
•turJE'U:-3 tP4.S 
I . 

REPL\< i~iJ Sf~L:.::TS SG 
~ Description : p:i&i.:d ... 1... .. to paged .. .lS. ....• 
[el Clafm(s) : paged ... 11>. ••• to paged . .J~ .... . 

1 
jli2l Drawing(s) : pa~l!d ... Yt.. to paged .. :-:: .... . 

1 ~ Abstr:1cl : paged .. '#!. ••. to paged .. ::: .... . 

New process for the production of a refr!~Af~J1~~Je.:.:ef-::5jf}rerea··········· 
vitreous silica. new mixture of grains and oarticles of vitreous silica. and new 

material made of sintered vitreous silica. 

5 The invention relates to a new process for the production of a refractory material 

made of sintered vitreous silica, to a new mixture of grains and particles of 

vitreous silica and to a new material made of sintered vitreous silica. 

Articles made of sintered vitreous silica are useful in applications 

requiring the use of a refractory material which has a low coefficient of 

10 expansion, low heat conductivity and good chemical inertness. 

At present, articles made of sintered vitreous silica are employed 

industrially: 

in metallurgy, above all in nonferrous metallurgy g1ch as, for example, 

in the casting of aluminium alloys, brass and bronze (castiri"g spouts, nozzles, 

15 sampling spoons, crucibles), of zinc (thermocouple protection} and of 

magnesium (electrolysis cell blocks); 

in chemistry, for the manufacture of titanium, and in petrochemistry 

(components for chlorine exchanger tubes); in laboratory equipment; in acid­
. / 

resistant coating; 

20 in furnace components such as rollers of heat treatment furnaces in 

glass manufacture and in iron and steel manufacture; 

in mould components for thermoformable composites or forming 

platens for thin metal sheets; 

in glassmaking, for example for the production of feeder gates for 

25 "float" glass furnaces, of sacrificial components both for soda-lime glass furnaces 

and for special glass furnaces (for example as plungers, stirrers, jackets, open 

pots) and as tank blocks for optical glass furnaces. The use of sintered silica is 

advantageous in the glassmaking field because of its low heat expansion which 

makes it resistant to thermal shocks and because, in contact with molten glasses, 

30 silica corrodes but does not give rise to faults such as stones or cords in· the 

glass, because it is "digested" by the latter, ~beipg one of it~-main constituents. 
~.... . 
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However, this use is limited by its relatively low resistance to corrosion by 

molten glasses. 

The conventional process for producing articles made of sintered 

vitreous silica involves casting a slip (aqueous fluid mix) of vitreous silica 

5 particles into a plaster mould, the porosity of which makes it possible to remove 

most of the water present in the slip by capillary suction and to stiffen or set the 

cast article, allowing it to be demoulded. The cast article is then matured, dried 

and sintered by firing at high temperature, for example at about 1100-1150 °C. 

After cooling, the article obtained can be machined. 

10 However, the slip employed in this process exhibits the defect of 

requiring a long time to prepare. Typically, the starting point is grains of fused 

vitreous silica which are finely ground in a wet medium, for example in a ball 

mill, and then various coarser particle size fractions of fus~d vitreous silica are 

incorporated into the resultant suspension of fine parti~fes (approxf~~tely 
15 10-40 µm) until a homogeneous supension is obtained. This suspension 

produced in a wet medium must then be 11stabilised 11 by being continuously 

stirred in a tank for a period of 8-13 hours. This long stabilisation operation is 

essential for obtaining a stable rheological behaviour of the suspension or slip. 

In its absence, problems are encountered when the slip is being cast, such as 

20 the formation of shrinkage cavities and heterogeneous texture, which have the 

effect of producing a final material exhibiting deteriorated properties after firing. 

Typically, materials made of sintered vitreous silica which are 

obtained by the above process have a density of 1.9 t/m3
, an open porosity of 

12-13%, a heat expansion coefficient of 0.6 x 10-6/K, and a rupture modulus of 

25 12-20 MPa. 

There is therefore a need for a process for the production of a 

refractory material made of sintered vitreous silica which is easier and less 

arduous to implement, while producing a material with properties which are not 

deteriorated, and even improved. 

