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DESCRI PTION G.ASS COMPCSI TION 5 Technical Field The
present invention relates to a glass conposition,
particularly to alum no-borosilicate glass
conmpositions. In manufacturing processes of gl ass
conpositions, a process that renoves residual bubbles
in the glass conposition is known as fining. A 10
met hod of adding a fini AESGEIPTION i ne a gl ass nelt
is commonly known. Arsenic oxide, antinony oxide, and
fluorides are sonme of the known exanples of the
fining agent. Howev e P LAya3 4 AMRQREE nponents are
highly environnental ly unfriendly, there is a soci al
:éegfce t he amount of these conponents used.
1i'€t% ee borosilicate glass conpositions have

been u'SB@l p&ésdrftem@'bﬂﬁlﬁn ©diifee Stot 4 msf@;mpclieeusﬂ bparFtahdarly to
I 1.S ev. Cces, partlcu arly
é)]&]tt? 0‘?‘?&9 lﬁaﬁ %1]3? %‘Pyg%% D§i spl ay devices (LCD). A

r epr esbntmanvizctuany| grocefsesuch ghddsabomposieions, a process that

ﬁféﬁgf&?&lf?lgi)ﬁﬁﬁl %.318@ Ygsigﬁﬁﬁhsgﬁgﬁflo%uﬁﬁgwgyas fining. A
@@ﬁ]m;h@ tesldeng la Sxing aeentitp foe englaee mah: B tamorenly known.
M@?ﬁc b§1d'e' thlﬁg)rﬁryoﬁﬂg Aﬁ’d ﬂ%oﬁ'&@é Q?EF] andehEnge ktnt&%rn examples

%ﬁt g ectrostatlc |n|ng IS reason,
¢he: finies Bertds | o eves) al%eeaue% nhese t p@moae:ets are highly

@ﬁﬁ@(ﬁrﬂhbﬁtéﬂ gghhﬂ-uymcﬂ?oﬁﬁereaﬁdatéébfal hasddgedudd te amount of
fficult. To this date, various studies

| ass
‘écg@é’ﬁnﬁﬁ ‘provide a method for 25 producing
gl ass Alhmro&eé bomﬂfimte@@e@&;ﬁj;@mm@haﬁ beor quem dk dhe glass

d
'?Or%ﬁésﬂlggéen % r ep é%e% n?wggéégﬁtgplglén&gpynm %‘émeﬁ Ppartlcularly
a@@mmﬁmﬂmqi\cwml dwéasadehnn@ (I43D¥.i M neprgentative example

éﬂgéfcﬁta[q]éiri? g%&?ooﬁﬁﬁlc%g%% Sé CQd? 9@5%%1;%5:3%1-@@{1%1%% Corning of
bhuted Bentepe Tho mpbBYy raft componentesughtag alwyinum, boron,
é&lld(aﬁlhc&f of éla!%@%'lhﬁﬂfeﬁ Bl age & O&Hrggnﬁad ke the strong

ublicatjo es usin
@ﬁ%trgﬁﬁarlgt Emaaaﬁa Ba% it reatom ths talkgle%@r %@eos heate glass
G PABEINd 416 58N i 1BE |}ﬁ§1@1§7 Hsa6iss, WMrid) tRisSHRd mAde fiBhg of the

XPansi-o coefficient for photonasks and |iquid
@Fg@?%c‘g}itsm ay devices. This glass is 35
al um rbo tlos akité,| vatengsagiechatabaémgn Mo pravide a method for

ARy B 91 53086y Gl POEF QYD diply

destieds, oxithbeut Tlthmg podesicable oinidigsagoge sausépngsentadehg tarsenic
&a&econpound selected 1 from As203, Sb203, (NH4) 2S04,

nd fluorides, as a degassi ng a fining
)y S 1 %mnge@(qgaﬁeu phfate in the

S@?Eﬁcﬁhﬁfﬂfo o5 BNV Of\ﬁ@i R%alaha chidrédlyiid Cly¥imount of 0.01 to

ent S 1998
we1gh1: %fle raw g ass materlals for obtaining alkali-free borosilicate

glass compositions. This publication also discloses using BaSO4and CaSO4
as the sulfate, and BaCly and CaCls as the chloride.

