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Abstract

Recently, cases of constructing the permanent lining of the blast furnace trough with unshaped
refractories have been increasing. When introducing unshaped refractories to the permanent lining,
ensuring sufficient corrosion resistance, spalling resistance and mechanical strength is important.

In terms of applied materials, we developed a chemical bonded castable material suitable for the
permanent lining which has high corrosion resistance, high spalling resistance and high strength.
Moreover, in terms of improvement in structure, we have been able to provide a new structure
utilizing a dry vibration material which has an excellent effect on reducing cracks and protecting
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the steel shell.
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1. Introduction

Permanent lining is installed for the purpose
of preventing molten metal and slag from leak-
ing out and protecting the steel shell by heat
insulation. The former function is more critical
for the permanent lining of the blast furnace
trough through which molten iron flows because
molten iron has a low viscosity and easily
penetrates the cracks or the joints of bricks.
Therefore, refractories for the permanent lining

of the blast furnace trough are required to
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Fig. 1 Schematic view of brick permanent

lining example.
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have high spalling resistance and mechanical
strength as well as a high corrosion resistance
comparable to that of materials for the wear
lining. In addition, the performance needs to be
retained for a long term.

Recently, cases of applying unshaped refracto-
ries to the permanent lining of the blast furnace
trough have been increasing. In this paper, we
describe the developments of materials and
structures for the permanent lining of the blast

furnace trough.

2. Advantages and Problems in Applying
Unshaped Refractories

An example of brick permanent lining is
shown in Fig. 1. High alumina bricks and silicon
carbide-containing bricks are used for this lin-
ing. Bricks generally have high strength so they
can prevent mechanical damage even if they
are used for a long term. However, the brick
lining has many joints, so there is a possibility
that molten iron and slag leaks out through an
opening in the joints or the movement of bricks
causing structural defects after long term use.
Another weak point is that a lot of work and
time are necessary for construction and partial
repairing is difficult.

Meanwhile, linings composed of unshaped
materials have the following merits; construc-
tion is easy, the required time is shorter and
there is no risk of damage caused by joints.
Because there is little dimensional constraint
for designing the lining, the lining thickness
can be freely modified, and several materials
can be combined to improve the lining life.

On the other hand, monolithic linings have
some problems such as excessive load on
refractories and steel shell due to lack of stress
relaxation by joints and the risk of cracks easily

reaching the backside of refractories. So the
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materials and structures for permanent linings
have to be designed to solve the above problems

as much as possible.

3. Improvement in Structure of Unshaped

Material Permanent Lining

3. 1 Castable refractory applied lining

A typical example of a permanent lining
made with unshaped materials is shown in
Fig. 2(a). An insulating gunning material is
applied on the side nearest to the steel shell to
ensure heat insulation, and a castable material
which has the function of backing up the wear
lining is applied on the inside. The construction
process, which consists of only gunning, setting
the mold and casting, is very simple, making
shorter construction period possible. However, a
simple monolithic lining can be prone to cracks

easily forming leakage paths for molten iron

=
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Fig. 2 Schematic view of monolithic permanent lining examples; (a) Single-layered castable lining,
(b) Double-layered castable lining, (c) Dry vibration material applied lining.
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and slag.

Fig. 2(b) shows the improved lining designed
to prevent the leakage problem. In this struc-
ture, there are two castable refractory layers,
and the structure is designed to stop the exten-
sion of the crack at the boundary between lay-
ers. Moreover, it can further enhance safety by
applying materials different in characteristics
on each layer.

In the lining in Fig. 2(b), alumina-silica
castable is applied to the outside layer and has
the effect of improving long-term stability and
reducing thermal load on steel shell because it
is free from oxidation problems and has high
thermal insulation. Furthermore, application of
the shotcrete method "? requires no installation
form, enabling shortened installation time.

3. 2 Dry vibration material applied lining

Although the risk of crack penetration can
be reduced by applying the multilayer, each
castable materials layer is a monolithic body
with a low stress relaxing ability. Therefore,
castable linings essentially cannot eliminate the
possibility of cracking. Furthermore, if the each
layer is bonded together after long term use,
the possibility of cracking is enhanced.

A structure created with dry vibration mate-
rial which can solve these problems and improve
reliability is shown in Fig. 2(c). The dry vibra-
tion material is a dry powder which is installed
by the vibration-filling method. In the case of
side wall installation, it is necessary to install
wall blocks in advance to ensure the space for
installation of dry vibration material because
the material has little mechanical strength.

Because the dry vibration material remains
in a powder condition even after installation,
essentially no cracks can occur in the layer of
this material. Hence, even if cracks occur in

the castable material layer, risk of the crack
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penetration to the back side can be drastically

reduced.

4. Development of Unshaped Materials for

Permanent Lining

4. 1 Castable material for permanent lining
4. 1. 1 Design concept

Castable materials for the permanent lin-
ing should maintain high corrosion resistance
for a long term. High spalling resistance is
also required to reduce cracking which is the
main cause of leakage of molten iron and slag.
Furthermore, the castable materials must have
high mechanical strength to prevent damage
caused by demolition of the wear lining during
the repairing process.

Alumina-silicon carbide-carbon materials con-
taining a relatively large amount of carbon raw
materials are generally used for the wear lining
of the trough®

for the permanent lining for which long term

, however, they are not suitable

use IS required because carbon raw material
is easily oxidized. Accordingly, we applied an
alumina-silicon carbide material with a rela-
tively large amount of silicon carbide, which is
resistant to oxidation, for the permanent lining.
Silicon carbide raw materials with especially
superior oxidation resistance were selectively
used.

