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Long-life MgO-C brick for converter charging pad:
Development of high-fracture-energy MgO-C brick
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Abstract

Bricks at charging pad of converter are thought to be worn by several mechanisms by the operational
conditions such as scrap charge, hot metal charge and blowing. Conventionally, materials with higher
strength were studied as a countermeasure. In this study, based on analysis of actual equipment wear, the
conventional approach that emphasized hot strength was reviewed. "Fracture Energy" is focused on as a new
index of evaluation. Heavy weight drop test was demonstrated and high fracture energy by work of fracture
method are extremely effective in suppressing crack propagation after crack generation. And finally, a new
material (TOUGHMAX™) having higher fracture energy was developed. It was confirmed that the
material which has high crack propagation suppression effect. The developed material was showed excellent
characteristics about hot strength, corrosion resistance, and thermal shock spalling resistance, and trialed in
actual converter vessels. The improved new MgO-C qualities show 50 % better performance than
conventional ones as maximum.
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SRS TE T T AL BT, B B 2y MgO-C bricks are used as a wear lining
. B materials in converter because of their high resistance
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against corrosion and against spalling in both thermal

% MgO-C MK, sima 2l B T and mechanical. The damage pattern of refractory in
TORERM AT 2 AEELMETH L, HIZ converter differs depending on the application. So, it

It T is common to optimize the.material .selection on each
part. In this study, charging pad is the target. In

AT B 35 KON BESE A RE O B B 2 TR A1 2% general, condition in charging pad is quite complicated
5720, BRI O R T LR LRI L W compared to other parts, because the bricks are
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damaged by impact force from both scrap and molten
iron.

Therefore, it is one of the most severely
damaged area in the converter, and there have been
many studies on the material development in the
past. Conventionally, the main factor of wear on
bricks was thought that surface of bricks get dented
by charged scrap. Thus materials with higher strength
were studied as a countermeasure'?. However, the
material for this area still needs to be improved its
durability. Because the scrap ratio in converters is
expected to increase as world aims carbon-neutral.
So, the demand for longer service life of refractory at
charge pad is also expected to increase.

Therefore, in this study, it was reevaluated that
the wear mechanism of brick in the converter
charging pad. And, it was searched that new indicators
for durability improvement could not be fully
understood by the conventional design concept in
which hot strength emphasized. Based on a detailed
analysis of bricks after actual use, it was clarified that
the initiation and propagation of cracks due to scrap
impact contributes significantly to refractory wear.
Based on this knowledge, it was hypothesized that
the fracture energy of refractory is an extremely
important property for extending the service life of
refractory for charging pad®.

In this research, the objectives are to verify the
above hypothesis and to develop a new MgO-C
refractory (TOUGHMAX™) with higher fracture
energy than conventional materials. The developed
material is designed to enhance resistance to crack
propagation compared with existing materials,
thereby significantly improving durability at the
converter charging pad is expected.

2. Wear factor and characteristics
2°+1 Conventional material design concept
Figure 1 shows a relationship between
converter operation and wear factors of bricks. Bricks
for charging pad are exposed to several different wear
patterns, as shown in Fig.1. Therefore, it is one of the
most severely damaged area in the converter.
Conventionally, the main factor of wearing on bricks
was thought that surface of bricks get dented by
charged scrap. Therefore, materials with higher
strength were adopted as a countermeasure for a long

time'?. In this report, the validity of this mechanism
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Operation Scrap Charging

Hot Metal Charging

Blowing

Image
Wear *Abrasion by Hot Metal .
- Impact by scrap Corrosion by sla
Mechanism *Thermal shock Y=g
Required | ¢ Modulus of Rupture Hot Modulus (,)f Rupt-u re Corrosion resistance
Properties *Thermal spalling resistance

Fig. 1 Wear mechanism and requirement of MgO-C bricks for converter charging pad.
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of wear was confirmed. Thus analysis of bricks used
at chaging pad was conducted.