30 The ~bjective of the invention is to provide such a process. 

'. ~ .. 
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More precisely, the invention relates to a process for the production 

of a refractory article made of sintered vitreous silica comprising the steps of 

casting a fluid mixture of water and of particles of vitreous silica into a porous 

mould, of allowing most of the water present in the cast mixture to be removed 

5 through the pores of said mould so that the cast article in the mould solidifies, 

of extracting the solidified article from the mould, of drying this article and of 

sintering the dried article at high temperature, characterized in that the fluid 

mixture is prepared as follows: 

A) a mixture of grains and particles of fused vitreous silica is prepared by 

10 dry mixing: 

(i) a moderately coarse particle size fraction of fused vitreous silica, in 

which at least 80% by weight of the grains are between 40 µm and 

1 mm, ..,. ,, ., 
. \". 

(ii) a fine particle size fraction of fused vitreo~~'~silica, in which at 

15 least 95% by weight of the grains are smaller than 40 µm, the said silica 

grains (ii) having a BET specific surface of 6 to 9 m2/g and a median 

diameter, as measured by sedimentation analy~is, of 5 to 6 µm; 

(iii) substantially spherical particles of a fume silica other than the 

fume silicas originating from the production of ferrosilicons or of silicon, 

20 and 

(iv) optionally, at least one particle size fraction of fused vitreous silica 

which is coarser than fraction (i), the constituents (i), (ii), (iii) and (iv) 

being employed in the following proportions by weight in relation to the 

total weight of (i) + (ii) + (iii) + (iv) : (i) 15-70%, (ii) 15-55%, (iii) 3-15% 

25 and (iv) 0-52% and the constituents (i), (ii) and (iv) being comprised of a 

fused vitreous silica containing at least 99% of silica; 

30 

B) a fluid mixture is prepared from the mixture obtained in (A) and from 

a quantity of water representing not more than 10% by weight relative to the 

total weight of the mixture obtained in (A). 

The fluid mixture thus produced can be employed immediately and 

does not require any stabilising operation, which is very advantageous. 

iiiiH1i11ur 
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The fluid mixtures can be divided into two categories, depending on 

whether they do or do not contain the optional ingredient (iv). 

The fluid mixtures without ingredient (iv) can be employed as a slip 

in a conventional slip casting process where the removal of the water takes 

5 place by a capillary suction effect through the pores in the porous mould, 

usually made of plaster. In this case the fluid mixture will usually contain 8 to 

10% water. On the other hand, the fluid mixtures including the ingredient {iv) 

can be employed in a process for casting in a porous mould with the 

application of vibrations (vibrational casting) intended to improve the filling of 

10 the mould and where the removal of the water takes place chiefly by evapor­

ation. In this case the fluid mixture will usually contain a smaller quantity of 

water than in the preceding case, namely a quantity of the order of 5 to 7%. 

The invention also relates to a mixture of grains,~~:d particles of fused 

vitreous silica, characterized in that it is produced by dry mixing: ·~ 

15 (i) a moderately coarse particle size fraction of fused vitreous silica, in 

which at least 80% by weight of the grains are between 40 µm and 

1 mm, 

(ii) a fine particle size fraction of fused vitreous silica, in which at 

least 950/o by weight of the grains are smaller than 40 µm, the said silica 

20 grains (ii) having a BET specific surface of 6 to 9 m2/g and a median 

diameter, as measured by sedimentation analysis, of 5 to 6 µm; 

(iii) substantially spherical particles of fume silica other than the fume 

silicas originating from the production of ferrosilicons or of silicon, and 

(iv) optionally, at least one particle size fraction of fused vitreous silica 

25 which is coarser than fraction (i}, the constituents (i), (ii), (iii) and (iv) 

being employed in the following proportions by weight in relation to the 

total weight of (i) + (ii) + (iii) + (iv): (i) 15-70%, (ii) 15-55%, (iii) 3-15% 

and (iv) 0-52% and the constituents (i), (ii} and (iv) being comprised of a 

fused vitreous silica containing at least 99% of silica. 