We also adopted a chemical binder which
gives some strength even at low temperature
to ensure enough strength as a permanent
lining, where the strength increase of castable
material by sintering does not progress much
because the permanent lining is not exposed to
high temperatures like the wear lining.

4. 1. 2 Evaluation of characteristics

We carried out a comparative evaluation

comparing materials used in an actual trough

with unused materials in order to grasp the
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Fig. 3 Result of corrosion test with unused
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Fig. 4 Comparison of modulus of rupture between
chemical bonded castable and low cement
castable.
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Table 1 Chemical composition of castable and dry

vibration material for permanent lining

(/mass%)

Castable Castable Dry vibration
for permanent | for metal line material for
lining of trough permanent lining.

AlOs 70 67 93
SiO; 8 1 2
MgO - 13 -
SiC 20 1" -
C 6 2

change in corrosion resistance caused by long
term use. The results of the corrosion test of
the castable materials for the metal line of the
wear lining and for the permanent lining are
shown in Fig. 3 and the chemical composition
of these samples is shown in Table 1.

Specimens of the used permanent lining cast-
able were taken from castable used for about one
year (1.02 million tons of molten iron through
put). The wear lining castable specimens were
taken from the part adjacent to the permanent
lining.

The unused wear lining material showed high
corrosion resistance, but its corrosion resistance
was lowered by long term use. On the other
hand, the permanent lining material showed
lower corrosion resistance than the wear lining
material, however, the resistance did not dete-
riorate much even after long term used. When
it was used for about one year, the permanent
lining material showed better corrosion resis-
tance than the wear lining material.

Fig. 4 shows the modulus of rupture of the
permanent lining castable and the low cement
castable which has the same composition as
the permanent lining material and uses cement
as the binder. The chemical bonded castable
showed higher strength than the cement-
bonded castable over the whole temperature
range, especially under 1000TC.
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Fig. 5 Result of spalling test; (a) low cement
castable, (b) chemical bonded castable.
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The results of the spalling test are shown
in Fig. 5. The test was carried out by the fol-
lowing method; one side of the specimens was
heated at 1500C for 45 minutes and cooled at
room temperature for 15 minutes. This proce-
dure was repeated alternately 8 times, after
that, the specimens were compared for the
occurrence of cracks. As shown in Fig. 5(a),
many cracks were observed in the specimen of
the low cement castable material. On the other
hand, fewer cracks were observed in the speci-
men of the chemical bonded castable material.
This result indicates that the chemical bonded
castable material is also superior in spalling
resistance.

4. 2 Dry vibration material for permanent
lining
4. 2. 1 Design concept

Dry vibration material is one of the unshaped
refractories that is installed in a dry powder
condition by the vibration-filling method with-
out adding water unlike mainstream unshaped
refractories such as castables. In comparison
with castables, dry vibration material has the
advantages of easy installation and no risk of
steam explosion during drying. It also has the
advantage in forming a uniform installation
body in comparison with ramming material
because the ramming often causes unevenness
in density due to a level of skill of workers.
Based on these characteristics, dry vibration
materials are utilized as a repairing material
for some furnaces, and were also used as the
wear lining for blast furnace troughs around
the 1980’s.

General dry vibration materials have certain
strength by the effect of binder. As for the dry
vibration material for the permanent lining of
the trough, we designed the material to have
little strength even after heating on the basis
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of the concept that it is desirable to keep the
dry material in a powder condition to prevent
cracking and crack propagation. In addition, the
dry material can have a large compressibility
as long as it retains a powder condition, hence
it can be expected to protect refractories and
steel shell by relaxing the stress caused by the
thermal expansion difference in and around the
permanent lining.

4. 2. 2 Evaluation of performance

Chemical composition of the newly developed
dry vibration material for the permanent lin-
ing is shown in Table 1. The material has a
high-alumina composition in consideration of
corrosion resistance and long term stability.
Compressibility of the material is shown in
Fig. 6. The compressibility was obtained by
measuring the displacement of the pressure
head when the pressure head on the material
filled in cylindrical mold with vibration was
pushed down at constant speed.

The dry vibration material showed a large
compressibility property and a good elastic
recovery property. This indicates that the dry
vibration material is not only effective in relax-
ation of stress but also effective in preventing
the appearance of a gap caused by pressure
releasing at the time of cooling.

The result of the corrosion test is shown in
Fig. 7. The specimens were prepared by fill-
ing materials into the mold with vibration and
heating at 200C for 24 hours. There was no
leakage of molten iron or slag through the dry
material specimen and the dry vibration mate-
rial showed a corrosion resistance close to the
castable material for the permanent lining.

Strength of dry vibration material increases
slightly after heating because of containing
minimum quantity of binder for preventing

flowing out, but the strength decreases and
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returns to a powder state easily when the
temperature becomes higher, so the material is
effective in protecting the steel shell during ser-
vice. Moreover, when the dry vibration material
is heated to a temperature of molten iron or
slag, the material is hardened by the effect of
another binder (Fig. 8). Due to this behavior
of hardening, even if the material is exposed to
the melt, it is possible to prevent the collapse or

erosion of dry material.
5. Summary

By applying unshaped materials, the work
and the time required to construct the per-
manent lining can be reduced. The problems
which needed to be to be solved when applying
unshaped materials to the permanent lining are
retaining a high corrosion resistance for long
term use and reduction of crack penetration.

In order to solve these problems, we devel-
oped a new castable for the permanent lining
which has not only high spalling resistance and
high strength, but can also retain high corrosion

resistance for a long term. We also developed a
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dry vibration material for the permanent lining
which can reduce drastically the risk of crack
penetration and can protect the peripheral
structures such as the steel shell by its stress
relaxation ability. By applying these materials
in combination, we have been able to provide a
permanent lining composed of unshaped mate-

rials which performs stably for a long term.
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