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Description

[0001] The invention relates to a fused cast refractory material based on aluminium oxide, zirconium dioxide and
silicon dioxide, and a use of such a material.

[0002] Fused castrefractory materials including aluminium oxide (Al,Os), zirconium dioxide (ZrO,) and silicon dioxide
(SiO,) as the main components are called fused cast AZS products or AZS bricks.

[0003] AZS bricks are used in melter tanks and gathering ends in the glassmaking industry in areas that come into
contact with the molten glass, but also in the superstructure and crown of the tanks.

[0004] Fused cast AZS bricks have a vitreous phase that comprises SiO,, Al,O3, ZrO, and Na,O (sodium oxide) as
main components. When the AZS brick is used, the vitreous phases form melting phases with low melting point that
may be sweated out of the brick and come into contact with the molten glass due to their low viscosity. This sweating
out of the molten phase fractions of the vitreous phase, also called to as exudation, may contaminate the molten glass.
[0005] In the past therefore, there has been no shortage of attempts to make AZS bricks having a lower rate of
exudation when used in a glass tank. Such attempts to produce AZS bricks in which the tendency to exudate was lower
concentrated particularly on reducing the fraction of vitreous phases in the fused cast AZS bricks. In another approach,
efforts were concentrated on reducing the formation of molten phase fractions of the vitreous phase by establishing a
given ratio between the fractions of SiO, and Na,O in the vitreous phase.

[0006] FR 2875497 discloses a fused cast refractory material based on aluminium oxide, zirconium oxide and silicon
dioxide, having a vitreous phase fraction comprising Al,O5 and Na,O, the vitreous phase fraction is 17-24 wt%, the
mass fractions of Al,Oj is 59.5-73%; the mass fraction of Na,O is 1.0-2.5 %; the mass fraction of the ZrO, component
is 15.5-22 %; the mass fraction of the SiO, componentis 10.5-15 %.

[0007] However, the fused cast AZS bricks yielded by these methods still exhibited a tendency to exudate abundantly
when used in the glass tanks, a property that is capable of significantly impairing the molten glass.

[0008] The object of the invention is to provide a fused cast refractory material based on aluminium oxide, zirconium
dioxide and silicon dioxide, particularly in the form of an AZS brick, that exhibits reduced tendency to exudate when
used in glass tanks.

[0009] In order to solve this object, a fused cast refractory material according to claim1 is provided.

[0010] The fused cast refractory material according to the invention is a fused cast shaped refractory material, in the
form of a fused cast and shaped AZS product, particularly in the form of a fused cast AZS brick.

[0011] The exceptionally low tendency to exudate exhibited by the material according to the invention does not take
place unless the material components are present in the material in the very narrowly defined fractions according to the
invention.

[0012] The invention is based particularly on the realisation that the tendency to exudate of a fused cast AZS brick is
determined by the fractions of Al,O5 and Na,O, and particularly by the proportion of the fractions of these components
relative to one another in the vitreous phase fraction of the AZS brick. According to the invention, it was found that it is
possible to provide a fused cast AZS brick with exceptionally low tendency to exudate if the fractions of Al,O5 and Na,O
in the fused cast brick are in the fraction range as set forth herein.

[0013] Surprisingly, it has been revealed according to the invention that the material according to the invention has a
particularly low tendency to exudate when the molar ratio between Al,O5 and Na,O in the vitreous phase of the material
is within a characteristic range from 0.8 to 1.6, relative to the vitreous phase. The molar ratio between Al,O5 and Na,O
in the vitreous phase of the material according to the invention may particularly preferably be at least 0.8 or 0.83 or 0.87
or 0.9 or 0.93 or 0.96 or 1.0 or 1.03 or 1.06 or 1.1 and not above 1.6 or 1.58 or 1.53 or 1.5 0or 1.46 or 1.43 or 1.4.
[0014] It has been discovered that the tendency to exudate of a species-related AZS brick can increase sharply if the
molar ratio between Al,05 and NayO in the vitreous phase is even slightly outside of the ranges cited previously. For
example, the tendency of an AZS brick to exudate may be greater by a factor of 10 or 20 if the molar ratio between
Al,O3 and Na,O in the vitreous phase of an AZS brick is 1.65, that is to say only slightly above the value of 1.6.
[0015] A further surprising discovery is that the tendency to exudate of a material according to the invention may be
particularly low when the fraction of Na,O in the vitreous phase is relatively high. According to one embodiment, it may
therefore be provided that the molar fraction of Na,O in the vitreous phase is in the range from 8.0 to 14.0 mole percent
relative to the vitreous phase, and for example at least 9.0 or 9.5 or 10 mole percent relative to the vitreous phase. An
upper limit of the Na,O fraction in the vitreous phase may be 14.0 or 13.0 or 12.0 or 11.5 or 11.0 mole percent, for
example, again relative to the vitreous phase.

