PROCESS AND DEVI CE FOR MANUFACTURI NG GLASS, AND
PRODUCTS OBTAI NED USI NG THI' S PROCESS The invention
relates to a process for manufacturing 5 glass, and
especially flat glass, and to a device for
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must meet an extremely rigorous - specification,
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30 presence of gaseous and/or solid inclusions and
excessively high roughness, is prejudicial to correct
operation of the displays. In the complete glass
manufacturing process, the melting, refining,
homogenizing and forming steps each play their role in

35 combination with one another, and the choice of the
combination allowing better quality therefore proves to

be of paramount importance. The manufacturers of
substrates for displays, especially LCDs, have thus
attempted to obtain sufficient quality by employing

40 particular refining processes, specific forming



40 particular refining processes, specific formng -
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electronics field, especially a substrate for flat
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30 certain pixels making up the image.

These gaseous inclusions are of various origins. They
‘come mainly from the air trapped between the particles
of pulverant materials and from the outgassing due to
35 certain chemical reactions that take place during the
glass melting step. Carbonate-containing batch
materials (such as for example sodium carbonate,

limestone and dolomite) therefore release large



materials (such as for exanpl e sodi um carbonate,
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chemical compound injected into the batch materials
produces an intense evolution of gas, the large bubbles

25 thus formed coalescing " with the small bubbles and
carrying them away more rapidly to the surface.
However, the chemical compounds commonly used are toxic
and/or liable to emit gases that are prejudicial to the
environment and/or incompatible with the forming

30 process. The same applies to arsenic oxide and antimony
oxide that are sometimes used in conjunction with
nitrates (which are sources of polluting gases of the
NOx type), sodium chloride (which gives off HCl) or
sodium sulphate {(which gives off sulphur oxides).

35 _
Physical refining processes, which are less polluting,
have thus been proposed. In certain cases, a refining

operation may be carried out heating the glass to a
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pol luting, have thus been proposed. In certain
cases, a refining operation nmay be carried out
heatlng the glass to a - 4 high tenperature in order
to reduce the viscosity of ~thé nolten glass and thus
nmake it easier for the bubbles to rise in the glass
bat h. However, this process cannot be carried out on
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perpendicular to the rotation axis allows bubbles to be
removed more rapidly. Such a centrifugal refining
process, but with no vacuum applied, is also disclosed
in the patent document FR 2 132 028.

Centrifugal refining under reduced pressure is a
- particularly effective process, but its implementation
such as disclosed in the abovementioned document
WO 99/35099 has proved to be difficult. In particular,
the design of the rotary seal for sealing the device
and having to withstand high temperatures and/or the
corrosive action of the glass, is rather complicated.
The use of the device described in Figure 3 of document
WO 99/35099 allows the glass to be rotated under a
partial vacuum, the glass then being returned to
atmospheric pressure while still being pressed against
the internal walls of the lower portion of the rotating

device. This thin-film configuration, which is



corrosive action of the glass, is rather conplicated.
The use of the device described in Figure 3 of
docunent WD 99/35099 allows the glass to be rotated
under a 35 partial vacuum the glass then being
returned to atnospheric pres8ure while still being
pressed against the internal walls of the | ower
portion of the rotating device. This thin-film .
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20 This device comprises a series of different elements,

which are capable of rotating and are fastened to one
another: a receptacle intended to receive the molten
glass to be treated, a vacuum compartment and at least
one glass outlet orifice.

25
The invention thus defined has the advantage when it is

implemented, of performing the molten glass feed
operation and the operation of placing the said molten
glass under a partial vacuum in different compartments
30 of the device, thus simplifying the design of the
rotary seal without affecting the refining performance.

The elements that make up the device according to the
invention preferably have a geometry that is
35 cylindrical about the rotation axis of the device, it
being advantageous for the axis to be substantially

vertical.



rotary seal w thout affecting the refining
performance. The elenents that make up the device
according to the invention preferably have a
geonetry that is 35 cyllndrlcal about the rotation
axis of the device, it belng advant ageous for the
axis to be substantially vertical. - 6 The feed
receptacle preferably has a |l arger dianeter than a
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advantageously made of platinum, either pure platinum or
25 platinum that is alloyed in particular with rhodium in

order to improve its mechanical strength.

The device according to the invention preferably
includes a lower zone or cavity, preferably
30 cylindrical, located beneath the vacuum compartment and
at the lower end of which zone or cavity the or each
glass outlet orifice is located. This lower cavity is
intended to be filled with rotating molten glass.

35 The or each glass outflow or outlet orifice 1is
preferably at the lower end of the device, either on or
in the immediate vicinity of the rotation axis, or at a

non-zero distance from the said axis.



glass outlet orifice is located. This |lower cavity is
intended to be filled with rotating nolten glass. 35

The or each glass outflow or outlet orifice is
preferably at the | ower end of the device, either on

or in the immediate vicinity7of the rotation axis,

or at a non-zero distance fromthe said axis. - 7 A
preferred enbodi nent of the device according to the

i nvention consists, for reasons of sinplicity of
operation, of a device in which the feed receptacl e
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methods well known to those skilled in the art, by
welding between the said lining and the steel shell,
covered beforehand with layers of platinum and of
25 intermediate oxides intended to solve the problems of
differential expansion. The term "platinum" should be
understood here to mean both pure platinum and platinum.

alloyed for example with rhodium.

