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Abstract

This report introduces newly developed unburned Al:O;-Cr.0;-MgO brick for the non-ferrous
smelting facilities. The brick exhibits superior resistance against corrosion and infiltration compared
to burned magnesia-chrome bricks, which have been widely applied to non-ferrous metal smelting

facilities. By applying the newly developed unburned Al:O;-Cr.0;-MgO brick not only prolongation
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of service life of the facilities but also reduction of trouble resulted from brick wear are expected.

1. Introduction
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Non-ferrous metals such as copper, zinc, lead
and so on, were produced through varied pro-
cesses employing individually optimized unique
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facilities on which various kinds of refractories
were installed. Facilities such as melting fur-
naces or holding furnaces, in which no molten
slag is brought, added, or formed, application of
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general alumina bricks or castables exhibiting
KRR 7 7% 4 L BHGHIT - ) A 7 VIFEED standard refractoriness and corrosion resistance
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non-ferrous metals are lower than steel. On
the other hand, metal smelting facilities such

as smelting furnaces, refining vessels, recycle
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Fig.1 Characteristic of metal smelting slags.
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Fig.2 Relation between basicity of slag and
solubility of brick.

furnaces, and so on, in which low melting point
slag is formed, requires high refractoriness and
high corrosion resistance refractories. For the
purpose of improving refractory durability,
burned magnesia-chrome bricks are gener-
ally applied. Recently, we improved unburned
Al,O3;-Cr:0;-MgO as an alternatives to magne-
sia-chrome bricks for non-ferrous metal smelt-
ing facilities. Because of its excellent corrosion
resistance, excellent durability, which is superior
to magnesia-chrome bricks, is expected.

2. Present Status of Non-ferrous Metal
Smelting Facilities and Required
Characteristics for Refractories

Figure 1 shows the chemical compositions
of slags obtained from various metal smelting
facilities including steel making equipment. The
chemical compositions of slags in non-ferrous
metal smelting vessels are characterized by
low basicity. Figure 2 schematically shows the
variation in the solubility of Al.O; and MgO as
a function of slag basicity. Generally speaking,
Al,Os is susceptible to dissolving in high basicity
slag while MgO is susceptible to dissolving in
low basicity slag. In spite of the higher solubility
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of MgO in low basicity slag, magnesia-chrome
bricks are commonly applied to non-ferrous
metal smelting facilities as mentioned above.
This theoretical inappropriateness is explainable
by its affordable price and few trial opportuni-
ties. The chrome ore aggregate that is included
in magnesia-chrome bricks as raw material,
Is inexpensive as a highly corrosion resistant
aggregate. Thus, it is possible to improve the
corrosion resistance with only a slight increase
in price. In general, the wear rate of refractories
for non-ferrous metal smelting facilities is much
smaller than that of steel smelting facilities since
the operating temperature is lower. Hence, the
service life of the non-ferrous metal smelting
facilities can be from several months to several
years. This time duration is too long to take
risks for trial of anew refractory material. As a
result, the same bricks are selected repeatedly
according to the empiricism.

Another characteristic of non-ferrous metal
is its high susceptibility to infiltration. Figure
3 summarizes the surface tension and melt-
ing point of various metals”. Obviously, the
surface tension of non-ferrous metals such as
copper, zinc, and lead are lower than iron. Thus,
refractories installed as working linings of non-
ferrous metal smelting facilities tends to suffer
from infiltration of metal and slag, resulting in
peeling-off of the infiltrated layer, i.e., structural
spalling. Figure 4 shows the cut section of a
used magnesia-chrome brick obtained from a
copper converter. Wide range infiltration of cop-
per and cracking were confirmed. In order to
inhibit the damage, high infiltration resistance
dense bricks are favorable.