30 The ingredients (i), (ii}, (iii) and (iv) are advantageously employed in 

the following percentages, depending on whether the intention is to pr~duce a 

slip or a fluid mixture for vibrational casting. 

iii11iUf 
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Ingredients Slip Mixture for 
vibrational casting 

Broad Preferred Broad Preferred 
I 

(i) I 30-70 40-60 15-35 20-30 I 
I 

(ii) I 15-55 27-40 15-35 20-30 I 
(iii) I 3-15 7-13 3-15 7-13 

(iv) I - - 27-52 33-47 
I I 

The grain size of the particle size fraction(s) (iv} preferably does not 

exceed 10 mm. 

The invention additionally relates to a new ·refractory material made 

up of sintered grains of fused vitreous silica, character~d in that itJ~rther 
·•·. iJ .... 

20 contains substantially spherical particles of fume silica whi~h are visibl~ in the 

25 

form of dispersed separate entities in a photomicrograph, said grains of fused 

vitrous silica containing at least 99% of silica, and said fume silica being a fume , 
silica other than the fume silicas originating from the production of ferrosilicons 

or of silicon. 

During the manufacture of the refractory article care must be taken to 

introduce as little as possible of components which behave as fluxes for silica 

or (so-cal led 11mineralising") components capable of promoting the devitrification 

of vitreous silica into crystobalite, because the latter exhibits an anomaly in heat 

expansion on cooling at a temperature of 200 to 230°C, which results in 

30 rupture of the articles. Examples of such components are Al20 3, Fe20 3, alkali 

metal compounds (such as Na20 and K20) and alkaline earth metal compounds 

(such as CaO}. 

Care must also be taken to exclude as far as possible components 

such as SiC and carbon, which cause the material to bubble in contact with 

35 molten glasses. 

Grains of fused vitreous silica which have a silica content of at least 

99% by weight, preferably at least 99.5%, will therefore advantageously be 

employed. 
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A typical analysis of the fused vitreous silica which can be employed 

for constituting the grains (i), (ii) and (iv) is the following, in % by weight: Ti02: 

< 0.05%, Al20 3: s 0.2%, Fe20 3: s 0.03%, MgO: < 0.05%, CaO: < 0.02%, 

Na20: < 0.05%, K20: S 0.01 % and Si02: the remainder to 100 %. 

For these same reasons, use should be avoided, as ingredient {iii), of 

fume silicas originating from the manufacture of ferrosilicons and of silicon 

because these fume silicas are rich in Na20 (0.3% by weight and more), SiC 

(> 0.2% by weight), carbon (> 0.2% by weight) and Fei03 {> 0.15% by 

weight) and, at the present time, there is no known process which makes it 

10 possible to purify them effectively. When attempts are made to employ them in 

the process of the invention, these fume silicas give a material which, in 

addition to a colour which greatly reduces its commercial value, is subject to 

bubbling in contact with molten glasses. ~ . . 

It has been found, on the other hand, that fume .. s11icas produ-~ed in 

15 the course of melting and reduction of zircon in an electrical furnace, for 

example as described in FR-A-1, 191,665, are suitable for the process of the 

20 

25 

30 

invention. 

These fume silicas are made up of substantially spherical particles and 

have the following typical analysis, in % by weight 

Zr02 

Al20 3 

Fe20 3 

Na20 

K20 

Cao 

Ti02 

c 
SiC: 

Si02 

1.3 - 2.5 % 

2.1 - 3 % 

0.10 - 0.16 % 

0.09 - 0.16 % 

0.05 - 0.07 % 

0.01 - 0.06 % 

= 0.01 - 0.02 % 

< 0.015 % 

not measurable (i.e. less than 0.01 %) 

- 95 % (by difference), 

have a density of approximately 2.2 tons/m3
, a BET specific surface 
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approximately of 12 to 18 m2/g, and a median diameter, as determined by 

sedimentation analysis (sedigraphy)of the particles, of 0.2 to 0.6 µm. Fewer than 

30% of the particles of these fume silicas have a diameter greater than 1 µm, 

but it may happen that several particles will agglomerate into a lump of several 

5 micrometers. 

