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- However P this'lU5e is limted by its relatively IREPIrESi 9t HHEaIS 0 SG
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producing articles made of sintered vitreous $§j Igﬁﬁn(gpvolyﬁgd castiboed .M. |
sfip (aqueous fluid mix) of vitreous silica p [ HEMNSS(HN Piufd p}h_a_qg, heed .=.....
nmoul d, the porosity of which makes it possible A[;bexrmtve ms&._g___ %e,,e\g/e't_,___e.r"
present in the slip by capillary suct lon and t en, of cast
article, allowNe i

1100- 1150 [err A , sdcDarticles of . anid pe
However, the Sﬁ\%’%rﬁm e étﬁ'te \?tﬂ%ﬁﬂ?ﬁfjéaexm bits the def ect of requiring

along time to ing point is grains of fused

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 §uch as, for example,
in the casting of aluminium alloys, brass and bronze (castlng 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 fgr 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 *betgvg one of its: mam constituents,
ma—b F-< 30
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itreous silica which are finely ground in a wet nmedium for exanple in a
ball mll, and then various coarser particle size fractions of fused
vitreous silica are incorporated into the resultant suspension of fine
particles (approximately 10-40 pm until a honbgeneous supension is
obt ai ned. This suspension produced in a wat nmedi um nust then be
“stabilised” by being continuously stirred in a tank for a period of 8-13

hours. This | ¢navalierbitis a3k ii9NiriRed &y 9 rélativsigdoW Adsistaiceotet abmrbsien by
st abl e rheol ogi cal behavi our of the suspension or slip. Inits absence,

probl ens are altamglasses when the sli p is being cast, such as the formation

of =hr i nkage caviti esnand ik ol.BaPREHSs (B b Bycill SR Radd Sy el ©

produci ng a fi nal eteritora roperties a ter tiring.

Typi cal Iy, mawftrdousSsiliedenvdlved I&hﬂrr%davsltﬂ Wo&slfhﬂd miu)cdsf giteecebt aficed by
t he above process have a density of pen por sity of

12-13% a heaP2digemision P&%&ﬁff"ﬂ@-i' énthlecﬁoresw & w%bmﬁqsm pesstple tq rﬂmwee
o S o 28 Wy e 6 ) BRSO SGea TR0 Bl B BERRE
whi ch i s easi eastarticlecsifowing |t 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 fusgd vitreous. snllca are
incorporated into the resultant suspension of fine part:cfes (approx:mately

15 10-40 gm) until a homogeneous supension is obtained. This suspension
produced in a wet medium must then be "stabilised" 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/m?, an open porosity of
12-13%, a heat expansion coefficient of 0.6 x 10K, 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 gbjective of the invention is to provide such a process.

¥ L.
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arduous to i

npl ement, while producing a material with properties which are

not deteriorated, and even inproved. The objective of the
i nvention is to provide such a process.

3

More precisely, the invention relates to a process for the

production of a refractory article nmade of 3sintered vitreous silica

conprising t

he steps of casting a fluid mxture of water and of particles

of vitreous silica i nMora grecisely, thelindentién adlbreito G priesofortthe pradedtion

present int

so that the caefadefragtpey agicle,mads elgsiatere

10

15

20

25

30

he cast m xture to be removed through the pores of said nould
Vftr@s 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
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
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 ym and
1 mm, % .

(i) a fine particle size fraction of fused vitreous® .smca, in Wthh at
least 95% by weight of the grains are smaller than 40 ym, the said silica
grains (ii) having a BET specific surface of 6 to 9 m%g and a median
diameter, as measured by sedimentation analysis, of 5 to 6 yum;

(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), (i}, (iii) and (iv)
being employed in the following proportions by weight in relation to the
total weight of (i} + (i) + (iii) + (v} : (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;

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.

[ S‘iiT ﬁiilfﬁﬁlllﬁm




of extracting the solidified article fromthe nould, of drying this article
and of sintering the dried article at high tenperature, characterized in
that the fluid mxture is prepared as foll ows: A) a mxture of grains
and particles of fused vitreous silica is prepared by dry m xing:

(i) a noderately coarse particle size frac4ion of fused vitreous silica, in
whi ch at | east 80% by wei ght of the grains are between 40 pm and 1
_mnwh_ oot (i i)la Th@ﬂulﬂigﬁkml’es finzlae tihvaded intoctfrvofmt@briﬁist deperdisglonca,
in ich a east 95% wei ght ,of the i.ns ar |l er than 40
the said silicahether thegrci? Ed(’mt Qﬁ’ﬁﬁ'ﬂéh%o Egng‘daaeﬁ' ¥face of 6 to gm

nerr]/g and a med anThe fluid %Qﬂﬁ?és%theat éﬁtd(|%yca$@9é EpI8Ye®ss a stip

anal ysis, of 5 to substanti ally spherica partlcles
of g fume si :c n]gaa Q:‘oheenuidsmai stllbecastmg prbaes wherecthe mmgvaiamﬁ the ¥vatem takes
production o err |I|co or of, sil

optional | y> atPlpe PB‘Z%%%CEO& "zftecfgg{ﬂqggnﬂ@f PPisslR e PQBé}? éﬁl‘\l@a

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 gnd particles of fused
vitreous silica, characterized in that it is produced by dry miixing: H
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 ym and
T mm, ’
(i) a fine particle size fraction of fused vitreous silica, in which at
least 95% by weight of the grains are smaller than 40 um, the said silica
20 grains (ii) having a BET specific surface of 6 to 9 m*/g and a median
diameter, as measured by sedimentation analysis, of 5 to 6 um;
(i) 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) + (i) + (iii) + (iv} : (i} 15-70%, (ii) 15-55%, {iii) 3-15%
and (iv) 0-52% and the constituents (i), (i} 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 produce a

slip or a fluid mixture for vibrational casting.
This Sheet Has Been Rep
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which is coarser than fraction (i), the constituents (i), (ii), (iti) and

(iv) bei ng enpl oyed in the follow ng proportions by weight in
relation to the total weight of (i) + (ii) + (iii) + (iv) @ (i)
£5-70% (ii) 15-55% (iii) 3-15% and (iv) 0-52%and the constituents
(i), (1i) and (iv) being conprised of a 5 fused vitreous silica
containing at |east 99% of silica 8) a fluid mxture is prepared
from the m xtureobtarmedTm{A—=ad—froma—r | ° ; rNg
not nore than. | 1HQ% wei ght rel ati to the fota WEI tremxture
obtained in (A). Qm%r/éd%n The fl ui CF{ I xture thus proﬂ{r 4 tbe enpl oyed
i medi at el ySanfl does not require any stabiljsing oper’ F%?'n \ﬁﬁf IS vely
advant ageous. Broad Preferred Broad Preferred
10 (i) 30-70 40-60 15-35 20-30
(ii) 15-55 27-40 15-35 20-30
(iii) 3-15 7-13 3-15 ' 7-13
(iv) - - 27-52 3347
15

20

25

30

35

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, characterfzed in that lt further
contains substantially spherical particles of fume silica whlch are v15|ble 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.