30 Electrical resistors are advantageously placed in the
insulation so as to be able to heat the device. The
need for heating may make itself felt at start-up of
the device, or for heating a glass that is too viscous.

35 The object of the invention is also a glass refining
and homogenizing process employing the device according
to the invention. This process comprises a step of

feeding molten glass into a receptacle of a device



the device, or for heating a glass that is too

vi scous. 35 The object of the invention is also a

gl ass refining and honobgenizi ng process enpl oyi ng
the device according to the invention. This process
conprises a step of feeding foften glass into a
receptacle of a device - 8 capable of rotating about
an axis followed by a step of conveying the said
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According to an alternative embodiment, it may be
advantageous for the molten glass feed to be carried
out at a height below the total height of the device,
30 for example substantially at mid-height of the device,
or else at a height below the height of the compartment
where the glass is under vacuum. In this case, the
glass is then conveyed only by suction into the reduced
pressure compartment. As an advantage of such an
35 embodiment, it makes it possible, where appropriate, to
adapt the device to the configuration of existing
melting furnaces. For example, when the device for

implementing the process according to the invention has



pressure conpartnent. As an advantage of such an 35
enbodi nent, it makes it possible, where appropriate,
to adapt the device to the configuration of existing
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so that the molten glass is actually sucked up. This is

because the glass, while it is being conveyed towards

the axial tube, is subjected to centrifugal forces that

oppose the suction forces. The rotation speed of the

25 device and the pressure difference between the vacuum

compartment and the glass feed receptacle are thus

adapted so that the centrifugal forces do not prevent

the molten glass from being actually conveyed into the
said vacuum compartment.

30
The molten glass injected into the vacuum compartment

is subjected to the combined action of the reduced
pressure and the rotation. The rotation has the effect
of creating a free glass surface of substantially

35 paraboloidal shape.

The said combined action allows the refining

effectiveness to be considerably increased, which



is subjected to the conbined action of the reduced
pressure and the rotation. The rotation has the
effect of creating a free glass surface of
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as platinum throughout the rest of the (glass
manufacturing process. These newly created bubbles then
coalesce with the expanded bubbles to create new
25 Dbubbles, the large size of which allows greater
mobility in the molten glass. It has been observed that
the coalescence of the bubbles 1is particularly
accelerated by the rotation, according to an effect
that we may term a "dynamic coalescence" effect. Since
30 ‘these bubbles are subjected to rotation, they move
axially towards the free (paraboloidal) surface of the
glass in order to be drawn towards the outside of the
glass. It has been observed that the implementation of
this step of the process allowed all the "small"
35 bubbles, that is to say the bubbles with a diameter of
less than about 0.5 to 1 mm, to be eliminated. The
shear caused by the rotation furthermore prevents foam

from forming. This is because gas generation during the



axially towards the free (parabol oidal) surface of
the glass in order to be drawn towards the outside
of the glass. It has been observed that the
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t hethah al30 seconds. ThlS residence time 1is gferably
greater than 5 seconds so as to ensure suff1c1ent
refining quality. Despite this very short time, the

25 quality of the refining obtained is equivalent vor
better than that obtained by conventional chemical
refining processes or static reduced-pressure refining
processes. For the same refining quality, the total
residence time of the glass in the refining device 1is

30 shorter than the residence time of the glass in a
conventional chemical or static reduced-pressure
refining process. Such a process thus has the advantage
of being able to reconcile a small size of the device
for a high output. A second advantage stemming from the

35 short residence time, especially in the vacuum
compértment, is that there is less fly-off of volatile
compounds such as for example boron oxide or alkali

metal oxides, and therefore better control of the



residence tinme of the glass in the refining device is
30 shorter than the residence tine of the glass in a
conventional chenmical or static reduced-pressure
refining process. Such a process thus has the
advantage of being able to Aéconcile a small size of
- the device for a high output. A second advant age
stemm ng fromthe 35 short residence tine, especially
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or 150 millibars, and even lower than 50 millibars. The
pressure within the vacuum compartment is preferably
25 within the 50-150 millibar range. The possibility of
achieving very low pressures helps to improve the
refining. quality for the same output, or to increase
the output for an equivalent refining quality, or else
to reduce the treatment temperatures. In general, the
30 effect of reducing the pressure within the vacuum
compartment by a given factor is to increase the output
by the same factor. The low pressures obtained also
help to achieve a high level of homogeneity of the
glass by the micro-agitation effect due to the gas
35 bubbles that form in the mass of molten glass, the
number of bubbles being greater the lower the pressure.



refining quality for the sanme output, or to increase
the output for an equivalent refining quality, or
else to reduce the treatnent tenperatures. In
general, the 30 effect of reducing the pressure
within the vacuum conpart redt3 by a given factor is
to increase the output by the sanme factor. The |ow
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movements generated, to a spectacular increase in the
uniformity of the glass. This step of the process also

25 preferably corresponds to a thermal conditioning step
carried out on the glass before forming, that is to say

to a step during which the glass is progressively
heated within the device according to the invention to

a uniform temperature corresponding to the forming

30 temperature. The glass may then be directly formed
without passing through feeders of the forming means.

