24 J~ : 20 5 ALKALI FREE GLASS, PRODUCTI ON METHOD THEREFOR, AND FLAT

DI SPLAY PANEL USI NG THE SAME Field of the Invention 5 The present invention
relates to an al-kali free glass preferable for various kinds of fh@t@nfmm
di splay panels such as a TFT (Thin Film Transistor) liquid crystal dlsﬁlay
panel, various kinds of flat display panel using the sane, and a net hod

for producing the alkali free glass. Mireover, it ultimtely 10 relates to
an alkali free glass not containing an arsenic or an antinony oxide, which
is ordinarily used as a refining agent, various kinds of flat display panel

usi ng t henrsener Fand cLasd hedopberr ipnodoeiog THIREHde| ANDrEee gbaseraYS
Background of the Invention At the tinme of nelting a glass material, in

general, a so-called refinipg ggenis Mryitg angf fect of grow ng bubbles by
a gas generation by the deconposition thereof and pronoting renoval of the
bubbl es contained in the nolten glass, is added 20 in the initial stage of a
step for nelting the batch. Nbreover the conponents al so have an effect of
absorbing the gas in resid% gbles and pronoting elimnation
thereof. As such a refining &éﬁt £SE 6 an alkali free glass, in

general , an arsenious oxi de (As2(3) and an antinmony _25 trioxide (Sb?CB)
areuséd. The A§§€BHﬁﬁﬁﬁ?ﬁﬂ%%ﬁ?%ﬁ}%?n@e¥%ﬁ%§|Bﬂ an ihkébN fogs glass

preferable for various kinds of flat display panels such as
a TFT (Thin Film Transistor) liquid crystal display panel,
various kinds of flat display panel using the same, and a method
for producing the alkali free glass. Moreover, it ultimately
10 relates to an alkali free glass not containing an arsenic or
an antimony oxide, which is ordinarily used as a refining agent,
various kinds of flat display panel using the same, and a method

for producing the alkali free glass.

15 Background of the Invention
At the time of melting a glass material, in general, a
so-called refining agent having an effect of growing bubbles
by a gas generation by the decomposition thereof and promoting
removal of the bubbles contained in the molten glass, is added
20 in the initial stage of a step formelting the batch. Moreover,
the components also have an effect of absorbing the gas in
residual minute bubbles and promoting elimination thereof.
As such a refining agent, in the case of an alkali free
glass, in general, an arsenious oxide (As;03) and an antimony

25 trioxide (Sb,;03) areused. TheAs;0Os;providesarefiningfunction



owing to the effect that the As2C3 added to the batch derives the oxygen
fromthe vicinity in a tenperature raising process so as to be an As205,
and rel eases the oxygen at the tine of returning to the As203 at /& RiNgHigs
tenperature. Therefore, in 5 the case of using an arsenious oxide as a
refining agent, in order to pronote the change fromthe As203 to the As205
at an initial stage of the material nelting reaction, a nitrate is also
added in the glass batch as an oxidizing agent. The sane is applied to the

case of the Sh203. 10 Recently, in various fields, use of hazardous

subst ancegwingnds the sl freduddr t Alhso AsnOs dde @I p dgthea ha tgitase gt si ng
agent, novenent of replacing the poisonous and hi ghly hazardous As203 with
t he | ess hlagardoresn Sh208 the becngispr eada ey re trd is Inoy enente 5 s
remarkable in the field of alkali free glass 15 mainly used as an opti cal

gl ass or @ T&d to gk daerysial, dinsiplray e agleads s hsubsdygire a twWhtereeitiMde As203
has been used ordinarily as the refining agent. Mreover, in the field of

the al kal feiﬁﬁﬁigga@@ ARG ,01 ke hi gl gse whelgldr4 her& eplacanenirof fthe As203
with the Sb203 20 is pronoted, according to the performance of the TFT

liqui g Cr%’%éaéafé Shangs, ofa *heréjérg%%;c?&[%é 5 taherreefcifnirg% %%B}Péi ti,pn wth

a higher thermal resistante i s use ads to rise e ¢l ass

melting tenperature, Accordingl in the case .t h2 i §_used as the
refining %5@%% ?%rp?%$?ﬁ?n§h% 5¥%gg62§r§%q§$?i%39§ %Pg%%%eﬁfFébé?%ﬁ%%rature,

the Sb203i£ft£§9ué{§geté% é%e material melting reaction, a nitrate is

also added in the glass batch as an oxidizing agent. The same
is applied to the case of the Sb;0s;.

10 Recently, in various fields, use of hazardous substances
tends to be reduced. Also in the field of the glass refining
agent, movement of replacing the poisonous andhighly hazardous
As;03 with the less hazardous Sb;03 is being spread. Moreover,
this movement is remarkable in the field of alkali free glass

15 mainly used as an optical glass or a TFT liquid crystal display
glass substrate, wherein the As,;0; has been used ordinarily as
the refining agent.

Moreover, in the field of the alkali free glass among
the fields wherein the replacement of the As,0; with the Sb,0;

20 is promoted, according to the performance of the TFT liquid
crystal or change of the production step thereof, a composition
with a higher thermal resistance is used. That leads to rise
of the glass melting temperature. BAccordingly, in the case
the Sb,0; is used as the refining agent for refining a glass

25 requiring a high melting temperature, the Sb,05 is required to



24 JUN 2005 be added in a |larger amount. Furthernore, in order to
strengthen the refining effect of the Sb203, it may be used in conbination
wi th other conponents. For exanple, in the alkali free glass and tt@é JUN 2005
production 5 nethod therefor disclosed in JP-A-10-114538 (the term"JP-A"
as used herein neans an"unexam ned published Japanese Patent"), 0.05 to 3%
of an Sbh2G3 and 0.05 to 2% of an SnQ2 based on % by weight are added as the
refining agent. In the alkali free glass and the production nmethod therefor
10 disclosed in JP-A-10-231139, 0.05 to 3% of an Sb203 and 0.01 to 2%of a
chl ori de PR adlafsipk GIRIar énaddéd aBUf ReerePrRi g Chagehtto Nbr ebyehen
although it is not as serious as the case of the As2(3, the Sb2Q3 also is
hazar dous thande &hnahka¢ ff¢cbe QltassSbiBs,usitnga ndid hered he AR abiosh2C3
and a production nethod therefor have been proposed. For exanple, in the

al kali freetgl assedi s@Im@setigs. JP- A-9-110460, 0.5% by weight or less of a
fluoride in terms of F is added at the tinme of preparing the glass batch.

