
EP 0 431 445 B1 Description The present invention relates to a high
zirconia fused cast refractory having high corrosion resistance against
molten glass. More particularly it relates to a high zirconia fused cast
refractory having excellent 5  thermal cycle resistance, which is suitable
for a glass melting furnace. Fused cast refractories are usually prepared
by a method which comprises melting refractory materials comprising
predetermined components by electric arc furnaces, then pouring the meltage
into casting molds of prescribed shapes, and then cooling and solidifying
them under thermal insulation in many cases. Fused cast refractories are
widely known as refractories having high corrosion resistance which are 10
entirely different in the crystalline structure and the process for their
preparation from fired or unfired bonded refractories. Among such fused
cast refractories, the refractories comprising ZrO2 as the main component
have particularly excellent corrosion resistance against molten glass.
Therefore, the fused cast refractories having a large ZrO2 content are
widely employed for glass melting furnace. 15     As a high zirconia fused
cast refractory, e.g. Japanese Examined Patent Publication No. 32408/1973
discloses a zirconia-alumina-silica refractory containing at least 62% by
weight of ZrO2. However, the refractory having the largest ZrO2 content as
disclosed in the Examples of the specification is at a level of 88.7% by
weight. This indicates that at that time, there was no technology available
for casting a fused cast refractory with a ZrO2 content of 90% by weight or
more. 20     Subsequently, high zirconia fused cast refractories containing
90%  or more of ZrO2 have been 20  developed, as disclosed in Japanese
Examined Patent Publications No. 3319/1980 and No. 12619/1984 FR-A-2 478
622); FR-A-2 587 025 discloses a fused cast refractory used for melting
glass including 85-97 wt% ZrO2, 0,05-3 wt% P2 Os, 2-10 wt% SiO2,
0,05-5wt%[err] the content of alkaline metal oxides being < 0,1 wt% and the
content of [err]  being preferably < 1wt%. Since the high zirconia fused
cast refractory 25 containing 90% or more of ZrO2 presents a low blistering
property together with long service life without staining glass meltage, it
has established a market as a refractory for the glass melting furnace Now,
it is going to be used in the field of special or fine glass industry. In
high zirconia fused cast refractories, the majority of the refractory
crystalline structure are composed of baddeleyite crystals (ZrO2).
Accordingly, when they are heated, they undergo a volume shrinkage at 30
about [err] due to the crystal transformation from monoclinic crystals to
tetragonal crystals in accor- dance with the crystal transformation
specific to baddeleyite crystals, and when cooled, they undergo a volume
expansion at about [err] due to the crystal transformation from tetragonal
crystals to monoclinic crystals. Therefore, such high zirconia fused cast
refractories are constructed so that the volume expansion or shrinkage of
the crystals due to the transformation of the baddeleyite crystals is
absorbed by a matrix 35  glass which softens in the temperature range of
the crystalline phase transformation, thereby the matrix glass relaxes the
stress created in the refractory and prevents cracking. However, they still
have such a problem that during the temperature rise until the matrix glass
softens, a part of the refractory is likely to fall off, or when the
temperature of the refractory passes through the transformation temperature
range of the 



baddeleyite crystals, the refractory gains an increase of volume. And, if
the thermal cycle between [err] 40  and [err] is repeated many times, the
remaining volume expansion accumulates (hereinafter referred to simply as
remaining expansion) to cause cracking, and in an extreme case, the
refractory undergoes a spalling phenomenon due to many cracks. It is an
object of the present invention to provide a high zirconia fused cast
refractory having high reliability with minimum formation of stones by
overcoming the above-mentioned problems such as partial 45 falling off or
poor thermal cycle, resistance which the high zirconia fused cast
refractory of this type used to have. The present invention provides a high
zirconia fused cast refractory which comprises, as chemical components of
the refractory, from 90 to 95% by weight of ZrO2, from 3.5 to 7% by weight
of [err] and from 1.3 to 3% by weight of [err], the content of each of
[err] and CuO being at most 0.02 % by so  weight. Now, the present
invention will be described in detail with reference to the preferred
embodiments. In a preferred embodiment of the high zirconia fused cast
refractory of the present invention, the refractory contains, as its
chemical components, from 3.5 to 6% by weight of [err and from 1.3 to 2.5%
by weight of [err]. 55    In another preferred embodiment of the high
zirconia fused cast refractory of the present invention, the refractory is
used for melting glass. In the chemical composition of the high zirconia
fused cast refractory of the present invention, the majority i.e. at least
90% by weight is a zirconia ([err]) component. Therefore, the refractory
exhibits 2    EP 0 431 445 B1 excellent corrosion resistance as a
refractory for molten glass and at the same time does not contain such a
component as CuO which stains and colors glass. It is a refractory which
does not form stones (defects such as foreign substances) derived from
falling off or cracking of the refractory in the glass product. Further, it
is a high zirconia fused cast refractory having excellent heat cycle
resistance, which exhibits a very small remaining expansion even when heat
cycles passing through the transformation temperature of baddeleyite
crystals are exerted repeatedly during its preparation or during its use.