The water employed for the preparation of the fluid mixture will be 

advantageously a demineralised water, always to reduce the entry of detrimental 

impurities and to minimise the risk of devitrification. 

The production of the various grains (i) and (ii) of fused vitreous silica 

10 is advantageously performed by dry grinding of commercially available crushed 

fused silica, for example in ball mills whose walls are lined with a protective 

refractory material, for example based on alumina or with the so-called AZS 

(alumina-zirconia-silica) type material or another protectiv~~IJning, and in which 

the grinding media are made of a material intended to li~;f contaminXfi~n of 

15 the ground product, especially by iron. The properties defined for the fine grains 

(ii) are typical of grains produced by dry grinding. 

The presence of the two particle size fractions (i} and (ii) combined 

with that of the fume silica (iii) makes it possible to maximise the density of the 

final material by virtue of the compactness of the arrangement of the grains and 

20 of the fume silica particles. 

25 

30 

To give an indication, it is possible to employ as grains (i) a particle 

size fraction which has the following distribution: 

Sieve opening 

inµm 

1000 

500 

200 

100 

40 

Cumulative retention On % by weight> 

minimum 

0 

5 

30 

60 

80 

maximum 

5 

15 

50 

80 

95 

ii i1ii ill 
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Furthermore, the presence of the fume silica surprisingly has the effect 

of reinforcing the corrosion resistance of the parts of the final sintered material 

which consist of the fine fraction and makes it possible, as it were, to obtain 

approximate uniformity of the corrosion resistance of the parts of the material 

5 originating from the coarse fraction (which are normally more resistant) and of 

the parts originating from the fine fraction (which are normally more easily 

attacked). In addition, the use of fume silica makes it possible to minimise the 

quantity of water required for the preparation of the fluid mixture, and this 

reduces the setting time of the cast article and consequently permits more rapid 

10 demoulding. 

It should be noted that, remarkably, the particles of the fume silica 

remain in the form of identifiable discrete entities in photomicrographs of the 

final sintered material, whether it be newly manufactureq ~or after use. These 

particles, which are disseminated in the material, retain •. their charad~ristic 
15 minor constituents such as Al20 3 and Zr02, as if they did not diffuse in the bulk 

of the material. These minor constituents are therefore not critical with regard to 

devitrification phenomena. 

Besides the abovementioned essential and optional ingredients it is 

possible to include in the fluid mixture a small quantity, usually 0.05 to 1 % by 

20 weight relative to the total weight of the fluid mixture, of a surface-active agent 

with the aim of modifying its rheological properties. This surface-active agent 

must be free from sodium and it is possible, for example, to employ a surface­

active ammonium compound such as an ammonium polycarboxylate or an 

ammonium polyacrylate. 

25 A specific example of such a surface-active agent is the product 

Dispex(9 A40 sold by Allied Colloids. 

The following nonlimiting examples are given with the aim of 

illustrating the invention. 

The fume silica employed in the examples originated from a process 

30 of melting and reduction of zircon and analysed, in % by weight, as: 

Si02 : = 95%, Zr02 : 2.1 °lo, Al 20 3 : 2.3%, Fe20 3 : 0.15%, Na20 : 0.1 %, 
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Cao : 0.01 %, K.iO : 0.06%, Ti02 : 0.015%, C 0.0105%, and SiC : not 

measurable (i.e. less than 0.01 %). 

The vitreous silica forming the grains (i) and (ii) analysed as 99.5% by 

weight of silica. Fraction (ii) was prepared by dry grinding of a coarser (2 -

5 4.76 mm) fraction of vitreous silica grains until fraction (ii) was obtained. The 

mill employed was a mill with alumina balls comprising inner walls coated with 

an electrofused material of the alumina-zirconia-silica type. 

EXAMPLE 1 

10 Sacrificial components for the glass-making industry, such as flow orifices, 

sleeves and plungers were prepared by casting into a plaster mould a slip made 

up of, by weight: 

silica grains (40-1000 µm) = 54 % 

vitreous silica grains ( < 40 µm) = 33 % 

'~ ,· ·. . :..: 

=:-. 

