mold powder. In this study, we developed a
new mold powder which has suitable crystal
formation and prevents the formation of high
melting point crystals even if the Al,O; in the
powder slag increases significantly. The newly
developed mold powder has been used at many
casters with stable operation and improvement
of steel quality.
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