[0016] The vitreous phase may contain all of the components of the material according to the invention, in particular
the components Al,O3, Na,O and SiO,.

[0017] According to one embodiment of the invention, the molar fraction of Al,O5 in the vitreous phase may be in the
range of the molar fraction of Na,O or slightly higher, that is for example in a range from 8.0 to 18.0 mole percentrelative
to the vitreous phase, and for example may be at least 8.0 or 9.0 or 10.0 or 10.5 or 11.0 or 11.5 or 12.0 or 12.5 mole
percent relative to the vitreous phase. An upper limit of the Al,O4 fraction in the vitreous phase may be 18.0 or 17.0 or
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16.0 or 15.0 or 14.5 or 14.0 or 13.5 mole percent, for example, again relative to the vitreous phase.

[0018] The molar fraction of SiO, in the vitreous phase may be in the range from 70.0 to 84.0 mole percent relative
to the vitreous phase, and for example may be at least 70.0 or 72.0 or 74.0 mole percent relative to the vitreous phase.
An upper limit of the SiO,, fraction in the vitreous phase may be 84.0 or 82.0 or 80.0 or 78.4 mole percent, for example,
again relative to the vitreous phase. The material according to the invention may contain a relatively large fraction of
vitreous phase compared with the AZS bricks known from the prior art, for example a vitreous phase fraction greater
than 20.0 % by mass, for example yet greater than 22.0 or 23.0 or 23.3 or even 24.0 % by mass as well. Moreover, it
may particularly be provided that the fraction of vitreous phase in the material according to the invention is not greater
than 30.0 % by mass, that is to say for example also not above 28.0 or 27.0 or 26.3 or 26.0 % by mass. The fraction of
vitreous phase in the material according to the invention may preferably be in the range from 22.0 to 27.0 % by mass,
particularly preferably 23.3 to 26.3 % by mass.

[0019] As setforth in the precedings, the invention is based particularly on the realisation that the tendency to exudate
of a fused cast AZS brick is determined by the fractions of Al,O5 and Na,O, and particularly by the proportion of the
fractions of these components relative to one another in the vitreous phase fraction of the AZS brick. Beside the proportion
of the fractions of these components relative to one another in the vitreous phase fraction, according to the invention, it
was found that it is possible to provide a fused cast AZS brick with exceptionally low tendency to exudate if the fractions
of Al,O5 and Na,O in the fused cast brick, i.e. in the bulk material, are in the mass fraction range set forth herein.
[0020] All of the values in mass percentage, provided herein, are mass percentage values relative to the overall mass
of the material according to the invention unless otherwise indicated in individual cases.

[0021] According to a preferred embodiment of the invention, the mass fraction of Al,O5 in the material may be present
in the range from 60 to 70 % by mass, particularly preferably in a fraction of at least 61.0 or 61.75 or 62.9 % by mass
and in a fraction of not above 69.0 or 68.4 or 66.2 or 65.5 % by mass.

[0022] The fraction of Na,O in the material may be present in the range from 2.0 to 2.6 % by mass, particularly
preferably in a fraction of at least 2.1 or 2.2 % by mass and in a fraction of not above 2.5 or 2.45 % by mass.

[0023] In this context, it was also particularly surprising to discover that the fractions of Na,O in the refractory material
according to the invention are relatively high, and that it was therefore to be expected that a fused cast AZS brick
comprising such a high fraction of Na,O would exhibit a marked tendency to exudate. Because a high fraction of Na,O
in a fused cast AZS brick is usually associated with a high fraction of vitreous phase with low viscosity and thus also
with a high fraction of molten phases that would cause increased exudation when the brick was used.

