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Abstract

In this paper, the development of MgO-C bricks, designed for the basic oxygen furnace (BOF)

taking into account the mechanical impact of scrap charge on the charging pad is described. In
order to clarify the influence of scrap charging on the wear of the BOF charging pad accurately,
a steel block dropping experiment was carried out, followed by industrial trials. According to the
results of the experiment and industrial trials, it was verified that charging pad wear is a result of
the linking of cracks, which were initiated and propagated by mechanical shock induced by scrap
collision. Thus, it is concluded that the application of high fracture toughness MgO-C brick, which

shows excellent crack propagation resistance, is effective.

e

PRI BVTIR, FEERELTAREZS
EICHHT 2205, £ DCOATATHIL
TWLONHIRTH 5. HRDPHEH T 5CO. 7 A
DN, D5 O 5 BT EERD12%IEETH 5,
ZFORTLEFIIHEE Y 2B RO Z L, ko
40% % 5 %o COHliE A HIIZ, #IFICA 7 T v

1. Introduction

Steel making is an industry which emits
large amounts of green house gases since coal
is used as reduction agent for iron ore as well as
fuels of blast furnace (BF) iron making process.
Therefore, the steel industry accounts for 12%
of CO gas emissions in Japan and 40% of CO
gas emitted from integrated steel mills comes
from BFs. Hence, steel scrap charging in the
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Charge pad

Fig.1 Schematic illustration of scrap impact
damage of BOF charge pad.
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basic oxygen furnace (BOF) is increasing year
by year since it decreases use of hot metal from
the BF.

The Charging pad is the area in which pig
iron and steel scrap attack directly as shown
in Fig.l. Thus, this area suffers considerable
mechanical impact from steel scrap collision. It
is well-known that the wear rate of the charging
pad increases proportionally as scrap quantity
and heavy scrap (over 500kg) rate increases” ?.
Practically, daily based observation of the charg-
ing pad is difficult since it is on the same side
as the operation room where one can observe
the in-furnace status when the vessel is tilted.
In addition, brick sampling after use is also
difficult because it is too far from the mouth
to obtain the bricks by using a sampling tool
equipped demolishing machine. Hence, off-line
experiments are necessary to understand how
the scrap collision influences wear.

Kumai et. al,” created an apparatus for a
steel ball dropping experiment under hot condi-
tions and evaluated the hot mechanical impact
resistance. According to the experimental
results, they discussed brick wear caused by
mechanical shock. However, the bricks that they
subjected to the experiment were the burned
dolomite bricks while unburned MgO-C bricks
have been the most popular for BOF during
these past several decades.

In this study, therefore, a steel block dropping
experiment was carried out for MgO-C brick
and charging pad brick wear mechanism was
hypothesized. Based on the hypothesis, new
materials for the charging pad were developed
and their effectiveness was validated by com-
mercial application.

2. Steel Block Dropping Experiment

2. 1 Experimental method

In order to evaluate the influence of mechani-
cal shock on the wear status of MgO-C brick, a
steel block dropping experiment was carried out.
Figure 2 and 3 show a schematic illustration and
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Fig.2 Schematic illustration of the scrap drop
impact test.
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Fig.3 The appearance of the scrap drop impact
test.

external appearance of the experiment, respec-
tively. 20 samples in shape of 100x80%x400mm
of high strength MgO-C bricks, which had been
pre-heated at 1400C for 3h in a coke breeze,
were assembled and tightened with steel plates.
Onto the brick surface of an assembly that was
tilted 30° from the horizontal surface, a 12kg
steel block was dropped down from 2m height
followed by observation of the damage status of
the brick.

2. 2 Experimental results and discussion

Figure 4 shows the damage status of the test
sample after the steel block was dropped onto
the brick. Obviously, the part at where the steel
block collided was scraped off. The External
appearance of the brick that the steel block
collided with is shown in Fig.5. A crack can
be observed that propagated from the scraped
area to the inside of the assembly.

The result suggests that the charging pad
wear of the BOF is a result of the linking of
cracks, which were initiated and propagated by
mechanical shock induced by scrap collision. In
order to improve bricks wear resistance to the
damage described above, two methods were
assumed as follows; inhibition of crack initiation
by improving strength and inhibition of crack
propagation by improving fracture toughness.
On the bases of the assumption, improvements
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Fig.4 Photos of the surface after the test.
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Crack propagation

Fig.b The appearance of the bricks after the test.

of strength and fracture toughness were stud-
ied.