15 fume silica == 13 % 

with addition of 0.09% of "Dispex A40" dispersant and 9% of demineralised 

water. 
, 

This manufacture takes place in the following manner: 

The three components were premixed dry and were then progressively 

20 introduced into a take-in box mixer which contained the demineralised water 

and the dispersant so as to form a suspension or slip. 

25 

30 

This slip was then degassed under vacuum (an operation which is 

desirable but not obligatory) before being cast into plaster moulds provided with 

filling funnels and adapted to the shape of the articles to be obtained. 

These articles were allowed to set and were then dried in a ventilated 

oven at 200°C and were finally arranged in a furnace and fired at 1050°C in 

order to sinter them. 

Characteristics of the fired sintered product: 

Density: 1.91 O t/m3 

Open porosity: 13 % 

Flexural strength: 20 MPa 

Expansion coefficient: 0.6 x l 0-6/K 
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Chemical analysis: 

Al20 3 ~ 1 % 

Zr02 ~1% 

Fe20 3 < 0.05 % 

Cao< 0.05 % 

Na20 < 0.05 % 

others =- traces 

10 

Si02: the remainder to 100 % 

Crystallographic analysis: 

Cristobalite ~ 2 % 

The microstructure of these new products is new and characteristic. 

The single figure, which is a photomicrograph produced at a 

magnification of approximately 800x of a polished sqrnple of a material 
. . 

according to the invention, shows the existence of large grains 1 of vi"treous 

15 silica bonded by a relatively continuous dispersion of finer grains 2 and of 

spherical particles 3 of fume silica. 

Since the articles of Example 1 were inten8ed to come into contact 

with molten glasses, various tests mentioned below were performed on them 

while comparing them to similar commercial articles whose characteristics are: 

20 Density: 1.900 t/m3 

Open porosity: 1 3 % 

25 

30 

Flexural strength: 12 to 20 MPa 

Expansion coefficient: 0.6 x 10-6 K-1 

Chemical analysis: 

Si02 > 99.5 °lo 

Al20 3 - 0.2 % 

Fe20 3 = 0.03 % 

Cao .. o.05 % 

Na20 - 0.05 % 

Ti02 - 0.03 

MgO = 0.01 
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Crystallographic analysis: 

Cristobal ite < 2 % 

* Behaviour in contact with a soda-lime glass: 

- Bubbling index: (1 hour at 1100°C and 1 hour at 1350°0 - according 

5 to the method described by A. Auerbach in the Reports on the Symposium on 

~he Production of Glass, Madrid, 11-14 September, 1973, pages 259-312. 

10 

Product of the invention: 1 and 1 

Reference product: 1 and 1 

- Stone release index (1300°C for 24 hours} 

Product of the invention: 0 

Reference product: 0 

This stone release index is carried out by employing the so-called 

"T-test" described by A. Auerbach in October 1972 in the,p~aper for tbe Special 
..... .,., _:..· .. 

Committee 2 of the OGG, Frankfurt-am-Main. 
~ ·::--; 

15 - Dynamic corrosion index {at 1250°C for 24 hours and at 1250°C for 48 

hours). 

Product of the invention: 120 

Reference product: 100. 

This dynamic corrosion index is produced by using the so-called 

20 Pilkington test, described by A. Auerbach in October 1972, reference above. 

* Behaviour in contact with borosilicate glasses: 

- Bubbling index at 1350° for 1 hour 

Product of the invention: 2-3 

Reference product: 7 

25 - Stone release index (1300°C for 1 hour): 

Product of the invention: O 

Reference product: 1 

* Behaviour in contact with fluorine opal glass: 

Under the same conditions the product according to the invention 

30 exhibits very good behaviour in the test for bubbling and stone release (index 0) 

in contact with fluorine opal glasses. 
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It should be noted that the slip of Example 1 can also be cast into 

moulds arranged on a vibrating table, with the advantage that in this case the 

quantity of water to be incorporated in the slip can be reduced to less than 8 % 

by weight. 