The advantage of this embodiment lies in the fact that

any fly-off of volatile materials, such as boron oxide,

is avoided, thereby helping to increase the homogeneity

35 of the glass paste and the microroughness of the final
glass substrate. This is because the inventors have
observed that the surface modifications of the chemical
composition of the glass before the forming step would



to a step during which the glass is progressively
heated within the device according to the invention
to a uniformtenperature corresponding to the

form ng 30 tenperature. The glass may then be
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approximately 4 metres.

The inventors have therefore developed a second
25 embodiment, in which the molten glass flows out via at
least one outflow orifice located at a non-zero
distance from the rotation axis of the rotatable
device. Thus, the glass flowing out of the device is
subjected not only to the pressure resulting from the
30 height of the glass located above it, but also to the
pressure resulting from the rotation, which is
proportional to the square of the product of the
angular velocity of rotation multiplied by the distance
of the glass from the rotation axis. By increasing the
35 distance between the axis and the outlet orifice and
increasing the angular velocity of rotation it is then
possible to significantly reduce the height of the

device. However, it does make the practical



di stance fromthe rotation axis of the rotatable

devi ce. Thus, the glass flowi ng out of the device is
subjected not only to the pressure resulting fromthe

30 height of the glass |ocated above it, but also to

the pressure resulting fromlde rotation, which is
proportional to the square of the product of the

angul ar velocity of rotation nultiplied by the
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achieved by means of mechanical agitators, sometimes.
called stirrers. Furthermore, a beneficial effect on
the refining is also observed because of these very

25 shear stresses, being manifested by a fragmentation of
the bubbles still present as a multitude of small
invisible bubhkles or bubbles that are easily able to be
resorbed into the glass. Above 500 revolutions per
minute, the feasibility on an industrial scale is

30 however compromised. For the abovementioned reasons of
too high a glass output linear speed in the case in
which the molten glass flows via orifices located away
from the rotation axis, the rotation speed is even
preferably less than 200 revolutions per minute and

35 advantageously between 160 and 180 revolutions per

minute.
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The subject of the invention is also a glass
25 manufacturing process that includes a refining and
homogenizing step according to the invention. This
manufacturing. process comprises a glass melting step, a
refining and homogenizing step and then a forming step.

30 The glass subjected to the various steps of the process
according to the invention comes from a prior melting
step. The term "melting" should be understood to mean
the step used for converting, thanks to the effect of
temperature, a mix of generally pulverant batch

35 materials into a mass of liquid glass. This melting
step is preferably carried out at a temperature not
greatly above the refining temperature, especially not
more than 50°C above, or even at, the refining
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level of the molten mass, and therefore within the
25 glass bath. This type of submefged combustion caﬁses
intense convective stirring of the materials being
melted, thereby making the melting process rapid. Such
a melting process is particularly suited to the
refining process according to the invention as the
30 intense convective stirring allows the use of
temperatures significantly lower than those employed in
conventional processes. Since the process according to
the invention is itself carried out at low temperature,
there is thus no need for a molten glass cooling step
35 before the glass is injected into the rotational
refining device. Furthermore, it has been observed that
a melting step carried out at low temperature generates

a larger amount of gas dissolved within the mass of



natural gas type or hydrogen) and the oxidizer (in
general air or oxygen) via burners placed bel ow the

| evel of the nolten mass, and therefore within the 25
glass bath. This type of submerged conbustion causes
I ntense convective stirring a8 t+he materials being
nelted, thereby making the nelting process rapid.
Such a nmelting process is particularly suited to the
refining process according to the invention as the_ 30
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theo the forming step. The glass manufacturing process
according to the invention therefore preferably
includes no feeder, avoiding any fly-off of volatile

25 materials prejudicial to the homogeneity of the glass

and to the production of a substrate having a very low

microroughness.

The very high homogeneity obtained by the refining and
30 homogenizing process according to the invention makes
it possible to dispense with thé use of agitators,
sometimes called stirrers, throughout the manufacturing

process.

35 The forming of flat glass may consist, for example, of
a floating step, in which the glass floats on molten
tin using the float process, a drawing step, using the
Fourcault or Pittsburgh processes, these being well
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i nvention, wthout any feeder for conveying the gl ass

to the form ng step. The gl ass manufacturing process

according to the invention therefore preferably

i ncl udes no feeder, avoidingiany fly-off of volatile

25 materials prejudicial to the honbgeneity of the

glass and to the production of a substrate having a
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0|nts event itriflcation e
nu@péﬁpponm%h@lgrdwﬁqgrally tin, is injected into the
installation so that it constitutes a moving reception

zone for the molten glass. It is preferably injected at
those float points in the glass that would have been
stationary points in the absence of injection. Floating
the glass on a moving bath of molten tin, the said bath
being taken off downstream of the float installation
and then reinjected at least upstream after possibly
reheating it, thus prevents the presence of stagnant
giass points that could cause solid inclusions to grow.

