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Abstract

One of the major damage factors affecting tundish castables is slag penetration. The slag
penetration layer, which is formed when the castable reacts with the slag which was penetrated
it, is considered to be a caused of cracking, peeling and reaction bonding with magnesia gunning
materials.

The effects of the slag penetration layer in tundish castables were examined by analysis
of collected samples from an actual furnace. The analysis includes a reproduction of the slag
penetration layer and evaluation of its properties. As a result, it is assumed that the main effect of
the slag penetration layer in tundish castables is “peeling” caused by the difference in the physical
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properties, it generates between the hot face and back side.
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1. Introduction

In Japan, tundish linings generally consist of
magnesia coating by gunning, castables, and
backup linings (Fig. 1). Major damage factors
influencing tundish castables are 1) crack-
ing and/or peeling, 2) reaction bonding with
magnesia gunning materials, 3) overhang, and
4) erosion of slagline materials’®. Among
these factors, it is considered that both 1) and
2) are caused by slag penetration layer which is
formed when the castables react with the slag
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Fig. 2 Chemical composition of used sample.

which has penetrated through the magnesia
gunning materials.

The effects of the slag penetration layer in
tundish castables were examined by analyzing
samples collected from an actual furnace.

2. Analysis of Collected Samples

Fig. 2 shows the change in chemical composi-
tions of the collected tundish castables from the
hot face to back side. Compared to the back side,
Na:0O, MgO, CaO and Fe;O; contents increased,
and AlO; content decreased at the hot face.

For further detailed investigation WDS
(Wavelength Dispersive X-ray Spectrometry)
analysis was conducted on the collected samples
from the vicinity of hot face and back side. The
results are shown in Fig. 3.

In the back side, only Al, Si and Ca compo-
nents were detected, and these components
were homogeneously distributed in the observa-
tion area. On the other hand, in the vicinity of
the hot face, Fe, Mg and Na components were
detected in addition to Al, Si and Ca. Distribu-
tion of these components was inhomogeneous
and their contents greatly varied between the
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Fig. 3 WDS images of used sample.
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aggregate and the matrix.

These observations suggest that the pen-
etrated slag components preferentially reacted
with the matrix in the vicinity of the hot face.

Fig. 4 shows the results of area analysis of
the matrix without particles larger than 75um
as confirming a compositional difference. In the
slag penetration layer (30mm in thickness), Na.O
was detected only in the vicinity of the hot face
(from hot face to 10mm). In the other slag pen-
etration layer, the Fe,O; content increased and
Al,Os content decreased compared to the back
side (deeper than 30mm from the hot face).

3. Reproduction of Slag Penetration Layer

It is difficult to cut out the specimens for
physical property testing from the collected
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Fig. 4 Chemical composition in matrix part.

Table 1 Synthetic slag composition

/ mass% A B
Fe.0s 35 43
Al:Os 21 25
SiO; 34 28
CaO 1 4
Na.O 9 —
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Table 2 Properties of castables

Sample No. 1]2]3]4]5]6
Castable No. X Y
Chemical i Al:Os 59 62

emical composition -

of castables / mass% SiO, 38 33
Others 5 5

Additive of synthetic A 810]0(8|0]|0

slag / mass% B 0(8[]0]0]|8]0

samples from actual furnace. Alternatively,
reproduction of the slag penetration layer was
conducted by adding the slag components to a
castable based on the analytical results of the
collected samples mentioned above.
3. 1 Preparation of specimens

The composition of the penetrated slag was
calculated based on the compositional difference
between the hot face and back side (Fig. 4). As
a result, two types of synthetic slags (Table 1)
were prepared for reproduction of two types of
the slag penetration layer. Type A is the slag
for the vicinity of hot face (0-10mm from hot
face) where Na,O and Fe,O; contents increased.
Type B is the slag for the slag penetration layer
of 10-30mm from hot face where Fe.O; content
increased. The synthesized slags were prepared
by thermally vitrification and then crushed into
fine particles (under 0.3mm). No.1-6 specimens
were prepared by adding the synthesized slag
to two kinds of alumina-silica castables with
different Al,O; and SiO. contents (Table 2).
3. 2 Chemical analysis

Chemical composition of No.1l-3 specimens
were analyzed after being heated for three
hours at 1500C to confirm whether the slag
penetration layer was properly reproduced.

Fig. 5 shows the result of the chemical analy-
sis for the specimens which were produced by
adding the synthesis slag (No. 1 or 2) and the
hot face of the collected samples from an actual
furnace in Fig. 2. The analysis indicated that
the specimen with the synthesized slag had
a similar chemical composition to that of the
collected sample. Because the slag penetration
layer was successfully reproduced, the following
tests were carried out using these samples.
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Fig. 5 Chemical composition of samples.
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Fig. 6 Strength ratio of samples.