EXAMPLE 2 

The same operating method as in Example 1 was used to prepare a large article 

whose thickness is greater than 100 mm, namely a furnace feeder gate for the 

manufacture of float glass, from a fluid mixture of the following composition by 

10 weight: 

15 

vitreous silica grains (2 to 4.76 mm) = 16 % 

vitreous silica grains (0.84 to 2 mm) - 27 °lo 

vitreous silica grains (40 µm to 1 mm) ... 25 ,,~ 

vitreous silica grains ( < 40 µm) - 25 °lo 

fume silica = 7 °lo 

with addition of 0.09% of Dispex A40 dispersant and 6% of demineralised 

water. 
, 

The only difference in relation to Example 1 is that in this case the 

fluid mixture was cast into moulds arranged on a vibrating table subjected to 

20 vibrations (100 hertz) for 6 minutes. 

25 

30 

After firing, the characteristics of the article were the following: 

Density: 1 . 960 to 2 .000 t/m3 

Open porosity: 9-10 % 

Flexural strength at 20°C: 14-20 MPa 

Expansion coefficient: 0.6 x 10-6 K"1 

Chemical analysis: 

Al20 3 < 1 °lo 

Zr02 < 1 % 

Fe20 3 < 0.05 % 

Cao< o.o5 % 

Na20 < 0.05 % .·· .. 
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others: traces 

Si02: the remainder to 100 %. 

Crystallographic analysis: 

Cristobalite < 2 %. 

The material of this article exhibits the same behaviour as that of 

Example 1 in the bubbling and stone release tests. The following observations 

were made in a dynamic corrosion test in contact with soda-lime glass at 

1250°C. 

Material of Ex. 2 = 130 

Material of Ex. 1 = 120 

Reference material = 100 

The material of Example 2 exhibits the same typical microstructure as 

that of Example 1 . 
·~ .. 

Furthermore - a fact which is surprising - in the 'tests for sa2'~lficial 

15 articles in contact with the glasses described above it was found that, after use 

with heating, the reference articles crack completely on cooling when these 

articles are replaced, which makes them tricky to handle, whereas the articles 

according to the invention do not exhibit this cracking and their handling is 

easy. 

20 

25 

This phenomenon is due to the high devitrification of the reference 

articles. These tests show that the major impurities introduced by the fume silica 

employed in the invention, especially aluminium oxide and zirconium oxide, 

are not critical with regard to devitrification phenomena and confirm the fact 

that these impurities diffuse very little within the bulk of the article. 

EXAMPLE 3 (Comparative) 

In order to verify whether the quality of the fume silica introduced was critical, 

we have attempted to carry out three tests repeating Examples 1 and 2, but 
I 

employing 

30 a) a commercial fume silica originating from the reduction of ferrosilicon 

b) colloidal silica 

c) ground fused sit ica. 
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a) A commercial thermal silica of ferrosilicon type was employed, the 

chemical analysis {%)of which is: 

Si02 ... 94-98 % 

Al20 3 = 0.1-0.3 % 

SiC - 0.2-0.7 

Fe20 3 ... 0. 1 5-0.4 

Na20 '"" 0.3-0.5 

Cao = 0.1-0.3 

K20 = 0.2-0.6 

Ti02 - 0.01-0.02 

c .. 0.2-1.3 

BET specific surface = approximately 35 m2/g 

Median diameter, by sedimentation analysis ;-.0.25 to 0.30 µm. 

It was found that the quantity of processing water .. h~d to be increased 

15 by approximately 1 % in relation to the quantities indicated in the examples 

20 

according to the invention, and that after firing the articles were pink-coloured, 

cracked and had a lower density {1 .8 t/m3). ~ 

A bubbling test carried out according to the method indicated gave a 

very high index: 9-10. 

We estimate therefore that the use of this type of fume silica in this 

state is to be ruled out. However, it is obvious that if purification treatments 

made it possible to reduce or even to eliminate the components of the SiC and 

C type, without modifying the microspherical shape of the particles, th is fume 

silica could become usable in the invention. 

25 b) a commercial colloidal silica of trademark Ludox•, sold by E. I. Du Pont 

de Nemours, of ammonium-stabilised AS40 type and containing 40% of silica 

with a particle diameter of 21 nm was employed. 