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-called "mineralising”) 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
rupture of the articles. Examples of such components are Al,O;, Fe,O,, alkali
metal compounds (such as Na,0O and K,O) 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
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.
This Sheet Has Been Reﬁlaced
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4 The fluid m xtures can be divided into two categories,
dependi ng on whet her they do or do not contain the optioiﬁhﬁiSih nmiﬁﬁi‘fd
ed
e

(iv). The fluid m xtures w thout ingredient (iv)elnwa

as a slip in a conventional slip casting process where th
wat er takes place by a capillary suction gffect through the pores in the
porous nould, usually nade of plaster. In this case the fluid mxture w |
usual Iy contain 8 to A 6ivaltaaalysionofithe fused afitrémusdsilicaehidhucah be etpleped
including the_ingredient (iv) can be enployed in a process for casting in a
porous noul d wrtq?n@wtlas;sﬁ%sgﬁ%w, o g &\%fgtw@ﬂ&tm Ay waight:id»

i ntended to irgr t L1d 0 e wa o t he
wat er takes plr%)l(ge?d%o(?f gﬁld)} ybgbggbf)erz@éﬁrg%qﬂr'ﬁmgﬂ@%g'scg.%h%&?{)m ng'&‘t ure
will usually NepOais (05K, <uadt%tandsiGyather reneindemtot h@0 fs.ecedi ng
case, nanely a quantity of the order of 5 to 7% . . The, i nvention

al so rel aftés to a mi fpﬂrtlée.%fsamedﬁ'%?%éfs%é*ﬂ?‘i”él%Wﬂ'@%@d‘"ﬂ%%dﬂ%? i ca,
characteri zedgifetd¥idas! brigifatid Hone dh&ndHufadtlird B ferrosilicons and of silicon

because these fume silicas are rich in Na,O (0.3% by weight and more), SiC
(> 0.2% by weight), carbon (> 0.2% by weight) and Fe,O; (> 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 silicas produ'ééd 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
invention. ’

These fume silicas are made up of substantially spherical particles and

have the following typical analysis, in % by weight

20

Zro, - 13-25%

AL O, = 21-3%

Fe,O, = 0.10-0.16 %

Na,O = 0.09-0.16 %
25 K,O - 0.05-0.07%

CaOo = 0.01-0.06%

Tio, - 001-002%

C < 0.015%

SiC: not measurable (i.e. less than 0.01%)
30 SiO, = 95 % (by difference),

have a density of approximately 2.2 tons/m’, a BET specific surface



(1) a noderately coarse particle size fraction of fused vitreous silica, in
whi ch at | east 80% by wei ght of the grains are between 40 pm and 1
nm (ii) a fine particle size fraction of fused vitreous silica,
in which at | east 95% by weight of the grains are smaller than 40 pm
the said silica grains (ii) having & BET specific surface of 6 to 9
nerr]/g and a nedi an di aneter, as neasured by sedi nentation

anal ysi s, of Gappeoémamgly of 12 to 18 (g, Janslubshadianadiaynesgrhas i dstérnfined ip} es
of fume silica‘gther t han t silica ot@glnatlngfromthe

product i on of ¢ imesgatior anbs CedEanmIRS e Badcies 210 Och . digwesthan v,
at |east one pgolidtltRe ?clésrépﬂfeﬁ’é‘ﬁ%e SH&%Q Vb £ QiAFnetsr grkdter than, 1fthch IS
?aft P\é) (ri), (iTi anda(l

coarser than fraction he constituents

bei ng enpl oyedut it mag hhppérovhahge\mraimxrtlclemsvnlhaggl@in@ﬂmtei inta @ hahp @f severahe
total weight of. i'%} T (i) + (iii) + (iv) : (i) 15-70% (ii) 15-55% (iii)
3-15% ar‘i‘a‘céq §tef: 5206 and the constituents (i), (ii). and (iv) being

corprLse of @ SRl rgaHe Y AT o e kN o
advant ageous| pdeanthgemly andemmerallsed 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 protective, Ilmng, and i in Wthh
the grinding media are made of a material intended to limit contammatlon 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.

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

size fraction which has the following distribution:

Sieve opening Cumulative retention (in % by weight)
25 in um minimum maximum
1000 0 5
500 5 15
30 200 30 50
100 60 80
40 80 95
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t.he foll owi ng percentages, depending on whether the intention is to produce
a slipor afluid mxture for vibrational casting.

5 I ngredi ents Slip M xture for
vi brati onal casting Br oad Preferred Br oad
Preferred 8

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 manufactured or after u_se.h.These
particles, which are disseminated in the material, retainhf‘heir charadteristic

15 minor constituents such as Al,O, and ZrO,, 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” 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:

Si0,: = 95%, ZrO,: 2.1%, Al,O;: 2.3%, Fe,0;: 0.15%, Na,0:0.1%,

This Sheet Has Been R
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(i)
15-55

7-13

27-52
fraction(s)
addi ti onal
grains of f
subst anti al
formof dis
fused vitro
silica bein
producti on

5

10

15

20

25

30

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

27- 40 15- 35 20- 30 (iii) 3-15
3-15 7-13 (iv) -
33-47 The grain size of the particle size

(iv) preferably does not exceed 10 mm The invention

y relates to a new refractory material made up of sintered
us€h@i:t0. Gd)%s &, 0i :c.068) a0y, erd.atdi%i, nCt kad.0105P4rande$iCconbti ns
|y spher rti |l es of funme silica which are visible in the
per’g%@ué@gﬁr@a@ e AR 01 %h a phot oni crograph, said grains of
us silica 9 I oo rﬂa{"‘% ' fg,u?reﬂ
g a fune sfw{éigﬂeglf‘ﬂg“e% drﬁﬁ‘ﬁ ﬂ%g%f%g;ss(ﬁla:ngg@%r|Ig|e§}{[5;§r?g °r oym t he
of veighosf Isilican&raationf (iis wdrascpnepared by dry grinding of a coarser (2 -

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
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 ym) = 54 % ‘o

vitreous silica grains (< 40um) = 33 % ‘

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
introduced into a take-in box mixer which contained the demineralised water
and the dispersant so as to form a suspension or slip.

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: 1.910 t/m?®

Open porosity: 13 %

Flexural strength: 20 MPa
Expansion coefficient: 0.6 x 10°%K

Hllllll lllllll |
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During the manufacture of the refractory article care nust be taken to

I ntroduce as little as possible of conponents which behave as fl uxes for
silica or (so-called "mneralising") conponents capabl e of pronoting the
devitrification of vitreous silica into crystobalite, because the latter
exhibits an anomaly in heat expansion on ggoling at a tenperature of 200 to
230[err]C, which results in rupture of the articles. Exanples of such
conponents are Al [err] 0GherhiedalBnalgdikal i nmetal conpounds (such as Na20 and
K20 and al kaline earth netal, conpounds (such as CaO). Car e nust

al so be taken to exclude as Ak gg pé55|ble conponents such as Si C and
carbon, which cause the mateyifl t ¢ opubble in contact with nolten glasses.
Grains of fused vitreous silicd whlcﬁ have a silica content of at |east 99%
by weight, preferably at | eds,09%x3H5W || therefore advantageously be

enpl oyed. CaO < 0.05 %
Na,O < 0.05 %
others = traces
SiO,: the remainder to 100 %
) Crystallographic analysis:
10 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 sample of a material
according to the invention, shows the existence of large 'gi:ains 1 of vitreous

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 intended 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/m’
Open porosity: 13 %
Flexural strength: 12 to 20 MPa
Expansion coefficient: 0.6 x 10 K
Chemical analysis:
25 SiO, = 99.5 %
ALO, = 0.2 %
Fe,O; = 0.03 %
CaO = 0.05 %
Na,0 = 0.05 %
30 TiO, = 0.03
MgO = 0.01
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6. A typical analysis of the fused vitreous silica which can be
enpl oyed for constituting the grains (i), (ii) and (iv) is the follow ng,
in % by weight: TiQ2: < 0.05% A1203: [err] 0.2% Fe203: [err] 0.03 %
MO < 0.05% CaO < 0.02% Na2O [err] 0.05% K2O [err] 0.01% and Si O2:
the remai nder to 100 % For these sane reasons, use should be
avoi ded, as ingredient (iii), of fume silicas originating fromthe

manuf acture of ferrosil i@mﬂl@iﬁbmtaahly'mon because these fune silicas are
rich in Na20O {0.3% by weight and SiC (> 0.2% by weight), carbon (>
0.2% by wei ght) and Fe2C3 (> @gj \%e°ght) and, at the present tine,

te][]]?regt : \S/elno kcﬁvﬁbh%(/?ﬁﬁ?ﬁ c\‘m’ca%p\»\m?\kf? di—hm@ §§sb| e to purify them
y en at ts are nade
- Bubbhng index: (1 hour at 1100°C and 1 hour at 1350°C) - according
5 to the method described by A. Auerbach in the Reports on the Symposium on
the Production of Glass, Madrid, 11-14 September, 1973, pages 259-312.
" Product of the invention: 1 and 1
Reference product: 1 and 1
- Stone release index (1300°C for 24 hours)
10 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 paper for the Specual
Committee 2 of the DGG, 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: 0
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)

“‘l‘iﬁ'ii‘u‘li’ii:ﬁiﬂ“li‘ﬁn

in contact with fluorine opal glasses.



the process of the invention, these fune silicas give a material which, in
addition to a colour which greatly reduces its commercial value, is subject
to bubbling in contact with nolten gl asses. It has been found,
on the other hand, that fune silicas produced in the course of nelting and
reduction of zircon in an electrical furntZe, for exanple as described in
FR- A- 1,191, 665, are suitable for the process of the invention.