The high zirconia fused cast refractory of the present invention is
required to comprise the chemical components within the above-mentioned
ranges for the following reasons. The refractory has a structure which
comprises coarse crystals of baddeleyite and a relatively small amount of
matrix glass containing 10  [err]as an important component filling the
spaces between the grain boundaries of the coarse baddeleyite crystals.
This glass has proper softness In the temperature range of the baddeleyite
crystal transformation, so that it suitably follows the expansion and
shrinkage of the baddeleyite crystals while keeping the shape of the
refractory. Thus, the high zirconia fused cast refractory having excellent
thermal 



cycle resistance have been obtained. 15     The higher the proportion of
the [err] component In the refractory, the better the corrosion resistance
against e.g. molten glass. In this sense, the ZrO2 component is at least
90% by weight. However, if it exceeds 95% by weight, the proportion of the
matrix glass tends to be so small that cracking is likely to result, and it
becomes difficult to obtain a fused cast refractory having no cracks by
casting. The [err] component is an essential component for forming the
matrix glass, and [err] content is required to be at 20  least 3.5% by
weight to obtain the minimum matrix glass required. However, if the content
of the [err] component is too high, the corrosion resistance tends to
deteriorate. Therefore, the content is required to be at most 7% by weight,
preferably at most 6% by weight. The [err] component plays an important
role in adjusting the relation between the temperature and the viscosity of
the matrix glass, and reduces the concentration of the ZrO2 component in
the matrix glass. For example, when the [err] component in the 25
refractory is 0.9% by weight or less, several weight % of [err] is
contained in the matrix glass of the refractory. Whereas, in a refractory
containing 2% by weight of [err] contained in the matrix glass is at most
2% by weight. In order to control the formation of crystals of e.g. zircon
in the matrix glass by utilizing this effect, the content of the [err]
component is required to be at least 1,3% by weight, and in order to
maintain the viscosity of the matrix glass at a proper level in the
temperature range of the 30  baddeleyite crystal transformation, the
content of the [err], component is required to be at most 3% by weight. The
content of the [err] component is preferably from 1.3 to 2.5 % by weight,
whereby the thermal cycle resistance of the high zirconia fused cast
refractory thereby obtained will be further improved. If such components as
[err]and[err] are incorporated to a refractory, these components will be
contained primarily in the matrix glass, and the properties of the matrix
glass tend to be thereby changed so that the remaining expansion of the
refractory and the formation of cracks tend to be promoted. Therefore, such
components should not be incorporated. However, inclusion of trace amounts
of [err]and [err] which are unavoidably contained in raw materials, will
not be any particular trouble. However, it is usually preferred that the
content of each of such components including the CuO component be at most
0.02% by weight. 40    The reasons why the high zirconia fused cast
refractory undergoes partial falling during the temperature rise or why it
shows a remaining expansion of e.g. 1% every cycle when subjected to
thermal cycles passing through the temperature range of the transformation
of baddeleyite crystal, have not yet been fully understood. However, the
present inventors consider that such phenomena are caused as follows.
Namely, it is considered that due to the transformation of the baddeleyite
crystals and the change of 45  the volume, cracks are formed in the
baddeleyite crystals themselves, and a part of the ZrO2 component dissolved
in the matrix glass crystallizes as zircon crystals ([err]) by the thermal
treatment, which precipitate in the matrix glass, whereby the absolute
amount of the matrix glass decreases, and at the same time, the viscosity
of the matrix glass tends to depart from the proper viscosity range, i.e.
