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METHOD OF REFI NI NG GLASS AND PRODUCT OBTAI NED The
invention relates to the field of refining glass,
especially glass that has a high nelt viscosity. 5
The quality of the glass is a major preoccupation of
gl ass manufacturers, especially manufacturers of flat

gl ass yraRey bF REPINTNG TIHP AN ERUDUHPCBTAINED

manufacture, refining is a fundanmental step. This 10
operation consists in elimnating, as nmuch as
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fﬁ&&fﬁ‘é%ﬁééa?”&i&ﬁié?&”(Lcns), the presence of gaseous
inclusions possibly then disturbing the electrical
operation and/or deforming certain pixels that

constitute the image.

These gaseous inclusions have several origins. They
mainly come from air trapped between the grains of
pulverulent materials and from degassing due to certain
chemical reactions that occur during the glass-melting
step. Thus, the carbonate-based batch materials (such
as, for example, sodium carbonate, limestone or
dolomite) release large amounts of carbon dioxide in
gas form. The gaseous'inclusions may also be due to
desolubilization reactions of certain gases under
certain conditions, or to chemical or electrochemical
reactions between the molten glass and = certain
materials present in the furnaces (refractory ceramics
and/or metals). The gaseous inclusions are trapped
within the mass of molten glass, from which they can

escape at a rate proportional to the square of their
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materials present in the furnaces (refractory

ceramcs and/or netals). The gaseous inclusions are
trapped within the mass of nolten glass, from which
they can escape at a rate groportional to the square
of their 2 diameter. Thus, small bubbles (sonetines
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The refining of soda-line-silica glass, which
represents the majority of the glass produced on an
Uscistyr i ad  sbemécails ngfiding «peyatl Gut 16 CRIEREQPE:
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surface.

The refining of soda-lime-silica glass, which
represents the majority of the glass produced on an
industrial scale, is usually carried out with the aid
of sulfates. A source of sulfates, generally sodium
sulfate (Na,SO,) or gypsum (CaSO;), is introduced with
the Dbatch materials which, at high temperature,
produces a gaseous evolution of SO; at the start of the
refining. The soda-lime-silica glass has a composition

comprising, in weight percentages:

Si0; 60-75%;

B,03 0-5%;

Al,03 0-10%;

MgO 0-8%

CaO 6-15%

Na,0 10-20%; and

K20 0-3%.
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B2G3 0-5% A1203 0-10% MO 0-8% CaO 6-15% Na20
10-20% and K20 0-3% 3 Due to the high content of
Na20 and CaO (hence the expression "soda-line"),
this glass has a very low mglt viscosity. 51t is
however known that the sulfates are not effective

1%&‘ ndd ﬁ a st ion o ebinigodl 288 tha hAsnde the

rgh ne t viscosity: since its_deconposition
eeppReaten e $edar sinef he §RIE0GL2EF0IGS Gn Y YSGPW melt
655%6§1M@en the glass is too viscous. The expression
'glass having a high 10 viscosity" is understood to
nmean, within the sense of the present invention,
g&a£§ héwewbi chnbla teapetteursal fadrese spondiaty eﬁfeptive

f 10 y
oL ch B0 TR e a0, gy = i

mseicth alscssmSytydxﬂmm n@@eéga@yppslémgaréqmmgrapgre is
#(R? bbbl ?ésé?ﬁg @boiar.alrt‘i@ﬁo'%bls%zr deurENenbPddhe glass
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deséecbediapeve - | She ogHBTeE66CToN §LaRF s VA TGk BedtToR

%%féwﬁ%@@ﬂy1§?M#aéﬁﬁﬁﬁﬁfua?|Meﬁﬁedﬁf?hLQOthefsﬁmm@ of

ese es Q ass, but. they_have :

UBECEOr. BErg ki o SiARR EoR, HRdChy Phey ceritrature

esitt dspndnegnpat & bl eswbshtyhe fplodess ifser m@nnnn@s the
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en g f
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conpat MAth the Ioat(frocess
temperature of he lime-silica compositions

described above is around 1400°C only.

Arsenic oxides or antimony oxides are usually used for
refining these types of glass, but they have, however,
the drawback of being toxic. These oxides are in
addition incompatible with the process for forming flat
glass known as the “float process” which consists in

pouring the molten glass onto a bath of molten tin.

