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20 Among the fused cast products, the electrocast products with high zirconia
content, i.e. having more than 85 wt.% of zirconia (ZrO,), have a reputation for their
quality of very high corrosion resistance without coloration of the glass produced and
without generating defects.

Conventionally, the fused cast products with high zirconia content also

25  comprise sodium oxide (Na,O) to prevent the formation of zircon from the zirconia and
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. lts
chemical composition comprises about 94% zirconia, 4 to 5% silica, about 1% alumina,

0.3% sodium oxide and less than 0.05 wt.% P.,Os. It is typical of products with high

zirconia content used for glass furnaces.
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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.



Ta20ei Nh205c 0. 15% Na20 + K20 < 0.1% K20 < 0.04% CaO 6r0 Mgr.) Zri O
Ba0 < QA%&20h1/052686 05% 17. 620;: + 1102 < 0.55% ot her oxirda/ispeaiesss7 <
1,5% the ratio "NB" of the contents by wei ght A203 1 B203 being
between 0.75 and 1.6. As will be seen later, surprisingly, the

i nventors discovered that this conposition allows the refractory

pr oduct cordin o0.the invention to have a good el ectrical
resisti vﬁlﬂ’“'gﬁa’ tg‘SdB"‘?ﬂﬂW‘osi on resistance, even though the content

of dopant 20Ta20E, and/or Np205 is.|less than 0.15% A
refractory pr oj&f? %aéﬂ%ﬁa,rly; B%‘? dn‘fGSt'?%ée'iaE?\?eﬁt ?o'%fs%‘i\r?afh FEIRSIOTE BT L e
one or nuoenpobinghie geotdrosgesgoyoptiybinedsedhar iet@idestandsior adotaNBf 0H0% e
contents Fl)%/ wgi%ht Al 20 B203 is less than 1 5, preferabiy less 1.2,

| ess t harl 9%9%%r even iess than 1.0. The content by wei ght of Zr02 +
Hf 02 s | esB0t hail,Oobiferodnt ey edohess than 9 or even |l ess than 94. 0%
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than 92.0% TRe okt 9°by wei ght of silica 6i02 is greater than
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less than & 3. B,0,< 1.5%
Ta,O05 + Nb,Os < 0.15%
10 Na,O + K,0 < 0.1%
K20 < 0.04%
CaO + SrO + MgO + ZnO + BaO < 0.4%
P,Os < 0.05%
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the ratio "A/B" of the contents by weight Al,O; / B,O; being between 0.75 and 1.6.

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 and a good corrosion resistance, even though the content of dopant

20  TayOs and/or Nb,Os is less than 0.15%.

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,O; / B,O; is less than 1.5, preferably less
than 1.2, less than 1.1, or even less than 1.0.
25 - 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 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 5.8%, less than 5.5%.
30 - The content by weight of alumina Al,O; is less than 1.05%, less than 1.00%, less
than 0.90%, less than 0.85%.
- The content by weight of alumina is greater than 0.80%.
- The content by weight of B,O; is greater than 0.35%, or even greater than 0.40%, or
even greater than 0.45%.
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- 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
20 0.3%.
- The content by weight of yttrium oxide Y,O; is less than 1.0%, preferably less than
0.5%, more preferably less than 0.4%, or even less than 0.3%, or less than 0.25%.
- The content by weight of tin and/or copper oxides, SnO,+CuOQ, is less than 0.05%.

The invention also relates to a method for manufacturing a refractory product

25  according to the invention, comprising the following successive steps:

a) mixing raw materials so as to form an initial charge,
b) melting 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,
30  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,,
SiO,, B,O3 or precursors of these oxides, are added systematically and methodically.
Preferably, the contents of these oxides in the sources of the other oxides, where they

35 are conventionally regarded as impurities, are taken into account.
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25 “‘Dopant” here means the Ta,Os and/or Nb,Os constituents.
Unless stated otherwise, all the contents of oxides in the products described
and claimed are percentages by weight based on the oxides.
Detailed description of the invention

In a fused cast product according to the invention, high content of zirconia
30  ZrO, makes it possible to meet the requirements of high corrosion resistance without
coloration of the glass produced and without producing defects that impair the quality of

said glass.
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The presence of a content by weight of B,O; in a proportion such that the ratio
25  A/B of the contents by weight Al,O; / B,O, is less than or equal to 1.6 makes it possible

to increase the electrical resistivity.

