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Abstract

Castable refractories have been generally used for the blast furnace trough, but shaped

refractories like fired bricks are not often used. As the result of applying bricks and precast brocks

to tilting spout, iron troughs and slag runners, it had a marked effect on durability improvement.
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1. Introduction

Castable refractories consisting mainly of
alumina, spinel, silicon carbide and containing some
amount of carbon, or alumina-magnesia castable
have been generally used for the blast furnace
trough. Shaped refractories like fired bricks are not
often used. However, 1t 1s thought that shaped
refractory like bricks or precast blocks can still play
an important role by making good use of their
characteristics which castables can’t realize.

This report introduces some practical examples of
applying bricks or precast blocks to the blast fur-
nace trough which had a marked effect on durabil-

1ty improvement.
2. Application of Bricks to Tilting Spout

Molten iron flows through the main troughs and
iron runners into containers such as hot metal
ladles and torpedo cars. Tilting spout is used to
pour into iron runners to containers. Sometimes hot
metal pretreatment (desiliconization) is carried out
in the tilting spout. This is a brief summary of
applying MgO-Cr;O; brick to the shoulder and

sidewall of the desiliconizing tilting spout.
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Table 1 Typical properties of castables
Tilting spout Slag runner

AlLOs 90 65

Chemical MgO 8 —
composition SiO, 1 0.5

[mass%)] SiC — 30

C — 4

Apparent 105°C-24h 14.8 13.0
porosity 1000°C- 3h 16.3 14.0
(%] 1500°C- 3h 16.7 14.5
105°C-24h 3.22 3.02

Bulk density 1000°C- 3h 3.19 3.01
1500°C- 3h 3.18 3.00

Cold crushing 105°C-24h 32 31

strength 1000°C- 3h 52 33

[(MPa] 1500°C- 3h 126 70
Permanent 105°C-24h —0.03 —0.03
linear change 1000°C- 3h +0.03 +0.03
(%] 1500°C- 3h +0.40 +0.24
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Table 2 Typical properties of bricks

Application Tilting spout Slag runner
A|203 - 750
MgO 51.0 -
Chemical Cr;0s 32.9 -
composition SiO, 1.8 3.0
[mass%) Fe,0s 8.3 —
SiC - 5.0
C - 13.0
Cold crushing strength [MPa] 54 40
Apparent porosity [%] 15.5 6.5
Bulk density 3.32 3.14

MgO-Cr20s brick

Castable

Fig. 1 Application result of MgO-Cr,0; brick to tilting
spout.

2. 1 Current problems

Al; O;-MgO castable is usually used for the
desiliconizing tilting spout (Table 1). The wear area
of the tilting spout is the center of the bottom and
side wall. Especially, the tilting spout sidewall and
shoulder are sometimes damaged markedly.
Damage of the iron runner surface facing the tilting
spout progresses and it gradually changes position.
This shortens working life of the tilting spout. We
considered improving castable performance.
However, there are still demands for further im-
provements.
2. 2 Damage pattern and measures

Molten iron from the iron runner usually drops in
the center of tilting spout. When molten iron begins
to flow and finishes flowing through the iron
runner into the tilting spout, the place the molten
iron falls is biased toward iron trough-side, this is a
damage factor. In addition, molten iron directly
dripping on the shoulder may increase damage.
Moreover, in the desiliconization process, the agent,
molten iron and slag are also wear factors because

they splash and stick on the shoulder of the tilting
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Fig. 2 The typical damage to slag runners.
(cross section)
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spout. We considered the shoulders, especially iron
trough-side to need the two properties below:
@ Abrasion resistance
@ Corrosion resistance against FeO

Therefore we selected MgO-Cr:O; bricks for the
shoulders to sidewall of the tilting spout, which
have the most excellent properties among regular
refractory (Table 2).
2. 3 Test results

The test results show that wear speed is twice as
slow as castable when MgO-Cr:O; bricks are used.
Fig.1 shows the appearance of the tilting spout after
this test.
2. 4 Future problems

Application of MgO-Cr,;O; brick improved the
performance of the shoulders and sidewall.
However, the bricks cracked because of thermal
spalling. This is because it is difficult to improve the
thermal spalling resistance of MgO-Cr;O; brick. So
we thought that Al;O;-Cr;O; brick would probably
be more suitable because it better the thermal
spalling resistance though the corrosion resistance
against FeO is lower. We suspected that the lifetime
of tilting spout to be improved by installing Al,O;-
Cr:O; bricks in the whole.

3. Application of Al:O;-SiC-C Bricks to Slag

Runner

3. 1 Current problems

Slag runners are used to transport slag from the
main trough to the dry pit. Commonly, ASC
castables are used as slag runners. These qualities
are mostly similar to the main trough’s qualities
(Table 1). Fig.2 shows the typical damage to the slag
runners. The damage is concentrated at the bottom.
We considered the properties of the slag runners
from various viewpoints and increased castable
performance. However, there are still demands for
further improvements. Therefore we tested un-
burned Al:O;-SiC-C bricks in the bottom of slag
runner. This report is a brief summary.
3. 2 Damage pattern and measures

We considered the following three slag runner
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Fig. 3 Reaction of raw materials with pig iron and slag.
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bottom damage factors:
@ Slag and molten iron corrosion
@ Wear out by the stream of slag and molten iron
® Oxidation

To improve the performance of the bottom re-
quires improving slag resistance, molten iron resis-
tance and abrasion resistance. ASC materials are
suitable for solving these problems (Fig.3). We
thought that lowering the SiC and increasing C
would have an effect on both slag and molten iron
resistances. However, it is difficult to increase the C
content and add graphite to castables. Therefore, we
considered applying ASC bricks used for the slag
line of hot metal ladles, which show similar damage,

to the bottom of slag runners (Table 2).
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Fig. 4 The damage to slag runners with ASC brick
applied. (cross section)
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Fig. b Large precast block for slag runner.