[0024] Infact, the fraction of vitreous phases in the material according to the invention may indeed by relatively large.
However, it has been discovered according to the invention that the high fraction of vitreous phases in the material
according to the invention does not result in the formation of a large fraction of molten phases with low melting point
when the material is used, because these vitreous phases form highly viscous molten phases due to the characterizing
fraction of Al,O5 and Na,O in the material according to the invention, such that the material according to the invention
has an extremely low tendency to exudate when it is used in tank furnaces.

[0025] The molar ratio of Al,O5 to Na,O in the material according to the invention is preferably in the range from 14.0
to 21.3, particularly preferably in a molar ratio of at least 15.0 or 15.6 and not above 19.2 or 17.8.

[0026] Beside Al,O3 and NayO, the fused cast material according to the invention may comprise further components
in the range from 38.0 to 27.4 % by mass. Such further components are ZrO, and SiO, beside any further components,
if any.

[0027] The mass fraction of the component ZrO, in the fused cast material according to the invention may be of
particular importance for corrosion resistance and mechanical stability in the production process.

[0028] The mass fraction of the ZrO, component in the material according to the invention may be for example in the
range from 13 to 19 % by mass, particularly preferably in a mass fraction of at least 14.0 or 15.0 or 15.9 or 16.2 % by
mass and in a mass fraction of not above 18.5 or 18.0 or 17.5 % by mass. The mass fraction of ZrO, indicates the sum
of the mass fraction of ZrO, and HfO, in the fused cast refractory material of the present invention as ZrO, and HfO,
are hardly to differentiate analytically. According to the invention, the mass fraction of the HfO, component in the material
according to the invention may be for example below 0.5 % by mass, particularly preferably below 0.4 % by mass.
[0029] The mass fractions of the component SiO, in the fused cast material according to the invention may also be
of particular importance for the vitreous phase formation and for the exudation behaviour.

[0030] The mass fraction of the SiO, component in the material according to the invention may be in the range from
15.5 to 18 % by mass, particularly preferably in a mass fraction of at least 15.9 % by mass and in a mass fraction of not
above 17.50r 17.2 or 17.0 % by mass.

[0031] According to one embodiment, it may particularly be provided that the mass fraction of further components that
are presentin the material according to the invention beside Al,03, Na,O, ZrO, and SiO, is relatively low and for example
is below 1.0 or 0.5 or 0.25 % by mass or even below 0.2 % by mass. Such further components can be, for example,
one or several of the following components: Fe,O5, TiO,, CaO, K,0, MgO, Li,O, Cry,03, BaO, B,O3, P,O5 or CuO.
Preferably, the mass fraction of each of theses further components is present in the material according to the invention
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below 0.1 % by mass. Moreover, preferably the mass fraction of theses further components is present in the material
according to the invention below the following % by mass:

Fe,O3 below 0.1 or 0.08 % by mass;
TiO, below 0.06 or 0.05 % by mass
CaO below 0.05 or 0.04 % by mass;
K50 below 0.04 or 0.03 by mass;
MgO below 0.03 or 0.2 % by mass;
LiO, below 0.1 or 0.01 % by mass;
CryO4 below 0.1 or 0.01 % by mass,
B,Og below 0.1 or 0.01 % by mass;
P,Og below 0.1 or 0.01 % by mass;
CuO below 0.1 or 0.01 % by mass.

[0032] The bulk density of the material according to the invention may be relatively low. According to one embodiment,
the bulk density of the material according to the invention is below 3.7 g/cm3, for example below 3.6 or 3.56 g/cm3 as
well. The bulk density of the material according to the invention may be for example at least 3.3 g/cm3, that is to say for
example at least 3.4 or 3.45 or 3.5 or 3.53 g/cm3. The bulk density of the material according to the invention is preferably
inarange from 3.4 to 3.7 g/cm3, particularly preferably in arange from 3.5t0 3.6 g/cm3orinarange from 3.53 to 3.56 g/cm3.
[0033] The following table 1 lists the components of six different AZS bricks. The brick identified with the letter E
indicates an AZS brick according to the invention. The bricks identified with designators S1 to S5 are AZS bricks according
to the prior art.