20 In the al kal pofregaghass andnha1Rpodustbony oot beEafiqudt sehosed in
JP- A-10-25132, 0. 005 to 1. 0O %by weight of a sulfate in terns of 303 and

0.01 to 2,0%by wakglt:of di‘s%%%reid]dgg: Hp_hEH G819 562 ane adfgdgs_ihe

refining agent. Myreover, in the a I free glass and the production 25

met hod therefary AL 56 838% A Nar Rufe kA 2Et 11 8nL 8 72 A%RE patent ),
0.05 to 3% of an Sby03 and 0.05 to 2% of an Sn0O; based on % by
weight are added as the refining agent.

Inthealkali freeglassandtheproductionmethodtherefor

10 disclosed in JP-A-10-231139, 0.05 to 3% of an Sb,03 and 0.01
to 2% of a chloride in terms of Cl, are added as the refining
agent.

Moreover, although it is not as serious as the case of
the As,;03, the Sb;03 also is hazardous, and an alkali free glass

15 usingneither the As,;03nor Sb,0s; and a productionmethod therefor
have been proposed.

For example, 1in the alkali free glass disclosed in
JP-A-9-110460, 0.5% by weight or less of a fluoride in terms
of F is added at the time of preparing the glass batch.

20 Inthealkali freeglassandtheproductionmethodtherefor
disclosed in JP-A-10-25132, 0.005t0 1.0%byweight of a sulfate
in terms of 503 and 0.01 to 2.0% by weight of a chloride in
terms of Cl, are added as the refining agent.

Moreover, in the alkali free glass and the production

25 method therefor disclosed in JP-A-10-59741, 0.05 to 2.0% by



324 JUN2@J weight of an SnQ2 is added as a refining agent. In the

al kali free glass disclosed in the U S. Patent No. 6,096,670, it is
descri bed that use of an Sn02 and a Ce@2 in conbination is effecti]yellds;(&
refining agent in a production 5 nethod using a float nethod and a dawn
drawi ng net hod. However, in the alkali free glass and the production nethod
therefor disclosed in JP-A-10-114538, although the Sn02 is added at the
same tinme for reinforcing the refining effect of the Sbh203, the refining
effect conparable to that of the As2G3 cannot 10 be obtained by addition in
a smal | aweught OOt aphase.separaddédnasoé théiglagsagendevitrification by
precipitation of the SnQ2 itself are brought about in the case of addition
in alarge anountthdbiEoyet, fidetdrasad kalsciseedglasshand. the guioduct i on
15 nmethod therefor disclosed in JP-A-10-231139, although a chloride is

added at fibe §20%6! bMB, asta sefdstngpagdentat oL der ot @i Bhar gectbg
refining effect of the Sb203, the refining effect of a chloride is not so

remar kabl ¢, fdﬁmigfézﬂsﬁgsitsﬁée @g@ctfﬂ@é%%U§e§bh%5%&% iand g:}%wﬁrbﬁhl oride

gas are generate econposition thereof,” a counteéermnmeasure therefor

i scl ohed e IR A 084104607251 FRGUGR 2711 dor o8 1% Hadeh e AT ef i ming

agent, the effeﬁéwé@%%?%&éﬁzggkaﬁgf?gg%fggg%hdtheproductionmethod

therefordisclosed in JP-A-10-114538, although the Sn0, is added
at the same time for reinforcing the refining effect of the
Sb,0;, the refining effect comparable to that of the As;0;5 cannot
10 Dbe obtained by addition in a small amount, but phase separation
of the glass or devitrification by precipitation of the SnoO,
itself are brought about in the case of addition in a large
amount .
Moreover, in the alkali free glass and the production
15 method therefor disclosed in JP-A-10-231139, although a
chloride is added at the same time as a refining agent in order
toreinforcetherefiningeffectof the3Sb,;0;, therefiningeffect
of a chloride 1is not so remarkable. Furthermore, since
hazardous chlorine gas and hydrogen chloride gas are generated
20 by the decomposition thereof, a countermeasure therefor 1is
required.
Inthealkalil freeglassandtheproductionmethodtherefor
disclosed in JP-A-9-110460, although a fluoride is added as
a refining agent, the effect thereof is not so remarkable.

25 Moreover, since hazardous fluorine gas and hydrogen fluoride



25 Moreover, since hazardous fluorine gas and hydrogen fluoride 4 24 JUN MR
gas are generated by the deconposition thereof, acounterneasure therefor is
required. Furthernore, in the alkali free glass and the production 7inHiINnIGE

t herefor disclosed in JP-A-10-25132, although a sulfate 5 and a chloride
are added as the refining agent, the refining effect there of is not
sufficient. Mreover, also in this case, simlar to the case of the alkal
free glass and the production nethod therefor disclosed in JP-A-10-231139,

si nce hazar dous

chl ori ne gas and hydrogen chloride gas are generated by the

10 deconposs tirergafe tdieedthlyditiedédecampoant epnadsure f,hareliort eirgieasaqd r ed.
Moreover, in the alkali free glass and the production nethod therefor
di scl osedtherdPoA- 18- 58F4iredl. t hough an Sn02 is added as the refining
agent, simlar to the case of the alkali 15 free glass and the production

met hod t her ef orr@i6géPEE8He| Nin HRePa1Qalldb3s gfjﬁ%sr ghining pebleett ieenpar abl e

to that of the

As203 cannot be obtained by addition in a small anount, but

phase separ@bhahdfe tdeqgkads sud deviettdficatd pfb by 1RheGHRi 4 %Ul%té)f the
Sn®2 itself are brought about in the case of addition 207in a | ar ge anount .
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refining agg 'tf%ereo stnotsuffic1en . Moreover, alsoin this case,
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similar to the case of the alkali free glass and the production
method therefor disclosed in JP-A-10-231139, since hazardous
chlorine gas and hydrogen chloride gas are generated by the
decomposition of the chloride, a countermeasure therefor is
required.

Moreover, in the alkali free glass and the production
method therefor disclosed in JP-A-10-59741, although an SnO;
is added as the refining agent, similar to the case of the alkali
free glass and the production method therefor disclosed in
JP-A-10-114538, the refining effect comparable to that of the
As,03 cannot be obtained by addition in a small amount, but phase
separation cf the glass or.devitrification by precipitation
of the Sn0O, itself are brought about in the case of addition
in a large amount.