 JP 60(1985)-141642A discloses glass with a small thermal expansion
coefficient for photomasks and liquid crystal display devices. This glass is
alumino-borosilicate glass containing MgO in the amount of 5.0 mass% or
greater, and it tolerates the inclusion of no greater than 5.0 mass% of alkali
metal oxide. This publication discloses using at least one compound selected
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di scl oses BaCl2 and CaCl2, and JP 60(1985) -141642A

di scl oses NaCl. 5 However, studies by the inventors of
the present invention found that chlorides of alkal
earth nmetals such as BaCl2 and CaCl 2 do not al ways
provide |large fining effects. Further, when the gl ass
conposi tion contalnlng a large anmount of Na with the

from é‘fsz‘&acsbﬁs,a(NHﬂﬂiz @4a@~éiﬁl isdufledrilos, nhea glegassing agent
| onsén%EﬁQ SSO H% ESV 1@{;%%8{1‘%]}1 (Ehé agl}c”exg)%\éfsgtﬁl a%&&&élgm

i mpai r @h@nwépmeﬁﬁ frendy |ﬁrqagdag¢1yt§t alPe10kEHIS)-25132A
Hisslob@sBhE1Lind mdlp\éﬁm Jp @oemmnqqm% &Q—ﬁoéymgm

i nventjon is to a glass C osition t at

cont ali#QWSV?Te\ﬁ/t %ﬁﬁavanwﬁo @PERSEpbINYeen frund that

¢hibridemof Qikadli efdﬂ:lamet&fs sleh ﬁBaCﬁMIﬁE@QCPﬁi&Jﬁo@always fpr0v1de

]I[aﬁg ﬁ’(‘/’é %%%ﬁtst g'@ﬁg@rdgvel}f aglﬁksg:ggilg)g{s leCFIbgcl?IJltall’llng a large

ambuntref iNa witk phayusteof deCl mlanﬁniﬂgea@ras'ﬁ used for the glass

f d
SR w00 A USRS O L0 IR ot o o
theg as%subﬂtmf@u aridbimpairahdipsgfarmanve of tes Hnid oxseali dement.
contains, in 20 mass% 40 to 70% Si 2, 5 to 20% B203,

éOﬁo 25%A1203 0 to 10% MO O to 20%Ca0 0 to 20%
0sgre § ﬁl@@/@%@tl@ 001 to 0.5%Li20, 0.01 to 0.5%

Na2O, Af. (Q)@e?ctt(ﬁ' thed Qé@%@t iAREN 19618 34 €6 ﬂrb@iﬂec}%g@M E’(ﬁnposmon

Mat er .t ha:]. 3 io! ‘g anqt her aspect, IE#) disol
é:HP BhH® Br&vi g8 rass £ F‘é‘le(’?lB‘Pn PR ﬁ’é‘ﬁt@ﬁ 18play

divigsaeplesinted byvm ihthd: Oﬂﬁsit&lt displayt (ihﬁn@d ass is another object of

h . .
SRTBRRACR o, piauid A PSS BEREE ot pREREIGR, dislay devices
using ghe g@asmngjoaﬁsomwhni aniwfofmationfdispiayideviai sghgyhe glass

%%*%&E;f%ﬂe O e RN Raver sel y af et

ot her fnglaes eomppgitiop; gcqoedmﬁwto &h& giresendt mdvengivindeantains, in
ﬂiiﬁMé%,bQG'%o exoh wesl 4 E&mo'%hszeg 315(2%(5; gtﬁgo 20300 tbflo?% MgO, 0 to

IR 5 0 RS o B PO b5 Bkl S a1 3p 0.5% NasO),

®@0B2kd 0rE% aizmﬁndeg&em@amah a)%nirﬁyﬁo bRt 88n Lg% m:q
ef f ect ASS conpositjon

iderin h| S
Ehe. priaeIREh SRR Biesenl iisthion Roiiosd Elada epbstrate for
mjﬁni'm@ﬂﬁbmrchsp\l@hyedevmag etvindeh wohhists @fet}ﬁngla%‘ssecﬁﬁpéiltlon In

45t B R DUE D s S B ALSTEY avic

inglvsasg the glass sbstrats forgnfomagom dispidy devicés.m t ed

amountAlRh; etdY ¥xiQBY '5{1915' %%Ebl W, nﬂngz(?) q_lﬁsolve out of the

conponents as _ represente ar seni ¢ oxi
Paes gad ade%ﬁfﬁ@ﬁb\ﬂth% mwbers@ Eorptligueensgnagdkali metal

