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12% silica present in the product The formation of zircon is in fact harmful since it is

accompanied by a decrease in volume of the order of 20%, thus creating mechanical

stresses that cause cracking.

The product ER-1195 produced and marketed by Saint-Gobain SEFPRO and

30 covered by patent EP-B-403 387 is now widely used in glass melting furnaces. Its

chemical composition comprises about 94% zirconia, 4 to 5% silica, about 1% alumina,

0.3% sodium oxide and less than 0.05 wt.% P,0s. It is typical of products with high
zirconia content used for glass furnaces.
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B,0Os; for alumina contents between 0.1 and 2.4%.

WO 2005 068393 describes fused cast products with high zirconia content
having a high electrical resistivity while minimizing the contents of BaO, SrO, MgO,
Ca0, P,0s5, Na,0 and K,0. These products contain 0.1 wt.% to 1.2 wt.% of B,03 and

20  between 0.8% and 2.5% of alumina, but no attention is drawn to the Al,04/B,0; ratio.
Further, none of the examples in this document includes an alumina content of less

than 0.85%; an alumina content of greater than 0.9% is preferred.

JP 63 285173 describes fused cast products with high zirconia content having
a good electrical resistivity and resistance to cracking for silica contents less than
25 6.5%.

The current development of glasses of very high quality, in particular glasses
for flat screens of the LCD type, increases the requirements for the refractory products
of glass melting furnaces. In particular, there is a need for refractory products with
improved electrical resistivity, without having to use dopants, while having resistance to

30  corrosion by glass.

The present invention aims to satisfy this need.
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A refractory product according to the invention can further comprise one or
more of the following optional characteristics:

- The ratio A/B of the contents by weight Al,O3; / B,O, is less than or equal to 1.75,
25 preferably less than or equal to 1.6, preferably less than 1.5, preferably less than
1.2, less than 1.1, or even less than 1.0.
- The ratio A/B of the contents by weight Al,O; / B,O; is greater than 0.55, or even
greater than 0.60.
- The content by weight of ZrO, + HfO, is less than 95.5%, or even less than 95.0%,
30 or even less than 94.0% and/or greater than 90.0%, or greater than 91.0%, or even
greater than 92.0%.
- The content by weight of silica SiO, is greater than 4.6%, greater than 4.8%, greater
than 4.9%, and/or less than 5.5%.



20 - The total content by weight of oxides of cal cium and/or of
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+ BaO MJO + ZnO, is less than 0,3% preferably less than 0,2% | ess
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15 1as impurities.
- The content by weight of oxides of iron and/or of titanium, Fe,O; + TiO,, is less than
0.4%, preferably less than 0.3%, preferably less than 0.2%.
- The content by weight of oxide of calcium and/or of strontium and/or barium and/or
of magnesium and/or of zinc is less than 0.2%, preferably less than 0.1%.
20 - The total content by weight of oxides of calcium and/or of strontium and/or barium
and/or of magnesium and/or of zinc, CaO + SrO + BaO + MgO + ZnO, is less than
0.3%, preferably less than 0.2%, less than 0.1%, less than 0.05%.
- The total content by weight of the "other oxide species" is less than 1.0%, less than
0.6%, less than 0.5%, or even less than 0.3%.
25 - The "other oxide species" only consist of impurities and the total content by weight
of the "other oxide species” is less than 0.6%, less than 0.5%, or even less than
0.3%.
- The content by weight of yttrium oxide Y,03;, which forms part of the “other oxide
species” is less than 0.25%.
30 - The content by weight of ShO, + CuO is less than 0.05%.
According to a particular embodiment, the invention proposes a fused cast
refractory product comprising, in percentages by weight based on the oxides:
92.0% < ZrO; + Hf,0 < 95.0%
4.5% < Si0; < 6.0%
35 Al,O3; < 0.55%
0.35% < B,03 < 0.55%



c) casting and solidification of said nolten material, by cooling, so
as to obtwonoa/medfsractory product, saifl method bei ng chararta®ilzesd3ssn
that said raw naterials are selected so that said refractory product
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The invention also relates to a glass melting furnace comprising a refractory

product according to the invention, or a refractory product manufactured or that can be

25  manufactured by a method according to the invention, in particular in a region intended

to be in contact with molten glass. In a furnace according to the invention, the

refractory product can advantageously form part of a tank for making glass by melting,

notably by electric melting, where it may come in contact with molten glass at a

temperature greater than 1200°C.