Furthermore, in the alkali free glass disclosed in the
U. S. Patent No. 6,096,670, although use of an Sn0, and a Ce0,
in combination as the refining agent is disclosed. It is said
that the cerium oxide exists in the form of a Ce0, in the glass

disclosed in the patent. However, even in an amount of about



that the ceriumoxide exists in the formof a CeQ in the glass 25 discl osed
in the patent. However, even in an anmount of about 5 24 JUN 2005 0.5% of
the upper limt, in the case the ceriumexists in a tetraval ent fofmJUKgHs
glass is colored in yellow so that it is not preferable as a substrate for
di splay, such as a TFT liquid crystal display. Mreover, a Zr02 is an
essential 5 conponent, and it is said to inprove the chem cal resistance
and stabilize the Sn02 and the Ce®2. However, the Zr02 tends to be
precipitated in the glass as the devitrification. In particular, in the
case of theSdowh drawipgenel hodtwhéeneithet hesenmtheeregliags exsi sdeolied adown t o
a low tenperature until formng, 10 the devitrification can be brought about
by the preetpitalénn. foBupmahy gf athe ikneenbiren Aecgrdilrng wo amaobjiect of
the invention is to provide an alkali free glass capable of solving the

probl ens o ibe pASROBapUbShit HEBLILEK rA%$2030rSB2E3 1suhstduidients refimi ng
agents 15 for the alkali free glass, with a quality usable as a substrate

for a flaf;pangl cdi,splay, dlasnsil@yproﬁa%beermtahoziréhewf gh- esAdHtist aspect
of the invention 1S an alkali free glass conprising: (A) a conposition

:328!3“%' nQCOmgcgnéIQt IZQV\j‘.tA) Oé ssél O(? 'to 7lm%rtoq/‘e2c& % en{A‘Jc%q?”res{lLstt%rgC%M % of

and stabilize the Sn0O, and the CeO,. However, the Zr0, tends
to be precipitated in the glass as the devitrification. 1In
particular, in the case of the down drawing method wherein the
molten glass is cooled down to a low temperature until forming,
10 the devitrification can be brought about by the precipitation.
Summary of the Invention
Accordingly, an object of the invention is to provide
an alkali free glass capable of solving the problems of the
As;03 substituent or As;0;3, Sb;03; substituent refining agents
15 for the alkali free glass, with a quality usable as a substrate
for a flat panel display, and a production method therefor.
A first aspect of the invention is an alkali free glass
comprising:
(A) a composition including:
20 50 to 70wt® of Si0;;
7.5 to 20wt® of Al,05;
4 to 15wt% of B,0;3;
0 to 5wt® Zn0; and
5 to 30wt% in total of at least one of MgO, CaO,

25 SrO and BaO, in which an amount of Mg0O is 0 to 8wt%, an



O0to5wt% 2ZnG and 5 to 30wm % in total of at |east one of MO CaQ, 25 SrO
and BaO, in which an anount of MgOis 0 to 8w % an 6 24 JUN 2005 m%ﬁ§f
of Ca0is 0 to | OMm% of CaO, an anmount of SrOis O to 8wm % and an 4 t
BaOis 0 to 15wm % wherein the conposition shows a tenperature for a
viscosity at 102 dPas being equal to or higher than 5 1,615C, and the
conposition does not substantially contain each of ZrQ2 and an al kali netal
oxide; (B) total tin oxide in an anount of 0.1 to 2w % as a refining
agent, based on the weight of the conposition (A); and 10 (C) at |east one
of total ceri unﬁi@&ﬁl@‘é,ogcﬁ%@ arydredévWioxirdeCabot al 2BPYBEePt oXF@els t ot al
tantal um oxi de and total niobiumoxide in an anount of 0.1 to IWM% as a
refining agent,0 bas@dtdnahbeanergbtintf otth&adorpodi thicon S(vwA)s, A second aspect
of the invention is a nmethod for producing 15 an alkali free gl ass,
conprising the steps wherkinprapacbngodigliass shaiveh ac argaidexdiatgird nfder ns of
an oxide 50 to 70wt % of SIi2; 7.5 to 20w % of A1903; 4 to 15wt % of B203;

20 0 to Swt % of 3 Zps-88dtH e 30w ek betal ehual lteastr onerfr Myn Cal

5 1,615°C, and the composition does not substantially
contain each of Zr0O; and an alkali metal oxide;
(B) total tin oxide in an amount of 0.1 to 2wt%, as a
refining agent, based on the weight of the composition (A);
and
10 (C) at least one of total cerium oxide, total manganese
oxide, total tungsten oxide, total tantalum oxide and total
niobium oxide in an amount of 0.1 to 1lwt%, as a refining agent,
based on the weight of the composition (A).
A second aspect of the invention is a method for producing
15 an alkali free glass, comprising the steps of:
i) preparing a glass batch comprising: in terms of an oxide
50 to 70wt% of SiO;;
7.5 to 20wt% of Al,05;
4 to 15wt% of B;0s;
20 0 to 5wt% of Zn0O; and
5 to 30wt% in total of at least one of MgO, CaO,
Sr0O and Ba0O, in which an amount of MgO is 0 to 8wt%, an
amount of Ca0O is 0 to 10wt® of Ca0O, an amount of Sr0O is
0 to 8wt%, and an amount of BaO is 0 to 15wt$%,

25 wherein the glass batch shows a temperature for



SrO and BaOQ, in which an amount of MgOis O to 8wmM % an anount of CaOis 0
to | OM % of CaO, an anobunt of SrOis O to 8wm % and an anount of BaO s

to 15wm % 25 wherein the glass batch shows a tenperature for 7 24 ZJU&UNZME
a viscosity at 102 dPas being equal to or higher than 1, 615C, and the gl ass
bat ch does not substantially contain each of ZrQ2 and an al kali netal

oxide; ii) nelting the glass batch; and 5 iii) formng the nelted batch,
wherein SnQ2 and at |east one of CeQ2, M02, W3, Ta205 and Nb2(C5 are added
to the glass batch as a refining agent in amunts of 0.1 to 2wt% and 0.1 to
|wt % respectiveél yissasddy Gt tHe Welaghto oM & R4 as'sC bk ciht 9ner | AeRe

i nvention, neaning of the total tin oxide and the SnQO, in the invention is
descri bed (hereilpafltséc, t kendsateei glaappldactti odbbe otdiersueftantngally
conponents) . These refining agents are added to the batch in the form of

t he hi ghest val eneeaimurdeerh eod drd,SROA n BN&addsenedfalt e ildey oxi de) anong
the stable 15 oxides. These oxides provide the refining effect by rel easing

the oxygen at itihe deiof tespgratyreatitse hggause the | ow val ence number
oxi de becones stable. Mreover, at the tine of tenperature reduce, since

the oréginal high valepce ngﬂgeﬁepgégebapgﬁorres stable, a part thereof bonds
with the residual oxygen %0 remaining in the surroundi ng nolten glass again
S0 as to ret UrNyherein SnO,; and at least one of CeQ,;, MnO,, W03, Ta,0s
and Nb,0s are added to the glass batch as a refining agent in
amounts of 0.1 to 2wt% and 0.1 to 1lwt%, respectively, based
on the weight of the glass batch.
10 In the invention, meaning of the total tin oxide and the
SnO, in the invention is described (hereinafter the same is
applied to the other refining components). These refining
agents are added to the batch in the form of the highest valence
number oxide (SnO; in the case of the tin oxide) among the stable
15 oxides. These oxides provide the refining effect by releasing
theoxygenat the timeof temperature risebecause the lowvalence
number oxide becomes stable. Moreover, at the time of
temperature reduce, since theoriginal highvalencenumber oxide
becomes stable, a part thereof bonds with the residual oxygen
20 remaining in the surrounding molten glass again so as to return
to the original high valence number oxide. Therefore, the high
valence number oxide and the low valence number oxide co-exist
inthecooledglass, butitisdifficult todetermine the quantity

