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Abstract

Steel ladles are the vessels that retain a molten steel temporarily to transfer it to steel casting

facilities. Ladle bricks, which are installed inside the steel ladles, are required to have various

characteristics depending on the application of the ladle and the quality of the steel to be produced.

In this article, our distinctive ladle bricks for ladle applications are introduced.

1. IUBHIC

RELDEIF A — 71— TIX19704E A1 HU TR X
Mol TEbE HigE L TR A VT4 Y H
M K DOAEIALDSHE A 72, — T, EINESIF
A — I — RN O BRI Tl T — 2 i K2 45
DEFL % HH L T AEE0% 0\,

— BB AR 2 BV CHE I EIR R B LT
RS N7 EM A Wk 357210 T <, TRERE
LA HEYICAT ) RSO IUSERE L L
TSI NDA, T 253 2 fifE,
BROZRIZNENR o TBY), 20=—X
EE AN oV

R CTIIRENLBE L TCH—R v 7Ty

1. Introduction

In the 1970s, integrated steel mills in Japan
made progress in changing steel ladle refrac-
tories from shaped bricks to monolithic
refractories for the purpose of reducing refrac-
On the other hand,

domestic electric arc furnace-based mini mills

tory-installation labor.

and overseas steel mills often use various kinds
of bricks for the wear lining of the ladle. In
the steel making process, ladles are generally
used not only to transfer molten steel refined
in converters or electric arc furnaces, but also

as reaction vessels for secondary refining for
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Fig. 1 Thermal conductivity of ladle bricks.
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the purpose of temperature compensation
and component adjustment. In practice, the
equipment to be used, the type of steel to be
casted, and the operation requirements are
different respectively, therefore, the needs for
bricks are diverse.

In this paper, ladles for ultra low carbon
steel making in which carbon pick-up should be
avoided, ladles for general secondary refining
such as LF and RH, and ladles which require
special attentions for environment such as heat
loss and odor, are taken up as typical examples
and the lineup of ladle bricks with recommended

applications in various ladles is introduced.
2. Lineup of Bricks for Refining Ladles

2. 1 Ladle for making ultra low carbon
steel

In many ladles for manufacturing ultra low
carbon steel, steel refining is performed at a
high temperature. Thus, both the slag line
and metal zone are severely damaged. With
respect to the refractory material, carbon-free
magnesia-chrome refractories are often used
in making ultra low carbon steels in terms of
prevention of carbon pick-up from refractories.
However, their durability is assumed to be insuf-
ficient due to their poor spalling resistance. In
this section, suitable products for smelting ultra
low carbon steel, which can achieve sufficient
durability with carbon pick-up suppression, are
introduced.

2. 1. 1 Unburned Al.O;-MgO brick for
metal zone “ALTIMA”

ALTIMA is a brick developed on the basis
of the idea of Al,O;-MgO castable that exhibits
excellent performance. Thus, it is the product
designed for steel mills that does not have
castable-installation equipment such as mixer
and mold. Main applications of ALTIMA are
the metal zone and bottom of the steel ladle
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Fig. 2 Thermal expansion under load of ALTIMA.

Typical properties of ALTIMA

Conventional

High corrosion

type resistance type
Chemical composition
/ mass%
Al:Os 88 88
MgO 7 7
After 1500 °C - 10 hours
Apparent porosity / % 21.4 18.1
Bulk density / gecm® 2.94 3.04
Cold crushing strength / MPa 18 20
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of stainless steel manufacturers. Features of

the ALTIMA series can be summarized as

follows.

- Excellent in infiltration resistance as well
as corrosion resistance. It is attributed to a
dense structure resulted from ‘in-situ’ spinel
formation during heating.

- Carbon-free composition. It eliminates carbon
pick-up to molten steel. In addition, consider-
ably lower thermal conductivity compared
to carbon containing bricks such as AlLO;-
MgO-C 1is achievable as shown in Fig. 1.
Furthermore, carbon-excluding composition
enables firm adhesion to the repair material
such as gunning and troweling, thus, service
life prolongation by utilizing suitable repair is
possible.

- Appropriate permanent liner changes and
creep deformation abilities. Thanks to care-
fully adjusted these properties, it prevent joint
openings as well as spalling caused by ther-
mal expansion of itself. In addition, adequate
creep deformation allows to form monolithic
structure at hot face side according to the
fusion bonding, which is formed by mutual
diffusion of small fraction of liquid phase in
microstructure. Therefore, steel penetration
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through joints and falling out of bricks can

be drastically reduced. Figure 2 shows the

expansion behavior under load.