Sxitsd héﬁ@%eéﬂ? fextbRIGBE frBﬁPfK@%le&%@ c@hﬁﬂsﬂ:‘i’orﬁ%'aﬁ%ﬁcatmns as the
rleadl I pﬁo tlfﬁ (iel d aﬂ&f’é f &ost \M}'kl e avoi d
glpss sl te g qg,IX RSB ISR AGVICEnf L SHAYSS trace amounts of
adhahQﬁetrail @mc&s@ﬁeﬁﬂy@&ﬁ;ﬁbﬁr@&h@ g 4¥s ﬁlﬁﬁg@f&é& ng@oﬁéﬁerﬁag this,
1'(:/1%3r %}q% é:gh / egcﬁlc?ns of Eﬂengresen% n?xtrén Posilh Itgace amounts of Li20, Naz0,
and K20 are added, together with trace amounts of ClL

With the present invention, a sufficient fining effect can be obtained in
an alumino-borosilicate glass composition without using, or using only a
Limited amount of, highly environmentally unfriendly components as
represented by arsenic oxide. The present invention provides ways to
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and the nunber of residual bubbles in the glass

conposi tions of Exanples and Conparative Exanple 4

shown in Table 3. FIG 2 is a perspective view show ng

an exanple of a glass substrate 10 for information

di spl ay devices, formed froma glass conposition of

the present invention. FIG 3 is a cross sectional
prosiucefslags sulfstratas fomladis phisymadivincdisplayhdeviers wadily at high
ﬁéﬁf' pzliﬁ’(! Y1oWe &eclf, tvﬂﬁlegl dﬁ%%&ﬁ ah@(ﬁ/bgf; gflﬂtr rEﬁv‘u%'ﬁ::rlentally

est r-carry

‘él]is I}fﬁ devi ces of FI G
RRMIQIHEY CAPPRNPBYE- A gl ass conposition of the present

i nvention contains chlorine, which nakes it possible
ain I onposi tion containing a few bubbl es

?E&gﬁeﬁfa‘ﬂbﬁ@%é‘?% @rg@ﬁv%?n ne is contained in the
gl ass E{mmﬁﬂt 1 Emp}gyemlsémﬂiﬁg &Qeﬂatﬂﬁis@l:ip gét\#ﬁh ghlafisie content

ia at .has ;he e i ncl ude. chl or.i
50 54 Blugitesof FESARREAVENIER R B sk ipoSisfant Koiiples and
ﬁenmlarahVe)Exdmplbri ghuven imdyblechl ori ne ef f ect | veI y can
te)ﬁg' mefc‘ tf 1§ hg#e'}?%(,?cftiﬁcﬁebvnsﬁtiwm%l agxi %lig%; eubstrate
@m mfgmyatlgnedxsplam glan@gntfgrrge@fﬁome aprgémnt:omposmmn of the

f@é@ﬁ{ jRRnp@ue proposed the follow ng 25 explanation.
oﬂd} % point of chloride, particularly alkal.i
rret al oPi Hedj gofgsectipnal viaw«f adwraforampgiaondisplay device,

ﬁitﬁﬂhlgean 146pTaey 1eR06f Shit Sdss Wubkhi@ite %i‘tm%rﬁ’itléh dlsplay
(g sdhtl on of the present invention. LiCl has
%Vl?‘?%%oﬁgg t of 1360C, and NaCl has a boiling point
of 1413C. The boiling point of 30 KO is 1510C. That

n nperature range of a gl ass
Bést MBd f&“@&ﬁgztuﬁ%%t tlh ﬁ{ng/grﬁ 1Rt i on,

nposi I on O res t he vapor
pr ess uA gdassft comhlefmtlan lodilthe presdnt iokewtion esntains chlorine, which
I 1:AC Vv r
gaggg g@ éﬁﬁsfb‘i?% 'BCOIRART ;{glél;s g({qﬁpe;@{gfeg g%}gtgyg@g a few bubbles
yoadilye Breferaldygihlasneiingontained in tl@%gb@mmnosﬁmmby melting