Table 1
Components AZS bricks acccording to prior art AZS brick according to invention
S1 S2 S3 S4 S5 E
Al,O4 51.0 | 48.6 | 5345 | 4555 | 68.0 64.20
ZrO, 327 | 365 | 365 41.0 17.0 16.83
SiO, 149 | 136 | 9.0 12.2 13.0 16.46
Na,O 1.15 1.05 | 0.8 1.0 1.7 2.35
Impurities 025 | 0.25 | 0.25 0.25 0.3 0.16
Vitreous phase 20.0 175 | 13.0 16.5 21.0 24.8
Bulk Density [g/cm3] | 3.72 | 3.85 | 3.93 4.0 3.65 3.55

[0034] Allfigures in percentage by mass unless otherwise indicated.

[0035] Bricks S 1to S5 and E were tested in respect of their tendency to exudate. For this purpose, the TC11 Exudation
Test Guidelines (Technical Committee 11; TC 11) issued by the International Commission on Glass (ICG) were used.
This test method for determining exudation is a generally recognised test method for determining exudation of fused
cast AZS bricks.

[0036] The test method according to these TC 11 Exudation Test Guidelines is as follows:

[0037] Tested are samples of the following dimensions: cylinders with a diameter of 50 mm and a height of 100 mm.
The samples are heated up to 1550°C for several cycles (up to ten). The dwell time is 96 h for the first cycle and 2 h for
all following cycles. After each cycle, the samples are cooled down to room temperature. Archimedes’ principle is applied
to determine volume increase due to exudation, i.e. volume of vitreous phase adherent on the surface of the specimen
after the corresponding heating cycle.

[0038] In all, 10 heating-up cycles were performed to determine exudation. The loss of mass that the bricks according
to table 1 underwent as a result of exudation is indicated in table 2, relative to the respective total mass of the bricks.
Moreover, in table 2 is indicated the molar ratio between Al,O3 and Na,O in the vitreous phase and in the bulk material,
according to the bricks according to table 1.
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Table 2
AZS bricks acccording to prior art AZS brick according to invention
S1 S2 S3 S4 S5 E
Molarratio Al,O3/Na,O invitreous phase | 2.95 (2.77 217 (2.7 1.65 1.37
Molar ratio Al;O4 / NayO in bulk material | 26.96 |28.14 |40.61 |27.69 |24.31 16.45
Exudation [wt. %] 588 |495 |[3.17 |3.96 [9.61 043

[0039] The reduction in exudation in a fused cast AZS brick according to the invention compared with the exudation
in a fused cast AZS brick according to the prior art is thus substantial.

[0040] The correlation between the molar ratio between Al,O5 and Na,O in the vitreous phase (Figure 1) or in the
bulk material (Figure 2), respectively, on the one hand and the exudation on the other hand, according to table 2, is
illustrated in Figures 1 and 2.

[0041] The fused cast refractory AZS brick according to the invention may be produced according to methods for
producing fused cast AZS products known from the prior art. According to the known methods for producing fused cast
AZS products, suitable raw materials are melted and the molten mass is cast into a mould. The molten mass cools down
in the mould and upon solidifying forms the fused cast AZS brick. The raw materials may particularly be melted electrically,
that is to say particularly with the aid of an electric arc.

[0042] The object of the invention is also a method as described previously for producing a material according to the
invention and a material obtained according to said method.

[0043] Another object of the invention is the use of a material according to the invention in areas of apparatuses used
in the melting of glass and/or for treating molten glass that do not come into contact with the molten glass.

[0044] Such apparatuses for melting glass or for treating molten glass may particularly be glass tanks, particularly
melting tanks or gathering ends, for example container glass tanks or float glass tanks.

[0045] In particular, the materials according to the invention may be used in the superstructure or the crown of the
apparatuses cited previously, that is to say in areas above the molten glass in the corresponding apparatuses.

[0046] Allof the inventive features disclosed here may be implemented individually or may be used in any combination
with each other.

Claims

1. Fused cast refractory material based on aluminium oxide, zirconium dioxide and silicon dioxide, having a vitreous
phase fraction comprising Al,O3 and Na,O, wherein the molar ratio between Al,O5 and Na,O in the vitreous phase
is in the range from 0.8 to 1.6, and wherein the mass fraction of the SiO, component in the material is in the range
from 15.5 to 18 % by mass.

2. The material according to claim 1 having a molar ratio between Al,O5 and Na,O in the range from 14 to 21.3.

3. The material according to at least one of the preceding claims, having a vitreous phase fraction in the range from
20 to 30 % by mass.