3. Improvement of MgO-C Brick for BOF

Charging Pad

3. 1 Metallic additive optimized high
strength material

In order to improve strength, an increase in
metallic additives is effective V. Since including
excessive amount of metallic additives dete-
riorates spalling resistance”, it is necessary to
achieve target strength by including a minimum
amount of metallic additives. Figure 6 shows
the hot modulus of ruptures (HMORs) of the
MgO-C bricks containing equivalent amount of
metallic additives. The difference in HMOR is
attributable to the difference in the distribution
status of the metallic additives. This technol-
ogy was applied to the high strength material
described in this paper.
3. 2 Matrix reinforced high fracture

toughness material

Suitable reinforcement of matrix structure
suppresses crack propagation resulting in
increase in fracture toughness. Figure 7 shows
the crack propagation path observed in a post
bending test specimen. Thanks to the zigzag
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in MgO-C brick on HMOR.
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High fracture
toughness

Versatile

Fig.7 Crack propagation path observed in
MgO-C bricks after bending test.

propagation of the crack, macroscopic overall
crack propagation is suppressed in the case of
the matrix reinforced material. This is consid-
ered attributable to the crack branch effect and
pull-out effect of flake graphite?.
3. 3 Carbon bond enhanced high fracture
toughness material

As can be seen in Fig.7, the crack tends to
propagate along the pore or interparticle plane
between graphite and magnesia, which are con-
sidered to be structurally weak. Thus, strength-
ening the weak structure was considered to be
an effective to measure for improving crack
propagation resistance. In order to strengthen it,
carbon bond enhancement by suitable utilization
of pitch is one of the effective measures. Figure
8 represents the carbon deposition in the pores
and interparticle voids. It strengthens the weak
structure such as pore or interparticle plane,
resulting in fracture toughness improvement.

Table 1 summarizes typical properties of the
three materials described above. The purities
of the raw materials contained in the materials
are exactly the same.
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Fig.8 Carbon bond enhancement.
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4. Load-displacement Curves

4. 1 Evaluation method

Strength and fracture toughness of the mate-
rials were evaluated by three point bending
experiment at 800C in an argon gas stream.
After heated at 1,200 for 3h the 40x15x150mm
specimens were subjected to the evaluation.
The Loading span and cross head speed were
100mm and 0.Imm/min, respectively. Laser
displacement gauge was employed to measure
the displacement of the central part of the
specimen, that is, just opposite the position of
the loading point.

The strength and fracture energy of the
specimens were determined from maximum
load and integral of load-displacement curves,
respectively.

4. 2 Results

The Load-displacement curves of the three
materials are compared in Fig9. The initial
slope and maximum load correspond to the hot
static modulus of elasticity and HMOR, respec-
tively. Cracks are considered to initiate at the
maximum load point and propagate through
the load relaxation stage of the load-displace-
ment curve. Since MgO-C bricks contain large
amounts of flat shaped flake graphite, the load
decreases moderately compared to the tradi-
tional embrittle burned brick that shows abrupt
decrease of load. The fracture toughnesses of
the bricks were evaluated by fracture energies
determined by integral of load-displacement
curves.

Table 1 Properties of MgO-C bricks

High strength Matrix Carbon bond
reinforcement | enhancement
Chemical composition MgO 77 79 79
/ mass % C 15 13 14
. ) Apparent porosity / % 3.0 3.8 1.0
Typical propertie — -
Bulk specific gravity / - 2.99 2.97 2.92
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Fig.9 Load-Displacement curve obtained from a
three-point bending test.
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Fig.10 HMOR of MgO-C Bricks.

The high strength material showed a maxi-
mum value of the HMOR. While the HMORs of
the matrix reinforced material and carbon bond
enhanced material were relatively lower, load
relaxation of these two materials proceeded
slowly. As a result, the fracture energies of these
two materials are expected to be higher. The
HMORSs and fracture energies of these materi-
als are shown in Figs.10 and 11, respectively.
Both matrix reinforcement and carbon bond
enhancement are effective for gaining fracture
energy, that is, these two MgO-C bricks exhibit
excellent fracture toughness.

5. Commercial Applications

On the bases of experimental evaluation,
three materials were applied to the charging
pad of the commercially operated BOF. Wear
rate of those materials are compared in Fig.12.
Influences of HMOR and fracture energy on
wear rates are demonstrated in Figs.13 and 14,
respectively. While no obvious correlation was
found between wear rate and HMOR, the wear
rate decreases proportionally as fracture energy
increases. This fact suggests that inhibition of
crack propagation by improving fracture energy
is effective compared to improving the HMOR.
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Fig.14 Relationship between wear rate index
and fracture energy.

Thus, it was validated that high fracture tough-
ness material is suitable for BOF charging pads
which are impacted by large amounts of steel
scrap.

6. Conclusion

In order to investigate the wear of the BOF
charging pad caused by steel scrap charging, a
steel block dropping experiment was performed.
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According to the observation of steel scrap
impacted part of post-experiment brick, it was
hypothesized that the wear is a result of crack
initiation and propagation caused by scrap col-
lision. Based on the hypothesis, high strength
material that suppresses crack initiation and
two high fracture toughness materials that sup-
press crack propagation were developed.

As a result of commercial application of these
three materials, it was clarified that inhibition
of crack propagation by improving fracture
toughness is essential for reduction of wear of
BOF charging pad.
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