More recently, it has been proposed to use tin oxide as

a refining agent, the latter being compatible with the

float process.

The objective of the invention is to provide an
improved refining method for glass having a high melt

viscosity.

For this purpose, one subject of the invention is a
method of refining glass for which the temperature
corresponding to a viscosity of 100 poise (10 Pa.s) is
greater than or equal to 1480°C, characterized in that

gsulfides are used as a refining agent.
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i nproved refining nethod for glass having a high nelt
viscosity. For this purpose, one subject of the
invention is a 35 nethod_of, refining glass for which
the tenperature correspondlng to a viscosity of 100
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aracterized 1n that sulfides are
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%?65%% LheMyogepecidl Iphde r calassiesonpesi thensext
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YA P ays, which conprise the follow ng
oxides in weight contents that vary within the
| Iargtst Srg%fllnggd L?seir(l)gv this method advantageously has a
“Tlog2” temperature greater than or equal to 1500°C or

1550°C, even 1600°C or even 1650°C.

It may especially be:

- glass compositions suitable for manufacturing
substrates for liquid crystal displays, which
comprise the following oxides in weight contents

that vary within the limits defined below:

Si0; 58-76%;

B.03 2-18%;

21,03 4-22%;

MgO 0-8%;

CaO 1-12%;

SrO 0-5%;

BaO 0-6%; and

R0 0-1% (R,0 denoting alkali metal oxides),

and more particularly:
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S 02 58-76% B203 2-18% A1203 4-22% MO 0-8%
CaO 1-12% SrO 0-5% BaO 0-6% and R20 0-1% (R20
denoting al kali netal oxides), 30 and nore
particularly: 5 - SiO2 58-70% B203 3-15% Al1203
12-22% MO 0-8% CaO 2-12% SrO 0-3% BaO <

0. 5% §§6d R20 0581%09 or else: SiQ2 58-72% Ti R
0.8-3% “B2G3 2-15% Al2G8 10-25% CaO 2-12% MO
0- 3% Bz@ao 0-6%-1%0 0-4% ZnO 0-3% and R20 0-1%
(R20 @gg@;l ng alkatigpetal oxides), 5 these

corrp05| tions, \ggoé%] are di stinguished from soda-

l'i me- ¥8Pi ca co tions by a very |ow content of

al kal capet al oXd-dexy; have expansi on coefficients
téilgc_)\év 85 x 10- 7/3C;, and a strain point above 650C.

BaO < 0.5%; and
R,0 0-1%
or else:
Si0; 58-72%;
TiO2 0.8-3%;
B,03 2-15%
Al,03 10-25%;
CaO 2-12%;
MgO 0-3%;
BaO 0-6%;
Sxr0 0-4%;
Zno 0-3%; and
R0 0-1% (R,0 denoting alkali metal oxides),

these compositions, which are distinguished from soda-
lime-silica compositions by a very low content of
alkali metal oxides, have expansion coefficients below
35 x 1077/°c, and a strain point above 650°C. EAGLE
2000® glass sold by Corning Inc. is an example of this

family of glass;

- glass having low expansion coefficients used for

applications as fire-resistant glazing:

Si0; 78-86%;
B,0; 8-15%;
Al150; 0.9-5%
MgO 0-2%;

Cao 0-1.5%;
Na,0 0-3%; and

K,0 0.7%,
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2000(r) glass sold by Corning Inc. is an exanple of
this 10 famly of glass; glass having | ow expansi on
coefficients used for applications as fire-resistant
glazing: S 02 78-86% B2(3:.8-15% A1203 0.9-5%
MO 0- 2% C?O 0-1.5% NaZ% 0-3% and K20 0.7% 6
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substrate for display screens known as "plasm"
CoePad¥s I08speci al |y having the fol | owi ng
conposition, which are distinguished from

soda-l.i_ne-si,li.ca.c si.tians by, | t f g4
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glass refined according to the nethod of tppe Aoge a?%t

S 202

siofpentieT sgdAsralqness td EehiBht 1 B At

Si0; 40 to 75%;
Al,03 0 to 12%;
Na,0 0 to 9%;

K,0 3.5 to 10%;
MgO 0 to 10%;

CaO 2 to 11%;

Sr0 0 to 11%;

BaO 0 to 17%; and
zxr0, 2 to 8%.