The process according to the invention is suitable for
the refining and homogenizing of glass having a very
great variety of compositions. All the compositions
presented below are expressed in percentages by weight.

These glass compositions may be of the soda-lime-silica
type. The term "soda-lime-silica" is used here within
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the absence of injection. Floating the glass on a
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suitabl enf @, the retigkng and honogeni zi ng of gl ass
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conposit?%%s 35 pr sénséd bel ow are expressed in
per cent at@s by wei $ht. 15¥hese gl ass conpositions may
be of thg,soda-1ing-sihpga type. The term
"soda-linme-silica" is ggd here within - 20 the
br oad sef@®® and répafeg o any gl ass conposition
10consi stixky® of a gl &s Batrix conprising the follow ng
cOnstitx%gSS (in p%rgegggges by weight): SiQ2 64 -
75% 5 03 0 - 5% B203 0 - 5% CaO5 - 15% MO O
- 10% Na20 10 - 18% 10 K200 - 5% BaO 0 - 5% Apart
fr ompidhesersmantesse gbaasasrof dlhaesesdact i mbe ssddae ime-

type,, the proces C ' ' ty i :
SPEE PUSEE RS R INEN Y fiverkion 1
15y arpauisi culgrdy dlengfd@ial dioassde manjfacare pft various

haveyped ay¢ Np2@ieanigeassasd a relatively high

content of .alkallinepearth oxi %ﬁs'lowest@%‘a alblbye SO and a
rom the

this bei ngg AR ANt ageous _ )
relatively high content of alkaline-earth oxides,
especially CaO, this being advantageous from the
20 economic standpoint in terms of the cost of batch
materials, but are rather corrosive at the conventional
melting temperatures and relatively hard to melt by
conventional processes. These may for example be the
_ glass compositions described in Patent FR 2 765 569,
25 comprising the following amounts of oxides (expressed

in percentages by weight):

Si0; 72 - 74.3%
Al,0; 0 - 1.6%
Na,0 11.1 - 13.3%
30 K0 0 - 1.5%
Ca0o 7.5 - 10%
MgO 3.5 - 4.5%
Fe,03 0.1 - 1%
35 or else compositions of the type (expressed in

percentages by weight):
Si0; 66 - 72%, especially 68 - 70%
Al,0;3 0 - 2%
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20 econom ¢ standpoint in terns of the cost of batch
materials, but are rather corrosive at the
conventional nelting tenperatures and rel atively
hard to nelt by conventional processes. These may
for exanple be the glass compositions described in
Patent FR 2 765 569, 25 conprising the foll ow ng
anmount s of oxides (expressed in percentages by
weight): SiQ2 72 - 74.3% A1203 0 - 1.6% Na20 11.1 -
13.3% 3680 0 - 195%1%a0 7.5 - 10% MO 3.5 - 4.5%
FeZCB 0CchO- 1% 351br-ek3® conpositions of the type
expres in pergent Weiighty) = g2 66 - 72%
especi al 1y 68 - 70% A?%Segs%y?\g%%g{mzl o 08 0 - 1%
CaO 15 Na2995 MyO 04--697 RFRRGIAYY 3 - 8% Na20 4 -
gbsespqually 5|- 6% 5, KXpdrially €spetkally 0 - 1%
trages; - gla aving a high silica content,
t hese %§3ng advagigg%%hs f?onlthg econom ¢
standpoint, and 10 wth a relatively | ow density,
the conposylhofes angsangf whildyh agailicexpe@sised i nthese

per.cent ages._by_wei ght, e i Ng=. S 72 t0

R
Al keilth ret aglatd deky 110w 0deBsSEYy, Athe3 COmPosstp9nBFE3IeS
0 tg* 3ich, again expressed in percentages by weight, are

the following:

Si0; 72 to 80%

Ca0 + MgO + BaO 0.3 to 14%
Na,0 11 to 17%

Alkali metal oxides 11 to 18.5%
A1,0; 0.2 to 2%

B203 0 to 2%

Fe,03 0 to 3%

SO3 possible traces

coke 0 - 600 ppm

and optionally colouring oxides, such as oxides of

Ni, Cr, Co, etc.