of them independently. Here, in the glass composition, these

25 oxides are described as the total tin oxide, and the content



to the original high val ence nunber oxide. Therefore, the high valence
nunber oxi de and the | ow val ence nunber oxide co-exist in the cool ed ﬁbﬁ@ﬁ
but it is difficult to determ ne the quantity of then1independent|§ 5
in the glass conposition, these 25 oxides are described as the total tin

oxi de, and the content B 2 4 JUN 2005 thereof is described by the anmount
in the case that all thereof exi st as the high val ence nunber oxide for the
conveni ence. The phrase: "do not substantially contain each of ZrQ2 and an
al kali nmetal oxide" in the present specification neans 5 that each of Zr02
and an al kBerepét hf dpd eelhed kot LRenee weld lrxeizbépﬁaff%rth@éa aglcom aeméd as an
inpurity. The alkali free glass of the present invention does not include a
gl ass bat ekistt e swhihehhéaith vefl eZra@2 rawd ean cad ke ifarettdle oxdrdeen sence.
intentionally added. 10 In the alkali free glass of the invention, it is
preferable thaththphtatal: t'de axitdeubshtent aild y0cédnta i@. 8utty olfiaged,on the
wei ght of the conposition (A). Furthernore, it is preferable that at | east

one of thandrhidil kgl ComPoNE:s disednt eget eeswhthspdei fotat ibhmexhege is
15 a cerium oxide, and the content thereof is nobre than 0.50, based on the

wei ghts of th@% 690ROSIEt 70D, (AMa Mreovers hdk i hespridods faft pFaduci Aggan
al kali free glass of the invention, it is preferable that the anount of the

Sn02  addgd astt ber el AgeMndS Ls 4urd 010 828 By . Weiighty1 hasedr ree

glass of the present invention does not include a glass batch,
towhich each of Zxr0; and an alkali metal oxide is intentionally
added.

10 Inthealkali freeglassof the invention, itis preferable
that the total tin oxide content is 0.4 to 0.8wt%, based on
the weight of the composition (A).

Furthermore, it is preferable that at least one of the
refining components used together with the total tin oxide is

15 a ceriumoxide, and the content thereof ismore than 0.5%, based
on the weight of the composition (A).

Moreover, in themethod for producinganalkali free glass
of the invention, it 1is preferable that the amount of the SnQ,
added as the refining agent is 0.4 to 0.8% by weight, based

20 on the weight of the glass batch.

Furthermore, it is preferable that at least one of the
refining components added together with the Sn0; is a Ce0,, and
the addition amount thereof is more than O.S%, based on the
weight of the glass batch.

25 Moreover, inthemethod forproducinganalkali freeglass,



20 on the weight of the glass batch. Furthernore, it is preferable that at

| east one of the refining conponents added together with the Sn02 is a
Ce®@, and the addition amount thereof is nore than 0.5% based on t he JUN 2005
wei ght of the glass batch. 25 Mdrreover, in the nethod for producing an

al kali free glass, 9 24 JUN 2005 it is preferable that the formng step
iii) is carried out by a down draw nethod. A third aspect of the invention
is a flat display panel conprising a pair of glass substrates opposed to
each other 5 and a closed space formed between the pair of glass

subst r at est t vilsepgiaf edtall lendthadné hef foraipgi Ftep gl assisSubsiT @@L Uls vhe

al kali free glass according to the present invention. Detailed Description
of the | nvenidowm dHezeimathed, the reason for limtation of the alkali free
10 glass of the invention will be explained. The conpositions nentioned

bel ow are describethibased @t YolFy thei ghtenthenSi ©2a i 8] & exdapanrenipahnesl
formng a glass network. In the case the content thereof is I ess than 50%

the chem cadmp¥£si sl ancgaof bhegghasssiibsdeherisobabedeas tweklhcas ot strain
15 point is lowered so that a sufficient thermal resistance cannot be

obt ai ned. Jiythe)case é-ﬁati:é_f@rnﬁec; B@Ewggg’tﬁ@%aﬁiﬁg?%ﬂaﬁs kNpkhe gh

t enperature range becones higher so that the nelting ~ operation becones

d'ff'CU|t'wherein at least one of the pair of glass substrates is the

alkali free glass according to the present invention.
Detailed Description of the Invention
Hereinafter, the reason for limitation of the alkali free
10 glass of the invention will be explained. The compositions
mentioned below are described based on % by weight.

The Si0; is a component for forming a glass network. In
the case the content thereof is less than 50%, the chemical
resistance of the glass is deteriorated as well as the strain

15 point is lowered so that a sufficient thermal resistance cannot
be ébtained. In the case it is more than 70%, the viscosity
in the high temperature range becomes higher so that themelting
operation becomes difficult.

The Al;03 1s a component for restraining the

20 devitrification tendency of the glass as well as for improving
the thermal resistance. In the case the content thereof is
less than 7.5%, devitrification occurs easily. In the case
it is more than 20%, the acid resistance 1is lowered as well
as the melting become difficult.

25 The B;03; is a component for improving the glass melting

10



The A1203 is a conponent for restraining the 20 devitrification tendency of
the glass as well as for inproving the thernmal resistance. In the case &@ﬁ
content thereof is less than 7.5W devitrification occurs easily. | byJq8 2005
case it is nore than 20% the acid resistance is lowered as well as the
mel ting becone difficult. 25 The B203 is a conponent for inproving the class
nmelting 10 24 JUN 2005 tendency, for restraining devitrification tendency,
and for inproving the chenmical resistance, in particular the resistance to
a buffered hydrofluoric acid. In the case the content thereof 1is |less than
4984 the nedndencyentiencyeofraheigbadsvisriétiernicopat 6dnseasywelindad orhe
resistance to a buffered hydrofluoric acid becones insufficient. In the
case it i sinmxrevihqanhdsent hes steaiistpoicet, in paktwenéd rstthd hatitshentcker mal
resi stance becones insufficient. At |east one selected fromthe group

consi sti Nng®h tMIQe r LIS, d 56 Ol andithe iBaO iTs tontaksede ahtk dhe thetrab famunt
thereof 10 is 5to 30% in the case it is less than 5% the glass nelting