4. The material according to at least one of the preceding claims, having mass fractions of the following components
in the following ranges:

4.1 Al,03: 60 to 70 % by mass;
4.2 Nay0: 2.0 to 2.6 % by mass.

5. The material according to at least one of the preceding claims, having a mass fraction of the ZrO, component in
the range from 13.0 to 19.0 % by mass.

6. The material according to at least one of the preceding claims, having a mass fraction of components that are
present in the material other than Al,O3, Na,O, ZrO, and SiO, below 1.0 % by mass.

7. Use of a material according to at least one of the preceding claims in areas of apparatuses for melting glass or for
treating molten glass that do not come into contact with the molten glass.
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Patentanspriiche

1. Schmelzgegossener feuerfester Werkstoff auf Basis von Aluminiumoxid, Zirkondioxid und Siliziumdioxid mit einem
Anteil an Glasphase, umfassend Al,O3 und Na,O, wobei das Molverhéltnis von Al,O5 zu NayO in der Glasphase
im Bereich von 0,8 bis 1,6 liegt, und wobei der Massenanteil der Komponente SiO, im Werkstoff im Bereich von
15,5 bis 18 Masse-% liegt.

2. Werkstoff nach Anspruch 1 mit einem Molverhéltnis von Al,O3 zu Na,O im Bereich von 14 bis 21,3.

3. Werkstoff nach wenigstens einem der vorhergehenden Anspriiche mit einem Anteil an Glasphase im Bereich von
20 bis 30 Masse-%.

4. Werkstoff nach wenigstens einem der vorhergehenden Anspriiche mit mit Massenanteilen der folgenden Kompo-
nenten in den folgenden Bereichen:

4.1 Al,O4: 60 bis 70 Masse-%,;
4.2 Na,0: 2 bis 2,6 Masse-%.

5. Werkstoff nach wenigstens einem der vorhergehenden Anspriiche mit einem Massenanteil der Komponente ZrO,
im Bereich von 13,0 bis 19,0 Masse-%.

6. Werkstoff nach wenigstens einem der vorhergehenden Anspriiche mit einem Massenanteil an Komponenten, die
neben Al,O3, Na,O, ZrO, und SiO, im Werkstoff vorliegen, unter 1,0 Masse-%.

7. Verwendung eines Werkstoffs nach wenigstens einem der vorhergehenden Anspriiche in Bereichen von Aggregaten
zum Erschmelzen von Glas und zur Behandlung von Glassschmelze, die nicht in Kontakt mit der Glassschmelze
treten.

Revendications

1. Matériau réfractaire fondu et coulé a base d’oxyde d’aluminium, de dioxyde de zirconium et de dioxyde de silicium,
possédant une fraction de phase vitreuse comprenant Al,O5 et Na,O, dans lequel le rapport molaire entre Al,O3
et Na,O dans la fraction de la phase vitreuse est compris dans la gamme de 0,8 & 1,6 et dans lequel la fraction en
masse du composeé SiO, dans le matériau est comprise dans la gamme de 15,5 % a 18 % en masse.

2. Matériau selon la revendication 1 possédant un rapport molaire entre Al,O3 et Na,O compris dans la gamme de
14 a21,3.

3. Matériau selon au moins 'une des revendications précédentes, possédant une fraction de la phase vitreuse comprise
dans la gamme de 20 % a 30 % en masse.

4. Matériau selon au moins I'une des revendications précédentes, possédant des fractions en masse des composés
suivants dans les gammes suivantes :

4.1 Al,O3 : de 60 % & 70 % en masse ;
4.2 Nay,0O :de 2,0 % 42,6 % en masse.

5. Matériau selon au moins I'une des revendications précédentes, possédant une fraction en masse du composé ZrO,
comprise dans la gamme de 13,0 % a 19,0 % en masse.

6. Matériau selon au moins I'une des revendications précédentes, possédant une fraction en masse des composés
qui sont présents dans le matériau autres que Al,O3, Na,O, ZrO, et SiO, de moins de 1,0 % en masse.

7. Utilisation d’'un matériau selon au moins 'une des revendications précédentes dans des domaines d’appareils de
fusion du verre ou d’appareils de traitement du verre fondu qui n’entrent pas en contact avec le verre fondu.
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