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Abstract

High ALO; bricks and carbon containing bricks have been widely used for steel ladle lining.

But they have some drawbacks such as poor corrosion resistance, heat loss, and so on. ALOs-

MgO castable lining shows a good performance, but requires a big initial investment in

mixers and installation equipment and a strict drying and preheating procedure to avoid

steam spalling.

In order to solve the fore mentioned problems of conventional materials, “ALTIMA”

unburned Al:O;-MgO bricks for steel ladles have been investigated and developed. In this paper
the features and characteristics of ALTIMA and its trial result at BlueScope Steel will be

reported.
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1. Introduction

High Al:O; bricks and carbon containing
bricks such as MgO-C and Al:O;-MgO-C have
been widely used for steel ladle lining. These
ladle bricks, however, have some drawbacks
in meeting the requirements for clean and
high quality steel refining. High ALO; bricks
are greatly damaged by clean and high qual-
ity steel refinement because of poor corro-
addition,

permanent linear change often causes joint

sion resistance. In negative
erosion of the lining. Carbon containing
bricks have good corrosion resistance and
thermal shock resistance but have the prob-
lem of carbon pick-up in the molten steel and

heat loss due to the high thermal
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Fig. 1 Relationship between MgO content and
corrosion and slag penetration in the
Al,03-MgO castable.
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conductivity.

Al:O;-MgO castable was introduced to the
ladle lining in Japanese integrated steel
mills. But castable lining requires a big
initial investment in mixers and installation
equipment and strict drying and preheating
procedure to avoid steam spalling.

In order to solve the fore mentioned prob-
lems of conventional materials, unburned
ALOsMgO bricks for steel ladles “ALTIMA”
have been investigated and developed.
ALTIMA has similar characteristics to
ALO;-MgO castables and can be used in steel
ladles with ordinary brick installation
procedure'’. In this paper the features and
characteristics of ALTIMA and its trial
result at BlueScope Steel will be reported.

2. Concept of ALTIMA

ALTIMA was developed in considerations
of the following points.

* Balance between corrosion and penetration
resistance

ALQO; and MgO are the main raw materials
of ALTIMA. Fig.1 shows the effect of MgO
content on the corrosion resistance and slag
penetoration resistance of Al,Os-MgO casta-
ble as an example of Al;Os-MgO system?.
Corrosion resistance improves with the
increase of MgO content but the slag pene-
tration become deeper with exessive MgO
addition. MgO content of ALTIMA 1is decided
on the basis of this data.

Added MgO disperses uniformly in the
refractory matrix and forms secondary
spinel by the reaction with AlO; at the hot
face?’. The spinel forming reaction induces
volume expansion and the refractory texture
becomes dense under the restraining pres-

sure.
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* Continuousness of permanent linear
change

The application of the brick which has
positive permanent linear change is effective
for preventing steel penetration to the back-
side. ALTIMA has proper expansion because
of the secondary spinel forming reaction and
the expansion continues because the brick is
unburned and the spinel forming reaction is
limited near the hot face.

* Easy installation

ALTIMA can be used with ordinary brick
installation procedure. Complicated heating
procedure for castable lining are also unnec-
essary because there 1s no risk of steam
spalling.

* Quality of steel and Environment

- Non carbon material -

Carbon containing bricks have the draw-
backs of high thermal conductivity and car-
bon pick-up. The former causes the
temperature of molten steel to drop during
operation and worsening working condition
associated with the increase of shell tempera-
ture. The latter degrades steel. In order to
prevent these drawbacks, ALTIMA 1is carbon
free. So ALTIMA has low thermal conductiv-
1ty which reduces heat loss and saves energy.
The problem of carbon pick-up of steel is also
completely solved.

3. Physical Properties of ALTIMA

Table 1 shows the physical properties of
ALTIMA, conventional Al,O;-MgO castable
and burned high ALQO; brick. ALTIMA has
lower apparent porosity and higher bulk
density than the conventional materials.
These materials were evaluated and com-

pared with laboratory data.
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Table 1 Typical properties of ALTIMA and conventional refractories
Unburned Conventional
AlL,O;-MgO Al,0-MgO )
ALTIMA | castable | Mioh ARO:
Chemical composition Al,Os 88 92 87
/mass % MgO 7 6 -
Apparent porosity 105°C-24h 10.5 14.3 15.0
/% 1000°C-3h 13.5 16.4 -
° | 1500°C-3h 175 19.8 -
105°C-24h 3.30 3.21 2.93
Bulk density 1000°C-3h 3.26 3.19 -
1500°C-3h 3.06 3.00 -
. 105°C-24h 100 30.8 90
Cold crushing streng/t’t]APa 1000°C-3h 98 5.4 i}
1600°C-3h 72 65.1 -
Permanent linear change
after 1500°C-3h /% +24 +12 +02
Cross section > 500
5 o Corrosion
g 400{— ® Penetration
O
ALTIMA % 300
<
38
@ 200
@
%}
Al,0:-MgO < 100
castable 2 .
o
s 0 :
© ALTIMA Al203-MgO High Al20s brick
castable
High Al,Os
brick . .
Fig. 3 Result of slag corrosion test.