These fune silicas arleshould lmepnofedstlnlazs1thaafltsﬁuaIdf;lixapi;ndaa,r ifcedn potbekast iatod

g?\ég the foll ow L;L]ggta}/rg!lzg gg naa‘ln ?zlat?ng taBl Wl¥h Vhega\gcé that in_this sase they o
Egé()?’ :: %J%ggw_&a}%g/%% be incorporated in the sll;B\I%grQbe redm:ed 8- 188 thaf 81§, %
by weight.
5
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:
vitreous silica grains (2 to 4.76 mm} = 16 %
vitreous silica grains (0.84 to 2 mm} = 27 %
vitreous silica grains (40 yum to 1 mm) = 25 P
vitreous silica grains (< 40 ym) = 25 %
15 fume silica = 7 %

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.
After firing, the characteristics of the article were the following:
Density: 1.960 to 2.000 tm’
Open porosity: 9-10 %
Flexural strength at 20°C: 14-20 MPa
25 Expansion coefficient: 0.6 x 10°¢ K
Chemical analysis:
ALO, < 1 %
ZrO, < 1%
Fe,0, < 0.05 %
30 CaO < 0.05 %
Na,O < 0.05 % o

is Sheet Has Been R
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CaO =
C <
than 0.01 %

7

10

15

20

25

30

0.01 - 0.06 % Ti O2 0.01 - 0.02 %

0.015 % Si C not neasurable (i.e.

| ess

Si Q2 = 95 % (by difference), have a
density of approximately 2.2 tons/nB, a BET specific surface

13

others: traces

SiO,: 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 iests for saé;fi'ficial
articles in contact with the glasseé 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 hafhdle, whereas the articles
according to the invention do not exhibit this cracking and their handling is
easy.

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 Examplés 1 and 2, but
employing '

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

b) colloidal silica

c) ground fused silica.
This Sheet Has Been R
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approximately of 12 to 18 nR2/g, and a nedi an di aneter, as determ ned by
sedi nent ati on anal ysis (sedi graphy)of the particles, of 0.2 to 0.6 pm
Fewer than 30% of the particles of these fune silicas have a dianeter
greater than 1 pm but it may happen that several particles wll

agglonerate into a lunp of several mcromgters. The wat er

enpl oyed for the preparation of the fluid mxture will be advantageously a
deni neral i sed wat ea), Aastommerdizd thed‘ualesiﬁbm afrferrpsititonlaypé wesst etvployegpithd | es
and to mnim S,»Cgllet he .ri Sgﬁ evit i.cation. The production of
the various ¢ HEC‘(' § Coligf v ic U$ed vitreous silica is advant ageously

performed by dry gri nd| @o; gpogegcially available crushed fused silica,
for exanple in ball mlls whose wal |'s are lined with a protective
refractory material, foﬁlz@gamﬂboma%d on alumna or with the so-called AZS
(al um na-z%rconi a-silic 6)2 terial or another protective lining, and

I n which he gri ndi ng dT made of a material intended to limt

contam nation of the grom)d.py pslaed . especially by iron. The properties
defined for the fine grai “né (11) are typical of grains produced by dry
gri ndi ng. Na,O = 0.3-0.5 i

CaO = 0.1-0.3
. K,O = 0.2-0.6
10 TiO, = 0.01-0.02
C=0213
BET speciﬁc surface = approximately 35 m%/g
Median diameter, by sedimentation analysis = .0.25 t0 0.30 pm.
It was found that the quantity of processing water had to be increased

15 by approximately 1% in relation to the quantities indicated in the examples
according to the invention, and that after firing the articles were pink-coloured,
cracked and had a lower density (1.8 m?). i

A bubbling test carried out according to the method indicated gave a
very high index: 9-10.

20 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, this fume
silica could become usable in the invention.

25 b) a commercial colloidal silica of trademark Ludox’, sold by E. |. 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 fume silica with this colloidal silica cannot
be envisaged because in Ex. 1 it would be necessary to introduce 32.5% of

30 colloidalsilica (that is 13% of SiO, and 19.5% of water), which would result in

an excess of water in the mixture.

This Sheet Has Been Reﬂlaced
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The presence of the two particle size fractions (i) and (ii) conbined with
that of the fune silica (iii) makes it possible to maximse the density of
the final material by virtue of the conpactness of the arrangenment of the

grains and of the fune silica particles. To give an indication,
it is possible to enploy as grains (i) a particle size fraction which has
the follow ng distribution: Si eve openi ng Curul ati ve

retention (in % by wdinitally, in Exn Drit would be necessary to introduce 5% of

i ' 0 5
oo o col6dal silica (7% of Sig), and 10.5% of waten. 15 200
38 ThePassociatiOf of fume silica with colloidal silica, @% 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.
¢} 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 m® 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 merely exampfes 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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40 80 95
Furthernore, the presence of the fume silica surprisingly has the effect of

reinforcing the corrosion resistance of the parts of theyf$aal.Shddh REEHed

" material which consist of the fine fraction and makes it j t
were, to obtain approximate uniformty of 1t6he corrosion imﬂgﬂ M II he -
parts of the material originating fromthe coarse fracti . ;
normal |y nore resistant) and of the part§ gpgi nating fromthe fine

fraction (which are normally nore easily
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
dry mixing:
(i) a moderately coarse particle size fractién of fused vitreous silica,
in which at least 80% by weight of the grains are -between 40 #m and
1 mm, ) i
15 (ii) a fine particle size fraction of fused vitreous silica, in which at
least 95% by weight of the grains are smaller than 40 ym, the said
silica grains (ii) having a BET specific surface of 6 to 9 m¥/g and a
median diameter, as measured by sedimentation analysis, of 5 to 6
M
20 (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)
25 and (iv) being employed in the following proportions by weight in
relation to the total weight of (i) + (i) + (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 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).
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attacked). In addition, the use of funme silica nakes it possible to
mnimse the quantity of water required for the preparati .l leed
m xture, and this reduces the setting tine of the cast ar

‘consequently permts nore rapid denoul di ng. It s iﬁ ﬁ ﬂ@‘E

that, remarkably, the particles of the fug? silica remain
I dentifiable discrete entities in photom' ographs of the final srntered

terial, wheth ew
ani o ar e i ssen i JAOFRS oRIRERS 34T 3, Siefiaizelt R el B3R BFR SEiS,
constituents gdfipriaes, B %éa%ﬁi@t%oﬁ@%@lr@, af réey3Ai 6F AQD, d'aifrHééi‘ in

the bulk of the materi a ese mnor constituents are therefore not

critical withOrtefaraf fesOgeatinpest 0. teihial NRRL #6 mash 0.07 % of K,O, aBewistiBd&he
aboverment | oneqAER8N 5L %omﬁoa% ! b,,' f&geﬂ?ﬁr@agﬁ o? €03 aab.i 8. ' '{g! ude

in the fluid ure a smnal uantr usua
relative tp tlnemiawtd@rwvaogl*'l& of t he qurd mxture of a surface actrve

agent with the aimof_nodify its r eol i cal erties . )
surface-active ageht ¥ rFB§?55t?§CP&B’égF9 g%.r G"q erlze?dri8§§?%4‘)e',5 ysgd in

exanple, to e@%%oﬁr&%f 8650%, (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 éw) of 33—47% _

