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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, METHEODN OFh REFANING GIiASRS AND tPROQIGE SOBTAINED
manuf acture, refining is a fundamental step. This 10
o eration consists in elimnating, as nuch as
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jr']I ct for t notive ggllca Lons (especially
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anth®yen sthd cten f ahet hevaﬁp@m Catslt@pfs of of | atthg) asglass
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Ipaﬁ‘?f (fetlg% eens‘%ﬁcﬁg S 1i qwta (%/%%% i spralys This
(Aebsy tiemecpneseheeiof egase@@ttlmgnclausmnsn posspbsyible,
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deform ng certaln pixe constitute
2B helser Yas ebubLiLREl L%ITO §eﬁéve,se<ré1%ﬂ pregense in the

THieyal maprbYueeme fg orrh@luﬁltlgzapp@ﬁgrbgwee@oht&%og&@dns and
of ul verul ent materials and from degassi ng due

M e T hBRREGPPFERL I ol Uhat T B8 c @Haddtivngr e fet rement s
girasset®bst i 0 redf@miniuaret h\eeﬁjzlr QQ&&J&- based hatshotive

| h 30 f exa i, um car bonat e,
apr’?erj{ antzl ossucdoﬁoﬁﬁa?s%l) fr)%( eas"gprll% ]g‘flr?)‘um sV oK must
cardbordali pxr flect nvigabiflatm) Tfaeq@aese«emxsmtmbhsmorfsx the
gag%ﬁatﬁc%&l%sdu‘éft °f159€5§11‘é%' d 'Eﬁ‘“ rSi‘SE‘c??)ﬁle field,

ain gases under taln cond
G a1 &l %e c tSWBeHem e S’BDITea’betaibnsSCb@&mn fugh as

Malda BRss AN LEHTIAYH (LCDs), 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
ceram cs and/or netals). The gaseous inclusions are
trapped within the mass of nolten glass, from which
they can escape at a rate proportional to the square
of their -2 di aneter. Thus, "smal | bubbl es (sonetines
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Cﬁw@cwvwmw%@t hattheFBY rentgai 81 bR8abURRIEe Sy the
toward t he of _the furnace. The vari ous
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alegy acéetirsinc ohetrpubples inowease the ratkoef dO the
vement of the bubbles in the glass and/or of

redﬂ0|ng the height of glass so as to shorten the

path of the bubbles toward the atnosphere of the

fi‘Hé‘a‘:}grlgﬁga'}é’flﬁlrﬁ emecci?llodr eftlﬁ‘é{‘g e%&%rtatéﬂ‘ 'hsave the

carri ed out m ca conpoun known as
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The refining of soda-line-silica glass, which

represents the mpjority of the glass produced on an
iTedusltry ,al ascakmices usafalriyngaspéeest ooh wst lvarre eal dout:

|l fate rce ul fat es, IIy
it PonBRRBU oA S AERA Yagent and
infrtrducedi vk Faduene patdh the eppbfb maut@hrlaéts higtpduces

tBNPERBLHEE, e 1QAUCHS @fgag%%OU§ne\t@lleutm&Ilt@rﬁ 59258, the
the start_of the refining.” The soda-line-silica

2SI hREPR1ESNpBRPE] &prwc&%%esﬁwg i Wikbi ghpe small
peisadagasd StERrfOndg5%hem away more rapidly to the

surface.

The refining of soda-lime-silica glass, which
represents the majority of the glass produced on an
industrial scale, is wusually carried out with the aid
of sulfates. A source of sulfates, generally sodium
sulfate (Na,SO4) or gypsum (CaSO,;), 1s 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,0O3 0-5%;

Al,0; 0-10%;

MgC 0-8%

CaO 6-15%

Na,O 10-20%; and

K,0 0-3%.
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B203 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 Na20O and CaO (hence the expression "soda-line"),
this glass has a very low nehLt viscosity. 51t is
however known that the sulfafes are not effective