Typical properties of ALTIMA series are
shown in Table 1. In recent years, high corro-
sion resistance type ALTIMA, which has an
improved microstructure, has been developed
with high corrosion and spalling resistance.
Improved one has shown excellent durability in
severe conditions"?. High corrosion resistance
ALTIMA has low porosity, high bulk density,
and a dense structure compared with conven-
tional ALTIMA through the optimization of
grain size distribution. Therefore, the corrosion
resistance is improved by approximately 35 %
as compared with the conventional one (Fig. 3).
The observation results of microstructure after
heat treatment are shown in Fig. 4. In the post
heating microstructure of high corrosion resis-
tance type, a well-developed spinel network is
observed compared with conventional one.
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Fig. 6 Cut section of used bricks.

High corrosion resistance type ALTIMA
was tested at the metal zone in an actual ladle
of electric arc furnace steel manufacturer A.
As a result, the wear rate of the metal zone
was improved by approximately 40 %. Figure 6
shows the cut section of samples after use. High
corrosion resistance type ALTIMA showed a
thinner slag penetration layer and excellent
structural spalling resistance.

2. 1. 2 Ultra low carbon MgO-C brick for

slag line

Carbon-free basic bricks, such as magnesia-
chrome bricks, are often used in the ladles for
refining ultra low carbon steels in order to reduce
carbon pick-up from refractories. Carbon-free
basic bricks, however, causes slag penetration
to form thick slag penetration layer, resulting in
severe structural spalling. Therefore, we have
a lineup of ultra low carbon MgO-C bricks
containing the minimum necessary carbon in
order to prevent slag penetration”. The charac-
teristics of ultra low carbon MgO-C brick are
shown below.

- Minimum amount of graphite. It is obtained
by intensifying the dispersibility of the graph-
ite. The well-dispersed graphite structure
renders excellent slag penetration resistance
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and can suppress over-sintering of MgO with
each other. Hence, the high spalling resistance
is achieved.

- Low post-heating porosity. It improves the

corrosion resistance.

Table 2 Typical properties of ultra low carbon MgO-C brick

. High corrosion High corrosion
Conventional . .
type resistance type resistance type
(C=15%) (C=5%)
Chemical composition / mass%
MgO 95 95 92
C 1.5 1.5 5
After drying
Apparent porosity / % 6.8 5.3 3.9
Bulk density / gecm® 3.10 3.19 3.21
Cold crushing strength / MPa 78 64 50
After 1600 °C - 3 hours
Apparent porosity / % 9.1 7.8 6.6
Thermal spalling resistance index 180 160 100

Ultra low carbon
MgO-C brick
(C=5%)

Direct bonded (Test condition)

MgO-Chrome brick * Rotary slag test
+ 1700 °C -5 hours

Cross-section

1fsf9)1 2 3 4 B

iy

*+ Slag C/S =25

Corrosion Index 100

Slag penetration depth
/ mm

Fig. 7 Corrosion test result of MgO-C brick and MgO-Chrome brick.
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The typical properties of the products are
shown in Table 2. Figure 7 shows the corrosion
test results of ultra low carbon MgO-C bricks
and magnesia-chrome bricks. Although the
corrosion resistance is comparable, the magne-
sia-chrome brick has a thick slag penetration
layer. On the other hand, slag penetration is
not observed in the ultra low carbon MgO-C
bricks. The ultra low carbon MgO-C bricks,
therefore, are resistant to the structural spall-
ing accompanying slag penetration. Hence, it
can be concluded that ultra low carbon MgO-C
bricks are suitable for use at the slag line of
ladles for producing ultra low carbon steels.
Stable performance with little carbon pickup is
promising.

Decarburized layer

Decarburized layer

Fig. 8 Microstructure of ultra low carbon MgO-C near the hot face after use.
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Fig. 9 Comparison of apparent porosity of HIDEN
and conventional MgO-C brick as a function
of heating temperature.
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The

resistant ultra low carbon MgO-C bricks have

recently developed high corrosion

a denser structure, resulting in further improve-
ment of corrosion resistance. Figure 8 shows
micrographs near the hot face of bricks used in
the ladle slag line. The high corrosion resistance
type showed thinner decarburized layer and
denser microstructure after decarburization. It
indicates that the high corrosion resistance type
material exhibits excellent erosion resistance
even if it is decarburized.