7. Process according to Clalm 1,2,40r5, 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
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 ZrO,, at most 3% of Al,O,, at most
0.16% of Fe,O;, at most 0.16% of Na,O, at most 0.07% of K,O, at most 0.06%
of CaO, at most 0.02% of TiO,, less than 0.015% of C, and SiO, 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

HIl\II\ l\ll\\ Ill\l \\Ill \\ \Il\



active ammoni um conpound such as an anmoni um pol ycar boxyl ate or an ammoni um
pol yacryl at e. A specific exanple of such a sur{h%ﬁée@ﬁgsim& el i S
|

t he product Di spex A40 sold by Allied Coll oids. I
fonlimting exanples are given with the aimof illustrat nmm&\ﬂim on.
The fune silica enployed in the exanples ofj ginated from 0
melting and reduction of zircon and analysed, in %by weight, as: SiJerr]:
= 95% Zr@2: 2.1 % 3ALgQriaf ad8rdfifd & ddybEEIdims ® (219, HRaFtelzddln 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 : ALO; < 1%, ZrO, < 1%, Fe,O,
5 < 0.05%, CaO < 0.05 %, Na,0O < 0.05%, others : traces, the remainder to
100% being comprised of SiO,.
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 ym and
1 mm,

(i) a fine particle size fraction of fused vitreous silica, in which at
least 95% by weight of the grains are smaller than 40-um, the said silica
grains (ii) having a BET specific surface of 6 to 9. m?/g and a'.}nledian

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

(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), (i), (iii) and (iv)

20 being employed in the following proportions by weight in relation to the
total weight of (i) + (i) + (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.
16. Mixture according to claim 15, characterized in that said fume silica
25 comprises, by weight, at most 2.5% of ZrO,, at most 3% of Al,O,, at most
0.16% of Fe,0,, at most 0.16% of Na,O, at most 0.07% of K,0O, at most 0.06%
of CaO, at most 0.02% of TiO,, less than 0.015% of C, and SiO, 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,

L



9 Ca0O 0.01% Klerr]O 0.06% Ti2: 0.015% C 0.0105% and SiC:. not
nmeasurable (i.e less than 0.01%. The vitreous silica formng
the grains (1) and (ii) analysed as 99.5% by weight of silica. Fraction
(ii) was prepared by dry grinding of a coarser (2 - 4.76 nm fraction of
vitreous silica grains until fraction (ii)gwas obtained. The mill enployed
was a mll with alumna balls conprising inner walls coated with an

el ectrofused materjgl mfxtﬁr@eacebm@ﬁs@ ﬁpwac r&étéﬁzéd’f?met#at (0) ?%E’érﬁ i
Sacrificial conponents for the gl aSs- ‘industry, such as ow
orifices, sl eepepontich pf Aﬁgﬁé}% WD@ZE’F@%.BB(’ (i) afa?snB%g into a pI ast er

m)uldasllpmade (40
54 % Vi t}gmﬁ\g Xg‘l'rf"l %%F%‘?antg Elai 139" l‘ ﬁa/%c &rl22din that 8 B
present in a proportion of 15-35%, (ii) of 15-35%, (i} 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%.

This Sheet Has Been RTlaced
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fume silica - 13 %with addition of 0.09% of "D spex A40" dispersant and 9%
of dem neralised water. Thi s manufacture takes place in the

fol | owi ng nmanner: The three conponents were prem xed dry and were
fhen progressively introduced into a take-in box m xer which contained the
dem neral i sed water and the di spersant so@s to forma suspension or slip.
This slip was then degassed under vacuum (an operation which is desirable
but not obl i galew yprobeskofoe thei pmdietionidft @ frastoey matetids niday iofl ehterddh
filling funnels and adapted to the shape of the artlcles to be obtai ned.
These arti cl e¥itigous sijqapRew Fixtyes of;a@'wred padicles plevitreaun silieat andinew oven

at 200[err]C ﬂ'ﬂ?erm rﬁa&é Bfajslhi’er&ﬁ Qﬂ@%g s|| 3 furnace and fired at 1050[err]C

in order to sinter t aracteristics of the fired sintered
pr oduct : Density: 1.910 t/nB Open porosity: 13 %
Inventors: jacques Marius Louis GUIGONIS

Eric Thierry Georges JORGE

Société Anonyme called: SOCIETE EUROPEENNE DES PRODUITS
REFRACTAIRES

ABSTRACT

The invention relates especially to a mixture of g[ams and partlcles of
fused vitreous silica produced by dry mixing: : '

(i) a moderately coarse particle size fraction of fused vitreous silica,
(i) a fine particle size fraction of fused vitreous silica, in which at least 95 % by
weight of the grains are smaller than 40 um, (iii) substantially spherical particles
of fume silica, and (iv) optionally, at least one particle size fraction of fused
vitreous silica which is coarser than fraction (i), the constituents (i) to (iv) being .
employed in the following proportions by weight : (i) 15-70%, (ii) 15-55%,
(iii) 3-15% and (iv) 0-52%.

This mixture can be used for the production of articles made of

sintered vitreous silica.

Single figure
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ooews REFLACSMENT SHEETS _ 8G

Na20 < 0. 05 Wiis Sheet Has Been Replaced frrsac ¥ Descripiioan ipreed 2L (9 .%._,; =
‘t he renai nder Cryst al ograph c¥eblalys) s: ;).mul ¥ pioed .
Cristobalite The m crostruct ure of | tesay WREMK )P u{@tms thSs o
new.and character| e single figure,@uwt:ehei s paged 7.

" c gﬁggd .o paged .

phot om crograph-pmduned..a.L_a, magni f [ cat1 on of appyoximately 8
i L SH, ~ S

pol i shed sanple of a rraterl aI according to the inv - eu/,,,q
exi st ence InEW RQEEIIr FOTNE odt Yo NN 311 : Qi Sifitered... .........
cont i nuous , grfal ns 2 agd

fune sili reous silica re Ol _grains g Rargcies or vireots 3litca, dn0 o

cone into ﬁ.fétr ‘ftm 'é_ fgmtéfea ‘m,%gs, Sili .I’I ous tests rrentloned beI oW wer e
per f or med "ot imlar comrercial articles whose

characteristics are: ' Density: 1 900 t/nferr] q)en

porosity: 13 %
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
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 ﬁaetallurgy such as, for example,
in the casting of aluminium alloys, brass and bronze (casting spouts, nozzles,
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; '

- 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
"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,
silica corrodes but does not give rise to faults such as stones or cords in the

glass, because it is "digested” by the latter, being one of its main constituents.
This is the replacement sheet
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Fl exural strength: 12 to 20 MPa Expansi on coefficient: 0.6 X

Jd0[err] K[err] Chem cal anal ysi s: Sigerr]
99.5 % Al2derr] = 0.2 % Fe2a( err] -
0.03 % CaO - 0.05 % Na20 - 0.05 %
Ti2 = 0.03 2

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
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.

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 fused vitreous silica are
incorporated into the resultant suspension of fine particles (approximately
1040 ym) until a homogeneous supension is obtained. This suspension
produced in a wet medium must then be "stabilised” 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
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 m’, an open porosity of
12-13%, a heat expansion coefficient of 0.6 x 10K, and a rupture modulus of
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. _
The objective of the invention is to provide such a process.