The oxides Na,O and K,O have an adverse influence on electrical resistivity.
The content by weight of Na,O+K,O must therefore be less than 0.10%. In particular
30 the content of K,O must be less than 0.04%.

According to the invention, the content by weight of Fe,O; + TiO, is less than
0.55% and that of P,Os is less than 0.15%, preferably less than 0.10%, more preferably
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20 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

25  in oxidizing conditions.

The long-arc melting process described in French patent No. 1 208 577 and
its additions No. 75893 and 82310 is preferably used.

This process consists of using an arc furnace whose arc is struck between the

charge and at least one electrode some distance from said charge and adjusting the

30  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.



in step c), cooling is preferably carried outa e of |ess than 20C per
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Examples

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

the invention.

In these examples, the following raw materials were used:
20 - zirconia containing mainly, on average by weight, 98.5% ZrO, + HfO,, 0.2%
SiO; and 0.02% Na,O,
- zircon sand at 33% silica,
- boron oxide of purity greater than 99%.

The raw materials were melted by the conventional process of arc furnace
25  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
30 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 ghem cai anal ysis of the products obtained is given in Table 1;
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IV . L
sing, in percentadges by wei gﬁi b_égfed @R t he,oxi d&8 ai ao.tet al
et. 100% of tl|he* gxi 4.0 1.20 | 0.3
2* | complement | 4.5 | 0.4 | 0.80 2.0 110 80
3 to 100% 49 | 0.8 | 0.89 1:1 184 127
4 53 | 0.8 [ 0.92 [ 0.09 1.1 134 90

The results show that the products of the invention tested have greater
electrical resistivity than that of product ER1195 (example 1).

Comparison of example 2* with examples 3 or 4 shows that a decrease in the

15  ratio A/B has a very positive effect on the electrical resistivity.

Moreover, a further experiment was conducted on product containing 5.0% of
silica, 1.4% of B,O,; and 0.80% of alumina for an A/B ratio of 0.57: the excessive
viscosity of its vitreous phase led to a low exudation resistance. It is therefore

preferable to maintain the A/B ratio at levels greater than or equal to 0.75%.

20 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.

25



Zr02* Hf0: conplenment to 100% 4. 5% <807 < 6.0% 0.80% s' Al 203 <1.10%
0. 3% < 82@8=0li/®%st' 2205 Nb205< 0. 15%Na20 '4' K70 < 0. 1861LHe301/650387
0.04% Ca Sr0 MgO Zn P705 <0. 05% Fe207 Ti 02< 0. 55% ot her oxi de
species: < 1.5% 15the ratio "NB" of the contents by weight Al 20:, /
8707 bé&ng between 0.75 and 1,6. The product as clainmed in the
preceding claim wherein the ratio NBAIMS ess than The product as
claimed in the precedi.ng claim wherein the ratio ALB is | ess than
1.2. 204 The producti n ny one of the preceding clains, wherein Ni;:20

NCR0S + 1 THie PR ARE e e R AT BH A PEEoT REShPLBERT hir TP ALne
cont ent by oxndes and for a total of 100% of the oxides:
ZrO, + Hf,O: complement to 100%
3 4.5% < Si0, < 6.0%
0.80% < Al,O;3 <1.10%
0.3% < By03< 1.5%
Ta,05 + Nb,O5 < 0.15%
Na,O + K,0 < 0.1%
10 K;0 < 0.04%
CaO + SrO + MgO + ZnO + BaO < 0.4%
P,05 < 0.05%
Fe,0; + TiO, < 0.55%
other oxide species: < 1.5%,
15 the ratio "A/B" of the contents by weight Al,O; / B,O; being between 0.75 and 1.6.

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 the preceding claim, wherein the ratio A/B is less than
1.2.

20 4. The product as claimed in any one of the preceding claims, wherein Nb,Os +
Ta,05< 0.10%.

5. The product as claimed in the preceding claim, wherein Nb,Os + Ta,05 < 0.05%.

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

25 7. The product as claimed in any one of the preceding claims, wherein the content by
weight of B,Os is less than 1.0%.

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

9. The product as claimed in any one of the preceding claims, wherein the content by
30 weight of Na,O + K,O is less than 0.04%, the content by weight of oxides of iron
and/or of titanium, Fe,O,+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 of calcium and/or of



wei ght of silica Si02 is greater than 4.8% The product as clainmed in
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