Complete replacement of fL~me silica with this colloidal silica cannot 

be envisaged because in Ex. 1 it would be necessary to introduce 32.5% of 

30 colloidal silica {that is 13% of Si02 and 19.5% of water), which would result in 

an excess of water in the mixture. 
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Similarly, in Ex. 2 it would be necessary to introduce 17.5% of 

colloidal silica (7% of Si02 and 10.5% of water). 

The association of fume silica with colloidal silica, e.g. 6% of fume 

silica according to the invention with 3 to 7% of colloidal silica is more realistic 

5 but, with a percentage of 7% of colloidal silica, this results in mixtures of high 

viscosity which are difficult to degas and which, on drying, give microcracking 

of the articles. 

c) Replacement of fume silica with ground or microground fused silica of 

the same particle size has resulted in articles which after firing do not have the 

10 physical characteristics of the invention, namely a low density (1.7 t/m3
) and 

very low flexural strength ( < 5 MPa) at 20°C. 

The material of the invention constitutes a material of choice for all 

applications in which sintered vitreous silica is employed~<.... , 

It is obvious that the embodiments described are ,~~rely exampf ~~ and 

15 that they could be modified, especially by substitution of technical equivalents, 

without departing thereby from the scope of the invention. 
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CLAIMS 

iiiUiiiiiiT 
1 . Process for the production of a refractory article made of sintered 

vitreous silica comprising the steps of casting a fluid mixture of water and of 

particles of vitreous silica into a porous mould, of allowing most of the water 

5 present in the cast mixture to be removed through the pores of said mould so 

that the cast article in the mould solidifies, of extracting the solidified article 

from the mould, of drying this article and of sintering the dried article at high 

temperature, process characterized in that the fluid mixture is prepared as 

follows: 

10 A) a mixture of grains and particles of fused vitreous silica is prepared by 

15 

20 

25 

dry mixing: 

(i) a moderately coarse particle size fraction of fused vitreous silica, 

in which at least 80% by weight of the grains ar~:oetween 40 !!m and 

1 mm, 

(ii) a fine particle size fraction of fused vitreous silica, in which at 

least 95% by weight of the grains are smaller than 40 µm, the said .. 
silica grains (ii) having a BET specific surface of 6 to 9 m2/g and a 

median diameter, as measured by sedimentation analysis, of 5 to 6 

µm; 

(iii) substantially spherical particles of a fume silica other than the 

fume silicas originating from the production of ferrosilicons or of 

silicon, and 

(iv} optionally, at least one particle size fraction of fused vitreous 

silica which is coarser than fraction (i), the constituents (i), {ii), (iii) 

and (iv) being employed in the following proportions by weight in 

retation to the total weight of (i) + (ii) + (iii) + {iv) : {i) 15-70%, 

(ii) 15-55 % , (iii) 3-15 °lo and {iv) 0-52 °lo and the constituents (i), (ii) and 

(iv) being comprised of a fused vitreous silica containing at least 990/o 

of silica; 

30 B) a fluid mixture is prepared from the mixture obtained in (A) and from 

a quantity of water representing not more than 10% by weight relative to 

the total weight of the mixture obtained in (A). 

' \11111\ l1ll\l llltl l\lll ll lllt * t L M S * 
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2. Process according to Claim 1, characterized in that said fume silica 

comprises, by weight, at most 2.5% of Zr02, at most 3% of Al 20 3, at most 

0.16% of Fe20 3, at most 0.16% of Na20, at most 0.07% of K20, at most 0.06% 

of CaO, at most 0.02% of Ti02, less than 0.015% of C, and Si02 for the 

5 remainder to 100%. 

3. Process according to Claim 1 or 2, characterized in that (i) is used in 

a proportion of 30-70%, (ii) of 15-55%, (iii} of 3-15%, and (iv) is absent. 

4. Process according to Claim 3, characterized in that (i) is used in a 

proportion of 45-60%, (ii) of 27-40% and (iii) of 7-13%. 

10 5. Process according to Claim 1 or 2, characterized in that (i) is used in 

a proportion of 15-35%, (ii) of 15-35%, (iii) of 3-15%, and (iv) of 27-52%. 