4. Characterization of the Reproduced
Slag-penetration Layer

4. 1 Evaluation items

Because cracking and peeling of the tundish
castables are believed to be caused by the
change of strength, porosities or thermal expan-
sion properties of the castables, the following
tests was carried out using the reproduced slag
penetration samples.

40x40x160mm specimens were heated
for three hours at 1500C and the following
physical properties were measured ; permanent
linear change, modulus of rupture, compressive
strength, apparent porosity, and modulus of
elasticity.

Thermal expansion of the specimens was
measured after heating to 1500C and then
cooling to room temperature at the rate of
4-7C/min.

4. 2 Results

Regardless of the kind of castable or slag
after heating, the samples showed a tendency to
expand and increase in strength and elasticity
by adding the slags. Fig. 6 shows the calculated
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Fig. 7 Apparent porosity of samples.
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results of the strength gap between the samples
with and without the slags. A comparison of
kinds of the added slag showed that the sample
with slag “A” had a larger gap than that with
“B”. As for comparison of the kinds of castable,
castable “Y” with a higher Al,O; content had a
larger gap.

The apparent porosity shown in Fig. 7 showed
different behavior depending on the slag compo-
nents. The porosity became low by adding slag
“A” but it was not changed by adding slag “B”.
This suggests that the slag penetration layer
shows low apparent porosity only in the vicinity
of the hot face.

From the results mentioned above, peeling
1s considered to occur easily in the hot face
due to the gap in strength between the back
side, especially in the vicinity of hot face with
lowered apparent porosity. Also, it is considered
that peeling occurs easily to the castable with
higher AlL:QO; content due to widened gap in
physical properties.

Fig. 8 shows the thermal expansion curve
of No.1-3 samples. The thermal expansion did
not show large difference caused by the slag
addition. Therefore, it is unlikely that large
expansion occurred between the hot face and
back side during use, suggesting the expansion
characteristics has a small effect on the service
life of these castables.

5. Effects on Reaction Bonding with MgO
Gunning Materials

5. 1 Test Procedures

Four 30x60x80mm specimens of which the
surfaces were coated with bmm thickness MgO
gunning material were prepared and arranged
in parallel crosses. The arranged specimens
were heated at 1550C by oxygen-propane
burner and the synthesized slag (Table 3) was
added to react with the specimens for a speci-
fied time.
5. 2 Results

Cross section of the samples after testing are
shown in Fig. 9.

In the case of No.3 and No.6, both of which
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Table 3 Chemical composition of TD slag

/ mass%
Fe:0s 10
Al:Os 25
SiO; 29
CaO 26
MgO 5
MnO 5

have no slag addition, No.6 with high AlLO;
content was more reactive with MgO gunning
materials and the reaction bonding with MgO
gunning materials was observed.

On the other hand, in the case of the slag
added samples, there was no large difference in
the reactivity according to the kind of castable.

These results suggest that the reaction bond-
ing property of castables showed little difference
after the slag penetrated into the castables with
increase in the number of heats. But during the
premature heats until the slag penetrated into
the castables, the reaction bonding properties
changed depending on the kind of castable.
Therefore, castables with low Al:O; content are
suitable for the actual tundish.

Sample 1
No.

Hot face

Back side

Sample
No.

Hot face

Back side

Fig. 9 Cross section of samples after heating and reaction test with MgO coating material.
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6. Conclusions

As a result of analyzing the tundish castables
collected from an actual furnace, the following
was found;

- In the hot face, the distribution of the com-
ponents were inhomogeneous between the
aggregate and the matrix.

- The penetrated slag components preferentially
reacted with the matrix of the samples.

- In the slag penetration layer, the increase of
Fe;O; and Na;O contents and the decrease of
AlO;, SiO; and CaO contents were seen.
The slag penetration layer was reproduced

on the basis of the analysis results described
above. And, as a result of analysis of the repro-
duced sample, the following was understood.

- There is a gap in strength between the hot
face and back side, and especially the vicin-
ity of the hot face tends to become lower in
apparent porosity.

- During heating the expansion properties do
not greatly change between the hot face and
back side.

- The reaction bonding property of castables
shows little difference after the slag pen-
etrated in the castables with an increases in
the number of heats.

As a result of the above results, it can be
assumed that the main effect of the slag pen-
etration layer in tundish castables is “peeling”
due to the basis generated by the gap of physi-
cal properties between the hot face and back
side. On the basis of these results, castables
with silica-rich composition are considered to
be contributive for stabilizing the lining life for
tundish.
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