30 Definitions

The contents of oxides by weight refer to the total contents for each of the
corresponding chemical elements, expressed in the form of the most stable oxide,

according to the convention that is usual in the industry; therefore this includes the



ekes it possible to nmeet the requirenents of high corrosion
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the ratio® Ig@e%}%e88megwés§§v&@tﬁﬁ?s .%ﬁ‘%%’?gi s less than or
equal,to 2.0 nmakes it possible to increase the electrical

resi st vi ty. 15The oxi des Na20 and K20 have an adverse influence on
electrical resistivity. The content by wei ght of Na20+K20 nust
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content”.

The content of hafnium oxide HfO, in a product according to the invention is
30 less than 5%, generally less than 2%.

The presence of silica SiO, notably permits the formation of an intergranular
vitreous phase that can effectively accommodate the changes in volume of the zirconia



a) mxing raw materials so as to forman initial charge, WD
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molten material is obtained, c) solidification of said nolten
material, by cooling, so as to obtain a refractory product accordi ng
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2500C, The preepnae) of acamiter iy meight ef Bs@dihy maporiiedsaeit that tha ratio
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gr ai ns of to2écraagectbaietecsinarl @sistégty. by a vitreous phase. The zirconia
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represent nore than 95% nore than 97% or even roughiy 100% of the
wei ght of the vAdaoeding teplresievention, the content by weight of Fe,O3 + TiO; is less than

0.55% and that of P,Os is less than 0.05%. In fact, these oxides are known to be
20  harmful and their content must preferably be limited to traces introduced as impurities

with the raw materials.

Unless stated otherwise, the "other oxide species" are the species that are not
listed above, namely species other than ZrO,, Hf,O, SiO,, Al,O3, B,O3, Ta,0s, Nb,Os,
Na,0, K;0, CaO, SrO, MgO, Zn0O, BaO, P,0s5, Fe,O3 and TiO,. In one embodiment, the

25  "other oxide species" are limited to species whose presence is not particularly desired

and which are generally present as impurities in the raw materials.

Conventionally, in a fused cast product, the oxides represent more than
98.5%, more than 99%, or even roughly 100% of the mass of the product. It is the
same in a product according to the invention.
30
A product according to the invention can be manufactured conventionally
according to steps a) to ¢) described less than:

a)mixing raw materials so as to form an initial charge,



conposition of ‘the initial charge allows products to be obtained

havi ng a ®@posIRéon according to that8of a product accoPdirAagaioosdies
i nvention. Exanpl es The following non-limting exanples are
given for the purpose of illustrating the invention. In these
exanples, the followng raw materials were used:
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Wt . . ] | &al _bars of product 30 mmin diameter and 30 mm
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These bars were it ial..dif I\ VOl
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2011/ 49265710 Table 1 ConposEbons by wei ght (as. percentage bed en
oxi des) Zr 02 10his process consists of using an arc furnace whose arc is struck between the

15 charge and at least one electrode some distance from said charge and adjusting the
length of the arc so that its reducing action is minimized, while maintaining an oxidizing
atmosphere above the molten bath and mixing said bath, either by the action of the arc
itself, or by bubbling an oxidizing gas (air or oxygen, for example) in the bath or by
adding substances that release oxygen, such as peroxides or nitrates, to the bath.

20 Melting can in particular take place at a temperature greater than 2300°C,
preferably between 2400°C and 2500°C.

In step ¢), cooling is preferably carried out at a rate of less than 20°C per hour,
preferably at a rate of about 10°C per hour.