Given the little fly-off of volatile materials that the
process according to the invention occasions, it 1is
especially suitable for glasses containing boron.
Because of its capability of refining and homogenizing
viscous glasses (at lower temperature), it is also
suitable for glasses with a zero or almost zero content
of alkali metal oxides, especially with a view to
applications as reinforcement fibres or for fire-
resistant glazing or else for substrates used in the
electronics industry. Within the context of the glass
being used as substrate for 1liquid crystal displays
(LCDs), particularly suitable compositions comprise the

following elements:
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vol atile materials that the process according to the
i nvention occasions, it is -egpecially suitable for
gl asses contai ning boron. Because of its capability
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Al,0; 12 - 22%, especially 10 - 20%
MgO 0 - 8%, especially 0 - 2%
Ca0 2 - 12%, especially 4 - 12%
Sro 0 - 3%

BaO < 0.5%.

These compositions have expansion coefficients of less

"than 35 x 107'°C™! and a strain point above 650°C. The

glass Eagle 2000%® sold by Corning Inc. is an example of
this family of glasses.

A preferred (glass is formed Dby the following

composition ranges:

Sio; 60 - 70%

B203 6 - 13%, especially 11 - 13%
Al,0:; 13 - 16%, especially close to 14%
MgO 0 - 2%, especially close to O
Cal 7 - 12%, especially 7 - 9%

SrO + BaO O 1%, especially close to 0.

Among glasses containing boron, glasses possessing low
expansion coefficients and glasses useful for
applications as fire-resistant glazing, the glasses
with the following compositions are particularly
suitable to be refined and homogenized using the
process according to the invention:

Si0; 78 — B6%
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coefficient close to 0, especially those suitable for
being used as hobs. Some of these compositions comprise
the following oxides, in the following contents

expressed in percentages by weight:

Si0; 62 - 70%
Al,03 17 - 25%
Lio0 2 - 4%
MgO 0 - 2%
Zno 0 - 2%
TiO; 2 - 6%
Zr0; 0 - 3%.

It is customary for most of the special glasses
mentioned above to be refined chemically, using arsenic
or antimony (in the case of glass for glass-ceramics
and glass for LCD display substrates) or using
chlorine, or even using a sulphate. By employing the
refining process according to the invention it is
possible to dispense with the use of such chemical
compounds harmful to the environment, while still
obtaining excellent refining quality. Advantageously,
the process according to the invention therefore makes
it possible to obtain a glass containing no refining

agents such as sulphates, arsenic, antimony, chlorine
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s ok nko Bhge@mﬁenmns Whidie a8 Iédlp%%tes,

obt al ni ng excellent ref Jo {}ge q}ﬁalll I.ty. Advantageously,
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ériti-on therefore

makes it possible to obtain a glass containing no
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refpavtn@uagemys ssieht #islsul oaipesitianseni (expressed in

g, Pt o nggg,nge%h{; nar Wthin the context of

glass e| ng strates for what are

cal I ed ‘SpPasma” dﬂ@p?%y—é part| cularly suitable

ocorrp03| ons (expressedias percentages by wei ght)

are: 0 to 75%, 10,1203 0 to 12% Na20 0 to 9%
553200 ‘é‘b o

K20 3.5

to 10% CaO 2 to 11% 15 SrO 0

to 11% KBA0O 0 to 13%3 ZO00% to 8%

- MgO 0 to 10%
CaO 2 to 11%
Sro 0 to 11%
BaO 0 to 17%
Zr0, 2 to 8%.

The process according to the invention has proved‘to be
especially suitable, through its implementation and for
the reasons already mentioned above, for obtaining
glasses having a particularly high degree of

homogeneity and refining.

The subject of the invention is therefore also a glass
substrate that can be obtained by the process according
to the invention, this substrate being characterized by

its homogeneity.

The degree of homogeneity of the glass may be expressed
as the standard deviation of the refractive index, as
measured by the Christiansen-Shelyubskii method. This
method is described in the article "Application of the
Christiansen-Shelyubskii method to determine
homogeneity and refractive index of industrial glasses"
by T. Tenzler and G.H. Frischat, Glastech. Ber. Glass
Sci. Technol. 68 (1995) No. 12, pp. 381 to 388. This
optical method uses, in the application of it made



The process according to the invention has proved to

be 20 especially suitable, through its

i mpl enentation and for the reasons already nentioned
above, for obtaining glasses having a particularly

hi gh degree of honogeneity. gnd _refining. 25 The

subject of the invention is therefore also a gl ass
substrate that can be obtained by the process

according to the invention, this substrate being
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15 t pOSSI bI e to obtain glasses having an extrenely
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15 The inventors have al so discovered that
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possiddegiuent forming step by the float process, has a
microroughness making it suitable to be used as the
substrate for an LCD display, especially a
microroughness of less than 20 nm or less than 15 nm or

10 nm, and even less than 4 nm.