The glass refined according to the method of the
present invention generally has a content of alkali
metal oxides (especially of sodium oxide) that is less
than or equal to 12%, or 10% and even 8%, or in certain

cases an almost zero content.

The sulfides used within the context of the present
invention are advantageously added to the Dbatch
materials before the melting step, preferably in an
amount greater than or equal to 0.05% by weight
relative to the final glass weight. This content is
itself advantageously greater than or equal to 0.1%, or
0.3% and even 0.4% in order to ensure an optimal
refining. Contents that are too high do not however
provide any advantage over the quality of the final
glass and may even sometimes modify the physical
properties of the glass. They are therefore preferably

limited to less than 2%, even 1%, or else 0.8%.
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nmet al oxi des (especially of sodiumoxide) that is

| ess 15 than or equal to 12% or 10% and even 8% or
in certain cases an alnost zero content. The

sulfi des used within the coptext of the present

i nvention are advantageously added to the batch 20
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introduce an el enment capable of nodifying the

qoro ertlt?énfa&b‘aglkaﬁ?gaiﬁ tl\]oa§gl’f| anoL:,]lt Metdlf, of
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cont al N k ho a e
tfv %!Tealém%% de use e§ %e addeéy Be 'IEE'e% 186 the

he su in the form
o@fntaaxn mmr@@fm@,@b@d aacgwﬂewntws,&hﬁ dsyentgon, alone

§U| fidesyof palkalk metalky (Na2Sid2S, (LhEH, 8ke.) prefven
al kaline-earth netal s (Cas,

S, r
P@frtltcruéf?éﬁ 1 ot it rent SGY%S ?e%?aﬁisccfmﬁﬁﬁ %éoﬁfe&hat
do hbe eentaxh ofhibe swidod asgosdialglyo fidie contents

|nvent| al o r_as .a xture. Zinc sulfide
g)n 4prad\f§;eo ]6% Y cU aqil'frgy suitabl e, even for
gI ass conpositions that do not contain this oxide,

'I%%Descalq‘_lllélesf %afoam&ptﬁe provided in the form of blast-

furnace slag or sulfide-enriched glass frit.

It is advantageous not to add sulfates to the batch
materials in combination with the sulfides, as a

degradation of the refining quality has been observed.

In order to further improve the refining quality
obtained, it is particularly advantageous to add, in
combination with the sulfides, an agent capable of
oxidizing said sulfides, in particular an oxide of an
element having several valencies. Among the oxidizing
agents that can be used are, for example, cerium oxide
(in CeO, form) or tin oxide (in SnO; form). Arsenic
oxides or antimony oxides also have this advantageous
property, but are not preferred due to their toxicity.
Considering the coloring effect of the cerium oxide,
tin oxide is preferred. These agents are preferably
introduced in a weight content greater than or equal to

0.1%, or 0.2%, especially 0.3% and even 0.4% by weight
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between 0.4 and 0.6% by wei ght. 20 The sul fi des may
al so be provided in the formof blast- furnace sl ag
or sulfide-enriched glass frit. It is advantageous
not to add sulfates to the hatch materials in

c?n‘oi nation with the sul de s, as a 25 degradation
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The refining temperature used is preferably less than
or equal to 1750°C, or 1700°C and even 1680°C.

Another subject of the invention 1is a method for
manufacturing glass, especially substrates for liquid
crystal displays, comprising a melting step, a refining
step according to the invention and a forming step, the
latter possibly, for example, being a step according to
the float process that 1is well known to a person

skilled in the art.

The method according to the invention is particularly
suitable for obtaining various products or articles,

which also constitute a subject of the invention.

Such an article is obtained from a glass for which the
Tlog2 temperature is greater than or equal to 1480°C,
especially 1500°C or 1550°C, or even 1600°C, and is
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15 by pronoting the high-tenperature generation of

gas that diffuses rapidly in the glass, for exanple

by introducing, by bubbling into the mass of nolten

gl ass, a gas such as helium and/or by addi ng halides

such asI cal cium or magnesi dm chloride to the batch
terials. bef or I_tin e Th f i ;
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iSﬁSO.COQnAi)Oo . 0. 06% by wei ght relative to the final
g ass%. € sul fur content is usually less than or

equal to 0.5% or 0.2%and even 0.1% To the

oy edges ofpide Faysnteasthae Eabi pired efRidiodmbbiment
using sulfur in gny of its forns hasg@een used or

, f
"destPiBed FOR 1§ giass cftat CRESIASHEGR nktth ©e
M ISTIQE Vi s especi @hlarbpbséiat esited kioguibdadmysigalother

novel and advantageous articles.