operation peeceEBsdid 44 cht-nd Nt i@ ea8ENLY J 5L AP alshans 0% r 1bhe tegpansi on
coefficient of the glass beconmes too large. The MgO is a conponent for

| mpr OV%lr_‘g m%e%@?ﬁ'atfé@?e tendency, of tt:$ N8, 9 @éﬁec‘ﬁ%%ﬁ?gtfl%% §' PIEY ;b%.%o'm%% strain

poi nt. nthe case 1t is nore t 8% the devitrification
e ot e L 2o PR ATE R e e LS ADL By R BLES P
is lowered so that the thermal resistance becomes insufficient.
At least one selected from the group consisting of MgoO,
CaQ, Sr0O and the BaO is contained, and the total amount thereof
10 1is 5 to 30%. 1In the case it is less than 5%, the glass melting
operation becomes difficult. In the case it is more than 30%,
the expansion coefficient of the glass becomes too large.
The MgO is a component for improving the melting tendency
of the glass without much lowering the strain point. However,
15 in the case it is more than 8%, the devitrification temperature
of the glass becomes higher. The preferable r.ange is less than
5%. The Ca0O is a component having the same effect as that of
the MgoO. In the case it 1is contained more than 10%, the
devitrification temperature of the glass becomes higher. The
20 SrO is a component capable of improving the melting tendency
without deteriorating thedevitrification tendencyof theglass.
In the case it is contained by more than 8%, the expansion
coefficient of the glass becomes too large. The preferable

range 1is less than 5%. The BaO 1s a component capable of

25 restraining the devitrification property of the glass. 1In the

11



the MJO. In the case it is contained nore than 10% the devitrification
tenperature of the gl ass becones higher. The 20 SrOis a conponent capﬁﬁig c
of inmproving the nelting tendency w thout deteriorating the devi t rikl ¢&t W
tendency of the glass. In the case it is contained by nore than 8% the
expansion coefficient of the glass beconmes too |large. The preferable range
is less than 596. The BaO is a conponent capable of 25 restraining the
devitrification property of the glass. In the 11 24 JUN 2U05 case it is
nore than 15% the expansion coefficient of the glass becones too |arge. The
ZnO i s a cempohent mapaliharol Skestiraenpagstioe cdelftciéntatf ohetehdency of
the glass as well as inproving the 5 nelting tendency. In the case it is
cont ai nedbkyonere tblkanary¥. the strain point is | owered. Mreover, the TiQ2
can be added up to about 5% within the range not deteriorating the function

as a display substraty iNexi, cbh@ogharactgphstic of therrefihAnng ehéect in
the 10 nmethod for producing an alkali free glass according to the invention

will be explained; Jiiich cBARBGES b8tk afl alhea b nuent ia%“iﬁ%?&v&ﬁ% @9%)2 s
used as the main refining agent, "and the Ce02, the MhO?, the W3, the

Ta20p, | ' ' ' ) ' [
order 1o PEATAPos I Filict 1Bn TReF 85T And - oBLR WA Targbr Vet | Mg

effect. 5%, the strain point is lowered.

Moreover, the TiO, can be added up to about 5% within

the range not deteriorating the functionas adisplay substrate.

Next, the characteristic of the refining effect in the

10 method for producing an alkali free glass according to the
invention will be explained.

It is characteristic of the invention that the Sn0O; is
used as the main refining agent, and the Ce0,, the Mn0O,, the
WOs, the Ta,0s, and the Nb,Os are used alone or a combination

15 of a plurality in order to reinforce the function thereof and
obtain a larger refining effect.

The Sn0O; provides the same refining effect as that of
the As,03 and the Sby;03 of releasing the oxygen by the change
of the stable state from the tetravalent to divalent by

20 temperature rise, and thereby promoting a defoaming by growing
bubbles exlisting in the glass molten liquid. However, since
the temperature range of releasing the oxygen is higher than
that of the As;03; and the Sb;03;, it ismost preferable for refining

of glass of a composition having a temperature for a viscosity

25 at 107 dPas being equal to or higher than 1,615°C; glass having



The Sn02 provides the sane refining effect as that of the As203 and the
Sb203 of releasing the oxygen by the change of the stable state fronléve
tetravalent to divalent by 20 tenperature rise, and thereby prom)ti—hbJ 2005
def oam ng by growi ng bubbles existing in the glass nolten |iquid. However,
since the tenperature range of releasing the oxygen is higher than that of
the As2C3 and the Sbh203, it is nost preferable for refining of glass of a
conposition having a tenperature for a viscosity 25 at 102 dPas bei ng equal
to or higher than 1, 615C glass having 12 2 4 JUN 20@ a conposition to
be nelt ed ehaodiopsithiadh §a kg mell tad irehbyi iwleheh ohs 2bmedeatase the anount
of SNn02 is less than 0.1% the refining effect is insufficient even if the
auxi | i ary incempgarent s Iootexi sksel nhehencase ¢of Jr0moseltbhantB&m O hesgl ass 5
i s phase separated or devitrified by precipitation thereof. The preferable

range therneef #sfih#ndgoec@r8% Ny eoverffididde easa tilfe tglassukornang net hod
is a nethod of rapidly cooling the nolten glass thereof froma tenperature

hi gher t hanride d@ssopRasesepanathOrdperad oe othbRe 40 tdevit s5Ei cation
tenperature by a rate higher than the rate of causing the phase separation

or thegdeuid il CAtd, » SUh As déxf@fﬂ%d%%cf’%}@ggigﬂ He-8982 1n an

anount close to the “upper limt anpunt, 1t 1's possible to reﬁlne a gl ass of

oS PO S SNBBNE LD 0 Shl 35, g, Conpost L on navig 15

Moreover, in the case the glass forming method is a method
of rapidly cooling the molten glass thereof from a temperature
higher than the glass phase separation temperature or the
10 devitrification temperature by a rate higher than the rate of
causing the phase separation or the devitrification, such as
a rollout method, by adding the Sn0O; in an amount close to the
upper limit amount, it is possible torefine a glass of a highly
thermally resistant composition, such as a composition having
15 a temperature for viscosity at 10? dPas being equal to or higher
than 1,615°C. However, in the draw method, the float method,
and in particular, the down drawing method capable of obtaining
a high quality substrate glass, which are presently used as
a forming method for such an alkali free glass, the cooling
20 rate of the molten glass is slower than the rate of causing
the phase separation or the devitrification in most cases.
Therefore, itissubstantiallydifficult torefinebyonlyadding

the SnoO,.