2+2. Wear mechanism

Figure 2 shows cross section of a Used brick
taken from charging pad. The right side of the photo
is the hot face. There are two points to be focused on.
First, There an indent at the hot face which is an
original point of internal crack. Second, this internal
crack runs through inside brick diagonally to the hot
face, not vertical or parallel. The length of crack was
about 100mm. In general, the original length of
bricks used to charging pad for converter is around
from 700 to 1000 mm. Therefore, it can be said that

Point (1) : Depression
Depression of hot surface was
observed at the starting point
of the internal crack.

Point (2) : Internal Crack
Internal crack was observed

running diagonally through inside
of the brick from the hot surface.

Fig. 2 Cross section of a used brick taken from charging pad.
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Fig. 3 Image of estimated wear mechanism in MgO-C bricks for converter charging pad.
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this internal crack is "very long".

Figure 3 shows estimation about wear
mechanism of bricks at charging pad, which explains
the condition of internal structure of bricks before
It

"Cracking". The circles represent MgO and the wavy

operation. is estimated as "Abrasion" and
lines are graphite. It can be assumed that the impact
force by charged scrap is applied from the right side
of the image. As a result, it is estimated that scrap

charge generates cracking and abrasion of bricks.

3. Evaluation methods
3 +1. Heavy weight drop test

Bricks used at charging pad have two wear
patterns. First, indent caused by scrap. Second, Fell-
off caused by crack generation and propagation. In
order to clarify the required properties in material
against these two types of wear patterns caused by
scrap, heavy weight drop test which simulates scrap
impact was conducted.

A schematic illustration of the test is shown in
Fig.4. The depth of indent and crack propagation in
the specimens were measured after dropping a corn
shaped with 90°apex angle weight. The weight was
10kg and dropped from height of 1.5 m. The test was
100x100x230 mm rectangular
specimen that was coked at 1400 °C for 10 hours and
constrained on four sides around. Figure 5 shows the

conducted on a

cross section after heavy weight drop test. An indent
was found at the weight drop point, and a crack
progressed downwards from the tip of the indent.
Moreover, the crack progressed straight. These
phenomena looked similar to what is observed in the
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Fig. 4 Schematicimage of the heavy weightindenter

drop test.
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Fig.5 Cross section of sample after the heavy weight

indenter drop test.

bricks after actual use (Fig.2). These results suggest
that heavy weight drop test can be an effective
method to simulate wear patterns of refractory at
charge pad of actual converter.

3 2. Fracture energy

Next, the fracture energy was evaluated® by
the equipment shown in Fig.6. The specimens of
40x40x160 mm with a 13 mm notch was prepared
with coking at 1400°C for 10h. The specimens were
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(.

y =W/ (24) --©@

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

In this report, this is the most important
characteristic. This is because crack propagation is
one of the damage factors caused by scrap impact.
Fracture energy can be a promising index to evaluate
resistance against this factor. Fracture energy is
explained in short as a total energy which is applied
into the specimen until it is fractured by external
load. Generally, this refers to strain toughness, and
here we show the relationship between displacement
and load. Therefore, the fracture energy represents



Three - point bending test device
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Fig. 6 Schematic image of fracture test.
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Figure 7 shows a comparison of the load-
displacement curves. This curve is formed in two

Phase-1: #EHNEIOBRIEA L TS BT 4 stages.
LE— AL S, The first phase is a corresponding energy
Phase2: A5 ER RIS D% COL I applied to the specimen until initial crack generates

inside.
F—IIHHET 5o The second phase is an applied energy after

crack generation until the fracture of the specimen.

Phase-1 —» Phase-2 —» Fracture

Load

Generation Extension

Displacement

Fig. 7 Schematic image of Load — Displacement curve.
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Fig. 8 Relationship between modulus of rupture Fig. 9 Relationship between fracture energy and
and depth by heavy indenter drop test. crack length.