These articles, obtained from a glass having a Tlog2
temperature greater than or equal to 1480°C, especially
1500°C and even 1600°C, and for which the composition
comprises tin oxide, are characterized by a

[Sn?*]/[total Sn] ratio greater than or equal to 0.6.

The tin may be present in the glass in two oxidation
states: the reduced form sn?t (valency 2) and the
oxidized form Sn®*' (valency 4). The [Sn®*']/[total Sn]
ratio (denoted by R ratio in the remainder of the text)
is defined by the molar ratio of the tin present in the
glass in the reduced form of wvalency 2 to all the tin
present in the glass. A high R ratio therefore
corresponds to a high proportion of tin oxide present

in the glass in its reduced form.
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di spl ays, and consequently no substrate has been
descri bed whi ch contains such an anount of sulfur in
15 its conposition. It has al so been reveal ed t hat
the preferred enbodi ment _in which tin oxide is used
in conbination with the s ides is particularly

'], suited.ta aobtaini n I :
%Svgﬂ?agggﬁgéﬁ¥%c %s%ﬂ%hggggﬂﬁlc’eg¥§o ?ggﬁéggfﬁﬁﬁhOd
wsiglassihavixigea dRsgRibednper &her ©grwat @Ftt Rgn Gpable

oeﬁgr%ﬁé%}]glﬁ%%u&%pg%ﬂﬁh 1500C and even 1600C, and

. conposition 25 conprises tin oxide, are
characterized by a [Sn2+]/[total Sn] ratio greater

b%c%lg!sb\ﬁgr,egﬁﬁle ta_%d&;cﬁles Thtﬁubi i dfiyh &2 gaesgnﬁtﬁermstdieres,

s in oxj dation states:.the. r

¥kl @%?P%?mg%ﬁil’h@s&h& R f"k’l}fjrﬁ}gn gpg( 95‘%@?@?’% £o

pvEheuk8a24d [ hahakfaSohrer atliem ( denced asy REr @dwariteges .
he. remaipder oL the bexUpels daiieddychie Ml afigper

%olaf:?%%a??% present in %Iass in the reduced
framofiomlehcyi2 o ahe rRdurpd Iprasewkes, ith@ossible

ﬁ%l a§§mi/é high BRiLal 0o f hersfieng f3%.6QI0respondaddl terite
| gh proportion of tin oxide present in the, Ia%s in,

%ﬁé-ré@u@%dpﬁéFh?uler1Yoﬁﬁ%?qﬁ%ﬂﬁﬁﬁﬁﬁy%ﬁafﬁ%ge orm 1is
dapantorss peingf irpiriednathafladisi agntamongdein and of

described in_the prior art is capable . of leading to

GRRREHigh RS atqarfs%'%o?‘@ﬁ{f;er, L%‘7‘ireae‘:alrc%p|‘ScI ecgldAI hgzsO the
defdtieth have, thmenselMesie andneadepdndenafigibfonhe the
qRLhod whi G hag Pecp able {0 Deised: 4@, duiuf agLi ¢ is

H1em & sefies of advant ges. This is because it has
dgbem temasal edwheat thehighdren pgdpsht ilén Bt EPRERRtL AE LR

J1educrh f o mkes, | t sposskhlientdyt oubedi tih heclid skiass
of devitrification to cassiterite $Sn02. This .

ipeRas e 4§ ?%f%%%t%i%hcmﬁiFéPgiHSlPBrﬁpgshlggpﬁﬁﬁ§ty'
1ofe beiagehoe med invlH@ssgtastaiin nepritar@andioh platinum
is however capable of generating gaseous inclusions in
the glass due to electrochemical reactions. This is
because the water dissolved in the glass may be
dissociated to hydrogen (H;) and oxygen (0z) gases due
to the catalytic action of the platinum. The hydrogen
produced diffuses within the platinum, whereas the
oxygen remains within the glass, giving rise to gaseous
inclusions of small size that are @particularly
difficult to remove. Therefore, the inventors have been
able to demonstrate that the presence of tin mainly in
its reduced form makes it possible to absorb these
inclusions via redox reactions and consequently to
avoid, to a large extent, the generation of oxygen

bubbles in contact with platinum.