In the down drawing method, a molten glass is downwardly

25 drawingfromaslotsoastoformthemoltenglassintoaplate-like



than 1, 615C. However, in the draw nethod, the float nethod, and in

particul ar, the down draw ng net hod capabl e of obtaining a high qualj
substrate glass, which are presently used as a forming nethod for . gu&W Z*BY#
al kali free glass, the cooling 20 rate of the nolten glass is slower than
the rate of causing the phase separation or the devitrification in nost
cases. Therefore, it is substantially difficult to refine by only adding
the Sn®2. In the down drawi ng nethod, a nolten glass is dowmmwardly 25
drawing froma slot so as to formthe nolten glass into a plate-like 13 2
1UN 200E ststrape. On the other hand, by use of at |east one selected from
the group consisting of CeQ2, M02, NGB, Ta20s and Nb20G5 in conbination
with the Sn02, arhittle icshelrahacter bgt iseof f tdte 1d gtventd or,lea tlear geomr ef i ni ng
effect can be obtained by reinforcing the refining function. Form ng can be

enabl ed alig0 groupheceasetrahd hes dcaw, method, wber era,dhercoaidng Rat e of
the nolten glass I1s low, without the risk of phase separation or

devi trificad Ot ilhe w@@%ortw@wsﬁ@ze, r@ii@mngsefér%adtserlps,@f@nyke@hféy addi ng
t hese corrponents alone or in a plurality in conbination with the SnQ2 is

1ot o Bl Lint> £OTLUBLE%HUAlng e apoLal Wit 8
fﬁgge“ aCtél"r{%c}’rcmgtt%ee reHE{‘ng'{f‘mctlo ATRAe R Gher - 2 piNg, 4 1%y 9h T8l U1 ng
in the case of the draw method, wherein the cooling rate of
the molten glass is low, without the risk of phase separation
or devitrification. The reason why the refining effect 1is
10 promoted by adding these components alone or in a plurality
in combination with the Sn0O; is not known. But it is considered
that since the temperature range of releasing the oxygen by
these oxides is lower than that of the Sn0;, the oxygen activity
of the molten glass is made higher at the time of melting the
15 material by the release of the oxygen by these components, and
thereby the Sn0; oxygen release 1is executed at a higher
temperature and a lower rate so that it contributes further
effectively to refining of a hardly melted composition with
a high viscosity at a high temperature.
20 Moreover, as to the relationship between the tin oxide
and the other oxides in terms of the valence number, since the
glass is colored into yellow in the case the Ce0; is added alone,
it is considered to exist mainly in the tetravalent form on

the higher valence number side. 1In contrast, since the glass

25 can be transparent in the case it is added together with the

14



15 material by the release of the oxygen by these conponents, and thereby
the SnQ2 oxygen release is executed at a higher tenperature and a lo 2005
rate so that it contributes further effectively to refining of a helrhd

mel ted conposition with a high viscosity at a high tenperature. 20
Moreover, as to the relationship between the tin oxide and the other oxides
internms of the val ence nunber, since the glass is colored into yellow in
the case the Ce2 is added alone, it is considered to exist mainly in the
tetravalent formon the higher val ence nunber side. In contrast, since the
gl ass 25 &af:beltrahsparehderadt tleatadee iGeicomdirdes ogetdiswinhinhe 14 L4
JUN 2U05 SnQ,, it is considered that the Ce continues to exist mainly in
the trivalienthkotmion leme Ifower ovaltércé onarberalsdrdss rambert hei @n, ratdrns to
be in the tetraval ent formon the higher valence nunber side by partially
bondi ng withB gh disgehved BXFEhagaithava lldh t hergaser1od htihacether e gxé des,

al though it cannot be presuned easily by the color, or the like, it is
presuned {habesi & b8 YpakPea SNyirddh A 96 i2hak &Radiald ng@tewar@yiﬁ o the
tetraval ent formon the higher val ence nunber side, and thé other oxides
remai n-to i j t 4 | e e i.de. L ni ng
ngent bt nar ERe sk, P A i e o0 OO RS s e e A
chloride), _a.fl uoride ch a cal.ciu l.uori de a, I e (such as a
cal o um sarEAte) 5 G ERESH ke it B v el bty st ek g™ bhcs,
be

may

the Sn is in the state partially returned to the tetravalent
form on the higher valence number side, and the other oxides
remain to exist mainly on the lower valence number side.

10 As a refining agent other than these, an As,0;, an Sb;0;,
a chloride (such as a barium chloride), a fluoride (such as
a calcium fluoride), a sulfate (such as a calcium sulfate),
or the like, which are commonly used refining agents, may be
added. However, since these refining agents are hazardous and

15 generate a hazardous gas, 1t is preferable substantially not
to added the same.

The flat display panel in the present invention includes
aflat displaypanel such as a glass panel for TFT liquid crystal
display.

20 Hereinafter, based on examples, the invention will be
explained. A batch to have the composition shown in the Table
1 in terms of the oxides was prepared using a silica powder,
an alumina, aboric acid, abasicmagnesiumcarbonate, a calcium
carbonate, a strontium nitrate, and a barium nitrate. To the

25 batch, the additives shown in the Tables 2 and 3 were added

15



added. However, since these refining agents are hazardous and 15 generate a
hazardous gas, it is preferable substantially not to added the sane. @
flat display panel in the present invention includes a flat dlspIGQM&m g
such as a glass panel for TFT liquid crystal display. 20 Hereinafter, based
on exanples, the invention will be explained. A batch to have the
conposition shown in the Table 1 in terns of the oxides was prepared using
a silica powder, an alumna, a boric acid, a basic nmagnesium carbonate, a
cal cium carbonate, a strontiumnitrate, and a bariumnitrate. To the 25

bat ch, thendddixedeseshown(Thhet hebTabl ase2iaddcatadr ®vaddéy WES 924 -JUN 2UU5
and m xed well. (The tables are indicated by % by weight.) TABLE 1

------------------------------- Si 02 Al 203 B203 MyO CaO SrO BaO -----------
""""" TABEE-}---------- -------
O g Ol g g g Rl g A 59.-5---14 5
10.0 1.5 4.5 4.0 6.0, 5 TABLE 2 -----s o-on -o-oroomooco
____________________ 2Qx . __B2Os_____MgO _____CaO_____SxQ__ __BaO _______._
Sn02 Ce Nh02 WOB Ta205 ND20B ---------cmcemmmmcmmn-
___________ 59.5 ____14.5 ____10.0_____1.5 _____4.5_____.4.Q_____6.0 ______-.__.
------- Exanple 1 0.4%0.3%0 000 2 0.4%0.6%0000 '
5 TABLE 2
SHOZ Ce0, MnO, W03 Ta,05 szOs
Example 1 0.4% 0.3% 0 0 0 0
2 0.4% 0.6% 0 0 0 0
3 0.5% 0 0.5% 0 0 0
4 0.6% 0 0 0.6% 0 0
5 0.7% 0 0 0 0.7% 0
o 0.7% 0 0 0 0 1.0%
TABLE 3
As,05 SnO, Ce0; MoOs3
Comparative Example 1 0 0 0 0
2 0.5% 0 0 0]
3 0 0.5% 0 0
4 0 0 0.5% 0
5 0 0.5% 0 0.5%