In addition, hydration of MgO and resulting
volume increase induces serious degradation of
magnesia-chrome bricks. It is so-called slaking.
Since slaking occurs not only by contact with
water but also by being exposed to humid air,
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Fig.4 Cross section of direct-bond MgO-Cr,0; brick
after used for a copper refining furnace.
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magnesia-chrome bricks have to be stored
with great care. However, in view of vessel
repair, preparation of extra bricks is necessary.
Therefore, because of the long service life of the
vessels, the remaining bricks have to be stored
for a long time duration, resulting in slaking
trouble. Hence, alternative materials without
slaking risk are necessary.

3. Characteristics of Unburned
A1203_Cr203_MgO BI‘iCk

As an alternative of magnesia-chrome bricks
for non-ferrous metal smelting facilities, we
developed an unburned Al:O;-Cr.0;-MgO
brick (hereafter referred to as developed brick).
Table 1 shows the typical properties of the
developed bricks. These bricks were developed
with ALTIMA technology as a base. ALTIMA
is an unburned AlL:O;-MgO brick that shows
excellent corrosion resistance as well as infiltra-
tion resistance. Moreover, ALTIMA exhibits
unique mechanical properties such as appropri-
ate thermal expansion and creep deformation
behaviors. According to its desirable properties,
ALTIMA has been applied for many steel smelt-
ing facilities such as the steel ladle?™”. Further
improvement in the corrosion resistance of the
developed bricks were obtained by adding a
suitable amount of chromia to ALTIMA. Thus,
ALTIMA manufacturing technology was also
applied to the developed bricks. The developed

Table 1 Typical properties of unburned Al,O;-Cr,0;-MgO bricks
Brand ALM-F017 ALM-F018 ALM-F019 ALM-F020
Apparent porosity /% 10.5 10.2 12.5 13.7
Bulk density /g+cm® 3.28 3.32 3.33 3.34
Cold crushing strength
/MPa 40 40 40 30
Chemical Al:Os 83 78 68 58
composition MgO 7 7 7 7
/mass% Cr:0s 5 10 20 30
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bricks are considered to be suitable particularly

for non-ferrous metal refining vessel. The rea-

sons are as follows.

(DALO;-Cr0Os materials show superior cor-
rosion resistance to low basicity slag than
MgO-Cr:0; materials because of low solubil-
ity.

(@The developed bricks show lower porosities
than magnesia-chrome bricks, resulting in
superior infiltration resistance.

(3The developed bricks maintain the desirable
mechanical properties of ALTIMA such as
appropriate thermal expansion and creep
deformation behaviors induced by in-situ
spinel (MgALO,) forming reaction caused
by heat from molten metal. Thanks to these
unique properties, the developed materials
are densified under a restraint condition,
resulting in further improvement of corrosion
resistance and infiltration resistance.

@Delivery time is short due to unburned
manufacturing process.

(5No embrittlement and/or cracking induced by
slaking occurs according to the fine turned
amount of MgO.

4. Evaluation of Slag Corrosion Resistance

The corrosion resistances of five bricks were
evaluated experimentally. The evaluated bricks
were, (1) the developed brick containing 10%
Cr:0;s (ALM-F018), (2) the developed brick
containing 20% Cr.0; (ALM-F019), (3) MgO-
Spinel brick for steel making, (4) direct-bonded
magnesia-chrome brick containing 13% Cr:0;3,
and (5) rebonded magnesia-chrome brick con-
taining 30% Cr:0;. Slag for the corrosion test
was obtained by mixing industrially available
powders, in which target chemical compositions
were equivalent of general non-ferrous metal
refining slag, such as; SiO:: 27%-Al0;: 10%-
Fe;0; : 40%-Ca0 : 22%. The corrosion test was
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Fig.7 Microstructure of bricks after corrosion test.

carried out at 1600C for 5 hours. The results
are shown in Figs.5 and 6. As is clearly shown
in Fig.6, the addition of Cr.O; improves corrosion
resistance and the developed bricks show bet-
ter corrosion resistance than the conventional
bricks. Particularly, corrosion resistance and
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