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1 Introduction

Basic bricks that have resistance to basic slag and
high operating temperatures are used in converters,
secondary refining, ladle, electric furnaces, cement kiln,
etc. Although they can withstand the severe operating
conditions, they have less spalling resistance originated
from high thermal expansion coefficient of magnesia, the
main raw material of basic bricks. There are also

fundamental issues such as carbon oxidation and
degradation by MgO-C reaction in magnesia carbon
bricks. We look back on the history of our basic bricks,
which have overcome these issues and promoting high

durability over a quarter-century, and look into the future.

2 Magnesia carbon brick

Magnesia carbon brick was recognized for its
effectiveness as a lining material for electric furnaces in the
1970s, and its use has been rapidly expanding, especially in
converters”. This paper looks back over a quarter-century
from 1994 to the present, but before that, it mainly focused
on elucidating the wear mechanism of magnesia carbon
bricks?, the effects of raw material types, graphite content
and antioxidants, etc”. R & D has been promoted with a
focus on physical property control technology and material
design technology according to applications. The quarter-
century since 1994 was a time when microstructural
control technology had developed significantly. We will

introduce some development contents.

2°1 Development of material

Magnesia carbon brick can provide high spalling
resistance by containing carbon with low coeflicient of
thermal expansion and high thermal conductivity.
However, spalling damage in the actual service still
occurred. Pitch can improve mechanical properties such as

low modulus of elasticity and high strength by penetrating
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into pores during liquid phase carbonization. Therefore,
addition of pitch is an effective method for improving
spalling resistance in terms of microstructural control
using carbon bonds. Pitch selection according to required
characteristics have been studied?. On the other hand, the
pitch generates pores when heated and thus decrease
corrosion resistance. Therefore, maximum improvement of
the thermal shock resistance is required with minimum
addition. Focusing on the fact that the magnesia coarse
grains have the largest thermal expansion in the structure,
we proposed coating the coarse magnesia grains with
pitch”. It was confirmed that spalling resistance was
improved by adding a small amount of pitch. Magnesia
carbon brick generally has excellent moldability and
product strength by kneading, molding and drying using
phenolic resin. Further, the phenol resin has high fixed
carbon, so that it has a dense structure even after heating.

However, since the carbonized phenolic resin has
low crystallinity and is hard, it gives negative properties
such as high elastic modulus etc. In order to achieve both
dense micro structure and spalling resistance, a binder
with high fixed carbon and high crystallinity has been
developed. As a result, by applying the developed binder,
we could obtain magnesia carbon bricks with low porosity
and low elastic modulus after heat compared to the
conventional. As a result of applying the developed material
to the converter tuyere, it was confirmed that the durability
was improved®.

The contents mentioned above are mainly micron-
order microstructure control technologies, but since 2000,
nano-order microstructure control technologies have been
studied. One of them is magnesia-carbon bricks using
carbon nanofibers and applying nanotechnology”.
Nanotechnology has significantly improved spalling
resistance. By using this in combination with the above-
mentioned pitch-coated magnesia clinker, the same level of
elasticity and spalling resistance as bricks containing 20
mass% graphite were obtained even with 10 mass%
graphite. And the corrosion resistance increased 1.5 to 1.7
times®.
led

graphitization. Magnesia carbon brick with 3 mass%

Nanotechnology  has to even lower
graphite applied nanotechnology had a significantly lower
elastic modulus than the usual product with the same
amount of graphite, and spall resistance was comparable to
that of 15 mass% graphite. In addition, the FeO erosion
resistance was comparable to that of magnesia chromite

brick?.

Low graphite magnesia carbon bricks for converters
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Fig.1 Changingbehavior of porosity after curing,
firing at 1400 °C for 3 h and cyclic firing at
1400°C for 10 times.
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using this nanotechnology were placed on the market as
“FANON-CRD”'.

Various microstructure control techniques have
made it possible to particularly improve spalling resistance,
and have reduced abrupt increases in wear rate and troubles
caused by peeling damage when used in an actual services.
However, the need to reduce the specific refractory
consumption remained large. In order to improve
durability, it was necessary to increase resistance to
chemical erosion caused by various mechanisms. Basic
material design technology has already been exhaustively
verified by the efforts of its predecessors, and there is little
room for improvement. In addition, there is a difference in
physical properties between magnesia carbon bricks before
and after use on actual services. The cyclic heat during
service leads to degradation of the structure. It was also
demonstrated that suppressing this structural degradation

11-13) Therefore, in order

contributes to improved durability
to improve the durability, we demand to make the structure
as dense as possible and to suppress the structural
degradation. We drastically revised the material design
and refractory manufacturing process, and made thorough
optimization in consideration of various effects. Figure 1
shows apparent porosity between a conventional product
and the developed product. The developed product has
porosity of less than 7 % after firing at 1400 °C, and the
increase in porosity is very slight even after cyclic firing.
After the cyclic firing, porosity of the developed
product was reduced by about 35 % compared to a
conventional brick. This development was achieved

through collaboration with users. During the development
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Fig.2 Relationship between apparent porosity
after cyclic firing and wear rate index.
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process, we used them in actual service at any time. The
wear rate index in a converter is shown in Fig. 2. Although
the effect of the improvement of the operation method is
included, it was improved by about 30 % on average
compared with the conventional brick, and it was possible
to contribute to the reduction of the specific refractory
consumption. Although there is a concern that spalling
resistance will decrease with densification, this developed
product has sufficient spalling resistance by the structure
control technology accumulated so far, and there is no

trouble due to peeling damage in the actual service.