by the presence of the zircon crystals, the viscosity of the matrix glass
tends to be high and the matrix glass can not follow 50  the expansion and
shrinkage of the baddeleyite crystals, whereby the stress relaxation tends
to be inadequate, and the remaining expansion and cracking tend to take
place. The high zirconia fused cast 



refractory of the present invention contains the [err] component in an
amount of at least 1,3% by weight, whereby the ZrO2 component dissolved in
the matrix glass is less as compared with the conventional high zirconia
fused cast refractory, and accordingly zircon crystals will not
precipitate. However, if the [err] 55 component exceeds 3% by weight, the
viscosity of the matrix glass itself tends to be high, and the stress
relaxation tends to be inadequate and the remaining expansion and cracking
tend to result. The preferred range of the [err] component is from 1.3 to
2.5% by weight, particularly when a segregation of the components in the
fused cast refractory tends to result, for example, when a large sized
fused cast 3    EP 0 431 445 B1 refractory is prepared by casting. However,
it is believed that in a case where [err] or [err] is contained in the
matrix glass, even if [err] is contained in an amount of from 1,3 to 3% by
weight, the effect of reducing the solubility of the ZrO2 component in the
matrix glass is damaged, and the precipitation of the zircon crystals in
the matrix glass is promoted, whereby the thermal cycle resistance tends to
be low. 5  However, when an alkali component such as [err] is incorporated
0.3% by weight or more to the high zirconia fused cast refractory
having[err] or B203 added, it provides the effects of reducing the ZrO2
component in the matrix glass to some extent, whereby it is possible to
cast a refractory without cracks. However, it is not sufficient to reform
the poor thermal cycle resistance i.e. the remaining expansion and the
consequential formation of cracks. The function of the CuO component is not
clear, but if the CuO 10  component is added, the refractory will be
colored, and when it is used as a refractory for melting glass, it is
likely to stain and color the glass meltage, such being undesirable. Now,
the high zirconia fused cast refractory of the present invention will be
described in further detail with reference to Examples. 15   EXAMPLES
Silica-removed zircon as zirconia raw material and powders of raw materials
such as [err] [err] etc. were mixed to obtain a batch mixture having a
predetermined chemical composition. This mixture is charged into a single
phase AC electric arc furnace of 500 KVA using graphite electrodes, and 20
completely melted at a temperature of from 2200 to [err]. This meltage was
poured into a graphite mold having an Internal capacity of 200 mm x 300 mm
x 700 mm which was preliminarily embedded in a Bayer's alumina powder, then
cast and left to cool to a temperature around room temperature. The
chemical analytical values and properties of various fused cast refractory
products thereby obtained are shown in Tables 1 and 2. Among them, those
shown in Table 1 are Examples of the present invention, and those 26  shown
in Table 2 are Comparative Examples. During the fusing of such high
zirconia refractory material, a part of [err] or [err] component
sublimates. Accordingly, [err] and [err] component in the fused cast
refractory obtained decreases as compared with the composition of the
initial raw material mixture. 



To evaluate the thermal cycle resistance of the obtained high zirconia
fused cast refractories, test 30  specimens having a size of 40 mm x 40 mm
x 30 mm were cut out from the cast refractories, and they were put in an
electric furnace and heated from room temperature to 800  C at a rate of
300 C/hr, then from [err] to [err]over a period of one hour, and maintained
at 1250 * C for one hour. Then, they were cooled to [err]over a period of
one hour and maintained at [err]for one hour. This thermal cycle between
[err] and [err] was repeated 40 times and then the specimens were cooled to
room 35  temperature, whereupon the specimens showing no cracks and having
a remaining expansion of not more than 3% were evaluated to be satisfactory
refractories. 40 45 50 55 4    EP 0 431 445 B1 15    EP 0 431 445 B1    EP
0 431 445 B1 possible to avoid the possibility that fine particles of
refractory are freed into the glass meltage from the cracked portions of
the refractory. Further, the high zirconia fused cast refractory may
frequently be used at the portion of the glass furnace where corrosion is
particularly remarkable, or it is useful for a furnace for melting a glass
composition having a high melting point, or for a glass melting furnace for
producing fine 5  glass products such as electronic substrates or display
substrates. It has an effect to improve the quality and yield of such final
products. Thus, its merit for industrial application is substantial. Claims
10 1. A high zirconia fused cast refractory which comprises, as chemical
components of the refractory, from 90 to 95% by weight of [err], from 3.5
to 7% by weight of SiO2 and from 1.3 to 3% by weight of [err], the content
of each of [err], [err] and CuO being at most 0.02 % by weight. 2. The high
zirconia fused cast refractory according to Claim 1, which comprises, as
chemical compo- 15     nents of the refractory, from 90 to 95% by weight of
ZrO2, from 3.5 to 6% by weight of SiO2 and from 



1.3 to 2.5% by weight of [err]. 3. Use of the high zirconia fused cast
refractory according to Claim 1 or 2 for melting glass. 20 Patentanspruche
1. Schmelzgegossenes feuerfestes Material mit hohem Zirkoniumdioxid-Gehalt
umfassend, als chemische Komponenten des feuerfesten Materials, von 90 bis.