%ﬁl %B '§h@'9Hgﬁf'88n9£nEefépl @|QQ§dth§k)h?ﬁeﬁce the

hig nmelt visc since its décomposition

eEPFESRiATe |%od4d/em¢ ‘her gelseduglegsl bepon gergodow melt
REGWosiWRen the glass is too viscous. The expression
"glass having a high 10 viscosity" is understood to

nmean, within the sense of the present invention,

gltasss fraywend € hkridien t enper aher eulgareesperdingd tef fective

ty of_ 100
HsRiord ire) Tt Eat or | { RaR: B HqUARSCo Ikages @ high
smdhc afmmstyy ‘béenng necesdargmpos ensom etthatrdbure is

tem.’)er ci%&f%aévélﬂ ?88”8?' o RIS Ee%g%he glass

e soda-Time-5i"éa conpositions
désct@‘bedfm i s TAeousrde 1499 0Nl YAl sehyiogi des high

Qi SRR AR OXi gﬁ§e§5%06§1uaéd ymé@ﬁd Q120 Ereé' Qlee of
these types of glass, but they have, however,

8P§Mﬁ£ﬂ§eﬁtbbmﬁ%anQPc 9FRESe T d¥ai @R ethh’ temperature
@asarlrtels@@nldri@q@mtai 10l €1 4 £ 1€ Pr 068Spol 8k f(@hBWAGas the
tﬁﬁ ss known as, the fl oat rocesg mhlc

5020 s TSGR | he-frol TER DF SestBAPO Bibalhlah O
nnBDéE,tmmch25 Mirsscgecentbyingtnbassbeen ppopasedet ahat
URE tkﬂggiggetgﬁfha ' flnln%ea%%%%bl%he l%klerT%% n%log2

conpat’l e 1 o4t process
temperature of the soda-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 1s 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

sulfides 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 yrefining glass for which
the tenperature correspondlng to a viscosity of 100

pojise (1Q Papsdaise gﬁﬁﬁierth@ﬁt%&sequﬁgvéo ]&gggévered
characterized in that sulfides are used
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nonst r at es. a reflned u3|n
% anté%%%h§¥“xﬁaéﬁé "Hog2iCt 8 Epgiﬁggsgwggggrbe even
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0 I I t S
SHERLIBOD: a0 pRSRGEOTROE S coxe

@ﬁ?@@éﬁr@¢§§lays whi ch conprise the follow ng
oxides in weight contents that vary within the

limts defjned bel ow
Glass refined using 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 1liquid crystal displays, which
comprise the following oxides in weight contents

that vary within the limits defined below:

Si0; 58-76%;

B,03 2-18%;

Al,0; 4-22%;

MgO 0-8%;

CaO 1-12%;

SrO 0-5%;

BaO 0-6%; and

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

and more particularly:
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Si 2 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 - Si Q2 58-70% -B203 3-150; A12C3
12-22% MO 0-8% CaO 2-12% SrO 0-3% BaO <
0.5% and,R20 0-486709f else: Si2 58-72% Ti 2

0. 8- S%B B203 2-}50/ .. A1203 10-25% CaO 2-12% MO
0-3% °“B30 0-6%°> S0 0-4% ZnO 0-3% and R20 0- 1%
(R20 deneding alkat22%etal oxides), 5 these
corrpos'%,Jlrgioons, '_céh are distingui shed from soda-

| i me-sil’i'ca conpositions by a very |ow content of

al kal i Ca€t al oxi4teb?% have expansi on coefficients

bel ow g3 X 10- 7§ Ggand a strain point above 650C.
EAGLE

BaO < 0.5%; and
R,0 0-1%,
or else:
Si0; 58-72%;
Ti0; 0.8-3%;
B,O3 2-15%;
Al,0; 10-25%;
CaO 2-12%;
MgO 0-3%;
BaO 0-6%;
SrO 0-4%;
Zno 0-3%; and
R,0 0-1% (R0 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,03 8-15%;
Al,03 0.9-5%;
MgO 0-2%;

CaO 0-1.5%;
Na,O 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: SiQ2 78-86% B2O3 8- 15% Al203 0.9-5%

MO 0-2% CaO 0-1.5% Na20 0-3% and K20 0.7% - 6

a@m easzaambEeogo% heséségp;q@sy‘ @@lrrm';tdsmslormi Chh%bﬁ are
t.i.nqui.she r.om soda- silica conpositi qQns