For these various reasons, the R ratio is
advantageously greater than or equal to 0.7, or even
0.75 and/or less than or equal to 0.9, or even 0.85. It
has furthermore appeared that it is in these preferred

R ratio ranges that the glass obtained has the best
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di srupting the glass-formng operations due to the
creation of crystalline zones. In addition, the 15
presence of tin mainly in the reduced formis

advant ageous when the nolt glass is in contact with
pI ati num PI atinumis frequently used in the gl ass

e USt %uéflﬁ s hig e?gkbk@g peiRt andfugh gaseous

presence o glass in contact with
1p1ca1tusmm@)0 i Shigweveticapady e RS gBRELREANPYasBBfSPle

M8 PNSoE N chbe ghasstduedfo @it reglliemoral sulfides
reactions. This is because the Wﬁ%g‘{% di.ssol ve
o

(ar il aynBbe - ik sbBFat@F e oW S(r@fg%iﬁang is
rﬁae/geae&fagtegm Thi@ds t @ot hen CRt alaytiicc @ct $ ode obft Hdhis

|nu The hydr.ogen 25 roduced i ffuse i L i .
FB'T%I nﬁ‘?ﬁlgﬁhellgaslﬁ hat 8x§’°§r?1rbgr?ai¢§ %\Ad%%ﬁ ?R:eLS R
x@ltaﬁs b;gl Bddgnyi se tedgaseousgentcl (gsiaddnsaof cghal | or an
8.7 lacly $i6H & 18 heEPYEe) .

ere ag[e aé%etp évdeér‘?ttlo% h%(\jllg %ee&nﬁI to ®
demonstrate that the presence of tin rral nIy in 30 its

drFéjuﬁﬁgfé%EH%éie pessi bl trahsenks, heée substrate

i nclusions via red OX reactl ons nd conse uent y %owhlch
faroi H1aesd a TESGE lexd BRI aY Re §EfTer TR b Yxy§
duHipd iesed ntl@@mfamllomhb @Ix'itdewrﬁn 3Befontt beaeents that

various reas he R 10 ant ageousl y
VEreat'er }tlﬁjan Tt S t%a%u?eégk?eg%}én 0. 75 and/ or

| ess than or equal to 0.9, or even 0.85. It has
furtherpore ap r that it 1sin these preferred R
rati o%rggges t?}l'f;g?f e’ gl ass obtai ned has the best -
11 r&Pning quati8y; (therefore the | east gaseous
inclughops). Thispzatio may be obtained by suitable
met eri ng of the ampunts of Sn02 and of sulfides
(espe@pglly Zn T the case where this metering is 5
not adeguate armd-1Zads to an Rratio outside of this
pr efe%%d rangeo_é;o_ Is also possible to adjust this R

H

BaO 0-6%; and
R,0 0-1%.

The following examples illustrate the invention without

however limiting it.

A glass composition comprising the following oxides in
the weight contents defined below was melted starting

from a mixture of batch materials and refined at 1650°C

for one hour:

Si0; 63.8%;
Al,03 16.3%;
B,0; 11.3%; and
CaO 8.5%.

The glass having this composition had a Tlog2

temperature of more than 1650°C.
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ratio by adding a reducing agent (such as coke) or an
oxi di zi ng agent (such as, for exanple, a nitrate). 10
One preferred article is, in particular, a substrate
for liquid crystal displays,,the conposition of which
conprises the follow ng OX|Id2es in weight contents

vary within._the f
e e e o ALY 1. e
dddedy THeO GobUpraBa@<0- 63pmahes RO, 0- LRy anﬂ?s Fhe were
{]@H&m ng leéég@é@&éiﬁlf sty dgy t hep inwgnt i onomi t hawt fate,
owever limtin gI ass COfT'pOSI fio Si ng
e s Tehi AG %|e£0rfw o FHESWA g@ﬁa%ﬁt 2%"1@ and

defipess bel Qvoxese methegd starting froma nixture of
batch materials and refined at 1650C for one hour:

Sio2 63.8% A12G8 16.3% B2O3 11.3% and CaO 8.5%

BearlbiEe gl asachavidiggt hics tduepisvenbhohadwasTiddgzained by
erature of mmre t 1650 or

%O:B;Iaorca%‘c‘i’%/e Eame (:I%%%nogr e? ﬁ%ﬁéngge%%gﬁmsusé%% lenc

ShEf DdepAZRE) ve nexampiweut, of3 Gtk GAY wiee Ihtefielat 1v

t{cﬁsloﬁ}é' Vf#ﬂaﬂs' Bga% s2 We¥at . Sulrbat eexanircoduced ¢4 11
orm o égsum CasO4) “and 0.5 .an 51 w %, of
agePEiRe tSnElRy invention, an equivalent amount (0.5%)

of tin oxide (Sn0O;) was added to the mixture of batch
materials in combination with 0.5% of zinc sulfide. In
examples 2 to 6, the content of tin oxide added to the
mixture of batch materials was set at 0.5% by weight,

and the content of zinc sulfide wvaried from 0.3%

(example 3) to 0.8% (example 6).

Table 1 below indicates, for each test, the amounts of
zinc sulfide and/or tin oxide used, the degree of
bubbles, expressed as the number of bubbles per cm?,

and the R ratio. The latter was measured by Mdssbauer

spectroscopy.
Table 1
7Zns (%) SnO,; (%) Degree of R
bubbles
(/cm’)
Cl - - > 1000 -
C2 - - 830 -
C3 - 0.5 160 0.25
c4 - 1 30 0.25
1 - 125 -
2 0.5 7 0.84
3 0.5 120 0.6
4 0.5 60 0.72
5 0.65 0.5 49
6 0.8 0.5 65
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Exanpl e 1, according to the invention, was obtained
by a process carrying out a refining step using zinc
sulfide (ZnS) in an anount of 0.5% by weight relative
10 to the final glass weigh{, For exanple 2, still
accord| ng to the invention, an equival ent amount

Xi ) S e 0 m e
o}? ba crﬁgé 1%g‘r”lgal %Q?%ég%%blﬁgtlﬁgwd%% Oé%?/‘gof&(ﬁél%l ehe
sulfate. ipna ewanplreen ¥ofEney hokoktéft yPS iH 9lass,

b d@mﬁi‘l@eQIﬁ&cﬁ}'&néﬁ nbytdrecal ibatwedrmmt 6Fi ahe Whsgree
set. at. 0.5% by wej content of zinc

%@I#W%l%%rb%ﬁngr% @e@% 1?5&52{)1:%6% "to 0.8%

(exanple 6). Table 1 below indicates, for each test,

he un of22|CSU|en xi,d o
]%f%aéﬁp?{r%)%e%%eg‘?%% gtﬂ" BHudhl & qexagr ssedE‘lhgl gﬁﬁer%le?lng
iy Bodbblesajpeed cuBth ahdSt@e. R rati o. The latter was
nmeasur ed by Mbssbauer spectroscopy. 25 Table 1 ZnS
(%9 Sn02 (%9 Degree of R bubbles (/ cnB )

Tﬁo@oadduzlon o3P -5%¢30f §ud figeso. 23 ‘%ﬁe f?r@ocﬁ Ftne
dulrge 1@ng) 2 ﬂ35 é&;a'inﬂlé) 8¢ A5 d2Gubdartial

0.4 0.5 60 O. 72 0.
STHEE SO Bt POl 68 (PAni=C2 Show AL Tre 10 ¥as

Butfiad EndBe a oy vieadr theti rére f pesifiuglt ypdlofes had a
fgfgg’size and could be easily removed by a minimum
extension of the refining time. Comparison with the
comparative examples C3 and C4 shows that ZnS is even

more effective than SnO, when an identical amount 1is

introduced.

The addition 0.5% tin oxide (Sn0O;) in combination with
0.5% 2ZnS (example 2) also considerably improves the
refining quality, since the glass obtained is almost

completely free of gaseous inclusions.