The microroughness is defined by measuring the maximum
peak-to-valley height on a 12 mm diameter specimen.
Measurements may also be taken on 25 mm diameter
specimens, the characteristic wundulation wavelengths
being between 1 and 25 mm. This measurement may be
carried out by optical interferometry measurements or
by measurements using mechanical feelers, these methods
being well known to those skilled in the art. It has
been discovered that the factors having a first-order
effect on this quantity are the homogeneity of the
glass and the forming process. Thus, glass having such

microroughness is currently produced only by the "down-



particul ar using conpositions capabl e of
manuf acturing LCD displays and such as those
descri bed above, to 20 achi eve a honbgeneity such
that the glass, undergoing a subsequent form ng step
by the float process, has a- pgcroroughness nmaking it
suitable to be used as the substrate for an LCD
di spl ay, especially a mcroroughness of |ess than 20
nmor less than 15 nmor 25 10 nm and even less
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thegefore atgo A ghfﬁﬁne yb%tfralt Produged mifﬂltﬂﬁetre or
| oat™ process, erefore having on one of its

1% ac¥en 1§58 é:r%ncl"?eé BhtfiRetreSyer, and having a
n1croroughness of less than 20 nm or less than 15
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obt ai ne The process ~ accordi ng
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accatidigigigt odidee | NveAb) Oiisp1bler efa ein a process for
manufacturing glass substrates for optical filters or
diffusers.
25
The present invention will be more clearly understood
on reading the detaziled description below of non-
limiting embodiments illustrated by Figures 1 and 2.

30 Figure 1 shows a vertical cross section of the device
according to the invention in the embodiment in which
the feed receptacle 1is located above the vacuum

compartment.

35 The entire device, with a height of about 2.50 metres,
can be rotated about the vertical axis 6 indicated by
the dotted line, with respect to the axis of which it
has a substantially cylindrical geometry. It consists



perfectly able to be integrated into a process for
manuf acturing gl ass substrates for display systens,
20 such as plasma displays, and nore particularly to
liquid crystal displays (LCDS) or organic |ight-
emtting diode (OLED) displaysy ar in a process for
manuf acturing gl ass substrates for optical filters or
di ffusers. 25 The present invention will be nore

clearly understood on reading the detailed
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%@P:%ue {h&e uriace; of: thepd! ass BSSUIES vacuunm
compartment 2. The diameters of the tubes 7 and 8 are
around 50 mm. The pressure within the compartment 2 is
around 120 millibars. The free surface of the glass
assumes the form of a portion of a paraboloid of

25 revolution 16. Under the combined influence of the
rotation and the vacuum, making use of the "dynamic
coalescence" effect described abovs, the molten glass

is refined at a temperature of about 1 350°C and then
conveyed to a cylindrical cavity 3 via two openings

30 made in a platinum plate 9 placed over the bottom of
the compartment 2. The rotating mass of glass fills the
cylindrical cavities 3 and 4, the latter cavity being

of larger diameter. The shear induced by the rotation
helps to further improve the homogeneity of the glass.

35 Two outlet orifices 5 having a diameter of 30 mm are
placed at 40 mm from the rotation axis 6. Under the
influence of the pressure resulting from the mass of
molten glass and from the rotation, the glass flows out



proportion of a paraboloid of revolution 15. The
glass 1is then conveyed via a horizontal radial tube
7 made of 20 platinumand then a vertical tube 8 to
the vacuum conpartnent 2. The di aneters of the tubes
7 and 8 are around 50 mm I8 pressure within the
conpartnment 2 is around 120 mllibars. The free
surface of the glass assunes the formof a portion
of a parabol oid of 25 revolution 16. Under the
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the feed receptacle is located at a height below that
of the vacuum compartment.

25
The features of the device have the following

differences from those of the device described in
Figure 1:
- the feed receptacle 1 is located down below the
30 vacuum compartment 2;

- the glass is conveyed to the compartment 2 only
by suction, via a horizontal radial tube 17 made of
platinum and then a vertical axial tube that supports
the platinum plate 9. In this embodiment, the plate 9

35 is therefore not supported by the bottom of the
compartment 2; and

- the glass flows out of the device via a single

orifice 19 located on the rotation axis 6. Since the



seconds, hence insignificant |osses of alkali netals.

Furt hernore, the absence of contact between the

nolten glass and refractory ceramics liable to

contam nate it contributes to its high degree of
honogeneity. 20 Figure 2 shewg9a-vertical cross

section of the device according to the invention in

the enmbodinment in which the feed receptacle is
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type cont ai nj ng no alkal%c1a&? E“h'CE5b§ capabl e of

high strain “point, sp ove s melted in
a furnace with overhead burners. Its composition is
20 chosen from the family of compositions defined by the

following components within the limits by weight below:

Si0; 58 - 70%
B,03 3 - 15%
Al,03 12 - 22%
25 MgO 0 - 8%
Cao 2 - 12%
Sro 0 - 3%
BaO 0 - 3%.

‘30 The mass of molten glass feeds the refining and
homogenizing device described and then undergoes,
directly, a forming step via the float process, without
the glass passing beforehand through a feeder. The
glass sheets thus formed have a thickness of 0.5 mm and

35 a microroughness of 3 nm, making them suitable to be
used as a substrate for displays of the LCD type.



15 manufacturing substrates for LCD displays as it
gives the glass the properties of having a | ow
expansion coefficient, especially less than 35 x
10-7C-1 and a high straln poi nt, especially above
650C) is nelted in a furnace®ith overhead bur ners.
Its conposition is 20 chosen fromthe famly of
conpositions defined by the follow ng conmponents
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drops, t ere y tending to reduce
therefore ‘an increase in = the output,  which will

20 re-equilibrate the glass level to its prior value.