SRR | RaOh s o PeRex A e By =

liy)w Gmnntagtl od. ;| N&Qyl asd Chat, cam @ams:@d @bkass sold by

? nfcor dISp| ay screens known as "plasm"

scr een especially having the follow ng

conposition, which are distinguished from

soda- ljinR-si i 58 conpes| Us%s fy é%see&se&s f%fr giisplay

Na2Q ~ 10 SiQ2 40 tq /5% A1203 0 to 12%

FHrESRFO 8NGWRo ADY PLAFO] t 6C1094S, Caemze%alﬂ% having

Sh@ Qdﬁldﬁ%ﬁiiz:%ébéitﬂ&ﬂ© RRIchZBER 3ik@ i8%uilhRd from

€

doss rehined according Lo the et hod of LS.« PLESSIL,
S1i0; 40 to 75%;
Al1,05 0 to 12%;
Na,O 0 to 9%;
K,0 3.5 to 10%;
MgO 0 to 10%;
Ca0 2 to 11%;
Sro 0 to 11%
BaO 0 to 17%; and
Z2r0s 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 batch
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 1is
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
prdvide 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

sul fides used within the canyext of the present

i nvention are advantageously added to the batch 20
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%ﬂﬁxﬁ]n§h1f95§§s and, may ﬁ&ﬁﬂ?§9€?5th§nﬁDﬂtby d trates
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W@{C&a{mwt NPhHi ceatedn easlé<at Mmovgl egBhdesg, sdroudide for

Qx8%p1e, 7dbeT hgvo@%@dp][ gh@r aégjr%fl?és{ Ih @@édfﬁaywabc hdhe i
n es
EHp G G S ot 4 e SR e ﬁae?w%ss%ggd%t

i ntroduce an el enent capabl e of nndlfylng t he

f ot a intQ. the n. The
IH?%%é%%tl%ﬁ l& a%? ! ?alagﬁgfi |n bﬁy of
@d#@@mma1aaﬁuh mﬁiabwbéﬁaateﬁg&MﬂBﬂsrnsmsnoetc.) or of

EQ%%’e 1§%ﬁ@leﬂgﬂ f%ﬂ@eSFégouégcddeéayeé@nﬁggpoﬂ% the

avoi es used may’ be a
GPn&emtx Qfr £ R dl ad¢Prereat teukhedésvengion, alone

o fides of akbkalbeet alisd NaZS, £ K&S, g £2S) eh%s) ﬁybven
al kali ne-earth nmetals (CaS, S, BaS, SrS, etc.

BfarttlrcéltJrﬁrt iYors W Rt s Qs TResIlass. fomsaéleéléd that
do thet coshexinoftihhe rmethes, accgising 19 the contents
%?%entlo al one 15 .or as a nmixture. Zinc sulfide

EPeRad g Vh O Far Q% dishdRF suitabl e, even for

gl ass conp05|t|ons that do not contain this oxide,

%ﬁ@e%hﬁkuﬁé%o%éyngfggf%e provided in the form of blast-

furnace slag or sulfide-enriched glass frit.

It is advantageous not to add sulfates to the batch
materials 1in 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 8SnO, 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 1is 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 fides 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_ bagtch materials in
conbination with the sulfides, as a 25 degradation
ofelinelwflmngtwal ﬁiryah?sgpggg Oxbléﬁde@d bdtmepfdeéo?tent
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Hr el wPPG S aeott 28 add 14 ofosdiail g - 10
witd tohe fardfddlesasan wigent capabbgidk 30soxighdi Mgnd in
?Paé &Ilfélge helnn E%r“§mu%:%dan' ch:doembOf 1oneI %n%%t zinc
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Rl 2y OB tibe QX de 4 SN@2 form). Arsenic

oxi des or antinony oxides al so have this advant ageous
35 property, but are not preferred due to their

tind Ci tlywerﬁmss dewa% th@l%@lo%hr%gi ef tgat ofghbheng the
ceri.um oxi de, E oxi de Jrrﬁlr eferred. These agents
t
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greadreridhantbe egualidle @héé@u@rlﬁCZ&%leﬁBeﬁhﬁﬂ)kemaln
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TP ST add Welghe e elar‘19 %ﬁlteen?né f er5B| ?eggégg step
ﬁmveexeeeduczl% harghkd odiemened. St%arhn thdse pwkfehr etemain
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cERcent THESEi il nosdi whel GTrt réaacefdlersefcmeaf epgbly removable

