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Unburned Al,Os-MgO Brick “ALTIMA” for Steel Ladle

X/ % ;jé—? ‘m *1
Tetsuya GOTOH
% FH 7 e

Hidenori TADA

i H ES Eih
Eishi Iipa

=R A
Hisashi Tomiva

Abstract

Recently, the load on the ladle lining has been increasing due to the increase in the secondary

refining rate of the steel ladle. High ALO; and carbon containing bricks are used for steel ladle

linings, but they have insufficiencies such as poor corrosion resistance, heat loss and so on.

Monolithic lining such as ALO;-MgO castable has good corrosion resistance and less heat loss

problem, but it requires installation equipments and careful preheating to avoid the explosion
problem. We have developed “ALTIMA”, an unburned Al:O--MgO brick to resolve these problems.

This report describes the applications of this new product for the steel ladle lining.
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1. Introduction

In the modern secondary refining process, steel
quality and operating efficiency are important
targets for steelmakers. Thus the load on
refractories has been increasing with the increased
use of secondary refining in steel ladles and has
become far more severe than in previous years. High
Al,O; and carbon containing bricks such as MgO-C
and Al,O;-MgO-C are used for the steel ladle lining,
but the former often shows insufficient durability
due to its poor corrosion resistance. The latter have
good corrosion and thermal shock resistance, but on
the other hand have problems of carbon pick up into
molten steel and heat loss which often occur because
of high thermal conductivity. ALO;-MgO castable
has been used to resolve these problems. Castable
linings require big initial investments for mixers

and installation equipment. Drying and preheating
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Table 1 Typical properties of Al,0:-MgO brick and

castable
ALTIMA Al,0:-MgO
castable

Chemical Composition/mass%
Al,Os 88 92
MgO 7 6
after baking 10.5 14.3
Apparent porosity/ % after 1000°C 13.5 16.4
after 1500°C 17.5 19.8
after baking 3.30 3.21
Bulk density/g+cm?® after 1000°C 3.2 3.19
after 1500°C 3.05 3.00
. after baking 100 30.8
Cos'frg;“im\%lpa after 1000°C 98 52.4
o after 1500°C 72 62.8
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procedure must be also strictly controlled to prevent
explosion accidents. In order to resolve these prob-
lems we developed “ALTIMA”, an unburned AlLOs-
MgO brick. In this paper, the features and trial
result of “ALTIMA”, which has many excellent

qualities, is described.
2. Characteristics of “ALTIMA”

Table 1 shows the typical properties of ALTIMA
and ALO;-MgO castable for steel ladle. ALTIMA
has the following features and effects of introduc-
tion:

[Features]

(1) Unburned bricks which consist of high-quality
ALQO; aggregates and high purity MgO.

(2) Strength decrease at about 800°C doesn't occur
because it contains no cement.

(3) Permanent linear change derived from spinel
forming reaction and appropriate creep deforma-
tion in operation realize the uniform and stabi-
lized wear lining.

(4) Well-controlled balance between high corrosion
resistance and high penetration resistance.
Structural spalling from slag penetration is
suppressed.

[Expected effect]

(1) No carbon pick up into molten steel because
brick is completely carbon free. For the same
reason, they are characterized by having lower
thermal conductivity and heat loss than carbon
containing refractories such as MgO-C and ALO;-
MgO-C.

(2) They don't require any specific equipment or

procedures for installation and preheating.

Table 2 Typical properties of field tested bricks

Conventional high
ALTIMA Al,O; brick

Metal line | Slag line
Chemical Composition/mass%
AlL,Os 88 82 90
MgO 7 - -
Apparent porosity/% 10.5 14.7 14.9
Bulk density/g+cm?® 3.30 3.00 3.10
Cold crushing strength/MPa 100 77 185
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High Al,Os
(Slag line)

High Al,O;
(Metal line)

Fig. 1 Appearance of “ALTIMA” and high Al,Os bricks
in operation.
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(3) Used together with the cleanshot repair which
can produce high density gunning body, a long

life and endless lining can be expected.
3. Results of Field Trial

ALTIMA was used in an actual ladle (30t) at Kobe
Steel Ltd. Takasago Steel Powder Plant. Table 2
shows the typical properties of ALTIMA and ordi-
nary high Al,O; brick for the ladle. Fig.1 shows the
appearance of ALTIMA used in the upper metal line
to the slag line. ALTIMA residual thickness is
thicker than the surrounding high ALO; brick, and
also, no significant joint wear, cracking or peeling
were observed in the ALTIMA area. The cross
sections and hot face microstructures of ALTIMA
and the high ALO; brick after use in metal line are

shown in Fig.2. The slag penetration thickness of

ALTIMA (Metal line)

High Al.Os brick (Metal line)

Cross section
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Fig. 2 Cross sections and hot face microstructures of “ALTIMA” and conventional High Al,O; bricks after use.
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Table 3 Properties of bricks after field trial

Metal line Slag line
. Conventional Conventional

Quality ALTIMA high ALO, brick ALTIMA high ALO, brick*®
Apparent porosity %

Hot face 12.3 16.4 13.3 16.5

Back side 13.8 17.8 13.6 ’
Bulk density gecm’®

Hot face 3.18 2.88 3.27 307

Back side 3.26 2.85 3.25 .
Wear speed mm/heat 0.95 2.26 1.10 1.80

% © Residual thickness of high AlO; brick is only about 10mm
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ALTIMA is presumably much thinner than conven-
tional high Al:O;. Table 3 shows the properties and
wear rates of each brick after the field test. The
wear rate of ALTIMA is about one half that of
conventional high AlL:O;; moreover, there is hardly
any difference in physical properties between the
hot face and back side.

4. Conclusion

Our newly developed unburned AlL,Os-MgO brick
“ALTIMA”

sion resistance and high penetration resistance,

strikes a balance between high corro-

which gives higher performance than conventional
high ALO; bricks and Al O;-MgO castable. The
characteristics are clearly superior to existing
materials. In view of saving energy and refining
high quality steel, we can expect much better per-
formance with ALTIMA. We will promote the
actual use of ALTIMA and go on studying to

improve it further.