2. 2 Ladles for general secondary refining

such as LF and RH

For several decades, ladle bricks have been
improved continuously along with an increase in
secondary refining. As a result, carbon contain-
ing bricks such as MgO-C and Al:O;-MgO-C
are widely used as working refractories for
secondary refining ladles at present. Among
the working refractories, slag line bricks and
impact zone bricks tend to be severely dam-
aged. Therefore, improving the performance of
these bricks is crucial. This section introduces
products with high durability at these posi-
tions.

2. 2. 1 High density MgO-C bricks for slag
lines “HIDEN"

It is well-known that the dominant factor that
limits service life of steel ladle slag line bricks
is erosion at the region affected by stirring by
the gas purged from plug refractories such as
porous plug and slit plug. Thus, it is necessary to
apply high corrosion resistance material to such
a severe wear zone. We focused on microstruc-
ture deterioration due to repeated heating ¥,
and developed HIDEN, a high density MgO-C
brick with excellent corrosion resistance® The
characteristics of HIDEN are shown below.

- Excellent corrosion resistance through sup-

pressed structure deterioration. Figure 9
the

compares post-heating porosity of



Table 3 Typical properties of HIDEN and
conventional MgO-C brick

Conventional HIDEN
type

Chemical composition / mass%

MgO 83 83

C " "

After drying

Apparent porosity / % 3.0 29

Bulk density / gecm’*® 3.05 3.12

Cold crushing strength / MPa 40 38
After 1600 °C - 3hours

Apparent porosity / % 9.7 79
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conventional MgO-C and HIDEN. Lower

porosity after heating is the evidence of

structure deterioration suppression.

- Wide applicability of HIDEN technology. It is
applicable regardless of the amount of carbon
and an appropriate amount of carbon can be
selected according to slag compositions.

The typical qualities of products and the
result of the corrosion test are shown in Table 3
and Fig. 10, respectively. Compared with the
conventional material, HIDEN has a low appar-
ent porosity after heat treatment at 1500 C and
showed approximately 30 % less damage in the
corrosion test. Figure 11 shows the cut sections
of the conventional material and HIDEN after
panel test in an actual ladle. Although there
is no difference in the purity of magnesia and
graphite between HIDEN and conventional
one, HIDEN exhibited approximately 35 % less
damage.

2. 2. 3 High density Al,O;-MgO-C brick

for impact zone

Since the bottom, as well as metal zone, of
the steel ladle is an important portion requiring
stable durability, Al:O;-MgO-C bricks, which
are very resistant to peeling or joint opening,
are often used. Causes of damage to the impact
zone are thought to include peeling of the hot face
due to cracking, joint opening due to insufficient
residual expansion and corrosion by slag. In
cases where impact zone damage is severe, the
matrix structure can be seen to be penetrated
with molten steel (Fig.12). This is presumably
because the molten steel discharged from the
converter or the electric arc furnace penetrated
the brick structure due to the impact of falling.
Figure 13 shows the microstructure of the steel
penetration portion. Hardly any graphite can
be observed in the steel penetration layer. On
the other hand, the precipitation of fine carbon
was confirmed in the penetrated steel. From
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Fig. 10 Corrosion test result of MgO-C bricks.
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these results, it is assumed that the molten steel
dissolved graphite in the brick during opera-
tion, and penetrated through pores generated
by the disappearance of graphite. As a result



Fig. 12 Cut section of bricks used in impact zone
of steel ladle.

Table 4 Typical properties of Al,0;-MgO-C for

impact zone
Conventional|High density
type type
Chemical composition
/ mass%
AlOs 62 75
MgO 20 8
C " 8
After drying
Apparent porosity / % 4.8 3.8
Bulk density/ g-=cm?® 3.25 3.33
Cold crushing strength / MPa 45 40
After 1500 °C - 3 hours
Apparent porosity / % 11.2 9.7
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steel
penetration

Fig. 13 Microstructure of (a) molten steel
penetration zone in used brick and (b)
precipitated carbon in penetrated steel.

of various investigations on such damages, high

density Al,O;-MgO-C brick with excellent in

durability was developed. The features are
shown below.

- The well-balanced spalling resistance and
steel penetration resistance.

- Lower porosity and small pore size. These
favorable features of high density ALOs;-
MgO-C bricks provides sufficient resistant to
steel penetration particularly at the impact
zone where suffers from considerable steel
falling impact.