bRt V‘@%‘%m@bt‘}_n%ndthG%uEhetbﬂﬁ@@b@ﬁ%ehaéf@ngk§ﬁ98§r edr gas
that enmentation of the refining

d [
éggﬁs&l ngrf’lg?fiﬁéf 10 |trﬂﬁ’entg|lé’ﬁs't héoﬁos%%‘%mﬁle by
gas:azmﬁmmd Mprnsubbaingenhts thappedsi Bt i lHasglass,

he end. of h h-high
& 9T er U R =L HOSE thi GHOGRabY ST | fmbATga, such as
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WRAHMS Q% HA LRy &), easily renpvable

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 heliumgand/ or by addi ng hali des
such as cal ciumor magnesium chloride to the batch

retefd e i 280 pefiar e gdhe inrlitdamg sheprniherpeti ntngt its
t erature used preferably | ess than or equa
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t he roatﬁProcess that is we nown to a person

KkiAdre®t ¥ tdte ard .evRie Grethod according to the

[ nventi on is particularly suitable for obtaining

vari rodfcts or fartl cles, 35 which alsoq

dnstt ?u BOoWledhpe @t of NEhdVETREMESon. "SuERTARING method
arstingl esiad fabt al medhrfy omfa gtESSfdJQﬁs wWhizgh bben Thegd or
tenper.at ure .S greater.than eq 0.1480C,

SR B 1B 5P Ta508 wfh e erf P08 and Rian gmelt
Ml&ﬁ@@ﬂ@m,ze@sgermlpdmy cuurst it ashe ffaact ltikatid t srystal
ehemhedls conpasi tLoRsEQNLALRS a F%g'fy&?gg%@@ has, _been

expressed in parts per t hat
gesaraberthanh ofh egeait aia 10sppm v @m@nnsoopﬁomswf@r in

9t8. CRMpRIsi@.iQPH% by wei ght relative to the final
glass). The sulfur content is usually less than or

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

Klnowlaed@asmf ddwn immm@ thet r ehenprg reetrbad emb®diment
u3| n‘ghsulf in an its fo nms has been

g F sed or, h th
48scPibed fior pl%gd%i& ng> gl R tﬁgt RPN AFGR el R the
gudcasleby i segpediialdhasiubste bt esufoedl tqubbtediysngl other

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?' (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 valency 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 which contains such an amount of sulfur in

15 its conposition. It has al so been reveal ed t hat

the preferred enbodi ment 4 movich tin oxide is used

in conbination with the sulfides is particularly

el | tiseli kedwlledakt aj Mi bgeotime@lent2dsHovied aB@ining method

V. ageous artic he se, ar cles,. obtaiped from
u% g’s HavPEgo8 'Fieosg?genpje?a%hﬁe Rt ef ” Fhéﬁ ocrapa]Ole
@cfudleatd;nmmtsmeaclmlq}y R 1500 and even 1600C, and
for which the conposition 25 conprises tin oxide, are

characterized by a [Sn2+]/[total Sn] ratio greater
tRaeerequihet @ iglesthehus n dedyinsel phegent themsed ves,

&h@iﬂdéﬁé%%ﬂ%%?nthét #Hthod NhTgduced HEEM aRdt to
the 30 oxidized form Sn4+ (val ency

al enc and
%)e é([§r‘*?241]‘°7“'[“t1%‘i‘%ﬁu{‘sﬁ] thegy| oa(d;@ﬁfd{eéd ‘B§ RAVaATteges .
'rmltshelsermecmimfe Ofltt heatextden i sedefdined byathes higher
mol ar_ ratio tin prese [ ss i.n the

t , g Ig %h% -ﬁlﬁ ible
PERECEL 5 Rlof J\Faljerhc S 15°8FFt hB P 5Fe§$mpqsr?
the blmss. tAehi ghsksr atf odéhéteﬁcﬁtiea%&omort@smrs;d;attecrlte

h t-h
gnB%?STﬁg%pg&%ﬁf c&ia%i€09é$ggfﬁé?§ \ﬂyérgllfhgh Pm is
caveRter ©f feeied i Abngedethodlass rLgDnﬁaur@Mll@etln and of

