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Abstract

Al;03-MgO-C brick has been widely used for the metal line of steel ladle linings. We developed
“CALEAD?", a high performance lightweight Al:0s-MgO-C brick. CALEAD has about 10% lower
thermal conductivity and bulk density than ordinary Al.Os;-MgO-C bricks in spite of having almost

the same characteristics.
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1. Introduction

Unburned Al:O;-MgO-C brick has been
widely used for steel ladle linings. This brick
is characterized by residual expansion derived
from a secondary spinel forming reaction
between Al,O; and MgO. Residual expansion is
effective in reducing joint wear.

We have developed high performance light-
weight Al:O;-MgO-C brick that has the same
characteristics as ordinary brick with the aim
of increasing charging volume and improving
specific refractory consumption. This report
introduces “CALEAD?”, a series of high perfor-
mance lightweight Al,O;-MgO-C bricks.

2. Method of Reducing Weight

Usually, fused alumina which has high density
is mainly used for Al,O3;-MgO-C brick. When a
lightweight Al,O;-MgO-C brick was required, we
had often used high porosity alumina aggregate
and low density natural alumina such as chinese
bauxite in place of fused alumina. However,
they showed insufficient performance because
these alumina materials have low corrosion
resistance. “CALEAD”, our newly developed
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Table 1 Properties of raw materials

White Brown Chinese Special
Alumina | Alumina | bauxite | Alumina
Apparent
porosity /% 5.3 2.9 9.8 3.2
Bulk density 3.74 3.84 3.18 3.36

Table 2 Properties of Al,0;-MgO-C bricks

Ordinary CALEAD
product
Chemical composition /mass%
AlOs 65 61
MgO 18 18
C 10 10
Apparent porosity /% 6.4 7.1
Bulk density 3.27 3.00
Cold crushing strength /MPa 34 30
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lightweight Al.0;-MgO-C brick is equivalent to
ordinary Al:O;-MgO-C brick because it uses a
special alumina aggregate as a substitute for
ordinary fused alumina.

3. Chraracteristics of CALEAD

Table 1 shows the properties of the special
alumina aggregate. This special alumina
aggregate is characterized by extremely low
bulk density despite having the same apparent
porosity as ordinary fused alumina. The typical
qualities of CALEAD and ordinary Al,Os-MgO-
C are shown in Table 2. CALEAD is about 10%
lighter than ordinary Al:QO;-MgO-C bricks in
spite of having the same carbon content and
apparent porosity.

Fig. 1 shows the thermal expansion curves.
Each sample shows almost the same thermal
expansion behavior and these samples expand
due to a secondary spinel forming reaction at
about 1400C. CALEAD has sufficient perma-
nent linear change because of this expansion.

A slag corrosion test was performed using the
rotary drum slag test with the fore mentioned
materials. An electric arc was used as the heat
source. The test was run for 5 hours at 1700C
and slag basicity was 1.7. The cross sections
of the specimens after slag test are shown in
Fig. 2. Fig. 3 shows the result of the test. The
wear ratio of ordinary Al,0s;-MgO-C brick is
figured as 100. CALEAD was almost equal in
corrosion resistance compared with ordinary
Al,03-MgO-C brick, and slag penetration did
not occur.
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Fig. 1 Thermal expansion of Al:0;-MgO-C bricks.
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Fig. 2 Cross section after corrosion test.
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Fig. 3 Corrosion resistance of Al,0;-MgO-C
bricks.
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Furthermore, CALEAD has considerably
lower thermal conductivity than ordinary
Al,O3-MgO-C  brick. Fig. 4 shows thermal
conductivities of 300C to 600C. CALEAD has
about 10% lower thermal conductivity than the
ordinary Al:Os-MgO-C brick. Shinagawa also
has an ECONOS line of bricks and its technol-
ogy of lowering thermal conductivity”. We can
combine two technologies. The two technolo-
gies are combinable, as shown Fig. 4, to lower
the thermal conductivity further. CALEAD is
consider to attain a steady-state temperature
with a lower amount of heat because CALEAD
is lightweight and has the same specific heat as
ordinary Al;0;-MgO-C brick. As a result, the
CALEAD lining is expected to suppress high
heat loss compared with the ordinary AlLO;-
MgO-C lining because the CALEAD lining can
lower heat dissipation from the shell and the
wear lining does not easily deprive the heat
from the molten steel.

4. Result of Field Trial

We carried out a panel test of CALEAD and
ordinary Al:O3;-MgO-C brick in the slag line
of an actual ladle. There was neither marked
joint wear, cracking nor flaking off in use. Fig. 5
shows a cross sections of used bricks. CALEAD
has almost the same residual thickness as
ordinary Al;0;-MgO-C brick. The properties
of used brick are shown in Fig. 6. CALEAD
has maintained its lightweight characteristic
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Fig. 4 Thermal conductivity of Al,0;-MgO-C
bricks.
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Fig. b Cut surface of used Al,0;-MgO-C bricks.
BECERRBIZEETLEEZONSL, TO 20 == ——2.95
N X pparent porosity
KL LT, CALEADZX W 729 4 = ¥ 73k S MBulk density
ARG A =2 7T, EROBNE 51 20 2
DKz EbIIZ <, BREEA R L 72 E D ] s
EHTE 2720, BOBOAIHDRAES L £ <
S 1285 @
g0
0 . 2.8

F AR THE K DALO-MgO-CIL A A &
CALEAD®E Y 43517 7 A b & Fjiti L 720 ZAJHI#R
BB X OFRERE A ST B bR G e, B
DOBHERPHEIIRD S LD o 72 Fig 512
BNADPDEE%7;RF, CALEADIZFER i & 13
IFRIFEORIETH ), BNRLRBEOEAIIFED S
N7 h o7z, Fig. 61BN ADROYEEZ RS,
CALEADIZfER M & M50 HERILEEZ R LT
Wb ZO—FTHELEIZOWTIEMEERMED
LW A5, CALEADOEBD—>Th 5%
wEICOWTIIEHEHAPICBVW T EbNLTWw W
EEZBN D,

5 YIS

A B 58 L 72 & i 8 ALO-MgO-CHL A 78
CALEADIZ 5 3% @ ALOMgO-CILA DS & i L
CTHEBOBMERE L a2 R L, 22208 14
BETH), BYERHENE V) FHEH LT
Wb, F72, FEFICBWTH MRS D S
e S BERH & MO 2R L7z,

HAECALEADIZ EIN & AT CRFEFIC W 7272
WTBY, FHENEKL TWD, DTSk
HINSOBEICEE L 22O MGEF 8 LTt
ENOEBREFEO TV FHFETH 5,

Reference

Ordinary product CALEAD

Fig. 6 Properties of Al,0;-MgO-C bricks
after use.

because CALEAD has lower bulk density than
ordinary Al:O;-MgO-C brick despite having
almost the same apparent porosity.

5. Conclusion

“CALEAD”, a newly developed high per-
formance lightweight Al.Os-MgO-C brick has
about 10% lighter weight and lower thermal
conductivity than ordinary Al.Os;-MgO-C brick
in spite of having almost the same thermal
expansion and corrosion resistance. CALEAD
showed good potential in actual furnaces.

CALEAD has come to be widely used in steel
ladles. We will contribute to the conservation
of the global environment as much as possible
through production and sales of environment
friendly refractories such as CALEAD.
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