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Abstract

Carbon-free materials such as MgO-Cr.0O; brick and dolomite brick are applied to ladle lining

for manufacturing ultra low carbon steel. However, they have the drawback of spalling easily from

slag penetration. This report describes “low carbon MgO-C brick”, which reduces carbon pick-up

into steel and has excellent slag penetration resistance and spalling resistance.
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1. Introduction

In recent years, the elements of molten steel
are strictly controlled in order to manufacture
high quality steel. Therefore, the constituent of
refractories is strictly managed. As a result,
the linings of ladles for high quality steel-
manufacturing consist of refractories which do
not pollute the molten steel easily. Carbon-free
materials are applied to ladle linings for manu-
facturing ultra low carbon steel. In particular,
MgO-Cr:0; brick and dolomite brick are used
for the slag line. But these carbon-free bricks
have the drawback of spalling easily from slag
penetration.

In order to solve this problem, we have
developed “Low carbon MgO-C brick” for the
slag line, which reduces carbon pick-up into
molten steel and has excellent slag penetration
resistance and spalling resistance. This report
describes the characteristics of this product.

2. Characteristics of Low Carbon MgO-C
Brick for Slag Line of Ladle

In MgO-C bricks, reducing of carbon
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Table 1 Typical properties of low carbon MgO-C bricks
MGT-1BS43 MGT-1BS39 MGT-1BS32

Chemical composition /mass%

MgO 91 90 88

C 0.5 1.6 3

After drying apparent porosity /% 6.6 6.8 5.3
Bulk density 3.10 3.10 3.12
Cold crushing strength /MPa 78 76 45
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content decreases spalling resistance because
of increased thermal expansion and decreased
thermal conductivity. In addition, MgO grains
in low carbon MgO-C brick are frequently in
contact with each other due to little carbon
content. Therefore, low carbon MgO-C brick is
subject to cracking and flaking in the actual
furnace because it is susceptible to sintering. It
is important to suppress sintering of low carbon
MgO-C brick in the designing material.

The characteristics of the binder such as
carbonization yield are important for material
design in low carbon MgO-C bricks”, because
the residual carbon originated from the binder
covered with MgO grains prevents the direct
contact among MgO grains and controls the
excessive sintering of MgO. Therefore, an
application of the resin binder with high car-
bonization yield is effective for an improvement
of the spalling resistance, because it prevents
the rapid increase of strength and modulus of
elasticity by the sintering of MgO grain in high
temperature. Table 1 shows the properties of
low carbon MgO-C bricks. Their carbon content
ranges from 0.5mass% to 3.0mass%, and we can
supply them with various grades of MgO. The
following are their characteristics.

2. 1 Corrosion resistance and slag
penetration resistance

Fig. 1 shows the slag corrosion test results
for low carbon MgO-C and direct bonded
MgO-Cr;0; brick. The corrosion resistance of
the direct bonded MgO-Cr:O; brick was slightly
better than that of the MgO-C brick, but it was
penetrated by the slag into the middle of the
sample. On the other hand, MgO-C brick had
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< Test condition>
+ 1650°C-3h
- SlagC/S=34
MgO-C brick Direct bonded
(C=3mass%) MgO-Cr20s brick
Cut section
Penetration
layer
qurosion 108 100
index

Fig. 1 Results of slag test.
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no slag penetration phenomenon. MgO-Cr,Os;
bricks are damaged by the structural spalling
that is flaking off on the boundary between the
slag penetration layer and the original structure
of brick. Therefore, low carbon MgO-C bricks
are expected to have equal or better durability
in comparison with MgO-Cr:0; bricks in an
actual furnace.
2. 2 Spalling resistance

Sufficient spalling resistance is required of
the bricks used for ladle lining, because the
ladle is often used in intermittent conditions.
Therefore, we evaluated the spalling resistance.
Table 2 shows the test conditions and results.
The first occurrence of cracks in low carbon
MgO-C brick was later than that in MgO-Cr,Os
brick, also the growth of cracks was later. From
this result, we expect low carbon MgO-C bricks
to have good spalling resistance.

3. Results of Field Trial

Low carbon MgO-C bricks are being applied
to ladles for manufacturing ultra low carbon
steel recently. As mentioned above, MgO-Cr.0;
bricks are usually used for the slag line of those
ladles, but those do not have enough durability
because of the corrosion and flaking off caused
by slag penetration. Therefore, we applied low
carbon MgO-C brick to the slag line with the
aim of durability improvement.

We carried out a panel test of the slag line
of the ladle for manufacturing ultra low carbon
steel. Fig. 2 shows a cross sections of a used low

Table 2 Results of spalling test

Number of cycles
1 2 3 5 6 7 8 9 10
MgO-C Brick (C=3mass%) A - - — — B
Direct bonded
MgO-Cr0s brick

A -+ Crack initiation.

B -+ Crack elongation and enlargement.
< Test condition>

Sample size : 30 X 30X 30mm

Heat cycle :1300°C-15min < room temperature-15min
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MgO-C brick (C=1.bmass%)

Direct bonded MgO-Cr20s brick
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Fig. 2 Cut sections after use.
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carbon MgO-C brick (C=1.5mass%) and a direct
bonded MgO-Cr.O; brick. As for MgO-Cr,0;
brick, slag penetration was observed, and its
hotface was lost by flaking off. On the contrary,
low carbon MgO-C brick had no slag penetra-
tion, and had not yet led to flake off with the
occurring cracks parallel to the hotface. The
carbon content of this low carbon MgO-C brick
is only 1.5bmass%, its oxidation layer is very
thin and strong. Low carbon MgO-C bricks
had enough residual thickness compared with
MgO-Cr;0; bricks. The great improvement in
durability was confirmed through applying low
carbon MgO-C bricks.

4. Conclusion

We developed low carbon MgO-C bricks that
have excellent spalling and corrosion resistance
in order to improve the slag line of the ladle
for refining ultra low carbon steel. Low carbon
MgO-C bricks are better than ordinary direct
bonded MgO-Cr;O; bricks in actual use. We
will contribute to customers cost reduction
and increased productivity through further
improvement of refractories.

1) Hoshiyama et al, The 88th Sub-Committees in Refractories for Steel Refining, 22 (1998), 22-31.