g?%?ﬁb@%ﬁg‘ nihie %rl'a%rs—%rorldﬁ'lgca ?)@r%tl%fnsl e%ﬁll'eng t® the

such high Rratio. 5 Mreover, the articles thus
Gére?ﬁéﬁnha\/%f t REMSEPyd ne anﬁon%ﬂepeﬁ@enﬁi@db‘fl‘?%e the

petBedcwhi J¥ hasiheemaablig t 0in betHsed deyraruf aﬁ&idﬂhe is

f t T b t
BGA"F G9BaEd HR BRI GROE STprotRt | R o 1TRRFACE AELEn

pédudednf. or Bl aakesmni tlposﬁj_rebd;@eﬁﬂlyo Ugenlt itrhe theskglass
9&dﬁ§¥k&rﬁLlc%thnx§Q1 S%ﬁé $$n%onog ang Cgpagprity

particu arly ref ract or\ crys ormis
6heb@ineg singraneaf | nodltass qﬂcﬂﬂ%u phngontecindvofh platinum

is however capable of generating gaseous inclusions in
the glass due to electrochemical reactions. This 1is
because the water dissolved in the glass may be
dissociated to hydrogen (H;) and oxygen (0O;) 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 noltenjglass is in contact with

platinum Platinumis frequently used in the gl ass

iﬂ@ﬂﬁﬁiﬂggﬁeqhglﬁt§ hiq&w@%%ﬂdﬂkfﬂﬂﬁﬁeaﬂdl@%ﬂbt g?ﬁeous

purity., e presence of nolten ass .in co ct wi

DATT 02D 1 5 Towby e odbaBRE ofe geRErariaty Gisedibtable

imetesiogs b the glassmirdue tof el ®@eds ochem caf  sulfides

r ggtigfgllWT"éié)S ecause th Mﬁ@Fr diﬁgolve% ln.

t He QT as3 Ty B’ “di $%0di 4t ed®tD AV G Sgeh t ol eafd 19 1S

oxY'gendeORptgasuasd dleadso ttchearafal satiio aotitemdef dfethis
Al dTQSnaﬁgrqggni%Saﬂggd %%f%féu§gsaﬁhbg%nthis R

the platinum whereas the oxyden remains wthin the

gralsso Brviaggimdser t beguseénds ademd usiors af seke) or an

SbZedihadg aéﬁeﬂ@@r tEGsh aééﬁ f8kf EkaMbliel 0O @ABYELe) .

Therefore, the inventors have been able to

denonstrate that the presence of tin mainly in 30 its

rcadTJc@detfeffmemak@gtitl@osisd,bl ent (%@kﬁﬂflbliﬁ,eslé substrate

inhclusions .via.r X r.eactions consequent t .

A5 T 00%e " (Gl e ARPELPRE” gat oeTBROBS Coyga which

bubipesses tbat dotl lwwtimgpl@tidren iB35wEdghthesmtents that

' : R.ratko_| nt ageously

SR o R g LIS B nt g, o THRR %5 S or

| ess than or equal to 0.9, or even 0.85. It has

furt hegyey,e appeagelgthat it is in these preferred R

ratio ranges that the glass obtained has the best -

11 refPeRing quafTtyS{therefore the | east gaseous

inclusiraps) . This2zapi o may be obtai ned by suitable

neteriﬂ%,of t he @gaynts of Sn02 and of sulfides

(especi Fﬁy ZnS) " In°the case where this netering is 5

not ad€gq®ate andlt+Eads to an Rratio outside of this

pref er ed range,oig%js al so possible to adjust this R

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,03 11.3%; and
CaO 8.5%.