1 fb%téli Qﬁ"%kw Igma@nhia%nal ftﬁa@ Ma%rbé@l pﬁ?éike@ea' n&élu&@% loride,

al ka e e ra
lle-l @anql ipkﬁ} lppa @@&.alf @}I%de In this
‘Igajg gilhe@rm@ effb@a@lﬁ&lan ehibit s f'_irlf]iﬁg%ﬁﬁt;@% uli hiee glaé§ nitflt
u ass ese bu e
Pl ont T th el PEiche AnOSE SeBiw Dyrihleniie fs not ontircly
cleary ﬂl‘lleelmesld]d)lts vhahe tresbobbhestiore haeeopeshdsednthichllowing
é# ﬁ It is considered that the fining of the

ass 03|t|on proceeds according to this
mec hanT}sérTBm@Dmmh pf ehlobdeansxic@larly albhltmittal chlveidd is near
ﬂfénféﬁzﬁf)efz&u?@ t gggr @latféfc énl}%]gl*ée ]}‘14@) og! 909%6'56‘5@ L8ked for the
nin_the ass raw g
lﬁﬁ ting af ac%‘ﬁﬁ%lcﬁ%lpasgﬁﬁb@ thmse@# 1e1venhand| ylfalnlyaﬂa boiling

Bt bETBEGPC, And¥aCl has a boiling point of 1413°C.  The boiling point of
KCl is 1510°C. That is, in a suitable melting temperature range of a glass
composition of the present invention, the vapor pressures of these alkali metal
chlorides are considered to increase to levels comparable to atmospheric
pressure.

It is therefore possible that, in the process of melting a glass
composition of the present invention, the chlorine would bind to the alkali in
the glass melt and generate an alkali metal chloride gas. The alkali metal
chloride gas forms bubbles in the glass melt, or increases the size of bubbles in
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product glass. Alkali netal oxides such as Li20 K20
and Na20 di ssolve out of the 10 glass and adversely
af fect other nenbers. For this reason, alkali netal
oxi des have been excluded fromthe glass conposition
in applications as the glass substrate for liquid
crystal display devices. However, when the al kali

tha glassxnels sedutbbiles woaldk them floag, tot the ghxfaee of the glass
feli REA ThirSE twﬁﬁ"thkéereshm}ﬁ‘é %ﬂe "lﬁﬂ:lb‘?ess HRP 5*@158{/%9 Fﬁo@f the glass
Iu\?‘ﬁceo |sso utton fromt gcassa a

fnﬁi ulsd corefiderass dhath 9r@emgcaf peoslastn copprasition proceeds
atdeadingiiettlis dcHafisnh.ower the viscosity of the glass
andc ri byt Fhéfamldtatl q:deco sition of

sili ca 31% eydecangh Clds MOEA ecqnﬁe%é% plign greater in
’dlefisawﬂglml alatefibk thahl owithg l\mddh.lcﬂ qdasd beWdr@hthe raw glass

ERBARF Rt X5umhs? ROORE ST Hheclst Roict b GBATH in the

prothlctgliasgl ass conpositi on |s percent by mass (KZO

Na20,
| ower A}]%a?sn%%élc oJ}ﬁt%Q Su% f?a ii%%% C‘%P(Pnl }Sts{))%te out of the
glass san §@r&9émﬁff&§ht@har gnemé)ers i tBow tlmc oeqsoz; talbali metal

&tid I
AL e ) SEIITE T R ASSRIFEPE B oo o

S grasieatpefor Hawid eystalasplay davicest odiewevesorhes; the alkali
gletalr biRleat atenpRUAin I R8cdfani&SPKE, Ahed 'gﬁﬁiseﬁmﬂ_ i¥fect can be

Rieyel s sOBDFERENg e taduf e’ gifmoldion ot ha ass at a
Eyel that Wwoaldt netctd use, ar§2 firsitizal peshlem. t dl‘ltmmjhﬁhmetal oxides

b he T gﬁgﬁgsf’cgggc tcf\lﬁg %a%#gmgg% &n,gnc% eflxé%l% 8%}% d%cdmposmon of
gbea.fwhichrdoestnotieasyy dssom90$emrﬂmw glisisahatemial.
produopy@ folijdvf/ n%r ﬂ]‘? Qeb&ibd SadH) ‘E&F@Bngﬁp gp %%%lass composition.

