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The product ER-1195 produced and marketed by Saint-Gobain SEFPRO and
covered by patent EP-B-403 387 is now widely used in glass melting furnaces. lis
chemical composition comprises about 94% zirconia, 4 to 5% silica, about 1% alumina,
0.3% sodium oxide and less than 0.05 wt.% P,0Os. It is typical of products with high
zirconia content used for glass furnaces.
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WO 2007 099253 describes fused cast products with high zirconia content
having a high electrical resistivity in the presence of at least one oxide selected from
CrOs;, NbyOs, MoO;, Ta,05 and WO;. These products contain less than 1.5 wt.% of
B,O; 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,
CaO, P,0s NaO and K;O. These products contain 0.1 to 1.2 wt.% of B,Os; and
between 0.8% and 2.5% of alumina. This document does not suggest adding Ta,Os or
B,0s.

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
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 while having good resistance to corrosion by glass.

The present invention aims to satisfy this need.
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the ratio "A/B" of the contents by weight Al,O3 / B,O3 being less than 1.50.

As will be seen later, surprisingly, the inventors discovered that this
composition allows the refractory product according to the invention to have a good
electrical resistivity, for silica contents less than 6.5% enabling good corrosion
resistance and a limited content of Nb,Os and Ta,Os to be maintained, notably making
it possible to limit costs.

A refractory product according to the invention can then further comprise one

or more of the following optional characteristics:

- The ratio A/B of the contents by weight Al,O; / B,O; is less than or equal to 1.40,
preferably less than 1.30, or even less than 1.20, or even less than 1.10.

- The ratio A/B of the contents by weight Al,O5 / B,Os is above 0.10, or even above
0.20, or even above 0.30.

- The content by weight of ZrO, + HfO, is less than 95.5%, or even less than 95.0%,
or even less than 94.0% and/or above 87.0%, above 90.0%, above 91.0%, or even
above 92.0%.

- The AlL,O3/SiO; ratio is less than 0.20, preferably less than 0.15, preferably less than
0.13, preferably less than 0.10.

- The content by weight of silica SiO, is less than 6.3%, less than 6.0%, or even less
than 5.8% or less than 5.6%.
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- The weight ratio ZrO, / (Nb,Os+Ta,0s) is above 50, above 80 and/or less than 200,
less than 150.

- The content by weight of (Na,0+K,0) is less than 0.1%, or even less than 0.05%.

- The content by weight of P,Osis less than 0.05%.

- The oxides of iron and/or of titanium and/or of calcium and/or of strontium and/or of
barium and/or of magnesium and/or of zinc and/or of phosphorus are only present
as impurities.

- The content by weight of oxides of iron and/or of titanium, Fe,03 + 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 0.15%, preferably less than 0.1%.

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%.

- 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%.
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Ca0, SrO, MgO, ZnO, and BaO): complement to 100%,
the ratio "A/B" of the contents by weight Al,O3 / B,O3 being less than or equal to 1.2.

Preferably, the other oxide species represent less than 2.5%, less than 2.0%,
less than 1.5%, less than 1.0%, less than 0.5%, or even less than 0.3%.

The invention also relates to a method for manufacturing a refractory product
according to the invention, comprising the following successive steps:
a) mixing raw materials so as to form an initial charge,
b) meliing said initial charge until a molten material is obtained,
c) casting and solidification of said molten material, by cooling, so as to
obtain a refractory product,
said method being characterized in that said raw materials are selected so that said

refractory product is according to the invention.

Preferably, oxides for which a minimum content is required, notably ZrO,,
Si0,, B,Os, Ta,Os or precursors of these oxides, are added systematically and
methodically. In particular, Y,0; is not added. Preferably, the contents of these oxides
in the sources of the other oxides, where they are conventionally regarded as
impurities, are taken into account.

Preferably, cooling is controlled, preferably so as to be carried out at a rate of
less than 20°C per hour, preferably at a rate of about 10°C per hour.
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In a pro ceordin the invention, it is considered that the
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rﬁ%el ar effects. The oxi des Na20 and

K20 have an ady 'n{ ce on.electrical _resists. The.content b
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resistance. Moreover, too high a content of silica might cause defects in the glass
through detachment of stones (pieces of refractory product resulting from loss in

cohesion of the product), which is regarded as poor behavior in application.

The presence of alumina promotes the formation of a stable vitreous phase
and improves the castability of the products in the mold. An excessive content leads to
instability of the vitreous phase (formation of crystals), which has an adverse effect on
feasibility, in particular in the presence of boron oxide. The content by weight of

alumina must therefore remain limited.

The presence of a content by weight of B,O3 in a proportion such that the ratio
A/B of the contents by weight Al,O; / B;O; is less than 1.50 makes it possible to
increase the electrical resistivity.