The batches prepared as mentioned above were melted at

10 1,600°C for 4 hours using aplatinum crucible. Then, themolten

16



30.5%0 0.5%000 40.6%000.6%00 50.7%0000.7%0 6 0.7%0 00
0 1.0%

____________________ _ ; |
o Comparative Bxanple 10,00 0,2 0.5%00.0.0,3,0,0.5%0

---------- a plate-like freThat €hES prefar B8 §sCRBAEFOARUNaBBFE AR Y Rl ted at
10 1, 600C for 4 hours using a platinumcrucible. Then, the nolten 16 24
JUN 2005 aglas® wemeepotvwed. onfer susenent esssshteeb Ipthe enumee f endedhient o a
plate-li ke form Then, they were cooled down gradually to a room

t-enper at urse.z evieds tngrerds reesitidisned imetmeindera amad tdhbassezeapé bhbBhes
contained in the obtained glasses are shown 5 in the Tables 4 and 5. Since
t he densi tiyy ohetmhe 1ed §tanrgs bubdi ©Se tihr ddes ot @3S ¢t é fearis Hiynd bebpoeki on,
and it is not honpbgeneous, the nunber of bubbles was neasured at the sane

position by &he glass differs by the portion, and it is not homogeneous,
the number of bubbles was measured at the same position by 1
to 5 cm square area at the center of the plate-like glass, and
was converted to the number per 100 g. The temperature at which

10 the glasses of the examples 1 to 6 and the comparative examples

1 to 3 have a viscosity of 10° dPas was about 1,650°C in all

cases.
TABRLE 4
number of bubbles maximum bubble coloring
(pieces/100 qg) size (um)

Example 1 2670 about 800 none

2 860 about 800 none
3 2650 about 1000 slightly
greenish

4 2330 about 1000 none

5 2490 about 1000 none

6 1250 about 1000 none

15
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to 5 cmsquare area at the center of the plate-like glass, and was
converted to the nunber per 100 g. The tenperature at which 10 the gl asses
of the exanples 1 to 6 and the conparative exanples 1 to 3 havela NN8WBsity
of 102 dPas was about 1,650C in all cases. TABLE 4 -----------------------

----------------------------- Exanple 1 2670 about 800 none 2 860 about 800
none 3 2658Bhboat 1000 slightly greenish 4 2330 about 1000 none 5 2490
about 1000-none ---6--1250--about 1000 nome ~------r s

coloring (pieces/100 g) Size (M) --- -------mmmmmmm oo -

---------- Comparafive--- ------10700-------- --abeut-100- ----none- .. ---
Example 1
2 670 about 700 none
3 5300 about 1000 none
4 8000 about 200 vellow
5 10700 ~about 100 slightly
vellowish

As 1t 1is apparent from the examples 1 to 6 and the
comparative examples 1 to 5 shown in the Tables 4 and 5, it
5 is observed that the bubble elimination is promoted by adding
the Sn0, in combination with at least one selected from the
group consisting of CeQ;, MnO;, W05, Ta;0s and Nb;0s, compared
with the case of not adding an additive, the case of adding
the CeQ,, the Mo0Os3, and the Sn0O, in an amount of 0.5% as the
10 additive, or the case of adding the Sn0O, and the MoO3 each in
an amount of 0.5%. 1In particular, in the case of adding 0.4%
of the Sn0O; and 0.6% of the Ce0; in the example 2, it is observed
that the refining effect comparable to the case of adding 0.5%

of the As,;0;3 in the comparative example 2 can be obtained.
15 Moreover, the bubble size of the examples are larger than

the case of not adding a refining agent, and the case of adding

18



Conparative 10700 about 100 none Exanple 1 2 670 about 700 none 3 5300
about 1000 none 4 8000 about 200 yellow 5 10700 about 100 sli ghztly

S T T oo s L JUN 2005
yel | owi sh
--------------------------------------------------------- As it is apparent
fromthe exanples 1 to 6 and the conparative exanples 1 to 5 shown in the
Tables 4 and 5, it 5 is observed that the bubble elimnation is pronoted by
adding the SnQ2 in conmbination with at | east one selected fromthe group

t he case of

consi sti ng, of cﬁoz, Vh02, WD%, ,Tazg d_ Np20Ch, ,conpar.ed wgg
notaddi ngPar- SAUIALAE . Fife 8548 of DAAUPRY IR TGE0P L Thé PWbCBO: artl S he 5n02
in an anount of 0.5%as the 10 additiyef or the case of adding the Sn02 and
the MDO3 ehchsiantaplBAbARAL ChRTOTEG A} AIpaeRFeuPartne rehe bad & bfe Gddi ng
0.4% of the Sn02 and 0.60 of the CeQ2 in the exanple 2, it is observed
t hat the rehifingher ecwicdemssr Al B1ntoheh@rodsepmaddiense bt 508 tofme he As2O3
in the conparative exanple 2 can be obtai ned. 15 Mreover, the bubble size
of the exanpl esFaréhkamgee,t bancet hbecasesef iaotohddedgiate ef¢ hloig agent
and the case of adding 18 24 JUN 2005 the CeQ2 al one, or adding the MQO3
t oget leer whehchbe SA02ddand kthel Scapta copatied d et irhectdh fdcerencet Ofe t he
refining effect
example 4, 1t is learned that the Ce in the glass exists mainly
in the tetravalent form. In contrast, in the case of adding
the SnO; and the CeO:; in a combination in the examples 1 and
2, coloring 1s hardly observed in the glass, and thus 1t is
10 learned that the Ce in the glass exists mainly in the trivalent
form.
According tothe invention, by adding the Sn0O;asarefining
agent in combination with at least one of the Ce0;, the MnO,,
the W03, the Ta,0s, and the Nb,0s;, bubble can be eliminated from
15 a glass substantially not containing an alkali metal oxide,
having a composition requiring a high melting temperature.
The entire disclosure of each and every foreign patent
application from which the benefit of foreign priority has been

claimed in the present application is incorporated herein by

20 reference, as if fully set forth.
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can further be w dened by further prolonging the nelting tinme. Furthernore,
since the glass is colored into yellowin 5 the case of adding the CeQ2
alone by 0.5%in the conparative exanple 4, it is learned thatythe @grin
the glass exists mainly in the tetravalent form In contrast, in the case
of addi ng, the Sn02. and the CeQ2 in a conbination in the exanples 1 and 2,
col ori ng™i"é! K&H4N§d Shserved in the glass, and thus it is 10 |l earned that the
Ce in the glass exists mainly in the trivalent form According to the

i nvention, lby addiallali frec Slacpcasprasings fining agent in conbination with at

| east one of the Ce®2, the Mi02, the W3, the Ta205, and the Nb205, bubble
can be el i m na)edc dangpostonangludss: substantially not contai ning an al kal i
nmetal oxide, having a conposition requiring a high nmelting tenperature.