Table 4 shows the typical properties of
conventional materials and high density
Al,0O;-MgO-C. As for the post-heating poros-
ity under a reducing atmosphere, high density
Al,0;-MgO-C is approximately 15 % smaller
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Fig. 14 Pore size distribution of Al,0;-MgO-C
bricks after heat treatment at 1500 °C in a
reducing atmosphere and decarburization
at 800 °C in an oxidizing atmosphere.
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than conventional material by optimization of
chemical composition and grain size distribu-
tion.

Figure 14 shows the pore size distributions
of Al:O;-MgO-C bricks after the double heat
treatment of which the samples were heated at
1500 C for 3 hours in a reducing atmosphere
followed by decarburization at 800 C for 48
hours in an oxidizing atmosphere. The double
heat treatment was performed to simulate the
microstructure just before steel penetration, i.e.,
decarburized structure of pre-sintered material.
The pore diameters of the high density ALO;-
MgO-C bricks were shifted to fine peaks, and
the mode diameter was reduced from 9 um to
6 um.

Figure 15 shows cut sections of high density
Al:O;-MgO-C bricks used in the same steel
manufacturer as Fig. 12. The penetration of
molten steel is minor compared with conven-
tional material. Figure 16 shows the application
results of conventional and high density Al:O;-
MgO-C bricks used in the impact zone of steel
ladles at various steel mills. In many steel mills,
the wear rates of high density Al,O;-MgO-C
bricks were improved compared with conven-
tional materials.

2. 3 Ladles that require countermeasures
for odors and heat loss

Carbon containing refractories are widely
used in ladle bricks for secondary refining from
the viewpoints of corrosion resistance and spall-
ing resistance. However, these materials have
disadvantages according to their high thermal
conductivity such as increased heat loss from
the shell and shell deformation. In addition, odor
and smoke, which are emitted from unburned
carbon containing bricks, are required to be
suppressed in terms of the working environ-
ment.

On the other hand, in transfer ladles in which
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Fig. 15 Cut section of high density Al,0;-MgO-C
bricks used in impact zone of steel ladle.
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Fig. 16 Comparison of wear rate between
conventional and high density Al,QO;-
MgO-C bricks used in impact zone of
steel ladle at various steel mills.

secondary refining is not performed, pyrophyl-
lite bricks have long been used for both the slag
line and metal zone. In general, the transfer
ladle does not perform secondary refining such
as LF, hence, no temperature compensation
by utilizing metallurgical reaction is expected.
Therefore, pyrophyllite bricks with light weight
and low thermal conductivity are suitable for
transfer ladles. Since it is fired brick, no emis-
sions of odor and smoke occurs. In recent years,
however, tight supply of pyrophyllite bricks
became serious issue. Thus, demand for alter-
natives is increasing. This section introduces
products that shows low heat loss, odor and
smoke according to these applications.

2. 3. 1 Environmentally friendly
carbon-containing refractories for
secondary refining ECONOS

ECONOS is a carbon containing brick char-
acterized by low thermal conductivity and low
fumes. Therefore, ECONOS have been used in
many steel ladles for secondary refining. Char-
acteristics of the ECONOS series are shown
below.
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Fig. 17 Thermal conductivity of MgO-C and Al.0;-MgO-C bricks.

Phenol - Low thermal conductivity with equivalent
o-Cresol Graphite content. ECONOS has about 30 %
o-Cresol lower thermal conductivity than conventional

material with the equivalent carbon content.

Klenol Figure 17 exemplifies the thermal conductiv-
Toluene ity of MgO-C and Al,:O;-MgO-C bricks with
Benzene and without ECONOS technology.

- A tiny fraction of emissive matters. Thanks

Benzaldehyde mConventional . .
= ECONOS to the state-of-the-art phenol resin-excluding
Benz(a)pyrene binder system, the generation of undesirable
0 200 400 600 800 1000 1200 odor and toxic gas during drying and pre-
Amount of gas / £g-g” heating is suppressed. Figure 18 compares

the measurement results of the aromatic gas

Fig. 18 ?moul\r/llt gf (?28_ leffllpohent; generated generated during heating of the conventional
rom - ricKs aurin eat-up. .
9 9 P material and ECONOS.