According to the invention, the content by weight of Fe203 1102 is

| ess t harw02868%p2456 t hat of P205 is |less than 0.15% prefer/akoy1/ds®
than 0,10% nore preferably less than 0.05% In fact, these oxides
are known to be harnful and their content must preferabiy hehmted to
traces introduced as inpurities with the raw nmateri al s,
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Thi s process consists of using an arc furnace whose arc is struck
bet ween t he chatgeeathadly, Ireasfusetecast ectdundetheonmdel s¢@psentf mora shard

charge a J i t | engt h of e that its reducing, .
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itself, or by bubbling an oxidizing gas (air or oxygen, for exanple)
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peroxi des or niAr@mbéast doootdirgy hathe invention caMEdd ntghutatured qoarEmtRihaay
tzgggogl ACL Blaify HbUHR AL LFaBRNE R30HGy. P ef erably between 2400C and

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

b) melting said initial charge until a molten material is obtained,

c) solidification of said molten material, by cooling, so as to obtain a refractory

product according to the invention.

In step a), the raw materials are selected so as to guarantee the contents of
oxides in the finished product.

In step b), melting is preferably effected through the combined action of a fairly
long electric arc, not causing reduction, and mixing which promotes reoxidation of the
products.

To minimize the formation of nodules of a metallic appearance and prevent
the formation of cracks or crazing in the final product, it is preferable to perform melting
in oxidizing conditions.
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In step c), 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
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 for example more than 50%, or even more than 70%, of
silica, between 5% and 20% of B,O; and between 1% and 20% of alumina, in
percentages by weight based on the vitreous phase. The silica, B,O3; and alumina can
represent more 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
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% ZrQO, + HfO,, 0.2%
SiO; and 0.02% Na,0,

- zircon sand at 33% silica,

- boron oxide of purity above 99%,

- niobium oxide and tantalum oxide of purity above 99%.



The raw materials were nelted by the conventional process of arc
furnace n@®t20hgo9aés@ t hen the nol ten natleri al was cast torPObIBIM1/050389
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1. A fused cast refractory product conprising, in percentages by
wei ght n tWe 20xidesssand for a total of 100% of the oxi despcZuBf24050389

Hf 20:

conpl ement to 100% 4. 0% < Si 02< 6.5% Al 202 0, 75% 0, 2% < 8204<

1.5% 0. 3% < Ta205- Nb205+ Ta205 < 1.4% Na20 + K20 < 0,2% Safi) < 0.2%
P205 < 0, 15% Fe. 202+ Ti 02< 0, 55% ot her oxi de species: < 1.5%the
ratio "NB" of the contents by weight Al 203! 8203 being | ess than

1,50. The product as clainmed in the preceding claim wherein the
ratio NBis ess d 1.40. 3, The produtdblad ciairned in the preceding

claim wherein the ratio NBis |less than 1,30 The product as cl aned
in the precedingrpbstions bywhrehielenpetdattboebag20 on oxides)
Zr0, Si0; | B20; | Al0s | Ta;Os | NbOs | Na;O A/B {101.223 (rgecs?no)
1% 4.0 1.20 0.3 70
2% 4.5 | 0.40 | 0.80 2.00 110 80
3* 4.1 | 0.40 | 0.61 1.53 107 81
4% 4.9 | 0.36 | 0.74 0.69 2.06 181 134
5* 5.0 | 0.49 | 0.92 | 0.99 1.88 190 135
6% 5.1 | 0.38 | 0.83 | 0.56 | 0.40 2.18 197 140
7| Complemen o T e T os 1 .03 1.44 280 190
t to 100%
8 5.1 | 0.50 | 0.52 | 1.02 1.04 450 275
9 53 | 0.27 | 0.26 | 0.71 0.96 453 283
10 6.0 | 0.49 | 0.51 | 1.02 1.04 410 250
11 4.6 | 0.47 | 0.54 | 1.00 1.15 340 212
12 4.8 | 0.36 | 0.44 | 0.86 .23 254 165
13% 4.9 | 0.36 | 0.56 | 0.98 1.56 225 141

The results show that the products of the invention tested have improved
electrical resistivity.

Comparison of examples 5* (or 6*) and then 13* with example 7, and then
comparison of examples 5* (or 6) and then 13* with example 8 shows, at roughly
constant silica content and at roughly identical total contents of dopant, the very
positive effect of a decrease in the ratio A/B. The same applies on comparing example
4* with example 12.

Examples 7 and 8 demonstrate, at roughly constant silica content, the very
positive effect of a decrease in the ratio A/B between 1.44 and 1.04 and its synergistic
effect with the dopant.

Comparison of examples 8 and 9 or of examples 9 and 10 shows that the
performance can be maintained if the ratio A/B is maintained, despite a decrease in the
contents of 8203, A|203, and T8205.