A product of the invention manufactured in this way consists of grains of

25  zirconia surrounded by a vitreous phase. The zirconia can be monoclinic to more than
80%, more than 90%, more than 99% or roughly 100%, as percentage by weight. The
vitreous phase can comprise more than 50%, or even more than 70%, of silica,
between 5% and 20% of B,O3; and between 1% and 20% of alumina, in percentages by
weight based on the vitreous phase. The silica, B,Oz and alumina can represent more

30  than 95%, more than 97%, or even roughly 100% of the weight of the vitreous phase.

Any conventional method of manufacturing fused products based on zirconia

intended for applications in glass melting furnaces can be employed, provided that the
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composition of the initial charge allows products to be obtained having a composition
according to that of a product according to the invention.

Examples

The following non-limiting examples are given for the purpose of illustrating
the invention.

In these examples, the following raw materials were used:
- zirconia containing mainly, on average by weight, 98.5% ZrO, + HfO,, 0.2%
SiO; and 0.02% Na,0O,

- zircon sand at 33% silica,

- boron oxide of purity greater than 99%.

The raw materials were melted by the conventional process of arc furnace
melting and then the molten material was cast to obtain blocks with the dimensions
220 mm x 450 mm x 150 mm.

Example 1 corresponds to the product ER1195, marketed by Saint-Gobain
SEFPRO, and constitutes the reference.

For all the products obtained, crystallographic analysis reveals crystals of
monoclinic zirconia surrounded by a vitreous phase typically having more than 70% of
silica. All of the silica as well as the other oxide species with the exception of zirconia

are in the vitreous phase.

The chemical analysis of the products obtained is given in Table 1; this is an
average overall chemical analysis, given in percentages by weight.

in the following Table 1, * indicates that the example is outside of the

invention, and an empty cell corresponds to a content less than or equal to 0.05 wt.%.

Cylindrical bars of product 30 mm in diameter and 30 mm high were extracted
from the various examples of blocks produced. These bars were submitted to a
potential difference of 1 volt at a frequency of 100 hertz at 1500°C or 1600°C
respectively for measuring the electrical resistivity, "R1500" and "R1600" respectively.
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inventive examples exhibit performances very largely superior to those of the product

ER1195 (example 1).

Comparison of examples 2* and 3* shows that a decrease in the A/B ratio of
between 2.0 and 1.5 has no positive effect if the silica content is less than or equal to
10 4.5%.

Comparison of examples 3* and 4 shows, conversely, that a decrease in the
A/B ratio of between 1.5 and 1.0 accompanied by an increase in the silica content of
between 4.1% and 5.0% has a very positive effect.

Example 3* also shows that excessively low silica contents limit performances.

15 Comparison of examples 4 and 5 shows the positive effect of the decrease in
the A/B ratio to between 1.0 and 0.8.

Finally, measurements showed that the resistance to corrosion by molten
glass of the products of the invention is equivalent to that of the reference example 1*.

Of course, the present invention is not limited to the embodiments in the

20  examples, which are given for purposes of illustration.



<080% 0. 3% < 6203 < .0% 15205 + tsl b20 < 0.15% Na20 + K20 < 0.1% K20
< 0. 04% Caor0EH/9%65¢ MO + ZnO + BaO < 0. 4% P205 < 0. 05% FeR@320+1/050088
< 0,55% ot her oxi de species, optionally including Y203: <
1.5% with Y203 < 0.3%the ratio "A/B" of the contents by wei ght

Al 2031 6203 being between 0.5 and 2.0. The product as clainmed in the
preceding claim wherein the ratio ALLAIMS | ess , 1.5. The product a,
Ta205< 0.10% either one of the preced , clainms where " Nb205 + 204.
The product as clained in the preceding claim wherein Nb205 +