The entire disclossy mwteastsi@ld every foreign patent application from

whi ch the benefit of foreign priority has been clained in the present

application is in nhein by 20 reference, as if fully set forth.
19 24 JUN 2005 Wﬁ??@g@%ﬁgioﬁg\éﬁ?%: 1. An alkali free glass conprising: (A
10

a conposition including 50 0wt % of SIiO2; 5 7.5 to 20wt % of A1203;
to 1r5r\1,)\,t(;|)0:= leqg; IUO tIO 1%Wt§ﬂ)0%§203; ° I 0

0 to Swt% Zn0O; and
5 to 30wt% 1n total of at least one of MgO, Ca0, SrO and BaQ, in which an
amount of MgO is 0 to 8wt%, an amount of CaO is 0 to 10wt% of CaO, an amount of
10 SrO is 0 to 8wt% and an amount of BaO is 0 to 15wt%,
wherein the composition shows a temperature for a viscosity at 10> dPas
being equal to or higher than 1,615°C, and the composition does not substantially
contain each of ZrO, and alkali metal oxide;
(B)  total tin oxide in an amount of 0.1 to 2wt%, as a refining agent, based on the
15 weight of the composition (A); and
(C)  atleast one of total cerium oxide, total manganese oxide, total tungsten oxide,
total tantalum oxide and total niobium oxide in an amount of 0.1 to 1wt%, as a refining

agent, based on the weight of the composition (A).

20 2. The alkali free glass according to claim 1, which comprises the total tin oxide

(B) in an amount of 0.4 to 0.8wt% based on the weight of the composition (A).
3. The alkali free glass according to claim 1, which comprises the total cerium

oxide in an amount of more than 0.5wt%, based on the weight of the composition (A).

25
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Oto 5wt % ZnO, and 5 to 30wm % in total of at |east one of MyO CaO SrO and
BaO, in which an anmount of MJOis O to 8w % an anmount of CaO |7% it mid
OMm % of CaO, an amount of 10 SrOis O to 8wMm % and an ampbunt of BaOis 0 to
15wt % wherein the conposition shows a tenperature for a viscosity at 102

Pas bei ng equal her than .1, 615C and th osi tion does not
subst ant i ali? é\qﬁ%ﬁ [\ pﬂg}%ﬂar@l COMPPSIAn A PAK REElas %é ratg P%Ré)se‘? gt"&}eftl n

oxide in an am)unt of 0.1 to 2w % as a refining agent, based on the 15
wei ght of t ted a6lpsed srace ormed bediern(tay pair of glast subpiates, wherain acleastont 6% de,
total manganese oxide, total tungsten oxide, total tantalum oxide and total
ni obi um oxi dee pair @figlassBubdtrands 10 tHe dlioali Mé’/glasa;sacaondefg' tnickgm lagent, based on
t he wei ght of the conposition (A). 20 2. The alkali free glass according to
claim1l1, which conprises the total tin oxide (B) in an anmount of 0.4 to
0. 8wt % based on the wei ght of the conposition (A) 3. The alkali free glass

according to cla edn an amount
of mo?e thal 0. SIbwr%}th%ase Q%A@?ﬂm% %19‘% M‘H 5‘!?1[’%(/{') 25 20 24
JUN 2005 4. Aflat dis co Si.n alrloaé % Ss substrates
opposed to each 't herPr® ?lr & & }éﬂdgg%fe%“* e BR*t%e pair of gl ass
substrates, wherein at |east one of the pair of glass substrates is the
alkali free gl ass accor diffg Wt6IfiSiVs. 5 5. A method for producing an
al kali free glass, conprising the steps of: (i) preparing a glass batch
conprising: in terns of 7ahtoXivd®, bDALQ; 70wt % of SiQ; 7.5 to 20wt % of
Al12083;
10 to 15wt% OfBgOg,;
10 0 to 5wt% of ZnO; and
5 to 30wt% in total of at least one of MgQ, CaO, SrO and BaO, in
which an amount of MgO 1s 0 to 8wt%, an amount of CaO is 0 to 10wt% of
CaO, an amount of SrO is 0 to 8wt%, and an amount of BaO is 0 to 15wt%,
wherein the glass batch shows a temperature for a viscosity at 10?
15 dPas being equal to or higher than 1,615°C, and the glass batch does not
substantially contain each of ZrO, and an alkali metal oxide;
(11) melting the glass batch; and
(iii)  forming the melted batch,
wherein SnO, and at least one of CeO;, MnO,, W03, Ta,05 and Nb,Os are

20 added to the glass batch as a refining agent in amounts of 0.1 to 2wt% and 0.1 to

1wt%, respectively, based on the weight of the glass batch.

6. The method for producing an alkali free glass according to claim 5, wherein
SnO, in an amount of 0.4 to 0.8wt% based on the weight of the glass batch is added to

25 the glass batch.

\S]
—



10 to 15w % of B3C3; 10 O to 5wt % of ZnG, and 5 to 30wt % in total of at

| east one of MJO CaQ, SrO and BaO in which an amount of MO 'ﬁ{}&pt}mgsm%
an anount of CaOis O to 10wt % of CaO an amount of SrOis Ot % and
an amount of BaOis O to 15w % wherein the glass batch shows a tenperature
for a viscosity at 102 15 dPas being equal to or higher than 1,615C, and

t he gl ass Bat chTHoesthgt for prdslstmgtanalia) fosrglas aceadingdd cln@?, aridram al kal i
nmetal oxide; (ii) nelting the glass batch; and (iii) formng the nelted

bat ch, wheCeDn irbm0Zmaintt cdtmdredisin e badea@a, thdviveht YOde glad Gatchngl Nb2Cb are
20 added to the glass batch as a refining agent in anounts of 0.1 to 2w %
and 0.1 to,qdaatidand sspankdvel y, based on the weight of the glass batch. 6.
The nethod for producing an alkali free glass according to claim5, wherein
Sn@2 in an anmount of 0.4 to 0.8w % based on the weight of the glass batch is
added to 25 the glass batch. 21 Z 4 10 ?G& 7. The nethod for producing an
al kali free glass according to claim5, wherein Ce(2 in an anount of nore

t han3 0. 5wt % bas&he sthadefonaiogheing rnafalidressrass aseiding to shdad, vderaiethgl ass
batch. 5 8. The nethod for producing an alkali free glass according to claim
5, wher ei nfdarimeng ftep m)ngcatied oirf by a dewo drawieginetitodoy a down dr awi ng net hod.
22