For a tin oxide content of 0.5%, examination of
examples 2 to 6 shows that the optimum, in terms of
refining quality, lies between 0.4 and 0.6% zinc
sulfide, more precisely around 0.5% zinc sulfide. This
optimized range is correlated with an R ratio between
0.7 and 0.9, especially between 0.8 and 0.9, the effect
of the zinc sulfide being to increase this ratio. It
can be noted that refining with tin alone (comparative
examples C3 and C4) only makes it possible to obtain R
ratios of around 0.25. These low R ratios have the
effect of increasing the risk of devitrification to
cassiterite and of generating oxygen bubbles when the

bath of molten glass is in contact with platinum.

As the present invention is described in the foregoing

by way of example, it 1s understood that a person



the smal|l inprovenent observed in terns of the degree
of bubbles being largely insufficient. 5 Exanples C3
and ¢4 show that a good-quality refining nay be
obtained with 1% Sn02. The ;3ddition of 0.5% of
sulfides in the formof zinc 10 sulfide (ZnS) in

'3:33.' ]:Ltrxo : lded q Slik%St aihiAl to| MRS TERYut various
re 0

e use of sulfates. was furthernore
volsenEed afhathd hinyest el WbEB%PEshH‘davﬁr Pige gupside
ANd Heow fgh-:e Sasily gammedh dyaer rdt miym tiext ehsimm.

of the refining tinme. Conparison with the 15
conparative exanples C3 and C4 shows that ZnS is even
nore effective than Sn02 when an identical anount is
i ntroduced. The addition 0.5%tin oxide (Sn02) in
conbination with 20 0.5% ZnS (exanple 2) al so

consi derably inproves the refining quality, since
the glass obtained is alnost conpletely free of
gaseous inclusions. For a tin oxide content of 0.5%
exam nation of 25 exanples 2 to 6 shows that the
optimum in terns of refining quality, |lies between
0.4 and 0.6% zinc sulfide, nore precisely around
0.5% zinc sulfide. This optimzed range is
correlated wwth an Rratio between 0.7 and 0.9,
especially between 0.8 and 0.9, the effect 30 of the
zinc sulfide being to increase this ratio. It can be
noted that refining wth tin alone (conparative
exanples C3 and C4) only nakes it possible to obtain
R ratios of around 0.25. These low R rati os have the
effect of increasing the risk of devitrification to
35 cassiterite and of generating oxygen bubbl es when
the bath of nolten glass is in contact with
platinum As the present invention is described in
the foregoing by way of exanple, it is understood
that a person
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14 skilled in the art is able to carry out various
variants of the invention w thout however going
outside of the scope of the patent as defined by the
claims. 15 - CLAIMS 1. A nethod of refining glass
for which the tenperature (Tl 0g2) corresponding to a
viscosity 5 of 100 pois a.s) is greater than
or equal to 1480C, chargggéggged in that sulfides
are used as a refining agent. 2. The nethod as

clai ged hBchBe Procediag:phabm §Thsd0 Woich dhech  the
gl ass has a 092

tenperaturée greater than or e%#g .
to 1560QenapEd al(lyo800COE SR 0das? cVEiTFEFL tY

ir adﬁrﬂodﬁpéiﬁép(ﬁ@eﬁéﬂg) QéaéﬂéatéﬂCbhbh?bfrEQual to
glass has a c osition 5 conprjising_.the follown

o de O el G Ricrrered Tharhobs SUAFEHER ERE Loed as
i m tes r@effiimiedy kejeave. Si O2 58-76%  B203 2-18%

Al23 4-22% MO 0-8% CaO 1-12% SrO 0-5% BaO
0-6% and R20 0-1% (R20 denoting al kali netal oxides) .
2. Thheretdiduodsasl ailsidnach bnetde tireqrdicdi A§aine 0
cl ai %j]awb@@g%lt SyLEi qaeSTQB%Zagéjé%é@att_@ﬁe baiefter

materials before the nelting step. . e hethod as
cl ai i@ o1 Ry ledsti P QG MR L Phato the-

sul fides are added in an anount between 25 0.1 and

39' 8%Tk1)1ye \An/%tgl'rl]éd ' glsatcilva%rge% tJhI? feiirtl,%lergloaésthgve ip%'%tc'eding
claims, such that the glass has a composition
comprising the following oxides in weight contents

that vary within the limits defined below:

Si0; 58-76%;

B,05 2-18%;

Al,03 4-22%;

MgO 0-8%;

Ccao 1-12%;

Sr0 0-5%;

BaO 0-6%; and

R0 0-1% (R0 denoting alkali metal oxides).
4. The method as claimed in one of the preceding

claims, in which the sulfides are added to the

batch materials before the melting step.