The device is started up under the control of a
programme in which the rotation speed is increased as
the pressure in the compartment 2 is reduced. It is
25 thus possible to progressively increase the glass level

in the device while still reducing the pressure.

The present invention has been described above merely
by way of example. Of course, a person skilled in the

30 art is capable of producing various alternative forms
of the invention without thereby departing from the
scope of the patent as defined in the claims.



the out put and therefore nmaking the glass |level rise
again. Conversely, an increase in the glass |evel

woul d have the effect of increasing the output
pressure, and therefore an increase in the output,
which will 20 re-equilibratelthe glass level toits
prior value. The device is started up under the
control of a progranme in which the rotation speed
Is increased as the presswyhiMg the conpartnent 2 is
reduced. It is 25 thus possStbre to progressively
increase the glass level in the device while still
reduci npavieepreapatie. oEhecuaesent abouentnomaxhas (been for
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5. Device according te one of the preceding claims,
such that the conveying means (7, 8, 17, 18) for
25 conveying the molten glass from the feed receptaele (1)
to the vacuum compartment (2) 1is a tube made of

platinum.

6. Device according to one of the preceding claims,
30 such that the feed receptacle (1) is located at a lower
height than the height of the wvacuum compartment (2),
the conveying means being formed by at least one radial
tube (17), which joins the rotation axis (6), and then
by an axial tube (18), which Jjoins the vacuum

35 compartment (2) at its lower end.

7. Device according to Claims 1 to 5, such that the
feed receptacle (1) 1is located above the vacuum



to the vacuum conpartnment (2) is a tube nmade of

pl atinum 6. Device according to one of the preceding
claims, 30 such that the feed receptacle (1) is

| ocated at a | ower height than the height of the
vacuum conpart ment (2), tHe 3onveying neans being
formed by at | east one radial tube (17), which joins
the rotation axis (6), and then by an axial tube
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11. Device according to one of the preceding claims,
comprising an outer shell (13) and an internal surface
(14), in contact with the glass, between which is
inserted a layer of insulating material (12) resistant

25 to high temperatures.

12. Device according to the preceding claim, such that
the outer shell (13) is made of refractory steel.

30 13. Device according to Claim 11 or 12, such that the
internal surface (14) is formed by a platinum lining or
by refractory ceramic covered with a thin coating of

platinum.

35 14. Device according to the preceding claim, such that
the platinum lining (14) is held mechanically in place
thanks to a vacuum created between the refractory steel
shell (13) and the said lining (14).



the outer shell (13) is nmade of refractory steel. 30
13. Device according to Claim1l1ll or 12, such that the
internal surface (14) is formed by a platinumlining
or by refractory ceramc covered with a thin coating
of platinum 35 14. Devicé é@cﬁrding to the
preceding claim such that the platinumlining (14)
is held mechanically in place thanks to a vacuum
created between the refractory steel shell (13) and

the said linin 14), - 33  15. Device according t
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precedi ng process clainms, in which the nolten gl ass

feqd .t akes-pLaCEc A r&i nd& dthaahvr hiagt et akmhei ghknich
of the deyice. 30 21. rocess accor ging to one gf
a éPﬁs T?1F8n199'?%s ee takes plac away rom the

20 rotation axis (6).

19. Process according to one of the preceding process
claims, in which the molten glass is fed into the
receptacle (1) of the rotatable device at substantially

25 atmospheric pressure.

20. Process according to one of the preceding process
claims, in which the molten glass feed takes place at a
height above the total height of the device.

30
21. Process according to one of Claims 17 to 19, in
which the molten glass feed takes place at a height
below the height of the compartment (2) in which the
glass is under vacuum.

35
22. Process according to one of the preceding claims,
in which the residence time of the glass in the device

is less than ten minutes.



‘which the nolten glass feed takes place at a height
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bel ow t he height of the conpartment (2) in which the
gl ass is under vacuum 35 22. Process according to

one of the preceding clains, _in which the residence
time of the glass in the devitk ~is less than ten

m nutes. - 34 23. Process according to one of the
preceding clainms, in which the residence tine of the
glass in the device is | ess than 5 minutes, or even
Iess than 1 m nute. 24. Process according to one of
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tenperature before being directly forned W t hout
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Pro ess according to on of the preceding. process
ailms, such “that e pressure within the vacuum

compartment (2) is between 50 and 150 millibars.

28. Process according to one of the preceding process
claims, in which the glass after passing through the
vacuum compartment (2) is brought back to substantially
atmospheric.pressure by the effect of its own weight
and then flows out of the rotatable device towards a

forming step.

29. Process according to one of the preceding process
claims, in which the glass is progressively heated to a
uniform temperature corresponding to the forming
temperature before being directly formed without
passing through feeders of the forming means.