[Operation]
Scrap Charging

~~

[Wear Mechanism]
1) Abrasion
2) Cracking
(by mechanical force)

~

[Approach of improvement]
O Conventional : Increase of HMOR

e m———

* New : Increase of Fracture Energy

Fig. 10 Image of internal crack generation at charging pad and countermeasure.
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3+ 4. Fracture energy

~Consideration of key property~

Figure 10 shows the summary of the
explanation about fracture energy. It is assumed that
bricks at charging pad of converter mainly have wear
pattern of abrasion and cracking by scrap charge.
Conventionally, materials tended to be designed
having higher strength as a method of improvement.
However, "fracture energy" was more focused on for
an improvement in this study.

4. Material improvement

MgO-C bricks at charge pad of converter are
exposed to various operational condition (Fig.11).
This time, resistance against scrap impact was focused
on. Especially, fracture energy was also focused on
which was thought to be another important factor to
evaluate the ease of crack propagation. General
information of improved materials are shown in
Table 1. Material A was considered that has a good
balance between fracture energy and other
characteristics. Material B and C were considered to
have not only strength but also fracture energy.
Material D was the most specialized for fracture

energy.

Operation Scrap Charging Hot Metal Charging Blowing
4 -
mage / R @
e, !
1;5\5
+ Abrasion by Hot Metal
Wear Impact by scrap y Corrosion by slag
Mechanism * Thermal shock
Required * Hot Modulus of Rupture *Hot Modulus of Rupture
: Corrosion resistance
Properties * Fracture energy - Thermal spalling resistance

Fig. 11 Wear mechanism and new requirement in MgO-C bricks for converter charging pad.

Table 1 Physical properties and characteristics of improved materials

Conventional | Improved_A Improved B Improved_C Improved_D
Materials
Chemical Composition MgO 80 80 80 79 80
/ mass¥ c 15 15 15 15 15

Measurement examples (After coking at 1400°C)

Bulk density /= 292 2.87 2.86 2.85 2.80
lApparent porasity /% 8.7 8.4 9.0 9.2 94
- 11 - Krosaki Harima Technical Report No.173 (2026)
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4-1. Fracture energy

Figure 12 shows the load-displacement curves
Black color is for the
conventional material. The conventional material

of these five materials.

shows relatively higher value as maximum than the
other ones, while depression after reaching to the
maximum load is much faster. On the other hand,
the depression of load in the improved materials
become more gentle than the conventional material
after the maximum values. Especially, material D has
the most gentle depression of load.

Figure 13 shows index of fracture energy. All
improved materials have higher fracture energy.
Especially, material B, C and D has 1.5 times or even
higher fracture energy values than the conventional
material, and the highest is in material D which has
almost double. From this result, it is considered as the
improved materials have much better ability to
suppress crack propagation.

Pictures after test in both conventional and
improved materials are shown. Figure 14(a) is the
specimen of the conventional material. The crack
runs almost straight. On the other hand, Fig. 14 (b) is
the specimen of improved material D. Crack doesn't
run straight, but in a complex pattern. It is assumed
that this complex cracking pattern makes depression
of strength more gentle which would result in increase
of fracture energy.

1,200
1,000 -—Conventional
=|mproved_A
800 —Improved_B
E Improved_C
600
E Improved_D
-
400
200
0
0.0 0.5 1.0 1.5 2.0

Displacement / mm

Fig. 12 Load-displacement curves of each sample.
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Fig. 13 Fracture energy index of each sample.
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Fig. 14 Specimen after work of fracture test. (a):Conventional, (b):Improved_D

_13_

4+2. Other characteristics

Figure 15 shows values of hot modulus of
rupture. Hot modulus of rupture is also considered to
be one of the necessary properties for chaging pad
bricks. The improved materials have slightly low hot
strength than conventional one.

