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Abstract

Recently, customers demand large sized refractories for blast furnace relining in order to

shorten the repair work period and increase equipment utilization, however, manufacturing

larger sized refractories with the ordinary manufacturing method of bricks has become more

and more difficult because of manufacturing equipments restrictions. In order to highly

satisfy their demands, we developed large sized blast furnace tuyere blocks. They have same

or higher quality than ordinary bricks and are about six times as heavy as our ordinary

maximum sized tuyere bricks. It is possible to make single-piece tuyere refractories with no

divisions with this new block. We believe this new product can provide many advantages

including shortening the repair work period and improvement of durability through good

structural stability and high quality.
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1. Introduction

Tuyere refractories, which are placed
around the tuyere which sends hot blasts
into the blast furnace, have the role of pro-
tecting the tuyere and shell of the blast
bricks

alumina bricks were once used as tuyere

furnace. Alumina and medium
refractories, but now, SiC bricks, which
are superior to ordinary bricks in many
properties including high CO gas resistance,

high alkali resistance and high thermal

1R IFGE AT &5 2 fgE 2 v — 7 F(E%EE  Managing Research Engineer, Unshaped Refractories R&D Group, Research

Center

*2 FRARTIFSE AT 55 2 WF9E 2 )V — 7 Unshaped Refractories R&D Group, Research Center
*3 [ T3 B ARRERN 7 v — 7 FATERE  Assistant Manager, Technical Group, Okayama Works

w4 rEZEEM S PBELEE EE  Manager, Precast Block Manufacturing Section, Teikoku Yogyo Co., Ltd.



Shinagawa Technical Report

Fig. 1 Examples of the segmented structures of
tuyere refractories.
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conductivity, have become mainstream. In
general, tuyere refractories are composed of
some different-shaped pieces as shown in
Fig.1. Various structures of tuyere refracto-
ries have been proposed and are in practical
use in consideration of good structural sta-
bility and efficiency of furnace installation.

The recent steel demand has increased the
importance of keeping production at a high
level, therefore, shortening the repair work
period of blast furnace relining 1s greatly
required. To satisfy this situation, the num-
ber of refractories for blast furnace repair
has been reduced by enlarging refractory
size, the same is also true for tuyere
refractories. The number of divisions of
tuyere refractories has been reduced by the
use of large bricks or large blocks made by
the precast technique, and there is now a
very large block which can surround a tuyere
with only two upper and lower pieces.

We have been supplying tuyere bricks with
various qualities of materials for a long time,
but increasing brick size became difficult
because of manufacturing equipment restric-
tions. One of problems is a shortage of com-
pacting pressure. The high pressure is needed
to press bricks and a lager brick needs higher
pressure. If a large brick is made without
sufficient pressure, its quality becomes unac-
ceptable because of an insufficiently dense
texture. This means it is impossible to in-
crease the size of brick while retaining high
quality beyond a certain level of size.
Another problem in manufacturing bricks is
non-uniform pressing which causes some
variations in the quality of a brick, and
increasing the size of bricks makes this prob-

lem more difficult to solve. Additionally,
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Table 1 Typical properties of tuyere refractories
A B
Newly developed Ordinary SiC
large block large brick
. . SiC 93 94
0,
Chemical composition [%] ALO. 1 ]
Apparent porosity [%] 14.5 15.5
RT 36 27
Modulus of rupture [MPa] 1400°C 25 25
Loss of strength by alkali test [%] 5.8 10.4
Thermal conductivity [Wm'K™] 26.7 26.5
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when we make complicated brick shapes like
tuyere bricks, we need to make larger bricks
with simple shapes at first, and then cut and
grind them for the final shape to avoid too
much cost for pressing molds or quality
problems caused by non-uniform pressing.
This causes much waste and low yield.
During the development of the new large
blast furnace tuyere blocks, we set targets of
Increasing maximum size by solving the
above brick manufacturing problems, to
allow us to provide tuyere refractories of
single-piece construction with no divisions.
We also set a target of the same or higher
qualities than SiC bricks which had good
actual performance for a long time. We
describe the features of newly developed
large blocks for the blast furnace tuyere

below.
2. Material Choice

The manufacturing method of the new
large blocks is based on the normal manufac-
turing method of precast, however, applica-
tion of a special kind of casting method
which enables ultimate minimization of

mixing water is one of the most important
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Fig. 2 Apparent porosity of tuyere refractories.
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Fig. 3 Modulus of rupture of tuyere refractories.

features.

