[Technical Report]

fnfiz ABEH MgO-C LA D3 DB 5

Development of MgO-C Bricks for Scrap Impact Panel in Converter
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1 Introduction

MgO-C bricks are used as lining materials in
converter because of high resistance to corrosion, thermal
and mechanical spalling. Since the damage pattern of
converter differs depending on the part, it is common to
optimize the material design for each part. The scrap
impact panel, which is the target area of this study, is the
impact area during scrap charging and hot metal charging,
and these are different condition from other area. So, it is
the most severely damaged area in the converter. Therefore,
there have been many studies on the material design in the
past'®. However, there is still a high need to improve the
durability of the material for this area. As the scrap ratio of
converters is expected to increase as the world aim carbon-
neutral, the need for longer service life for scrap impact
panel is expected to increase.

In this study, we report on the following series of
studies conducted to develop MgO-C bricks with higher
durability in scrap impact panel.

* Understanding wear mechanism through investigation
of the used bricks

* Laboratory evaluation simulating scrap impact

* Clarification of required characteristics for scrap
impact

* Characteristic improvement methods

* Characteristics of developed materials

2 Wear factor and characteristics of scrap impact panel
after service

The wear factors of scrap impact panel materials
for each operation are as follows 1)impact damage by scrap
during scrap charging 2)impact damage and thermal shock
by hot metal during hot metal charging 3)corrosion by slag
during blowing. Thermal shock and corrosion damage
almost all area of lining, but the impact damage is
characteristic only in the scrap impact panel. It is clear that
impact damage accelerates wear, because in many users,
wear of the scrap impact panel is faster than other area.
Therefore, it is important to reduce this impact damage as
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Fig. 1 Cross section of used brick at scrap impact
panel.
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much as possible to improve the durability of the scrap
impact panel.

In order to clarify the characteristics of damage
caused by impact, the bricks of the scrap impact panel
after use were investigated. Fig. 1 shows a photograph of
the cross section of a brick after use. Since the scrap is
charged by tilting the converter, the photograph is also
show at an angle so that the orientation is the same as when
the scrap was charged. There is an indent on the hot face,
which were probably caused by scrap charging, and cracks
propagating diagonally into the brick originating from the
indent. Cracks are not observed in other areas in used
bricks. It is presumed that this crack occurred during
operation, not during dismantling, because metal had
penetrated into the crack. Crack generated by thermal
shock often lie parallel to the hot face, but this crack is
different in direction, so it is considered that the crack
generated by scrap impact. If the crack reaches the end face
of the brick, it will lead to peeling. In other words, the
wear mechanism caused by the scrap impact can be divided
into two patterns: (l)indent caused by scrap (2)peeling
caused by crack generation and propagation.

3 Evaluation methods
3+1 Heavy weight indenter drop test

In order to clarify the required material properties
for two types of wear form caused by scrap, heavy weight
indenter drop test simulating scrap impact was conducted.
A schematic illustration of the test is shown in Fig. 2. The
depth of indent and crack propagation in the specimens
were evaluated by dropping a corn shaped weight with a
90°apex angle. The weight of indenter was 10kg and
dropped from height of 1.5m. The test was conducted on a
100x100x230mm rectangular specimen that was fired at
1400°C for 10 hours in a reducing atmosphere and

Weight

Specimen

Fig. 2 Schematic illustration of the heavy weight
indenter drop test.
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constrained on four sides around. The indent depth was
measured by a 3D measuring machine as the vertical
distance from the surface to the deepest point of the
indent. Crack propagation depth from the surface to the
deepest point of the crack was measured with a caliper.
3+2 Fracture energy

Since crack propagation is one of the damage
factors caused by scrap impact, the fracture energy was
evaluated as a promising index of resistance to these
factors. The specimens of 40x40x160mm with a 13mm
notch was prepared with firing in a reducing atmosphere at
1400°C for 10h. The specimen was evaluated by a three
point bending test with a span of 140mm. Displacement
was measured by digital image correlation method
(DICM). The fracture energy was calculated using
equation (1). The test was terminated at 10% of the

maximum load.
P=W/2A *+ (1)

y: fracture energy, W: area under load-displacement curve
(workload), A: projected area of fracture surface.

