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Abstract

We have developed an SiC inductor block that has excellent thermal spalling resistance called

CST-S530. The developed product has better volume stability than the conventional one and the

modulus of elasticity was greatly decreased. We expect a significant long service life and stable

durability by applying CST-S530 to the inductor block for the aluminum alloy melting furnace.
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1. Introduction

Three heating methods for non-ferrous metal
production facility melting and holding furnaces
are known, burner heating, heating by electric
heating element and groove type inductor heat-
ing. The inductor block is a refractory which is
used for groove type inductors and it is installed
at the bottom and the side wall of melting and
holding furnaces. Fig. 1 shows a diagram of an
inductor block. A low-frequency coil is inserted

into a hole and the metal is melted by the heat
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Flow of molten metal

Structure of inductor
(Double channel type).

Fig. 1
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generated with the inducted electromotive force.
Refractories for the inductor block are generally
ramming mixes or dense castables.

On the other hand, melting and holding
furnaces for aluminum and aluminum alloys
require careful selection of refractories which
contact the molten metal. In Al,O;-SiO; refrac-
tories, SiO; causes an oxidation-reduction reac-
tion with aluminum and the reaction promotes
the generation of silicon metal and an altered
layer between the refractory and molten metal.
The damage to the runner of the inductor
block is similar, so the refractory for the blocks
was changed to high alumina composition.
As a result, the thermal spalling resistance
tended to decrease. The outbreak of cracks is a
catastrophic failure affecting the service life of
inductor blocks. Molten metal leaks through the
cracks to the coils causing a shutdown. There-
fore, material having a high crack suppressing
effect is desired.

We solved these problems by selecting SiC,
which does not react with aluminum alloy as
easily as SiO, and using a flame wettability
additive. The developed product CST-S530
has excellent thermal spalling resistance, so
significant stability and long service life are
expected when applied to the inductor block of
aluminum alloy melting furnaces. In this paper,
we introduce the performance of the new prod-
uct compared to a conventional high alumina

material.
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Table 1 Properties of material
Conventional material Developed material
CST-A6126 CST-S530
Chemical composition ALOs %0 1
(mass%) SiO. 5 4
SiC - 78
. 110°C-24h -0.02 -0.01
Permane(not/ol)mer change 500°C-3h 2010 0.05
800°C-3h -0.20 -0.06
110°C-24h 21.4 10.1
Modulus of rupture o
(MPa) 500°C-3h 30.6 10.0
800°C-3h 26.0 16.2
110°C-24h 129.4 50.9
Cold crushing strength o
(MPa) 500°C-3h 169.1 70.9
800°C-3h 172.5 90.0
. 110°C-24h 4.3 1.0
Appare&‘;oros'ty 500°C-3h 1.0 15.4
800°C-3h 15.5 16.0
Bulk density 110°C-24h 3.18 2.70
(g/cm’) 500°C-3h 3.1 2.68
800°C-3h 3.12 2.65
110°C-24h 118.4 70.7
Modulus of elasticity S
(GPa) 500°C-3h 98.7 43.7
800°C-3h 72.2 59.2
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2. High SiC Inductor Block

2. 1 Property

Table 1 shows the properties of high alumina
CST-A6125 (conventional material) and high
SiC CST-S530 (developed material). The post
heating contraction of the developed material is
decreased and the modulus of elasticity is lower
compared to the conventional material.
2. 2 Thermal expansion behavior

Fig. 2 shows the thermal expansion behavior.
The developed material shows a significant
reduction in the thermal expansion coefficient

compared with the conventional material. The
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Fig. 2 Thermal expansion comparison of
developed material and conventional
material.
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Fig. 3 Thermalconductivity comparision of
developed material and conventional
material.

800

developed material suppresses cracking during
heating.
2. 3 Thermal conductivity

Fig. 3 shows the thermal conductivity mea-
surements. The developed material has a ther-
mal conductivity twice that of the conventional
one. The high thermal conductivity reduces
the temperature gradient of the material so
the difference in thermal expansion suppresses
cracks.
2. 4 'Thermal spalling resistance

40x40x160mm samples were used for this
spalling test. The samples were heated at 1000C
for 20 minutes and then cooled by flowing water
for 2 minutes. This cycle was repeated 10 times.
Table 2 shows the test results. All conventional
materials had several cracks by 4 repetitions,
but no cracks were observed in the developed

materials. So the developed materials have high
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Table 2 Results of thermal spalling resistance test

Cooling Conventional material Developed material
times n=4 n=4

1 O O O O @) @) @) O

2 O O O O O O O O

3 X @) X @) @) @) @) O

4 X X O O O O

5 O O O O

6 @) @) @) O

7 @) @) @) O

8 O O O O

9 @) @) @) O

10 @) @) @) O

O No cracks X Cracks
800 . .
0O500°C thermal spalling resistance.
g m800°C _ ,
S 600 Fig. 4 shows the index of thermal shock
@é resistance parameter R’ which is widely used
AV}
82 400 . . .
%g as an evaluation for the thermal spalling resis-
TS
%Q 200 | tance of a refractory. The developed material
= 1 has low modulus of rupture compared to the
0

Conventional material Developed material

Fig. 4 Thermal shock resistance parameter.
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conventional material, while having low thermal
expansion, low modulus of elasticity and high
thermal conductivity. Through this mechanism,
the developed material has excellent thermal

spalling resistance.

thermal shock resistance parameter

R=S(L = ) A/(Bq) -veeeeeeveemveeaneees
E :modulus of elasticity

S ‘modulus of rupture

U S poisson’s ratio

a ‘thermal expansion parameter

A thermal conductivity
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3. Conclusion

We have developed a high SiC inductor block
called CST-S530 for aluminum alloy melt-
ing furnaces. The new product has excellent
thermal spalling resistance so that we expect

significant stability and long service life.