foeffl | ent i cone_nater
hey ng, thopereeateesdenatone the aprienttdl @agk component of a

€lasé @cﬁhpﬂﬁ}:’loEQS per&ii Byoiagé eater, greater than 0.01%
or in (E{e % ;:]deé greater than 0.03% Further, the
K20 co ess than 0.05% 35 As in the case

of K2CK2(N6\B]@2@D Anidi E@O/aﬁoemmponénﬁshﬂlatt%me@fglﬁ@mm)szty and
RSB R B SERGE b Bl oo
afteali¢ay ivdhiel does miob ansily dedvensosefiadhe rAtw ghes smmriajl me,

4 I\Ia2q§/§yqi) V\#ﬂ%% ﬁxé ghlﬁ;ﬁm'fﬁ’ee%)gl%llﬁotgx%g@g %g%élg%tn I{o%zes in the
f@r@s of PrtassiEO cb&nm@tatu @mp@aéﬂmse of. DiI0Q°€ orSgteater. This
ﬁ@ﬁlthte%%ﬁféﬂsﬁ% tl'lé si%e Q)@i')uBQleQ ?gﬁle e 29 il @atfs%g.@gé‘ %mobles to

at effectivel unme resistivit

ower
%‘P afste teniydnce orBy ff_qaz@célam EaD alsp sorpes i b@mogemze the
EhaeTRhElt. mel/etm m@bﬂem gk &8b Highh %Heﬂa Q%Q/ocagésdwﬁére the
ases _Furt her, O, cont ent
el 25P30gh PRLEont o s st i4 Haresréduiiohanay produce
diffghexcet imathet thosen alf e}dﬁ&@sﬁﬁlﬂcdeﬁ@eh’eﬁ&ﬂﬁ %ﬂﬁéd)@letl&@té.ﬁals The
rtgldgﬁ{e.]:%lls {@é}%ﬂt‘% (f %(:}# &’ b %@/’b )ﬁﬁ‘oa}'de%%m e, the KtzB content may be

ass
0 005% or greater, greater than 0.01%, or in certain cases, greater than 0.03%.

Further, the K20 content may be less than 0.05%.

As in the case of K20, Na2O and LizO vaporize in the form of sodium
chloride and lithium chloride, respectively, and increase the size of bubbles in
the glass and cause the bubbles to float to the surface. At the same time,
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maybe, for exanple, greater than 0.04% or greater
than 0.05% Further, the 10 Na20 content may be 0. 2%
or less, or 0.1%or less. The total content of Li20,
Na20O, and K20 may be greater than 0.06% greater than
0.07% or in certain cases, greater than 0.2% The

Np per limt of the total content may be 1.5% 1.0%
p2Qranselish) alsoseres tohemogenizadlie wlass melt. |LM@nwhike sodium

@mb@@somb@ ofit afamcgrgegs' ThQ wz%gy%a ng gg%&e%e 0.01 to 0.5%.

metal 15 oxi dées such

1QORRRINE i GORATto el Bielhas a comPoEeRly thap effectively

1@@:&@ Ith@f&@ﬁnﬁ@ @é&lgtl@i‘tﬁ)ﬂ:l@@lghésé ablpbBitidke f’IQ{eeEiaOBt%gge}lt may
anges or I N ra %
b6 IR Srantile, RE% St aafy AReaetBANGLO fio@Pa s some cases,
gitclacer ehdenDi02%t aFuﬂohed,eBmS)Lkﬁhltaﬁt K29 B 0. 2%@2%55&1 The lower
S rese ven have
i 5 RTRTSH bghed e (RSP SR 0 Rt e of
Indelsstaabmatmab inentably eqddsf Nas® I’tesﬁleaglmlm The dVa20 content
T b t

SR B P S RS e
Nﬁ@%omm mpy be GA% qudee, kB Kax lesre sl owest
”Fgl | iTNe (et cbi(i)‘trt]an\%m%tf %11%? ;Pg)a% dz%g(?.‘ in.'&gr B@zg‘éa@%xt flﬁn 0.06%,
%ﬁf“gero'g’ ”Dg ﬁg% OF 4 LRt AN CASEASEIE AL a3 (haes dde uHHﬁé’thmlt of
th, tobyl compehainayite 1B 1.OBNoPNE cliithth &fsed] B34, MRt Addition to