2°2 Manufacturing process

The study of the manufacturing process of magnesia
carbon brick, which is a type of process industry, is of
course permanent. The articles that have been featured in
this technical journal in the last 25 years are: control of

kneading and mixture properties by sensor system'" ',

cold isostatics pressing of large sized MgO-C bricks'® 17,
automation from weighing to kneading and establishment
of quality assurance system'®. Technology construction
and appropriate capital investment have contributed to
productivity, quality stabilization and performance
improvement. In 2019, a milestone year of our 100th
anniversary, a new integrated production line from shaping
to painting, packing and shipping was completed at our
Bizen plant and started operation. The newly installed
press that has large capacity, automatic operation, and
automatic control system, has high productivity, and can
further stabilize quality. With the new pressing machine
and the improvement of the painting and packing lines,
the production capacity is obtained, and it is possible to

respond quickly to all user needs.

3 Magnesia chromite brick and chromium free brick

Magnesia chromium bricks are mainly used as
lining refractories of various secondary refining furnace
(RH, AOD, etc.) in steelmaking processes, and high
corrosion resistance and high thermal shock resistance are
required for them. Although they are also used in rotary
kilns for cement production, demand for chromium-free
bricks is increasing because of the formation of hexavalent

chromium under certain conditions.
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Table 1 Properties of bricks for AOD

Sample name A B
Chemical composition MgO 67.0 57.3
/ mass% Cr,0; | 210 38.0
Fe,O4 5.0 24
Al,O3 4.9 1.7
Bulk density / g-cm™ 3.30 3.39
Apparent porosity / % 12.8 14.1
Crushing strength / MPa 125 126
H.M.O.R. at 1480°C / MPa 16.5 12.7
Corrosion resistance (wear index) 100 78
Spalling resistance (peeling cycle) 4.0 5.5
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Table 2 Properties of bricks for RH degasser

Sample name C D
Chemical composition MgO 70.7 70.4
/ mass% Cr,0; [ 217 21.6
Sio, 0.4 0.4
CaO 0.4 0.9
Bulk density / g-cm™ 3.17 3.18
Apparent porosity / % 15.2 15.7
Crushing strength / MPa 47 36
H.M.O.R. at 1480°C / MPa 4.8 4.8
Spalling resistance (peeling cycle) 7.5 11.0

Here, we look back at some examples of the
development of magnesia chromite bricks in our company
over the last quarter century from the viewpoint of

improvement by controlling composition in bricks.

Magnesia chromite bricks were developed for the
neck part (mainly around tuyere) of AOD in the middle of
1990's. By increasing the content ratio of Cr203 and MgO,
corrosion resistance and thermal shock resistance were
improved. Table 1 shows properties of usual (A) and
improved (B) bricks.

Thermal shock resistance and other properties were
also improved by controlling CaO and SiO: content (i.e.
basicity) '”. Table 2 shows properties of another usual (C)
and improved (D) bricks.

In the 2000s, the possibility of the generation of
hexavalent chromium, a toxic substance, in refractories
after use was avoided due to the increase in awareness of
global environmental protection, and chromium free
bricks have been actively developed. Table 3 shows an
example of the quality of MgO-TiO,-ALOs brick 2”. In
some applications, magnesia chromite bricks were replaced
by the brick 2.

In secondary refining furnace such as RH furnace,
much aluminum addition to steel for temperature
compensation and steel cleaning damage magnesia
chromite bricks seriously. In order to reduce the damage, it
is effective to remove Fe;Os, which is the most easily
reduced among sesqui-oxides*”. An example is shown in

Table 4.



Table 3 Properties of a Cr free brick compared with

a magnesia chrome brick

Sample name E F
Chemical composition MgO 56.5 90.0
/ mass% Cr,04 29.1 i
Al,O3 5.6 4.6
TiO, - 3.0
Bulk density / g-cm™ 3.21 3.17
Apparent porosity / % 16.2 11.0
Crushing strength / MPa 62 93
H.M.O.R. at 1480°C / MPa 6.5 5.3
Corrosion resistance (wear index) 100 68
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Table 4 Properties of a less Fe;Oj3 brick compared

with a conventional magnesia chrome brick

Sample name G H
Chemical composition MgO 64.3 74.4
/' mass% Cr,04 247 24.2
Fe,04 5.3 0.3
Bulk density / g-cm™ 3.19 3.18
Apparent porosity / % 16.2 15.5
Crushing strength / MPa 95 87
H.M.O.R. at 1480°C / MPa 5.7 6.9
Corrosion (wear index) 100 75
resistance  (penetration index) 100 75

4 Summary

We have reviewed the history of basic brick above,
it is also necessary to continue developing products that
can satisfy customer needs, such as improved durability by
making full use of structure control technology. However,
as a matter of course according to the analysis by experts,
the need for environmental consideration is rapidly
increasing worldwide, the need for a low-carbon, recycling-
oriented society is rapidly increasing. If this is not done,
the company will not be able to survive.

Magnesia carbon bricks have high heat conductivity
and heat loss of furnaces lined with the bricks is huge.
Also, the bricks are oxidized during use and release
greenhouse gas. It is necessary to consider and cope with
the issue immediately. There is a problem of hexavalent
chromium formation in magnesia-chromium brick, and in
the future, we will carry out development considering not

only product quality but also environment.
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