Ta20.c. <,0.05% .Th [ | ai in_an f 3 0]4 hn
ciai e, whereriepias BBt nitudBrgREnh B0-BlGs% oy iR HES] R e
4,8% The prodisstarasioch dtated 100%ariyheomédaxf t he precedi ng
cl ains, wherein th t ~wei ght of is less than 0.80% The
product as cl ai rre?ri%%rlt'ﬁfgbp?c@a‘g.emﬁ%%ﬁﬁe?%e content by weight of
6203i &= | ess than Q5%598i0he6pPoduct as clained in any one of the
precedi ng ai ns, whgrein.the content weight of Al2Qis |less than
D 205 RLG) 2 oldd%

0.3% < B;03< 1.0%

Ta,0s + Nb,O5< 0.15%

Na,O + K;0 < 0.1%
10 K20 < 0.04%

CaO + SrO + MgO + ZnO + Ba0 < 0.4%

P05 < 0.05%

Fe,O5 + TiO, < 0.55%

other oxide species, optionally including Y,03: < 1.5%, with Y,03 < 0.3%
15 the ratio "A/B" of the contents by weight Al,O3 / B,O; being between 0.5 and 2.0.

2. The product as claimed in the preceding claim, wherein the ratio A/B is less than
1.5.

3. The product as claimed in either one of the preceding claims, wherein Nb,Os +
Ta205 < 0.10%.
20 4. The product as claimed in the preceding claim, wherein Nb,Os + Ta,05 < 0.05%.

5. The product as claimed in any one of the preceding claims, wherein the content by
weight of silica SiO, is greater than 4.8%.

6. The product as claimed in any one of the preceding claims, wherein the content by
weight of B,O3 is less than 0.80%.

25 7. The product as claimed in the preceding claim, wherein the content by weight of
B,Os;is less than 0.55%.

The product as claimed in any one of the preceding claims, wherein the content by
weight of Al,O; is less than 0.70%.

FO

9. The product as claimed in the preceding claim, wherein the content by weight of
30 AlLO; is less than 0.55%.



10. The product as clained in any one of the preceding clains herein
t he cont ewo Joy1/e6ght of Y203 is | ess tthan 0, 25% 11. The ppraB2mL/05S88
clainmed in any one of the preceding clains, wherein the content by
wei ght of Na20 KO is less than 0.04% the content by wei ght of oxides
of iron and/or of titanium Fe203+Ti02, is |less than 0.4% the
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Sra MyO ZnO IBaOtkar0.029%, the total contentoly decigipiecii esidet fuércaidiam dmda:; of
700, and Bac T ENRM o PR BT RE PR FlmRg gt PRE GBRr S o
wei ght Al 203+ 323 +hendgis bedswben 003%, amtlthke b8l cdhienpbp dieiiht a8 "athed owede

in any one of the,precedin aims. wherein the content by weight of
Al 203 is Ies%oetcﬁzin%d.e @?n%éo)" 14. The product as clained in any one

oL U b SECHhS BB AIBLEUR AVPhE A SalEe A SR b,
one of the ppacedages o} aeigbt based ondlye oxidésit ended to be in contact
wth mol ten gl asg, gy, < 710, + Hf,0 < 95.0%
4.5% < SiO, < 6.0%
Al,O; < 0.55%
15 0.35% < B,O; < 0.55%
Tay0s+ Nb,Os < 0.05%
Na,O + K;0 < 0.04%
CaO + SrO + MgO + ZnO + BaO < 0.2%
oxide species other than ZrO,, Hf,0, SiO,, Al,Os, B,O3, Ta,0s, Nb,Os, Na,0,
20 K;0O, CaO, SrO, MgO, ZnO, and BaO: complement to 100%,
the ratio "A/B" of the contents by weight Al,O3 / B,O; being between 0.6 and 1.2.

13. The product as claimed in any one of the preceding claims, wherein the content by
weight of Al,O; is less than 0.50%.

14. The product as claimed in any one of the preceding claims, wherein the ratio A/B is
25 less than 1.1.

15. A glass melting furnace comprising a product as claimed in any one of the

preceding claims in a region intended to be in contact with molten glass.





