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Abstract

We developed Al:O;-MgO-C bricks with high peeling resistance for the impact zone of steel

ladles. Reduction of the amount and size of pores in Al:O;-MgO-C bricks is effective for inhibiting

the penetration of molten steel into the bricks. These bricks showed good performance at many

EAF (Electric Arc Furnace) steelmakers.
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1. Introduction

The steel ladle is a vessel that is commonly
used for transporting and refining molten steel
in the steel-making process. The impact zone
is where molten steel tapped from an electric
arc furnace (EAF) hits and heavily damages
the bricks at the bottom of a steel ladle (Fig. 1).
Damage of the impact zone occasionally triggers
leakage of molten steel. Therefore durability of
the impact zone often determines the repair
frequency of the steel ladle, so it is important to
extend performance of the impact zone bricks.

In general, damage of the impact zone is
caused by peeling or corrosion of bricks, or
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Fig. 1 Schematic illustration of tapping from

electric arc furnace.
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Fig. 2 Cross-section of bricks used in impact
zone of steel ladle.

penetration of molten steel which occurs with
increased joint wear"?. Al,Os~MgO-C bricks
are often selected for the lining of the impact
zone because they have high spalling resistance,
high corrosion resistance and residual expan-
sion after heating to prevent joint opening.

On the other hand, AlLO;-MgO-C bricks
used in the impact zone occasionally show the
structure with a considerable amount of steel
penetration among the coarse grains (Fig. 2). In
this case, structural spalling, which is caused by
the penetration of molten steel into the bricks,
was dominant wear factor. We focused on this
phenomenon and developed new bricks with a
higher resistance to molten steel penetration.
The new products showed good performance
at many EAF steelmakers.

2. Penetration of Steel into Bricks

2. 1 Examination of used bricks

Fig. 3a shows a photomicrograph of used
Al,O;-MgO-C bricks that is partially altered by
steel. The upper part of the photograph shows
the altered zone. In the altered zone, steel has
penetrated and is observed around the coarse
grains, and the graphite has disappeared. Fur-
thermore, graphite precipitate texture can be
observed in the penetrated steel (Fig. 3b). These
results suggest that molten steel dissolved the
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Fig. 3 Microstructure of (a) molten steel penetration zone in used brick and (b) precipitated

carbon in penetrated steel.
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graphite in bricks and penetrated into the bricks
through the pore formed by the dissolution of
graphite.
2. 2 Mechanism of steel penetration
Penetration of steel into carbon-containing
bricks was previously reported in an experi-
ment on a submerged entry nozzle”’. However,
the penetration of steel was limited in a
sample in which graphite was surrounded by
substances that exhibit high wettability with
molten steel. Additionally, such a structure has
not been observed in bricks that were used in
the side wall and bottom of steel ladles except
at the impact zone. Therefore, we consider the
penetration of steel into bricks to be typical in
the impact zone of the steel ladle.

One possible factor causing such an altered
structure is impact pressure by molten steel
tapped from an EAF as shown in Fig. 2. It is
known that penetration of molten metal into a
pore with diameter d is related to pressure and
wettability of the molten metal (Eq.1), and an
increase of liquid pressure P reduces the critical
pore diameter needed to allow penetration into

refractories.
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Table 1 Pore properties of refractories
Conventional Developed
Carbon content (mass %) 11 8

After heat treatment at 1500°C in reducing atmosphere

Apparent porosity (%)

11.2

9.7

Median diameter (um)

0.30

0.37

After heat treatment at 1500°C in reduction atmosphere
and decarburization at 800°C in air

Apparent porosity (%) 27.6 22.2
Median diameter (um) 6.32 4.92
P> — dacosl (1)
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Where, ¢ and 6 are surface tension and

P>— =252 (Eq.l)

wetting angle, respectively. The liquid pressure
generated from the impact by molten steel
tapped from an EAF would be higher than the
hydrostatic pressure generated by the molten
steel filled in a steel ladle. Therefore, in impact
zone, molten steel can penetrate into smaller
pores than in other parts of the steel ladle.

3. Improvement of Material

As described above, decreasing the pore size
and porosity of refractories was thought to be
effective measure for reducing the penetration
of molten steel. Hence we optimized the chemi-
cal composition, grain-size distribution of oxides
and pressing condition of the AlLO;-MgO-C
bricks.
developed bricks are shown in Table 1. After

The porosities of conventional and

heating at 1500C in a reducing atmosphere,
the porosity of the developed sample decreased
by about 15% compared with the conventional
one. Furthermore, we measured the porosity
of the sample after decarburization in order to
reproduce a structure in which the graphite
had been dissolved by the molten steel. The
decarburized structure was formed by heat-
ing at 1500C in a reducing atmosphere with
subsequent heating to 800C in an oxidizing
atmosphere. The porosity of the decarburized
sample of developed brick was decreased by
about 20%. Furthermore, mode diameter of the
pores formed by the disappearance of graphite
was decreased from about 9 to 6 um compared
with the conventional one.

4. Developed Bricks Usage Results

Fig. 5 shows the cross-section of the devel-
oped Al:O;-MgO-C bricks. The bricks were
used in the same ladle as the bricks shown in
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(@) After heat treatment at 1600°C in a reducing
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(b) After heat treatment at 1600°C in a reducing
atmosphere and decarburization at 800°C in
an oxidizing atmosphere
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Fig. 4 Pore size distribution of conventional and developed samples.

Altered zone

Fig. b Cross-section of bricks used in impact
zone of steel ladle.
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Fig. 6 Comparison of wear rate between

conventional and developed bricks used
in impact zone of steel ladle at various
steel manufacturing companies.

Fig. 2. The developed bricks showed higher
resistance to steel penetration with the thick-
ness of the altered zone in the developed bricks
being limited to about 20 mm. Fig. 6 is a com-
parison of the wear rate between conventional
and developed bricks used in the impact zone of
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the steel ladle at some EAF steelmakers. The
developed bricks have been successfully used
by many customers.

5. Summary

Refractories used in the impact zone of the
steel ladle are damaged by the structural spall-
ing caused by molten steel penetration. Reduc-
tion of porosity and pore size in Al,O;-MgO-C
bricks is effective for suppressing molten steel
penetration. The developed bricks have been
used successfully in the impact zone of ladles
by many customers.
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