This is the replacement sheet
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Cryétallographic anal ysi s: Cristobalite < 2 %

Behavi our in contact with a soda-Iline gl ass: - Bubbl i ng i ndex:

*

(1

hour at 1 100[err]C and 1 hour at 1350[err]C) - according to the nethod

described by A

Auer bach in the Reports on the Synposium on t he

Production of G ass, Madrid, 11-14 Sept@nber, 1973, pages 259-312.
Product of the invention: 1 and 1 Ref erence product 1
= Stone rel ease i Mie m:ggimherthqadnvennmreiamsgp a process for the Prqdﬂléﬂgﬁt of

t he i nventi,on

rel ease i ik r¢f0 £actory Pétbdﬁdf‘a‘ﬂﬁ/ Og\rﬂ:ﬂts dﬁglt?wss% 's%ucpgtpnsmgrtheegt@ps o

ggfrﬁ] r It ng c%&(l)ffg i B@%Hé; 0 ?‘eéndlﬁ/gﬁahfblwﬁf RARSIus’ Mlicd o IPEEIdls

mould, of allowing most of the water 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, characterized in that the fluid

mixture is prepared as follows:

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

dry mixing:

(i) a moderately coarse particle size fraction of fused vitreous silica, in
which at least 80% by welght of the grains are between 40 ym and
1 mm,

(i) a fine particle size fraction of fused vitreous sﬂica, in which at
least 95% by weight of the grains are smaller than 40 ym, the said silica
grains (i) having a BET specific surface of 6 to 9 m%/g and a median
diameter, as measured by sedimentation énalysis, of 5 to 6 um;

(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), (i), (iii) and {iv)
being employed in the following proportions by weight in relation to the
total weight of (i) + (i) + (i) + (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;

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.

and 1

stone

This is the replacement sheost
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- D;/nam'c corrosion index (at 1250[err]C for 24 hours and at 1250[err]C for

48 hours) . Product of the invention: 120

Ref erence product: 100. This dynam c corrosion index is
produced by using the so-called Pilkington test, described by A Auerbach
I n Cctober 1972, reference above. * havi our in contact with

borosilicate glas P T I - Bubbl ing t 1350[err] fo Qur
Product of the i njg‘%tflhﬂﬂ:m%'éres canq)e d'ﬂdeaqgﬁe&? é:ﬁ%@BBFf‘jo‘aécq({nd%ng on
Stone rel gaRetheR ey G%M@hb; Eoh@in théeptibnal ingredient fiv).. Product of the

I nvention: O Ref erence product: 1 * Behavi our 1 n contact
with fluorine opalThelfasd: mixtures without ingiedienh éivs aare becerdplayadsag aetipr oduct

according to the inventjan exhi bits very good behaviour jn the test for
bubbl i ng dAd? gqgwgnﬂgpéllaglga CAHiNg Pagcess where the removal of the water takes

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
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 and particles of fused

vitreous silica, characterized in that it is produced by dry mikingz

(i) a moderately coarse particle size fraction of fused vitreous silica, in
which at least 80% by weight of the grains are between 40 ym and
1 mm,

(i) a fine particle size fraction of fused vitreous silica, in which at
least 95% by weight of the grains are smaller than 40 ym, the said silica
grains (i) having a BET specific surface of 6 to 9 m*g and a median
diameter, as measured by sedimentation analysis, of 5 to 6 um;

(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)
being employed in the following proportions by weight in relation to the
total weight of (i) + (i) + iii) + (iv) : () 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.

T h“e ingredients (i), (i), (iii) and (iv) a.u'e advantageously employed in

the following percentages, depending on whether the intention is to produce a

slip or a fluid mixture for vibrational casting This is the replacement sheet
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In contact with fluorine opal gl asses.

12 It should be noted that the slip of Exanple 1 can al so be
cast into noulds arranged on a vibrating table, with the advantage that in
this case the quantity of water to be igcorporated in the slip can be
reduced to |l ess than 8 % by wei ght.

Ingredients |, " Slip Mixture for
vibrational casting
Broad Preferred Broad Preferred
(@) 30-70 40-60 15-35 20-30
(ii) 15-55 27-40 15-35 20-30
(iii) 3-15 7-13 3-15 7-13
(iv) - - 27-52 3347

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, characterized in that it further
contains substantially spherical particles of fume 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.

‘ 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-called "mineralising") 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
rupture of the articles. Examples of such components are Al,O,, Fe,O,, alkali
metal compounds (such as Na,O and K,O) 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
molten glasses.

"'Griains 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. |
o This is the replacement shest
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EXAVPLE 2 The sane operating nethod as in Exanple 1 was used to prepare a
1arge article whose thickness is greater than 100 mm nanely a furnace
feeder gate for the manufacture of float glass, froma fluid m xture of the

foll owi ng conposition by weight: vitreous silica grains (2 to
4.76 mm) = 16 % vitreous 5|I§ca gralns (0.84 to 2 M - 27 %
reou S|I|ca

braine (< 40 o LA (‘? anBlysts of thesed it gatqqoea silica wpm Y
0. 09% of . Th
; Jé‘pgénﬁgtr'@ at| n to(lgﬁ)g}ﬁ% Etgl'ti@\!vt h| S c? ellgnt Tlpl} d ©

only diffe

m Xt ure wasgc@es% URIQO}DQ OQ%I F@,@,et?s CU]OB%V iNag@t:i €090./0819%,SCHOD e OLEERLL O
V|brat|ons§§100 hertz) for 6 m nutes. After firin t he
charact eri 3,6 &f0 aKi@r i< QR1 % and SiQy: theiragainder to 1 0 %.

For these same reasons, use should be avoided, as mgred;ent (iii), of
fume silicas originating from the manufacture of ferrosilicons and of silicon |
because these fume silicas are rich in Na,O (0.3% by weight and more), SiC
(> 0.2% by weight), carbon (> 0.2% by weight) and Fe,0; (> 0.15% by
weight) and, at the present time, there is no known process which makes it
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 silicas produced in
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
invention.

These fume silicas are made up of substantially spherical particles and

have the following typical analysis, in’ % by weight

Zro, - 13-25%
ALO;, = 21-3%

Fe,0;, = 0.10-0.16 %
Na,O = 0.09-0.16%

K,O - 0.05-0.07 %

Cao = 0.01-0.06%

Tio, = 0.01-0.02%

C < 0.015%

SiC:. not measurable (i.e. less than 0.01%)
Si0, = 95 % (by difference),

have a density of approximately 2.2 tons/m’, a BET specific surface
This is the replatement sheet
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Density: 1.960 to 2.000 t/nB Qpen porosity: 9-10 %

.Flexural strength at 20[err]C 14=20 MPa Expansi on coefficient:
0.6 x 10[err]K[err] Chem cal anal ysi s:
Al2derr] <1 % ZIrax2 <1 % Fe2d err]

CaO 0.05 % _
approximately of 12 to 18 m%g, and a median diameter, as determined by

sedimentation analysis (sedigraphy})of the particles, of 0.2 to 0.6 um. Fewer than
30% of the particles of these fume silicas have a diameter greater than 1 gm,

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

0.05 %

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

advahtageously 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 (ji) of fused vitreous silica
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 protective lining, and in which
the grinding media are made of a material intended to limit contamination of
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 (i} 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
of the fume silica particles.