The glass having this composition had a Tlog2

temperature of more than 1650°C.
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rati o 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,;4he conposition of which
conprises the follow ng oxides in weight contents
that tNar yowphitiah itke dxamdBe defli neth bebowhi S Rgent was
58- 76% %2(13 2- 180/qg .A1203 4- 250/%%0 0-.8% Caﬁ?
5% SP6 08U BLOYE- 6952 TRGC 0- 105 28 The were
frdfligwichg edempE@Esivdlwst ratind he G entd on o t hautl fate,
Vi Mmtingdt. I it npr.i $i Rg
ORI n ot ifes (PER 357 APRAR GBI oRAS ' 895 ana
defitrie® théliow aasisiarel 3k )st arting from a ni xture of
batch materials and refined at 1650C for one hour:
SiO2 63.8% A1203 16.3% B203 11.3% and CaO 8.5%
5 afd &) s s2RAVFAGRENILS ddifpost el Prad HaTl egrained by
enpebakidise @Brﬁ??@g&?@ﬁtl650§%efiﬂgngFoftéﬁe118%&9(1zinc
co rati anpl e no refining agent was _added. .
P Coial Gt Vet Bxditp] FAOEBT 63 dhd "I hePE LOPEf i i ve
tespedia veiynaisi ngléds2 wwvéaght sul fFare, exanprleduced igtill
%?%o%%ﬁ%%??gﬁéﬁfgnlé&%§%¥%n?ngnoéguﬁggle%tlaﬁﬁ%ﬁﬁy (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 varied 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 wused, the degree of
bubbles, expressed as the number of bubbles per cm?,

and the R ratio. The latter was measured by M&ssbauer

sSpectroscopy.
Table 1
zns (%) SnO, (%) Degree of R
bubbles
(/cm®)
Cl - - > 1000 -
C2 - - 830 -
C3 - 0.5 160 0.25
C4 - 1 30 0.25
1 0.5 - 125 -
2 0.5 0.5 7 0.84
3 0.3 0.5 120 0.6
4 0.4 0.5 60 0.72
5 0.65 0.5 49 1
6 0.8 0.5 65 1
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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 weighti3For exanple 2, still
according to the invention, an equival ent anount
(fhégﬁcom@aféﬂlﬁéid@xéﬁb@@% was added to tBBoﬂixtHée the

Ftch rraterlals i n conbi natlo vvltth ng/OOf Z% 1
sull1 FES iR 2 exampl €8° t6° ln?ﬁe eontdrtS ofYRS Pt 9lass,
otdueiesaddiéd imprdieenidntm gxbaeevefl bat cherms epifalthavagdegree

0 t of
O R Yoo R AR S8 O oo
(exanpl e 6). Table 1 below indicates, for each test,

tieaAmat 830f3n 20 czi n§h<§d«'| ft'h%% and /Rl dtig aaXit f
use%l, t he degraéré of _ bubbl expregged ggat heqﬁuﬂ%e%mng

dfa Y udh| @RE ‘i‘ﬂeﬁ‘e@n‘@lthai‘ﬂé FH@2R ratio. The latter was
nmeasur ed by Mossbauer spectroscopy. 25 Table 1 ZnS

(99 _SnQ2.(% Degree of R_ bu

17(/%0 ?8%:2*(‘-1/%9 &40 0- s Ofoséﬁ%éé’leﬁ 250 cﬁ?le fo5g ®hszine
IsWlbide 1262rS2 Qi1 CE}San?pDe 841 fbnﬂoﬁl@ecﬂi 120 fulbstdntial

51 -.13

S A0 112 0050 1 b 000 B 1E o
Sﬁ}llftdl%rm@r% @@Wrry@@r teétndrhef oreshidsatygrulgfles had a
W ASFe 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 is

introduced.

The addition 0.5% tin oxide (SnO,) in combination with
0.5% ZnS (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, 1lies 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, thé 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 C4 show that a good-quality refining may be
obtained with 1% Sn02. The-adgiti on of 0.5% of
sulfides, in the formof zinc 10 sulfide (ZnS) in
Exeaimpl €d 1 i ovii leked arsubﬁan&tbaé tﬂpr@a/ﬁﬂvpntout various
relative to t@ﬁ use_of . sul fat%%I t urtherm)re_t d
oFer VR 1 Rt CtRe FESPUGSR BULBIMS fitreyey FYd' L getside
and dowl sedyee eali tiyereabeed by delmineduby éektensidns.
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 terms of refining quality, |ies 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
clainms. - 15 - CLAIMS 1. _Aqethod of refining glass

for which the tenperature (Tl og2) corresponding to a
viscosity 5 of 100 poisediliM@a.s) is greater than

or equal to 1480C, characterized in that sulfides

are used as a refining agent. 2. The nethod as

dl.ai m&d imethedpr ecedi ngféhdanm igladd wiceh thkeich the

gl ass I tu h o]