30. Process according to one of the preceding process
claims, such that the rotation speed is between 150 and
500 revolutions per minute.



claims, such that the rotation speed is between 150

and 500 revolutions per mnute. - 35 31. Process
according to one of the preceding process clains,

such that the rotation speed éi)betmeen 160 and 180
revol utions per minute. 5 32.”Process according to

one of the preceding process clains, such that the

nean tenperature to which the glass is exposed is
bet3ken Frota@santcbralng, toprotfeeraml yhdedv@aiiihg3Hrocess
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of any points in which the nolten float glass is
statlonary, the nolten tin being 30 injected into the -
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furnace that includes at least one submerged burner.

36. Process according to one of Claims 33 to 35, such
that the glass undergoes a forming step by floating on
a bath of molten tin.

37. Process according to one of Claims 33 to 36, such
that the glass then undergoes a forming step employing
a float installation devoid of any points in which the
molten float glass is stationary, the molten tin being
injected into the installation so that it constitutes a
receiving zone in which the molten glass is moving.

38. Manufacturing process according to one of
Claims 33 to 37, which includes no glass feeder.

39. Manufacturing process according to one of
Claims 33 to 38, which uses no agitators or stirrers.



claims, such that the glass contains no refining

agents, such as sul phates, arsenic, antinony,

chlorine or tin. 5 41. Process according to one of

t he preceding process clainsg.such that the gl ass

has a conposition conprising the follow ng oxides in
contents expressed as percentages by wei ght bel ow

10 Si Q2 58-76% B203 3-18% A1203 4-22% MO 0-8%

Ca040-. 129538 rOc&BdimBaC @- 386 42. tReopesselidhig process
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especially for plasnma_dis "I qui d-cryst
di SBBEQES(LE:B@ 8f éPéBHPgeFrgﬁFséﬁi'-Ftlﬁ@télm@’élﬁés chlorine
(OLEbs}yiomr for filters or diffusers, which includes

@ refining and honogeni zi ng step according to one of
the recedi ng process clains. 25 43. d ass substrate,
chaﬁicte??%%&?ﬁrﬁqqﬂﬁdhﬂg Hes epe sefintiae dodevedindnoodcess
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thaﬁsZmﬁ?ﬁﬁntﬁﬂesebas§839b§tbai@Waccord|ng to the
1@receding cl &im, having a ggcyegoughness of |ess
than 4 nm 3§¥66 d ass subst e according to Caim
44 or 45, that > has not und rg e a polishing step. -
37 47. d as@is@bstrate acchbrédihg to one of dains 43
to 46, havimgoa conpositiog-gpnprising the follow ng
oxi des in co%ggnts expressef_fi%percentages by wei ght

15 SroO 0-5%

BaO 0-3%.

42. Process for manufacturing glass substrates for
display systems, especially for ©plasma displays,
20 liquid-crystal displays (LCDs) or organic light-
emitting diodes (OLEDs) or for filters or diffusers,
which includes a refining and homogenizing step
according to one of the preceding process claims.

25 43. Glass sﬁbstrate, characterized in that it has a
standard deviation of the refractive index of less than
5 x 107°.

44. Glass substrate obtained by the float process,
30 characterized in that it has a microroughness of less
than 20 nm.

45. Glass substrate according to the preceding claim,
having a microroughness of less than 4 nm.

35
46. Glass substrate according to Claim 44 or 45, that
has not undergone a polishihg step.



below. 5 Si02 58-76% B203 3-18% A1203 4-22% MO

0-8% CaO 1-12% 10 SrO 0-5% BaO 0-3% 48. d ass
substrate according to one of Clains 43 to 47,
characterized in that it contains no refining 15
agents such as sul phates, arsénic, antinony, chlorine

or tin. 49. Use of the substrate according to one of
Caims 43 to 48 as a substrate for display systens,
espedLaIGyasﬂoshbstphasnachSE%@gst@rddequgﬁ-g13§$@143 to
di spleays r Lc Jight-emt.ti.n i_pdes .

( ou.%gsfg/ grgkf%)?) (7]  SPRESE e ag T Aobr s Dit§6| aj°btoning
t he OFt-48fa 10 i RITENESy RHALSEISED) & PEECwTgamRsc by weight
li gbeienttting di ode (OLED) type, which includes a
substrate accgf(gzi ng to one %_%Ql me 43 to 48.

B,03 3-18%
Al,0; 4-22%
MgO 0-8%
. CaO 1-12%
10 SrO 0-5%
BaO 0-3%.

48. Glass substrate according to one of Claims 43 to
47, characterized in that it contains no refining
15 agents such as sulphates, arsenic, antimony, chlorine

or tin.

-49. Use of the substrate according to one of Claims 43
to 48 as a substrate for display systems, especially
20 for plasma displays or liquid-crystal displays (LCDs)
or organic light-emitting diodes (OLEDs) or for filters

or diffusers.

50. Display of the plasma, liquid-crystal (LCD) or

25 organic light-emitting diode (OLED) type, which
includes a substrate according to one of Claims 43 to
48.