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

size fraction which has the following distribution:

Sieve opening Cumulative retention (in % by weight)

in pm minimum maximum
1000 0 s
500 5 ' s
200 ¢ 30 50
100° 60 80
40 80 o
This is the rgplatement sheet
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13 ot hers: traces Si2: the remainder to
100 % Crystal | ographi ¢ anal ysi s:

Cristobalite 2 % The material of this article exhibits the
sane behaviour as that of Exanple 1 in jhe bubbling and stone rel ease
tests. The foll ow ng observations vere &ade in a dynam c corrosion test in

contact with sodar] i ge ol ase at 1201r G e iica surprisid Rk Ble Bl 2

100 I o GRS o 7 MR b e

acee "SR S R A iy I pheie, s e rresto otk e
approximate uniformity of the corrosion resistance of the parts of the material
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
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 manufactured or after use. These
particles, which are disseminated in the material, retain their characteristic
minor constituents such as Al,O, and ZrO,, as if they did not diffuse in the bulk
of the material. These rninor 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, usuaily 0.05 to 1 % by
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
ammon‘ium- polyacrylate. |

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

Dispex” A40 sold by Allied Colloids.
The following nonlimiting examples are given with the aim of
illustrating the invention.
Thé fume silica employed in the examples originated from a process
of melting-and reduction of zircon and analysed, in % by weight, as:
SiO,: = 95%, ZrO,: 2.1%, Al,O;: 2.3%, Fe,O;: 0.15%, Na,O:0.1%,
This is the raeplatement shest
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with heating, the reference articles crack conpletely on cooling when these
articles are replaced, which nmakes themtricky to handl e, whereas the
articles according to the invention do not exhibit this cracking and their
handl i ng i s easy. Thi s phenonenon is due to the high
devitrification of the reference articles9 These tests show that the najor

LIRS IS 008 S SRR bR Bl S e

especially

regard to deyLkLd i Lieak .0 nd confirmthe fact that these

impurities ?}ﬁ?%dgébl\%g?? ﬁs?[lﬁ%?wém' i the bulk of the article. EXAMPLE 3

(Comarative) |In or The.vieows sifiya fdieriihg thé Beaifis' @) hhd (W aridhysetuse k5% bp

i ntroduced was_ critical, we have attenpted to carry out three tests

repeat i ng %%hé@;ﬁllm Fraction (?h}??aéypfﬁ?f@d dycdnirgrioding elivecearser (2 -

originating 1158 rpmtn) Pfrarc%%lrjlcct)f VitreQus sﬁfcraoérlatrlmscggtil 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
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 ym) = 54 %

vitreous.silica grains (< 40 ym) = 33 %

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
introduced into a take-in box mixer which contained the demineralised water
and the dispersant so as to form a suspension or slip.

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: 1.910 t/m’
Open porosity: 13 %
Flexural strength: 20 MPa

Expansion coefficient: 0.6 x 10°%K This is the replacement sheet
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b) éolloidal silica c) ground fused silica.

14 a) A comercial thermal silica of ferrosilicon type was enpl oyed,
the chemical analysis (% of which is: Si2 - 94-98 %
A1203 - 0.1-0.3 % SiC- 0.2-0.7 Fe2®3 -
0.15-0.4 10

Chemical analysis:
ALO, < 1%
Zr0, < 1%
Fe,O; < 0.05 %
Ca0 < 005 %
Na,O < 0.05 %
others = traces
SiO,: 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 sample of a material
according to the invention, shows the existence of large grains 1 of vitreous
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 intended 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:

Density: 1.900 t/m?
'Open porosity: 13 %
Flexural strength: 12 to 20 MPa
Expansion coefficient: 0.6 x 10 K*
Chemical analysis: |

Si0, = 99.5 %

ALO, = 0.2 %

Fe,0; = 0.03 %

Ca0 = 0.05 %

Na,O = 0.05 %

TiO, = 0.03

MgO = 0.01 This is the replatement sheet

pate: 1 1 OCT 1897



Na20 - 0.3-0.5 CaO = 0.1-0.3 Klerr]O=0.2-0.6
Ti®2 = 0.01-0.02 C- 0.2-1.3 BET specific
surface - approximtely 35 n2/g Medi an di anmeter, by

sedi nentation analysis = 0.25 to 0.30 pm It was found that the

quantity of processing water had to be ihtreased by approximtely 1%in
relation to the quantjti eﬁ I ndj cated in the exanples according to the
i nvention, and that SFYSa!legrAPRIC AMRIYESL | cl es were pi nk-col oured, cracked

and had a | ower density ( ! re] .o A bubbling test carried
out according to the net hkf?ﬁtmgtédkgéve a very high index: 9-10.

Ve estimat @ dUekAGE fn LBRlact Wit saoRle-ieglhagpe Of fume silica in this

state is to be ruled out. wever, vious that if purification
treatments nmade Bubllngiitdex:t(d heutuate1 ¥00eCeand ¢ ledbimans350?Gk- acoprdingt s
of the S Ctoa?f?e method described by A. Auerbach in the Reports on the Symposium on
the Production of Glass, Madrid, 11-14 September, 1973, pages 259-312.
Product of the invention: 1 and 1
Reference product: 1 and 1
- Stone release index (1300°C for 24 hours)
Product of the invention: O
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 paper for the Special
Committee 2 of the DGG, Frankfurt-am-Main. | '
- Dynarﬁic 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
* 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
- Stone release index (1300°C for'1 hour):
Product of the invention: 0
Reference product: 1
* Behaviour in contact with fluorine opal glass:
Uﬁder the same conditions the product according to the invention
exhibits vety good behaviour in the test for bubbling and stone release (index 0)
in contact with fluorine opal giasses.
This is the replacement sheet
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C type, without nodifying the mcrospherical shape of the particles, this
funme silica could becone usable in the invention. b) a conmerci al
colloidal silica of trademark Ludox, sold by E.I. Du Pont de Nenours, of
ammoni um st abi | | sed AS40 type and containing 40% of silica with a particle
di aneter of 21 nm was enpl oyed. 12 Conpl ete repl acenent of fune
silicawith this colloidal silica cannot be envi saged because in Ex. 1 it

woul d be necessar yt tshould bedticted3thabthefslipobf Exdaipleil icen Flsmde Fast ity of
Siderr] and 19.5% of water), which would result in an %)1( e.sshof vvatﬁ{ in
the i xt ur 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 ' x
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
- weight:

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

vitreous silica grains (0.84to 2 mm) = 27 %

vitreous silica grains 40 ym to 1 mm) = 25 %

vitreous silica grains (< 40 um) = 25 %

fume silica = 7 %
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
vibrations (100 hertz) for 6 minutes.

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

Density: 1.960 to 2.000 t/m’
Qpen porosity: 9-10 %
" Flexural strength at 20°C: 14-20 MPa
Expansion coefficient: 0.6 x 10 K™
Chemical analysis:
ALO, = 1%
Zro, < 1%

" Fe,0, < 0.05 %
CaO < 0.05%

This is th
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15 Simlarly, in Ex. 2 it would be necessary to introduce 17.5%
of <colloidal silica (7% of Si Q2 and 10.5% of water). The
association of fume silica with colloidal silica, e.g. 6% of funme silica
according to the invention with 3 to 7% of colloidal silicais nore
realistic but, with a percentage of 7% off3colloidal silica, this results in
m xtures of high viscosity which are difficult to degas and which, on
drying, give rn'crocra@kh'lefg: acashe articl es. c) Repl acenent of fune

silica wth ground or mecr ound fused,si iﬁ@o t he same particle size
has resulted in articles e Temainden, t have the physi cal

characteristics of thedaxEsrk ﬁi’cmié‘. a low density (1.7 t/nferr]) and
very | ow fl exural strerll-gt hm%g MPa) at 20C The material of the

i nvention constitutes a natGistehhalité <hdi%e for all applications in which
vj oys that,the

cnbodi ment s desor i bEbe anaterial Ay, arislesexieits the same Behdviur a8 tha of
Example 1 in the bubbling and stone release tests. The following qbservations
were made in a dynamic corrosion test in contact with soda-lime glass at
1250°C.
Material of Ex. 2 = 130
Material of Ex. 1T = 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 sacrificial
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. ' '

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, esbecia!ly 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
employing

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

b) colloidal silica

©) ground fused silica. raptacement sheel

This i3 the
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that they could be nodified, especially by substitution of technical

equi val ents, w thout departing thereby fromthe scope of the invention.
CLAI M5 1. Process for the production of a refractory article made of
sintered vitreous silica conprising the steps of casting a fluid m xture of
water and of particles of vitreous silicgginto a porous nould, of allow ng
nost of the water present in the cast m xture to be renpved through the

pores of said rpuhdespmedrbil th@ﬁn&la§ﬂlc§r bf FefoiiNcbhypRUNEs ErhplbyetS the Of
extracting the solidified article
chemical analysis (%) of which is:

SiO, = 94-98 %
ALO, = 0.1-0.3 %
> SiC = 0.2-0.7
' Fe,0, = 0.15-0.4
Na,0 = 0.3-0.5
CaO = 0.10.3
K,O = 0.2-0.6
TiO, = 0.01-0.02
C = 0.2-1.3
BET specific surface = approximately 35 m%/g
Median diameter, by sedimentation analysis = 0.25 to 0.30 ym.