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

examples, which are given for purposes of illustration.



5. The product as ciai nmeof e preceding clains,wherein No2Cb6 a205>
0,5% 6. Wheoproozhiet cl ai ned i n any ona2of the precedi ng eCBIE®11/050389
wherei n Nh205 Ta205 < 1.2% The product as clainmed in any one of the
precediris, wherein the content by weight of silica 5K )2 is |less
than 6,0% The product as clained in any one of the preceding clains,
wherein the content by weight of sildlLedMSi 02 is greater than 4.5% O,
The product as clainmed in any one of the preceding clains, wherein
the cordem weightof silica Si02 is greater than 4,8% 1, 102658PC
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veLant ol 5205 1S58 AN Byt léypdhe produet oS ofalmed i nany

4.0% < Si0, < 6.5%

Al,05; £ 0.75%

0.2% < B;03< 1.5%

0.3% < Tay0s

Nb,Os + Ta,05 < 1.4%

Na,O + K,0 < 0.2%

BaO < 0.2%

P,05 < 0.15%

Fe 03 + TiO,< 0.55%

other oxide species: < 1.5%

the ratio "A/B" of the contents by weight Al,O5; / B,O3 being less than 1.50.

2. The product as claimed in the preceding claim, wherein the ratio A/B is less than
1.40.

3. The product as claimed in the preceding claim, wherein the ratio A/B is less than
1.30.

4. The product as claimed in the preceding claim, wherein the ratio A/B is less than
1.20.

5. The product as claimed in any one of the preceding claims, wherein Nb,O5 +
Ta,05> 0.5%.

6. The product as claimed in any one of the preceding claims, wherein Nb,Os +
Ta,05 < 1.2%.

7. The product as claimed in any one of the preceding claims, wherein the content by
weight of silica SiO, is less than 6.0%.

8. The product as claimed in any one of the preceding claims, wherein the content by
weight of silica SiO, is greater than 4.5%.

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



wei gh: of Al 203 is less than 01% 13. The product as ciained in any
one of th&oegedoagscl ain the content by weight of Al 202, pesmbRssoidign
0.6% 14. The product as clained in any one of the preceding clains,
wherein the \Apt-) weight of Al 203 is |ess than 0,55% 15, The
product as claimed in any one of the preceding clains, wherein the
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E2. 03 < 0 crB:(Qibess<thfia20®MNb20+ Ta205< 1. 4%

12. The product as claimed in any one of the preceding claims, wherein the content by
weight of Al,O; is less than 0.7%.

13. The product as claimed in any one of the preceding claims, wherein the content by
weight of Al,O; is less than 0.6%.

14. The product as claimed in any one of the preceding claims, wherein the content by
weight of Al,O; is less than 0.55%.

15. The product as claimed in any one of the preceding claims, wherein the content by
weight of Na,O + K,O is less than 0.1%.

16. The product as claimed in any one of the preceding claims, wherein the content by
weight of Na,O + K,0 is less than 0.05%.

17. The product as claimed in any one of the preceding claims, comprising, in
percentages by weight based on the oxides:
92.0% < ZrO, + Hf,O < 94.7%
4.5% < Si0; < 6.5%
AlbO; <0.7%
0.3% < B,03 < 0.6%
0.5% < Ta,0s5
Nb,Os + Ta,05 < 1.4%
Na,O + K,0 < 0.05%
CaO + SrO + MgO + ZnO + BaO < 0.2%
oxide species other than ZrO,, Hf,0, SiO,, Al,O;, B,0s, Ta,0s, Na,O, K0,
CaO, SrO, MgO, Zn0O, and BaO: complement to 100%,

the ratio "A/B" of the contents by weight Al,O; / B,Os being less than or equal to
1.2.

18. The product as claimed in any one of the preceding claims, wherein the content by
weight of Y,0; is less than 0.25%.

19. The product as claimed in any one of the preceding claims, wherein the content by
weight of oxides of iron and/or of titanium, Fe,0s+TiO,, is less than 0.4%, the

content by weight of P,Os is less than 0.05%, the total content by weight of oxides



Na20 + K20 < 0.05% Ca + SrO + MJO + ZnO + BaO0D2% oxi de speci es ot her
t han Zr O2VOR#I2M926S8 02, Al 203, B203, Td205, Na20, K20, CafT/152011/0¢969
ZnO, and BaQ conplenent to 100% the ratio "All:3" of the contents
by wei ght Al 2031 B203 being |l ess than or equal to 1,2. 18. The
product as clainmed in any one of the preceding clains, whereri the
content by wéicglsiunpfan¥203f istohtess anban o, b2Eetn 4r8l/ormtfempgoatiloh asl/or of
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preceding clains in a region intended to be in contact with nolten

gl ass.