3. 3 Test results

Applying ASC bricks to the bottom of slag run-
ners reduced wear speed by about 50% than that of
ordinary castable. Fig.4 shows the slag runner
damage in this test. The ASC bricks are sticking out
of the surrounding castable.
3. 4 Future problems

ASC brick suppresses the local damage of the
bottom of slag runners. However, the lower sidewall
was severely eroded. This is because shaped bricks
were not used at the lower sidewall.

We believe that better slag runner durability can
be obtained by applying bigger ASC bricks to both

the bottom and lower sidewall.

4. Application of Large Precast Block to Slag

Runner

4.1 Purpose

A slag runner is generally built for each main
trough, however, one slag runner is shared by two
main troughs in some blast furnaces. In the case of
blast furnaces which have only two tapholes and one
slag runner, the slag runner is continuously used
for a long time, and the refractory lining can’t be
repaired except for during the blow down period. In
this case, the refractories must be installed in hot
conditions and short time. Therefore, there was a

problem of heavy workload with ordinary repair
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Table 3 Characteristics of castables for leading end of
iron runner

Developed Ordinary

Alumina-Spinel | Alumina-SiC-C
Pre-Cast Block Castable

Chemical composition(%)

Al,Os 92 76
MgO 6 —
SiC — 195
C — 2.5
after heating at 15600°C-3h
Linear Change [%] +0.03 +1.08
Modulus of rupture [MPa] 21.6 5.6
Apparent Porosity (%] 217 17.9
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Fig. 6 Decrease of MOE from repetitive heating and
cooling.

Test conditions heating at 1200°C(10min) — cooling in water(2min)
(tested samples were pre-heated at 1500°C)
MOE index MOE before testing=100

method using castables.

A precast block was applied in order to reduce the
installation workload.
4. 2 Test results

A SiC-AlOs-C precast block was applied to the
slag runner which had high slag resistance, and was
enlarged as much as possible in order to reduce the
workload. It was 2.9 m in length and 4.2 tons in
weight.

Small repairs at the bottom every two months
and large repairs at both the wall and the bottom
every 6 months were needed with ordinary castable
installation. With the large precast block, small
repairs were still necessary every two months,
however, the precast block remained in good condi-
tion after 8 months use, and it was estimated that
the precast block could be used for a year without
large repairs.

It took only two hours to exchange the precast
block while it took five hours with ordinary casting
installation to remove and reinstall most of the wall
and bottom. The workload was largely decreased by

shorter installation time and longer service life.
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I:l Alumina-SiC-C Castable

I:l Alumina-Spinel Pre-cast Block

Fig. 7 Lining of alumina-spinel precast block.

Table 4 Comparison of durability on leading end of

iron runner
Developed Ordinary
Materials Alumina-Spinel ASC
Installation method Precast Block Casting
Durability (pig-t) 124,940 110,682
Wear rate (mm/1,000t) 1.68 2.04
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5. Application of Precast Block to Tip of Iron

Runner

5. 1 Damage pattern

The tip of the iron runner plays a important role
in pouring molten iron into the center of the tilting
spout. The vertical surface at the tip facing the
tilting spout is damaged more than the wall and
bottom. As the damage of the tip of the iron runner
grows, the place the molten iron falls moves from
the ideal location in the tilting spout. Therefore,
reducing the damage of the vertical surface is
necessary to improve the durability of the tip of the
iron runner.

The factors contributing to damage of the tip
include corrosion and abrasion from the flow of
molten iron as well as cracks and decomposition
caused by thermal spalling.

Castable refractories composed of mainly alumina
which are superior in resistance to molten iron, and
some amount of silicon carbide and carbon which
are intended to improve thermal spalling resistance
and control over-sintering are generally applied to
the end area of the iron runner. But, when the
desiliconization process 1s executed in the tilting
spout, the tip of iron runner is sometimes severely
damaged. The oxidation by the air accompanying
the blow of desiliconization agent, the desiliconi-
zation agent (main constituent is FeO) itself and
FeO produced by iron oxidation was thought to
have influenced this damage. We suspected that by
improving oxidation resistance and FeO resistance
the durability of the runner end could be improved.
5. 2 Practical application of precast block

Based on the above theory, we selected alumina-
spinel castable which is superior to ASC castable in
FeO resistance and is never oxidized and tried in
actual use. As the alumina-spinel castable was
inferior to ASC castable in thermal spalling resis-
tance (Fig.6), it was supposed that the damage from
cracking would become increasingly prominent,
therefore, we took the following countermeasures

for the application of alumina-spinel castable.
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(1) Adoption of precast block

As shown in Fig.7, alumina-spinel castable was
applied only to the minimum necessary area of the
runner tip which was severely damaged in order to
reduce the cracking problems, and the ordinary
ASC castable was installed around it. Alumina-
spinel castable was installed as a precast block for
easy Installation. This block had a multi-steps
surface to prevent iron penetration into the bound-
ary between the precast block and castable.

(2) Double layer structure of precast block

In order to prevent cracks from growing, the
precast block consisted of two layers.

Typical properties of precast block are shown in
Table 3 and one of the practical examples is shown
in Fig.7.

b. 3 Application effects

Although crack damage increased when alumina-
spinel precast blocks were applied, the wear rate
decreased by 20%, which made the usable period
longer as shown in Table 4. It is believed that the
improvement in oxidation resistance and FeO resis-
tance permitted the longer service life.

We will make more efforts to realize longer

service life.