5. The method as claimed in the preceding claim, such

that the sulfides are added in an amount between
0.1 and 0.8% by weight relative to the final glass
weight.

6. The method as claimed in one of the preceding

claims, such that the sulfide is =zinc sulfide

(Zns) .
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6. The method as clainmed in one of the preceding
claims, such that the sulfide is zinc sulfide 30
(ZnS). 16 7. The nethod as claimed in one of the
precedi ng clains, such tha{ an agent capabl e of

oxi di zi ng the sulfides is added 5 8. The nethod as

Fapaniie of ot o Py CRE-Zfr s T Sh oW de o aprino

capab e o o1 I'ng e su I's an oxl de “of
el enemtaimst Isashseblrbl anvapgpeFesaraPleE Fhe ‘??@tq*ﬂo%llng

as C|@}ll 1P 4be presgdibqg claim such that the
agent capable of oxidizing the sulfides is tin oxide

(in Sn02 form. 10. A nethod for nmanufacturing gl ass,
gspeociad | et HEd Sebst1at pedf Qh ltihguiptettey®ing claim, such

di spl ays, npri si st e a. refi |n te
accor‘g‘%/?ltg Fg‘et r?egerﬁigst ﬂ%@g%:l j%ﬂjl’o %gaﬁ’g agsug’léallodes
f or m g sauep o#ide Thefnmanunf aetltaemeuug methedd dsc| slgwsral
in the Pégcedl ng claim such that heliumis

|ntrooa dC into the mass of nolten glass by bubbling
and/ or halides such as cal cium or magnesi um chl ori de

@re 'ﬂggqgeﬁﬁo&hgsbéﬂﬁmmgat@h'%E% befRicgite JmRlil, Nguch
ste 25 12. An article obtained fro Ialglfor
'b?“?%aﬁ &§

whi CHEHe CREOGEAUEFRERIE 1E Tk o

to IAB0GnH chai@st efnzegoj redhat. i ts chemi cal
conmposition contains a sulfur content, expressed 30

as SC3, greater than or equal to 0.004% 13. An
¥01icde mbthbded florommamh fsstivinghi ghaske HBwfrially

tenp g t n al 30 Qf;
whi chsrﬁ%&g%#ﬁ%%s#??o%&g&?rgr Fgggggli dlts%la% itk ding
a melting step, a refining step according to the

method of claims 1 to 9 and a forming step.

11. The manufacturing method as claimed in the
preceding claim, such that helium is introduced
into the mass of molten glass by bubbling and/or
halides such as calcium or magnesium chloride are

added to the batch materials before the melting
step.

12. An article obtained from a glass for which the
Tlog2 temperature 1is greater than or equal to
1480°cC, characterized in that its chemical
composition contains a sulfur content, expressed

as SO;, greater than or equal to 0.004%.

13. An article obtained from a glass for which the
Tlog2 temperature is greater than or equal to
1480°C and of which the composition comprises tin
oxide, characterized in that the [Sn®*]/[total Sn]
ratio is greater than or equal to 0.6, preferably

between 0.7 and 0.9.



35 oxide, characterized in that the [Sn2+]/[total Sn]
ratio is greater than or equal to 0.6, preferably
between 0.7 and 0.9. 17 14. The article as clained
in either of claims 12 and. 13, the conposition of
whi ch conprises the followi'ng oxides in weight

ont ts that var i Ly p ot | j.m 'B?QIQQ'QW a
) et

CaO 1312%th<§r Ocomp%sitReO 0-834 arﬂp(;ctho:@ng%.ses the
following oxides in weight contents that vary

within the limits defined below:

Si0; 58-76%
B,0O3 2-18%;
Al,0;3 4-22%;
MgO 0-8%;

CaO 1-12%;
SrO 0-5%;

BaO 0-6%; and

R0 0-1%.