It was found that the quantity of processing water had to be increased
by approximétely 1% in relation to the quantities indicated in the ekémples
according to the inverition, and that after firing the articles were pink-coloured,
cracked and had a lower density (1.8 t/m’).

A bubbling test carried out accordmg 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 mlcrosphencal shape of the partxcles, this fume
silica could become usable in the invention.

b) a commercial colloidal silica of trademark Ludox”, soid 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 fume silica with this colloidal silica cannot

be envisaged because in Ex. 1 it would be necessary to introduce 32.5% of
colloidal silica (that is 13% of SiO, and 19.5% of water), which would result in

an excess of water in the mixture.
Thig is tha replacemem sheet
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fromthe nmould, of drying this article and of sintering the dried article
at high tenperature, process characterized in that the fluid mxture is

prepared as foll ows: A) a mxture of grains and particles of fused
vitreous silica is prepared by dry m xi ng: (1) a
noderately coarse particle size fracti of fused vitreous silica,

I n which at | east 80% by wei ght of the grains are between 40 pm and

1 mMm 4 ' réi i ' 0 é&%g i 0
silica, in which S{n‘ulﬂrlf‘ i . pg irt ﬁbgk&%@ JJ@EWWP frﬁd; gr ai \r?gt'sa?belb?
smal | er thanofdhm,ﬂicatm/oaﬁﬁo and 10. S%ScbﬂWﬁfErlJral ns (ii) having a BET
specific surface of 6 to 9 mzog and a nmedi an di anet er,

I

nmeasured by sedi nEhe @ssagiation|of Sume silica \tvttha:oﬂo;dal snllca,pepg 6% of fume
(iii) substantiall artlc of a ather tha

fume si 1 1 SUCBGcgriBtAghe idvertiin withed 8 7ok b ofiondal siftads Aaors reghistic
silicon, @ufl with a percentage of 7% of collordal silica, this results in mixtures of high

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

of the articles.
o 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
physical characteristics of the inverition, namely a low density (1.7 t/m® 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 merely examples and
that they could be modified, especially by substitution of technical equivalents,

without departing thereby from the scope of the invention.

This is the replacement sheet
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(iv) optionally, at least one particle size fraction of fused vitreous
silica which is coarser than fraction (i), the constituents (i), (i), —— -

(iii) and (iv) being enployed in the follow ng prommm milﬁmyﬂm,
-C 0 dRn
a

wei ght in relation to the total1 ight of (i) + (i J
(iv): (i) 15-70% (i) 15-55% “(hii) 3-15%and (iv)*0
constituents (i), (ii) and (g’ )em@ ng conprised of a fused

vitreous silica containing at least 9 ~of silica; B) .
fluid mxture ig, pPepedss fof thegrodublion Wiea defratieey driicle/nadBdof Eipered 2

gquantity of water representing not nore than 10% by weight relative to

the total wdtrgbus silicaheomprisingehetstepsefi casting\n. 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 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: _ |
A) a mixture of grains and particles of fused vitreous silica is prepared by
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 ym and

1 mm, | )

(i} a fine particle size fraction of fused vitreous silica, in which at
least 95% by weight of the grains are smaller than 40 ym, the said
silica grains (i) having a BET specific surface of 6 to 9 m%/g and a
median diameter, as measured by sedimentation analysis, of 5 to 6
pr; '

(i) 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 fréction (i), the constituents (i), (if), (iii)
and (iv) being employed in the following proportions by weight in
relation to the total weight of (i) + (i) + (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; |

B) ..ajﬂuid 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).
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17 2. Process according to Caim1, characterized in that said fume

silica conprises, by weight, at nost 2.5% of ZrQ2, at nopbst

nost 0.16% of Fe203, at nobst 0.16% of Na2O, at nost 0.07% ommmﬁlﬂmumll
0.06% of CaQ, at npbst 0.02% of Ti2, |q%s than 0.01 5% of C' ahd 'SiJerr]*
for the remainder to 100% 3. Process according to Claim1l or 2,

characterized i, t Padcess Jactordis ‘fo'(ﬂaﬁ‘npr Oéh'ﬁrhd:t@ﬁzétﬂ i3Qh70%id (fuime sifica

15-55% (iii) of 3-15% and (iv) is ab sent 4. Process according to

(c)::c a|2 r7n 20 %cI:::ga;Msas; :b@fdwewghthat nGost 2 §°/usaéomaz,aatpmopbaf’/q of M504,5a16mst(| i)
char act er | a6 |/°n° %&253( P§ "1‘§% Qs@j%ﬂfiéazé %cefgfs’?tgﬁﬁggf Eﬂéé‘?/‘oitqu%t) bﬁg)’
Gaim s, HICED, SO R ik ¥ 10, 2Tesan 0,015 o OERE SRICHAAE |0,
of 20-30% rém[ﬁd@-ftoﬁo@% and (iv) of 33-47% 7. Process according to
Caim1l, 2, 4 or 5 characterized in that the size
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, chax_'acterized in that (i) is used in a
proportion of 45-60%, (ii} of 27-40% and (iii) of 7-13%.
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 (iv) of 33-47%.
7. Process according to Claim 1, 2, 4 or 5, characterizéd in that the size
of grains (iv) does not exceed 10 mm.
8. Process according to any of Claims 1 to 7, characterized in that the
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
silica which are visible in the form of dispersed separate entities in a
photomicrograph, said grains of fused vitrous silica containing at least 9% 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
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 ZrO,, at most 3% of Al,O,, at most
0.16% of Fe,0;, at most 0.16% of Na,O, at most 0.07% of K,0, at most 0.06%
of CaO, at most 0.02% of TiO,, less than 0.015% of C, and SiO, for the
remainder t0 100%.
12. Material according to Claim 9, 10 or 11, characterized in that it has

istobali [ han 2% by weight. '
a content of cristobalite not higher t y weight This is tha replacement sheet
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of grains (iv) does not exceed 10 nm 8. Process according to any of
Claims 1 to 7, characterized in that the fluid m xture also includes a
surface-active agent. 9. Refractory material nmade up of sintered
grains of fused vitreous silica, characterized in that it further contains
substantially spherical particles of fujg silica which are visible in the
form of dispersed separate entities in a photom crograph, said grains of

fused vitrous siBi C@\aﬁéﬂﬂl Qic&bféﬁngfto |aﬁ§56f @l%x{en@fg ﬁi heeharbtérizaddnftHEEIt
silica being a fume silica other than"the funme silicas originating fromthe

product i on exhiljits a bsibblingrindex not hsgherctban 3. 10. Material according to