Figure 3 shows a comparison of the load-
displacement curves of MgO-C bricks with 15mass%
graphite when displacement is measured using the
crosshead displacement and DICM. Although the same
sample was measured, the displacement of the crosshead
was clearly larger. The fracture energy calculated from the
load-displacement curves are shown in the figure. Here,
dispersion of fracture energy with DICM is different from
that with crosshead displacement and small. This is because
of the asperity of the test specimens and play among sample
specimen and measuring jigs. To clarify the effect of the
difference between measurement methods on the fracture
energy, the results derived from various MgO-C bricks
with the two method are shown in Fig. 4. The vertical axis
shows the subtracted vale of the fracture energy derived

= Crosshead_1
=== Crosshead_2
K —DICM_1
=== DICM_2

192 J/m?2

174 3/m?

0.6 0.8 1

Displacement /mm

Fig. 3 Comparison of load-displacement curves between crosshead and DICM
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Fig. 4 Difference of fracture energy by crosshead and DICM
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based on DICM from that based on crosshead displacement
as Aywof. As the modulus of rupture increased, the
fracture energy measured with crosshead displacement
tend to be higher, with a difference of about 20% for the
larger ones. This is because the crosshead displacement
detects the displacement of the support roll itself due to the
lack of stiffness. By using DICM as a displacement
measurement method, it is possible to evaluate the accurate
fracture energy calculated from the deformation of the test
specimen itself.

4 Experiment result
41 Heavy weight indenter drop test

Figure 5 shown the cross section after heavy weight
indenter drop test. An indent was found at the weight drop
point, and a crack propagated from the tip of the indent to
the bottom. These damage appearance are similar to those
observed used bricks, suggesting that this test is useful to
evaluate damage caused by scrap impact.
4+ 2 Evaluation of physical properties related to impact

damage

We investigated which physical properties of

materials are related to the indent and crack damage

Fig.5 Crosssection of sample after the heavy weight
indenter drop test.
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Fig. 7 Relationship between fracture energy and
crack length.

caused by this test. Fig. 6 and 7 show the evaluation
results. Modulus of rupture was correlated with indent
depth, and fracture energy was correlated with depth. In
other words, these are the properties required for MgO-C
bricks to reduce impact damage.

5 Materials development
5°1 Required characteristics of materials for converter
scrap impact panel

Based on the results of the heavy weight indenter
drop test, the required characteristics of the converter
scrap impact panel are shown in Fig. 8. In addition to
scrap impact resistance, thermal shock resistance and
corrosion resistance are also required of MgO-C bricks for
scrap impact panel in converter. Which characteristics are
important depends on the conditions of the scrap and
repair, as well as the operating conditions such as the
endpoint temperature and slag composition.

Operation

Hot metal charging

Blowing

Scrap charging

Image
Wear . .
mechanism Scrap impact damage Thermal shock Corrosion
Indent Crack .
Requi t . Thermal shock Corrosion
equirement | Tensile Fracture resistance resistance
Strength energy

Fig. 8 Wear mechanism and requirement for MgO-C bricks for converter charging sidewall.
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Fig. 9 Microstructure of MgO-C bricks.

5+2 Fracture energy improvement methods

In order to improve scrap impact resistance, higher
strength and fracture energy are required characteristics.
There are many reports on the effective method to improve
modulus of rupture, and effective methods are well
known*”. In this study, we will mention the method to
improve the fracture energy. Fig. 9 shows the microstructure
of uniaxially molded MgO-C bricks. The graphite used in
MgO-C brick is flake like. This uniaxially molded bricks
shows laminated structure of graphite that is oriented
perpendicular to the molding direction. There is no
chemical bonding between the particles, and the phenolic
resin binder provides a little bonding strength. Considering
these characteristics of MgO-C bricks, the application of
specially treated graphite and special binders was
investigated to improve the fracture energy. The special
binder is characterized by 35% increase in fixed carbon
content compared to conventional binders, as well as high
crystallinity after carbonization.