B B ot B R ot KoRhati oo MBI R, et metel

oredesd soxhdes Jtel nodeChed. i The hetal3Goghassof alkali metal oxides
nQEs tRl%g} aﬁ?@y Q%rgosrhotﬂ(i‘ PP&eF&bl&?ﬁ]&‘i Ehg?ﬂrelgg?ﬂréfa%}ges, for

as Cco ar e one
examgele, fuatranee ofigrdater Pan &m tand gréaex dbean 1.5%.

toget 1h51uts¥cﬂlcg'{ g{g@llaha atpgk %gkg{i_ Ftat WRQ i%%cﬂlgas K>0 and

ion o et a f ]
r&law S9MNOsHHES P the Praspideinventioneese bazadower volume

@Bﬁ‘tﬂv@@d arid writh g;!%sé mgglsa% é‘dﬁlﬁ&sﬁtlb?gggﬁﬁﬁop €hese alkali
i npr.ove s becau

ng’xadqsar géq'f ﬁfl Oreydithe m@auéo@i > diea pok he#giy undergo
eﬂbﬁrtﬁ]ﬂationty of alkali netals or alkali netal ions is

[imt t.h derance in the dense

structe(g: %?’b&Peﬁﬁ%ﬁaf ?fgegﬂposi tion that has 5

under gomengolizfe K40),i mikdhdgéasty K20dmd thoklowastimgbilitpmate in
418 MY SOkl 2@{1 i g&&@g@&g}&%ﬁ? Ai26%hd/or NayO,

aciljitate con
ther meHityxase difilg oys amsd/w INa pensdeae rhekﬂm)nraswd i Mhat is, by

dBhEARIES more tEhn AR lﬁﬁﬂ'o? bkl ﬁleftélrﬂiﬂg? %feﬁﬁfzaleﬁiﬁﬁ'&bﬂlty of the

élnen contai.ned in very gce anount s or exa
AR PONEG R AT m%l?rr‘i’(Yé Cl does not readily

deconp¥gh idHre ﬂhﬁ@. oxiﬁdkﬁﬁi of QMedD $ad tha P BxIRY usss ‘ﬂégétﬁer in the
55, B3RS, LORTES el Uhe, G OrLEnt pieee o i
ahling icokdy omleylsmﬂl of alkalimetgeinede agFuptiasewidp i, Na:0, and
K®iO %%}éiittfo;l;&i,}fze?t 10f20% atntn]c‘)%ugcl q85the glass composition, dissolution of
alkali metals or alkali metal ions from the glass composition can be
suppressed and chemical durability of the glass composition can be improved.
This is because, by using potassium having a large ion radius with sodium
and lithium, the mobility of alkali metals or alkali metal ions is limited by the
steric hinderance in the dense structure of the glass composition that has
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10 The O content is therefore greater than 0% and no

greater than 1.0% For exanple, the C content may be

0.002% or greater, 0.01%or greater, 0.04% or

greater, greater than 0.09% or in certain cases,

greater than 0.1% The alkali netals as the

constituting elenents of U20, Na20, and K20 may be
unfeizond volwmedhirindsagetassovesdt of cavtingtfeomal the anolten state.

Howeve(C])the 15 absolute fractions of these el enents

are so_small that they_ conpete with other ions for th

bi ndi n§! A&t crmPpongnt Hhahcane faqilitaty ininge obitheli glassef “The 1

sdigsRt iehe aeh e@dﬂe&ﬁhgﬂ]‘)@ceﬁ@ will bhé ﬂ'e@éi‘ill)éﬂ 1d88r W Examples,
her hgﬂ) l{\\é\%e ium chl ori de;ng%l ., pot aSSI um
Ehegn e 1f Edyring cHoTb e, neﬂla@:v?r.‘é ¥acq dereerats (for
¢xarhple, 10600 1%48L erMahBwhils esx’ﬂch arli doe%%d’f%ﬁﬂﬂy&ié@oﬁpo@@mto the