- Stable durability. It is unlikely to cause joint
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Table SIZ &M EDEMEMEEERT . HEHH ing brick regardless of the material.
IR E LTIEAT 7714 IZMgO-CE, x 7)1V Table 5 shows the typical properties for the

17, BUZALO,-MgO-CEANEH S 1L 5 2 & 2% respective materials. As a ladle brick, MgO-C



Table 5 Typical properties of ECONOS

ECONOS

Material MgO-C  |ALOs-MgO-C
Chemical composition / mass%

MgO 83 10

AlOs 71

C " 10

After drying

Apparent porosity / % 3.4 5.0

Bulk density / g=cm’*® 3.1 3.23

Cold crushing strength / MPa 32 35

Vo FEREIZ BT B #R Bz i I E A R 2 Fig 191K
3o ECONOS% i ffl L 728813 A & A IS8R I A
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material is for the slag line and AlL,O;-MgO-C
material is for both the metal zone and bot-
tom.

Figure 19 shows the shell temperature dis-
tribution of the actual ladle measured during
commercial operation. The ladle of ECONOS
lining has a markedly low shell temperature,
which means the heat radiation from the shell
is suppressed considerably.

2. 3. 2 Light weight and low thermal
conductivity Al:O;-C brick for
transport ladle

As described above, lightweight, low thermal
conductivity pyrophyllite brick is suitable option
for transportation ladles in which re-heating of
molten steel cannot be expected. While, the
production of pyrophyllite bricks in Japan is
gradually decreasing. Instead, imports from
China are increasing. However, in recent years,
it has become difficult to mine pyrophyllite raw
materials due to environmental regulations and
deterioration of quality in China. Moreover, the
number of manufacturers withdrawing from
production due to the health problem of work-
ers caused by pneumoconiosis is increasing.
Hence, a stable supply is becoming difficult.
Thus, for molten steel transporting ladles, we
have developed a new ladle brick as a substitute

500.0 °C

35heats

30.0°C

ENONOS lining

Fig. 19 Comparison of shell temperatures between conventional and ECONOS lining.
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for pyrophyllite brick. Features of the developed

brick are shown below.

- Light weight. While it is slightly heavier

than pyrophyllite bricks, it is much lighter
than other conventional ladle bricks. Typical
qualities of the developed brick are shown in
the Table 6. Although both developed bricks
A and B have slightly higher bulk density
compared with traditional pyrophyllite brick,
they are significantly lighter than high
alumina and AlO;-MgO-C bricks used as

Table 6 Typical properties of pyrophyllite and developed material A and B

. Developed Developed . . ) )
Pyrophyllite material A material B High Alumina | Al:Os-MgO-C

Chemical composition / mass%

SiO; 84 34 53 1"

MgO 20

Al:Os 14 61 43 85 62

C 3 3 "
After drying
Apparent porosity / % 13.2 1.7 12.5 18.9 4.8
Bulk density / g=cm® 2.29 2.72 2.48 2.85 3.25
Fume generation during heat up Fume-less Fume-less Fume-less Fume-less Severe fume
' Developed Developed Test conditi
Pyrophvllite | material A | material B (Test condition)

« High frequency induction furnace test

Cross-section

+ 1600 °C - 2 hours
» Slag C/S=0.6

i il h? H.HI . ?H Hm
Corrosion index
Slag line 100 58
Metal zone 100 26

Fig. 20 Corrosion test result of pyrophyllite and developed material A and B.
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Fig. 22 Results of steady heat transfer calculation.

Developed
material B

High Alumina Al203-MgO-C

Thermal conductivity of ladle bricks.

work linings of the ladle.
- No odor during drying and preheating
- Superior durability. The developed bricks
exhibits higher corrosion resistance than
pyrophyllite brick as well as excellent spalling
resistance. The results of the corrosion test
using a high frequency induction furnace are
shown in Fig. 20. The corrosion resistance of
each developed brick is good, and in particu-
lar, the corrosion resistance of the developed
bricks in the metal zone is approximately 70 %
higher than that of the pyrophyllite brick.
Figure 21 compares the thermal conductivity
of each material. Despite the developed bricks
contain graphite, their thermal conductivities
are much lower than those of the Al,O;-MgO-C
brick, which is close to that of the pyrophyllite
brick. Figure 22 shows the steady-state heat
transfer calculation results for the refractory
lining simulating ladle side wall. The developed
bricks showed lower shell temperatures of
approximately 100 C compared with AlLOs—
MgO-C bricks and the results were almost
equivalent to those of a pyrophyllite brick lin-
ing. From these points, the developed bricks are
expected to show good durability as a substitute
material for pyrophyllite brick.
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3. Epilogue

Since ladle bricks are required to have various
characteristics depending on the application, it
is necessary to select a material suitable for the
application. From our wide variation in ladle
brick line-up, optimal materials for individual
industrial demand can be selected. We will con-

tinuously address to develop unique materials.
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