Table 1 shows the sample contents comparing the
effects of applying these elemental technologies. The
samples are MgO-C bricks with 15mass% graphite and all
other mixture designs are same. The fracture energy for
each material is shown in Fig. 10. Compared to the base
material “A”, the fracture energy of “B” and “C” is improved
by the application of each elemental technology.

«p”
elemental technologies, the fracture energy is improved by

Furthermore, for material that combine both
about 30% compared to the base material “A” due to the
synergistic effect. The application of specially treated
graphite is thought to have improved the fracture energy
because it forms a laminated structure of graphite with

more layers than conventional materials, which results in a

Table 1 Details of comparison specimens

Specimens A B C D
Graphite Normal | Special | Normal | Special
Binder Normal | Normal | Special | Special
220
£ 200 192
2 180
168
3 160
g 1601 447
g 140
8
- 120
100 . = —
A B (¢} D

Fig. 10 Fracture energy of samples.
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structure that exhibits a pull out inhibition effect under
tensile stress. And the special binder also increases the pull
out inhibition effect and improves the fracture energy by
forming stronger bond in the laminated structure of
graphite flakes than conventional binder.

5.3 Characteristics of developed materials

Table 2 shows a properties of the samples developed
by applying the elemental technologies described above
and optimizing other mixture designs. For the developed
material “E”, the fracture energy was improved by about
20% compared to the conventional material. In addition,
the developed material has high corrosion resistance by
applying densification technology® and also has thermal
shock resistance. The developed material “E” is currently

Table 2 Physical properties and characteristics of developed materials

Materials Conventional Development_E Development_F
MgO /mass % 79 81 80
C /mass % 15 15 15
Bulk specific gravity /- 2.88 2.90 2.91
Apparent porosity 1% 10 8.9
Fracture energy /- m? 148 259
Modulus of rupture /MPa 6.8
Corrosion index /- 95

Cross section
after thermal shock spalling test
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Fig. 11 load-displacement curves of conventional and developed materials.
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being used in actual service by many users and has proven
to have excellent durability.

Figure 11 shows the load-displacement curves of
these three materials. Currently, we are developing a new
product with a fracture energy of 259J/m? without
significant loss of corrosion resistance and thermal shock
resistance, such as the developed material “F”. This product
is expected to further improve the durability for users with
significant scrap impact damage.

6 Summary

The scrap impact panel has been one of the most
severely damaged part of converter, and the need to
improve the durability is expected to increase in the future.
In this study, we clarified factors which affects the wear of
scrap impact panel in converter and evaluation method for
scrap impact, and developed materials after clarifying the
necessary properties.

*'The scrap impact panel is an area where wear is
accelerated by the impact of scrap. The impact damage of
the scrap can be classified into two main types: indenting
and crack propagation.

*In the heavy weight indenter drop test, the wear
appearance was similar to the damage in actual service,
making it possible to evaluate the scrap resistance. The
evaluation also revealed that strength against indent and
fracture energy against crack propagation are the required
properties for refractories.

*By applying specially treated graphite and a
special binder, it was possible to significantly improve the
fracture energy of MgO-C bricks.

*The developed materials, which have various
characteristics required for the scrap impact panel, have
shown excellent performance in actual service.

Based on these evaluation and material design
technologies, we are able to identify and to provide best
material with controlled properties according to customer’s
operating conditions. With these technologies, we intend
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to contribute to our customer’s carbon neutral initiatives,

stable operations, and reduction of refractory consumption.
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