95 Gew.-% ZrO2, von 3,5 bis 7 Gew.-% SiO2 und von 1,3 bis 3 Gew.-% At20,
wobei der Gehalt an P205, B20Q und CuO jeweils hachstens 0.02 Gew.- 25
% betragt. 2. Schmelzgegossenes feuerfestes Material hohen
Zirkoniumdioxid-Gehaltes nach Anspruch 1, das, als chemische Komponenten
des feuerfesten Materials, von 90 bis 95 Gew.-% ZrO2, von 3,5 bis 6 Gew.-%
SiO2 und von 1,3 bis 2,5 Gew.-% A1203 umfaBt. 30 3. Verwendung des
schmelzgegossenen feuerfesten Materials hohen Zirkoniumdioxid-Gehaltes nach
An- spruch 1 oder.2 zum Schmelzen von Glas. Revendlcathons 35 1.
*Rdfractaire coule a lA4tat fondu a haute teneur en oxyde de zirconium, qui
comprend, & titre de constituants chimiques du refractaire, de 90 A 95 % en
poids de ZrO2, de 3,5 & 7 % en poids de SiO2 et de 1,3 a 3 % en poids
d'A1203, la teneur en chacun des constituants P205, B203 et CuO 6tant au
plus 6gale & 0,02 % en poids. 40 2. Refractaire coule a l'etat fondu &
haute teneur en oxyde de zirconium selon la revendication 1, qui comprend,
a titre de constituants chimiques du refractalre, de 90 a 95 % en poids de
ZrO2, de 3,5 a 6 % en poids de SiO2 et de 1,3 a 2,5 % en poids d'Al203. 45
3. Utilisation du r~fractaire coule a l'etat fondu a haute teneur en oxyde
de zirconium selon la revendica- tion 1 ou 2, pour la fusion du verre. 50
55    EP 0 431 445 B1                    *   C  L  M  S   * possible to
avoid the possibility that fine particles of refractory are freed into the
glass meltage from the cracked portions of the refractory. Further, the
high zirconia fused cast refractory may frequently be used at the portion
of the glass furnace where corrosion is particularly remarkable, or it is
useful for a furnace for melting a glass composition having a high melting
point, or for a glass melting furnace for producing fine 5  glass products
such as electronic substrates or display substrates. It has an effect to
improve the quality and yield of such final products. Thus, its merit for
industrial application is substantial. Claims 



10 1. A high zirconia fused cast refractory which comprises, as chemical
components of the refractory, from 90 to 95% by weight of ZrO2, from 3.5 to
7% by weight of 8102 and from 1.3 to 3% by weight of [err], the content of
each of [err] and CuO being at most 0.02 % by weight. 2. The high zirconia
fused cast refractory according to Claim 1, which comprises, as chemical
compo- 16     nents of the refractory, from 90 to 95% by weight of [err],
from 3.5 to 6% by weight of SiO2 and from 1.3 to 2.5% by weight of [err].
3. Use of the high zirconia fused cast refractory according to Claim 1 or 2
for melting glass. 20 Patentanspruche 1. Schmelzgegossenes feuerfestes
Material mit hohem. Zirkoniumdioxid-Gehalt umfassend, als chemische
Komponenten des feuerfesten Materials, von 90 bis 95 Gew.-% ZrO2, von 3,5
bis 7 Gew.-% SiO2 und von 1,3 bis 3 Gew.-% A1203, wobei der Gehalt an P205,
B208 und CuO jeweils h8chstens 0,02 Gew.- 25     % betragt. 2.
Schmelzgegossenes feuerfestes Material hohen Zirkoniumdioxid-Gehaltes nach
Anspruch 1, das, als chemische Komponenten des feuerfesten Materials, von
90 bis 95 Gew.-% ZrO2, von 3,5 bis 6 Gew.-% SiO2 und von 1,3 bis 2,5 Gew.-%
At203 umfaBt. 30 3. Verwendung des schmelzgegossenen feuerfesten Materials
hohen Zirkoniumdioxid-Gehaltes nach An-' .. -  . .. -spruch 1 oder 2 zum
Schmeizen von Glas. Revendlcatlons 35 1. Refractaire could A P'itat fondu
&A haute teneur en oxyde de zirconium, qui comprend, a titre de
constituants chimiques du refractaire, de 90 a 95 % en poids de ZrO2, de
3,5 & 7 % en poids de SiO2 et de 1,3 a 3 % en poids d'A603, la teneur en
chacun des constituants P20s, B20 et CuO etant au plus egale a 0,02 % en
poids. 40 2. Rdfractaire coule a l'etat fondu & haute teneur en oxyde de
zirconium selon la revendication 1, qui comprend, a titre de constituants
chimiques du rdfractaire, de 90 a 95 % en poids de ZrO2, de 3,5 a 6 % en
poids de SiO2 et de 1,3 & 2,5 % en poids d'AI203. 4e 3. Utilisation du
refractaire could a N'6tat fondu a haute teneur en oxyde de zirconium selon
la revendica- tion 1 ou 2, pour la fusion du verre. 50 : 55 7    