Fig. 2 Cross sections after slag corrosion test.
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4. Experimental Procedure and Result

4.1

A slag corrosion test was performed using

Slag corrosion resistance

the rotary drum slag test with the fore
mentioned materials. Oxygen and propane
were used as the fuel source. The test was
run for 5 hours at 1650°C and slag basicity
was 6.2.

The cross sections of specimens after the
slag test are shown in Fig.2. The damage of
ALTIMA 1is less than that of the other
materials. Fig.3 shows the result of the test
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Fig. 4 Change of mineral phase of ALTIMA after
slag corrosion test.
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Fig. b Permanent linear change of each
refractory.

where the wear ratio of ALTIMA is figured
as 100. The corrosion resistance of ALTIMA
1s superior to other materials and the slag
penetration thickness is much thinner.

The change of mineral phase of ALTIMA
after slag corrosion test are shown in Fig.4.
Periclase disappeared completely from the
hot face, and the secondary spinel was at a
maximum. Towards the backside, it was
recognized that the remaining periclase in-
creased and the secondary spinel decreased.
4. 2 Thermal expansion characteristic

The test specimens were measured for their
thermal expansion curves up to 1500°C.

Fig.5 shows the result of the test. The
thermal expansion of high ALQO; brick varied
linearly with temperature, while Al:O;-MgO
castable and ALTIMA, which were made up
of Al:O; and MgO materials, showed expan-
sion by the secondary spinel forming reac-
tion at about 1400 °C. In addition, the
expansion occurs continuously until the end
of service life because they are unburned and
the spinel forming reaction proceeds near the
hot face. In particular, these behaviours of
ALTIMA are effective for reducing joint
erosion by Integrating the hot face like
castable lining.
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Fig. 6 Creep deformation of each refractory.

Fig. 8 Appearance of ALTIMA in steel ladle after
44 heats.
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Fig. 7 Thermal conductivity of each refractory.

4. 3 Creep deformation

Fig.6 shows the creep curves of these mate-
rials. These samples were heated up to 1500
°C and were kept for 3 hours under a load of
0.2MPa. ALTIMA showed expansion by the
secondary spinel forming reaction at about
1400°C though the shape of the curve is very
similar to Al;O;-MgO castable. The value of
ALTIMA is smaller and appropriate because
expansion absorption by joints can be ex-
pected.
4. 4 Thermal conductivity

Fig.7 shows thermal conductivities of these
materials at 600°C. The thermal conductivity
of a typical MgO-C brick (C=15%) is shown
as a comparison. ALTIMA has considerably
lower thermal conductivity than the MgO-C
brick, and is almost equal to the high ALO;
brick and ALO;-MgO castable.

b. Results of Field Trial

The high AlLO; bricks were regularly used
for the metal zone of BlueScope Steel's 280ton
ladle, and the hotface was coated with a thin
layer of slag so as to extend the service life.
Since the new operation for clean steel refin-
ing was started, a long service life of the
ladle could not be obtained with the ordinary
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high ALO; brick because the slag coating
operation was discontinued. ALTIMA was
applied and tested at the metal zone in order
to improve the ladle life without slag coating
operation. Fig.8 shows the appearance of
ALTIMA after 44 heats. There was neither
marked cracking nor flaking off. ALTIMA
application part was integrated like castable
lining and shows the smooth surface without
joint erosion.

Fig.9 shows the life of high Al O; brick
under slag coating operations, and ALTIMA
and the high Al:O; brick under new opera-
tions. It was concluded that the durability of
the new brick is about 1.5 times better than
that of high AlO; brick under new operation
without slag coating. The trial result con-
firmed good potential of the ALTIMA for the
lining of clean steel ladles. In addition,
ALTIMA lining has the advantage of lower-
ing total cost because ALTIMA lining re-
quires fewer operation shutdowns for repairs
than high ALO; lining.

6. Conclusion

In order to improve the drawbacks of
conventional materials, “ALTIMA” a new
unburned Al:O;-MgO brick for the steel ladle
was developed. It has the following advan-
tages:

(1) The corrosion and penetration resis-
tances are excellent due to the secondary
spinel forming reaction during opera-
tion.

(2) ALTIMA has good physical properties,
positive permanent linear change and
appropriate creep deformation to reduce
the joint erosion and integrate the brick
lining.

(3) ALTIMA was tested at BlueScope Steel's
280ton ladle and showed good potential
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e T v I FRAD K D BRI D < compared to conventional high Al O;
F—Z VI ZAPDOHEHTHA ) v FBELNT brick under new conditions. ALTIMA
W5, lining has the advantage of lowering
F 72, ALTIMADOEIC X s h 20058 total cost because ALTIMA lining has
ELTUTNDOZENETFONS, fewer operation shutdowns for repairs
4) —fBFIICHVWONTWAIRZREBRNANE than high AlLQO:..
L U THis b BREH B KW 728, #o = The following good effects can be expected
KM O 2 v F —DHEIEEIE N D %, from the ALTIMA lining.
(5) H—FKrEEGHELTVWEWEY, A—KVEy (4) The thermal conductivity is considerably
77y T EEIEEO, low so as to reduce the energy loss com-

pared to carbon containing bricks.
(5) Carbon pick-up in the molten steel can be
eliminated because the new brick is com-

pletely carbon free.
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