The chemical composition of the newly
developed large tuyere blocks is shown in
Table 1. Many characteristics are demanded
for tuyere refractories, among them, alkali
resistance and thermal conductivity as well
as high strength and high corrosion resis-
tance to endure the solid and the melt in the
furnace are especially important. To balance
these demands, SiC material is believed to be
the most important. In fact, refractories
composed mainly of SiC have been used for a
long time and are still the favored refractory
for the tuyere. Therefore, we also chose SiC
as the material of the new large blocks. The
differences in formulation from SiC bricks
are particle size distribution and binder.
Because the performance may be lowered by
using cement, we eliminated cement as much

as possible.
3. Characteristics of New Large Blocks

We conducted various tests to compare the
characteristics of the newly developed large

blocks shown in Table 1 to ordinary SiC



Vol. 51 2008

30

E O Penetrated depth
~ E Corroded depth
e

e

3 2t

c

kel

©

©

c

3

2 10

c

Q

2]

o

5

O

0

New large block Ordinary SiC brick

Fig. 4 Slag corrosion resistance of tuyere
refractories.
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Fig. 6 Loss of strength by alkali test.
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Fig. 5 Linear change by alkali test.
bricks.

3. 1 Apparent porosity and strength

Apparent porosity and strength at RT and
1400°C are shown in Fig.2 and Fig.3. The new
large blocks have a little lower apparent
porosity than ordinary SiC bricks. The cold
modulus of rupture of the new large blocks
at room temperature is higher and the hot
modulus of rupture at 1400°C is comparable
to the SiC brick.
3. 2 Corrosion resistance

The blast furnace slag corrosion test at
1600°C for 10 hours was conducted by arc
heated rotary drum method. The slag of
1.2kg was put into the drum and refreshed
every one hour. The test result is shown in
Fig.4. The corroded depth of the developed
block 1s a little larger, but the slag pene-
trated depth is much smaller than that of SiC
bricks, this indicates the possibility of more
intact body remaining in actual use with the
developed block. The shallower penetration
depth in the developed block is attributed to



Shinagawa Technical Report

30

26.7 26.5

Thermal conductivity / Wm 'K
N
o
T

10

New large block Ordinary SiC brick

Fig. 7 Comparison of thermal conductivity.
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the fact that the developed block has lower
apparent porosity and smaller pore size
because more fine materials are used compar-
ing to SiC bricks.
3. 3 Alkali resistance

Samples of the size of 25X25X60mm were
filled with the mixed powder which contains
20% K.CO; and 80% coke. The linear change
and the lowering rate of strength were meas-
ured after 5 heatings at 1300°C for 5 hours.
The test results are shown in Fig.5 and Fig.6.
In this test, the smaller linear change and the
lowering rate of strength means the higher
alkali resistance. The linear change of the
developed blocks is a little larger but still
very small and the lowering rate of strength
1s smaller than that of SiC bricks. Therefore,
the alkali resistance of the developed block is
believed to be almost comparable to SiC
bricks.
3. 4 Thermal conductivity

Thermal conductivity which was measured
by heat flow meter method is shown in Fig.7.
The developed block showed a high thermal
conductivity almost equal to SiC brick. The
durability of the tuyere refractories is be-
lieved to be improved with high thermal
conductivity because higher thermal conduc-
tivity helps tuyere refractories get more
cooling effect from the environment and the
developed blocks can get the cooling effect
equal to that of SiC bricks.

4. Actual Use

The newly developed large blocks for the
blast furnace tuyere have already been ap-
plied to actual use, and Fig.8 shows the scene
of pre-assembly. In this case, undivided large

main blocks of 1400mm maximum length and
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Fig. 8 Trial assembly of newly developed large blocks for blast furnace tuyere.
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2,400kg weight are placed on the inner side
per one tuyere, and small and thin blocks are
placed on the outside of the main blocks. This
large block is up to six times as heavy as our
ordinary maximum sized SiC brick for the
blast furnace tuyere. This increase In size
contributed to shortening repair work period
and durability is expected to be improved by
improvements in quality and structural
stability.

5. Conclusion

Manufacturing the large sized bricks
which customers demand has become more
and more difficult technically. In order to
highly satisfy their demands, we developed
very large blocks for blast furnace tuyeres
which have the same or higher quality than
ordinary bricks, are adapted for near-net-
shape manufacturing and are about six times
as heavy as our ordinary maximum sized
tuyere bricks, and established a method for

manufacturing them. It is possible to make
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single-piece tuyere refractory with no divi-
sions with the new large blocks. We believe
this new product can provide many advan-
tages including shortening the repair work
period and 1mprovement of durability
through good structural stability and high
quality.