Po 1560er2abelia) 15 HE00 L5 MR Hinda b $lidgsiey
i n ei tiderl 06 Hmesqar@c%dﬁ’mgs clai gseatachthhat orhequal to
gl ass 1h@9 &, CUMAS MO 2P COMPRASI QQl%E‘SeEOEE@%%%d as

oxi des in weight contents that vary wth
linite defilRddDaIIRRE -Si 02 58-76%  B203 2 18%
A1203 4-22% MO O- 8% CaO 1-12% SrO 0-5% BaO

-6% 0-1% ( de ting al kali nmetal oxjdes)
© Thé ﬁetrTRf%tgl%% 3Fal ot & tIPereﬁ% ngta26, 1n
cl ai nehiich whheh gﬂfaesssuhhsdees dilegaddeshperdthere batrelater
naterl I eforeth It ste 5._-The as
cl ai rreg‘ ap % thé ura‘elce m;lg dcqn)% Sgpuc%la]tjﬁlatlﬁd;oa
sul fides are added in an armunt between 25 0.1 and

9u896QM@MHéHHo&GAQtE%%ﬂﬁ%&'%hféﬁﬁheg'%%5tM@ng%ceding
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,03 2-18%;

Al,03 4-22%;

MgO 0-8%

Ca0 1-12%;

SrO 0-5%;

BaO 0-6%; and

R,0 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 1is zinc sulfide
(ZnsS) .
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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 clainmed in one of the
preceding clains, such thatign-agent capabl e of
oxidizing the sulfides is added. 5 8. The nethod as

ct ai metheén ridiehqi ecedi Bgachaidm isucdne t hat the aggét:edlng

capabl e, of oxi di zi,ng h sulfides, is_a

elenenflgh%g has'<bvk 3? a1 BHEPEs . Ci%aneTﬁﬁfn%FﬁaaZlng
as claihedsvhfiﬁQSpneceddag claim such that the

agent capable of oxidizing the sulfides is tin oxide

(in Sn02 forn% 10. A nethod for manufacturing gl ass,
eSpeci BN ymetBodupst capdgieorn itdie dPrggediglg claim, such

di spl ayisat COBRN i fddiok @agsb%ng)ﬁtsﬁldgzﬁﬁgl deég St€Pides
accordjng to the ~nethod of claims 1 to

form nig® st @p. @ild?heoﬁan@%cﬁ}ﬁn}?@‘%t% ash%f’r ai pegeral
in thevahpteseding claim such that heliumis
introduced into the mass of nolten glass by bubbling
and/ or halides such as cal ci um or magnesi um chl ori de

e divedn¢thotieabatthimatiednalthebefraraedihey meldimg such

st ep. tﬁﬁ-QZ%Fo Q#%h?lgaﬁggﬂgn%gffég z?ﬁgn f&Prsul ides

whi ch erature is grea er or equa
to 148001nﬂﬁ#%QQeleéWNh1ﬁQnm its chenical
conmposition contains a sulfur content, expressed 30
as SC3, greater than or equal to O. 004@6 13. An
At clfe oBERNASd fiodm MYPASACHSFINGI chleRs . Tioyzecially
t enperaipsterdte great erighan eryequal digp1AR0C @tbfsing
whi ch the ftnROSItlon conpri_ses tin

1ng step, a Frefining 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 1s greater than or equal to
1480°C, characterized in that its chemical
composition contains a sulfur content, expressed

as S0z, greater than or equal to 0.004%.

13. An article obtained from a glass for which the
TlogZ2 temperature 1is 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 cl ained

in either of clainms 12 and- i3,-the conposition of

whi ch conprises the follow ng oxides in weight

cont ertise t aﬁEiMalé)zl(?gV\ﬁzdl?ggnd&elrh iogigﬁegg/bifn%q SQS{sg\gz and
58Si0 6} 6} - 8%

CaO 12]13% %Fo 00955}80538%6%% 6% an l‘é% yrises  the

following oxides in weight contents that vary

within the limits defined below:

Si0; '58-76%;
B0 2-18%;
Al,03 4-22%;
MgO 0-8%;
Cao 1-12%;
SrO 0-5%;

BaO 0-6%
R0 0-1%.