Next, spalling resistance is also evaluated.
Thermal shock resistance is also considered to be one
of the necessary properties for charging pad bricks.
This is because of the temperature shock occurs when
the molten iron is charged. Figure 16 shows cross
section of the specimens after thermal spalling test on
the referred 5 materials. Spalling resistance was
evaluated by Hot metal dip test. A little crack was
observed in conventional material which is because it
is designed to have high strength. On the other hand,
no cracks were observed in the improved materials.
The improved materials also have better thermal
shock resistance.

Krosaki Harima Technical Report No.173 (2026)
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Figure 17 shows Corrosion index. In addition
to significantly higher fracture energy in material
A,B and C, the corrosion resistance is also good.
And, in Material D, though corrosion resistance is a
little bit worse, fracture energy is 2 times higher. It is
expected to show a good performance at the area
where bricks are exposed to a heavy damage by scrap.

30

25

20

15

(at 14007C)

10

Hot modulus of rupture(MPa)

Conventional Improved_A Improved_B Improved_C Improved_D

Fig. 15 Hot modulus of rupture of each sample. (at 1400°C)
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Materials

Cross section

after thermal
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test

Improved B
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Below

Evaluation IiTREa
Average

Very Good
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Fig. 16 Cross section after hot metal dip spalling test.
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Corrosion Test
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Fig. 17 Corrosion index of each sample.
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Table 2 Comparison of characteristics

4+3. Summary of characteristic comparison

Table 2 shows summary of characteristic
comparison. All Improved materials have higher
fracture energy. And, italso has other good properties.
As a result, improved materials are well-balanced
materials. At charging pad, refractory is exposed to
several factors of operation not only impact by scrap
also various others. Therefore, it needs to have
considered in several properties to show good
performance there. The improved material is currently
being used in actual furnaces.

Summary of characteristic
comparision

Below

Conventional | Improved_ A | Improved B | Improved_C | Improved D
Materials
Chemical Composition / MgO 80 80 80 29 20
mass’ G 5 " i - -

Fracture energy Average Average Very Good Very Good
Hot bending strength Excellent Very Good Very Good VTR (et Average
~Excellent
Thermal spalling resistance Below Excellent Very Good Very Good Excellent
Average
Corrosion resistance Very Good Excellent Excellent Excellent Average
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Fig. 18 Transition of residual thickness index in MgO-C bricks at converter charging pad.
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5. Example of test result

Figure 18 shows the transition of residual
thickness index which were measured at an actual
converter charging pad. The horizontal axis shows
“index of campaign life”, and the vertical axis
shows“index of residual thickness”. Sudden reduction
of residual thickness wasn’t observed, which tells that
there was no spalling. The wear rate of improvement
material A is clearly reduced compared to the
conventional material. Ultimately, the wear rate
improved by approximately 40 %. Improved material
B has also been evaluated in a different actual furnace
from materiai A. The wear rate was improved by
approximately 50 %.It is obvious that the application
of products (TOUGHMAX™) with higher fracture
energy can provide good performance in actual
converter.

6. Conclusion

Converter charging pad is one of the most
severe area for refractory. Therefore, demand in
performance improvement is thought to increase. In
contrast to conventional materials which are designed
to have high strength, it was found that fracture
energy is more important guideline. Through analysis
of wear mechanism in bricks after actual use and
precise material evaluation, it was clarified that the
crack generation and propagation caused by charged
scrap is the dominant factor determining the
durability of refractories.

Based on this knowledge, a series of new MgO-C
quality has been developed (TOUGHMAX™).
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PR L Clim

TOUGHMAX™ series are products that take into
consideration of fracture energy. Materials with
higher fracture energy are showing better performance
than tne conventional materials at actual converter
charging pad. From actual converter vessels at
charging pad, the wear of converter vessels at charging
pad are caused by crack propagation in bricks. So, it
is clarified that high fracture energy is effective. In
contrast, it is clarified that high hot strength isn’t
effective. This result strongly supports the effectiveness
of the “fracture energy” design concept proposed in
this study.
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