Caim9, charac ed.in that, it conta 3 to 15% by weight of partjcles
of fume silica. 14! M'ateriallac i8gitg a%@%ﬁ?'ﬁ@ﬁ 9dod 3 %’aGPr@G‘? in that it

character! 558 18 (193¢ afabAEE T %, bYW ERRB 50 2114590, <2l PRl
Na20, at mogtQ@594Ce0 @@ 05.1%, 8,00 <000 5%, Gikersat trags! tfﬂe Eé?%lﬁﬂef'r k&2,
| ess than 0.015% of C, and SiCR for the reminder to 100
100% being comprised of SiO,.
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
which at least 80% by weight of the grains are between 40 ym and
1 mm, '

(ii) a fine particle size fraction of fused vitreous silica, in which at
least 95% by wexght of the grains are smaller than 40 4, the said silica
grains (ii) having a BET specific surface of 6 to 9 mzlg and a medlan
diameter, as measured by sedimentation analysis, of 5 to 6 um;

(iii) substantially spherical particles of fume silica other than the fqme
silicas originating from the production of ferrosilicons or of silicon, and

(iv) optionally, at least one particie size fraction of fused vitreous silica
which is coarser than fraction (i), the constituents (i), (i), (i) and (iv)
being employed in the following proportions by weight in relation to the
total weight of ()} + (i) + @i)) + (iv) : (i) 15-70%, (i) 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.

16. Mixture according to claim 15, characterized in that said fume silica
comprises, by weight, at most 2.5% of ZrO,, at most 3% of Al,O;, at most
0.16% of Fe,O,, at most 0.16% of Na,O, at most 0.07% of K,O, at most 0.06%
of Ca0, at most 0.02% of TiO,, less than 0.015% of C, and SiO, for the
remainder to 100%.

17. Mixture according to Claim 15 or 16, characterized in that (i} is
present in:a proportion of 30-70%, (ii} of 15-55%, (iii} of 3-15%, and (iv}) is

absent.
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12. Material according to Claim9, 10 or 11, characterized in that it has a
content of cristobalite not higher than 2% by wei ght.
18 13. Material according to any of Clains 9 to 12, characterized in
that it exhibits a bubbling index not higher than 3. 14. Materi al
according to any of Clains 9 to 13, characterized in that it has the
following analysis, in %by weight : A12D8 <1 % ZrQ2 [err] 1 % Fe2@ <
0.05% CaO [err] 0.05 % Na20 5 0.05% others: traces, the remainder to

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

20. Mixture 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%.

L
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100% bei ng conprised of Sigerr]. 15. M xture of grains and
particles of fused vitreous silica, characterized in that~it—is.produced. b

dry m xing: (i) a noderately coarse particle sijZéll SHEET MASOBEEN
fused vitreous silica, in which at |east 80% by weiight oRgpiagrgrai ns
are between 40 pm and 1 mm 20 (ii) a fine partrcte—st+ze
fraction of fused vitreous silica, in which at: | east 95% by weight of

t he grains I ¢deh - 3 [ b el : ' in
g NER gﬂ'%%sgef%'f ihéb ﬁogﬂtttéﬁeoﬁ% %ﬁéé&béﬁ material gﬁé’dé‘sof( Sinteragvi Ng

a BET specific n/ g and a nedi | ameter, as

neasur ed bwitredusrsiiica; inew atiatureicf, gmainsSand gartidles of vitreous silicaj and new
substantially spherical particles of fume silica other than the fune
silicas orimatestal made- ofrsinteregrdtreous siicg ferrosilicons or of silicon, and
(iv) optionally, at |east one particle size fraction of fused vitreous
silica which is coarser than fraction (i), the constituents (i),

e h | n (i e cor N )
wei gt | o JafdftolY) | Jaci SRRt GUIGBNIS! Lo 19 RrOPPTIT N O
(i) 15-70% (ii) 15-55% (Brid Thidrdy G¥orges JORGE |

Société Anonyme called: SOCIETE EUROPEENNE DES PRODUITS
REFRACTAIRES '

ABSTRACT

The invention relates especially to a mixture of grains and particles of

fused vitreous silica produced by dry mixing:

(i) a moderately coarse particle size fraction of fused vitreous silica,
{i7) a fine particle size fraction of fused vitreous silica, in which at least 95 % by
weight of the grains are smaller than 40 gym, (iii) substantially spherical partfc!es
of fume silica, and (iv) optionally, at least one particle size fraction of fused
vitreous silica which is coarser than fraction (i), the constituents (i) to (iv) being
employed in the following proportions by weight : (i) 15-70%, (ii} 15-55%,
{iii) 3-15% and (iv) 0-52%.

This mixture can be used for the production of articles made of

sintered vitreous silica.

Single figure
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and (iv) 0-52% and the constituents, (1), (ii) and (iv) being conprised of a
fused vitreous silica containing at |east 99% of silica. 16. M xture
according to claim 15, characterized in that said fume silica conprises, by
wei ght, at nost 2.5%of ZrQ2, at nost 3% of Al, 03, at nost 0.16% of
Fe[err] O3, at nost® 0.166% of Na20, at nost 0.07% of K2O, at nobst 0.06% of
CaO at nost 0.02%of Ti2, less than 0.015% of C, and Si2 for the-

remai nder to 100% 17. M xture according to Claim15 or 16,
characterized in that (i) is present in 4 proportion of 30-70% (ii) of
15-55% (iii) of 3-15% and (iv) is absent.
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19 ¥ DdRriphbxt pagedaccior pged .0 [ ai m 17, .characterized in that (i) is
preserbt'y,l Dla8nB OPOFddean..olo gdpe@0% |(i1). of 27 40% and (il | of E&lé'\ﬁ %HEET
19.° Mixtungvasses dpaedt .. @ pigadls. of 16, characterized inR
4 iiy) of 15-35% (iii) of 315% and (iv)

prese tm Qb&me{or)%igMam.% a3% : ; )
of 27 -gto G aim 19, characterlzedlnthat

xture accordi
(i) i

and (ilw)2/

ON OF A SINTERED REFRACTORY

VITREOUS SILICA MATERIAL

The invention relates to a new pracess for the preduction of a refractory material
made of sintered vitreous silica, to a new mixture of grains and particles of
vitreaus silica and to a new material made of sintered vitreous sifica.

Articles made of sintered vitreous silica are useful in applications
requiring the use of a refractory material which has a low coefiicient of
expansion, low heat conductivity and good chemical inertness.

N\ At present, articles made of sintered vitreous silica are employed
industrially:

L. in metallurgy, above all in nonferrous metallurgy such as, for example,
in the casting of aluminium alloys, brass and bronze (casting spouts, nozzles,
sampling spoons, crucibles), of zinc (thermocouple proteciien) 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;

- in fumace components such as rollers of heat treatment furnaces in

w 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 ga{es for
"float" glass furnaces, of sacrificial components both for sada-lime glass furnacas
and for special glass furnaces (for example as plungers, stirrers, jackets, apen
pots) and as tank blocks for aptical 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,
silica corrodes but does nat give rise to faults such as stones or cords in the

glass, because it is "digested” by the latter, being one of its main constituents.
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PROCESS FOR THE PRODUCTION OF A SINTERED REFRACTORY

VITREOUS SILICA MATERIAL

ABSTRACT

The invention relates especially to a mixture of grains and particles of
fused vitreous silica produced by dry mixing:

(i) a moderately coarse particle size fraction of fused vitreous silica,
(ii) a fine particle size fraction of fused vitreous silica, in which at least 95 % by
weight of the grains are smaller than 40 um, (iii) substantially spherical partic[es
of fume silica, and (iv) optionally, at least one particle size fraction of fused
vitreous silica which is coarser than fraction (i), the constituerits (i) to (iv) being
employed in the following proportions by weight : (i} 15-70%, (if) 15-55%,
(i) 3-15% and (iv) 0-52%.

This mixture can be used for the production of articles made of

sintered vitreaus silica.

Single figure
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