6. Process according to Claim 5, characterized in that (i) is used in a 

proportion of 20-30%, (ii) of 20-30%, (iii) of 7-13% and (1y):-of 33-47% .. 
~ .··-: 

7. Process according to Claim 1, 2, 4 or 5, characterized in that the size 

15 of grains (iv) does not exceed 10 mm. 

8. Process according to any of Claims 1 to 7, characterized in that the 
I 

fluid mixture also includes a surface-active agent. 

9. Refractory material made up of sintered grains of fused vitreous silica, 

characterized in that it further contains substantially spherical particles of fume 

20 silica which are visible in the form of dispersed separate entities in a 

photomicrograph, said grains of fused vitrous silica containing at least 99% of 

silica, and said fume silica being a fume silica other than the fume silicas 

originating from the production of ferrosilicons or of silicon. 

10. Material according to Claim 9, characterized in that it contains 3 to 

25 15% by weight of particles of fume silica. 

11. Material according to Claim 9 or 10, characterized in that said fume 

silica comprises, by weight, at most 2.5% of Zr02, at most 3% of Al20 3, at most 

0.16% of Fe20 3, at most 0.16% of Na20, at most 0.07% of K20, at most 0.06% 

of Cao, at most 0.02% of Ti02, less than 0.015% of C, and Si02 for the 

30 remainder to 100%. 

12. Material according to Claim 9, 10 or 11, characterized in that it has 

a content of cristobalite not higher than 2% by weight. 
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13. Material according to any of Claims 9 to 12, characterized in that it 

exhibits a bubbling index not higher than 3. 

14. Material according to any of Claims 9 to 13, characterized in that it 

has the following analysis, in % by weight: Al20 3 < 1 %, Zr02 < 1 %, Fe20 3 

5 s 0.05%, CaO s 0.05 %, Na20 s 0.05%, others : traces, the remainder to 

100% being comprised of Si02• 

15. Mixture of grains and particles of fused vitreous silica, characterized 

in that it is produced by dry mixing: 

(i) a moderately coarse particle size fraction of fused vitreous silica, in 

10 which at least 80% by weight of the grains are between 40 µm and 

1 mm, 

(ii) a fine particle size fraction of fused vitreous silica, in which at 

least 95% by weight ·of the grains are smaller than ~~pm, the said silica 

grains (ii) having a BET specific surface of 6 to 9 m2/g and a ·-;,,edian 

15 diameter, as measured by sedimentation analysis, of 5 to 6 µm; 

(iii) substantially spherical particles of fume silica other than the fume 

silicas originating from the production of ferrosilicons or of silicon, and 

(iv) optionally, at least one particle size fraction of fused vitreous silica 

which is coarser than fraction (i), the constituents (i), (ii), (iii) and (iv) 

20 being employed in the following proportions by weight in relation to the 

total weight of (i) + (ii) + (iii) + (iv) : (i) 15-70%, (ii) 15-55%, (iii) 3-1 5% 

and (iv) 0-52% and the constituents (i), (ii) and {iv) being comprised of a 

fused vitreous silica containing at least 99% of silica. 

16. Mixture according to claim 15, characterized in that said fume silica 

25 comprises, by weight, at most 2.5% of Zr02, at most 3% of Al 20 3, at most 

0.16% of Fe20 3, at most 0.16% of Na20, at most 0.07% of K20, at most 0.06% 

of CaO, at most 0.02% of Ti02, less than 0.015% of C, and Si02 for the 

remainder to 100%. 

17. Mixture according to Claim 15 or 16, characterized in that (i) is 

30 present in a proportion of 30-70%, (ii) of 15-55%, (iii) of 3-15%, and (iv) is 

absent. 
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18. Mixture according to Claim 17, characterized in that (i) is present in 

a proportion of 45-60%, (ii) of 27-40% and (iii) of 7-13%. 

19. Mixture according to Claim 15 or 16, characterized in that (i) is 

present in a proportion of 15-35%, (ii) of 15-35%, (iii) of 3-15%, and (iv) of 

5 27-52%. 

20. Process according to Claim 19, characterized in that (i) is present in 

a proportion of 20-30%, (ii) of 20-30%, (iii) of 7-13% and (iv) of 33-47%. 

;._:: ./ ·; .... ·• 
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