088 el ion 5% oA N e SRR B SE 481 1 content
dndebllesl.Q¥e fIisedaydpadlty fdremtidhef ghﬂ:ﬁﬁea eoptinaingr ehloride

sieicg T SO Bt -l Shugt e e
Hae &rli eondenf isathyirafore greatsghanddecind he greatsarthan 1.0%. For
éxﬂi‘iﬁ?le' he Q}l%ﬁtéht%h fHeCtﬁéoﬂd‘/o & é@hterf%m)/@ aWEQF 0.04% or

al k eart or| )

FTEAY %g}”e%iﬁge F?sﬂ%/ TR qs%atalnr?@swgafe@teartham%l

mabut | i Tmta alk4i aftalsas ﬂél@ d)ﬁtg‘sl{:uﬂ_ﬁg §1en§é1ﬁ%%fahi@l Nazo and K20

ear ne a 0, NO en | even

Arbe FHEDLEpErS: OFEreRt SeULcnEoB0 it g PoRRts. HAgEves the

dbobutecfrachionsoff thiese eﬁnfnﬂmm sg@ﬁﬁ:ﬂi‘ tlSaﬂml)eymgtnﬂéee with other
e I; a ] ar net

BRI SRAES SO eGSR 460 9B o e

¢eme@§%m85dnmypmectanffmmlymre freely in the highly

|
Vi scougy glgic aﬁfglgg }%31?1' Wgh ﬁ%h{llﬁlﬁ cﬂ%ﬁ%@ar i );,naﬁ:ltgéﬁqeﬁ{ chloride
@%@353@1 & godiuam shilgrada (N@ l/)/e%me addeskta the wdnaigrials,tthe alkali

ﬁbﬁeﬁ@ an'&ﬂ@l%fﬂ éﬁst hOL#CV mu HnHiNAODELRCER GHS éthe of melting.
I ass |t | ssed r a reggrce
ﬁéﬂ'é gfg’ét he, higan ﬁs:aﬂ}f o/lalhles pge frared Fapidly when
thes ghagzo It@in@ér@ﬁdru Céweﬁdﬁ thes &ﬁhhﬂ? p@meé her }:]ﬁwep;aml metal
s C | sho referahly
Sphes TER s, el PRRlRple et Al anmh mRafutis afad slass
qooapasEitidn of tlge pmqeat atvergion AGHam ohlorﬂeg € alletl) metals.
this r'ﬂ‘?@eﬁikaﬁ hgatlfﬁe Iﬁgtéﬁl % id]:‘l a@ t(fll orggﬁ}s u}lg(?cf ym JP

freéee

Hﬁgﬁﬂng)\égébiﬂs‘l have hmiubwdmgmomlgts aeitdtmenmbﬂﬂsf in glass is limited.
@tt!hle@e allﬁﬁl Qrtﬁ%@t%‘%hlo%lﬁst(ﬁf‘ngf oo l‘)cﬁl I'A;ﬁdfesaé%en when

ria an in the ro uct gl ass.
fii%&@mp%ﬁt@e %f@@?fé?et es baiking RP1BES. o diadhi masg;@amﬁﬁ@wnt fining
éﬂbctél m&@ahshb@fobtai\tyellmﬁ thebe alledli b&ﬂ'h ﬁa’éﬁaIth)ond%s o0 the

n ass co OSI

e Bbd o e et R S Tgaed Fa T EF Rt Blagmore frecly

mnthe thiphly vidteuefhieiedn aflaen bﬁﬂ@la{mtm Qﬂhﬁﬁtho }L)gro_ls_sr]glcate glass,
e si stance 0 as

SR8 ikt 0ol SBlorl R e P Ro Behf Rt eftedfied: to weak
elestrienbinding eénsthehglass. Meanwhile, in a vacuum fining technique in
which the glass melt is degassed under a reduced pressure atmosphere, a
fining vessel is used that has a complex structure for sealing or other purposes.
In this case, fining should be performed preferably in a lower temperature
range (about 1450°C to 1500°C) than normal fining temperatures (1600°C or
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40% Wien the Si Q2 content exceeds 70% the gl ass

readi |y undergoes devitrification. This makes it

difficult to formthe glass, and the increased

viscosity makes it difficult to honpogeni ze the gl ass.

Thus, the SiOQ2 content should be 40 to 70% For

exarrple the Si Q2 content rrzg/ be 58 to 70% 57 to 15
gomteny o thivgespoct dhesuse of alaili mebabehloBAER) whih0@n move
{n%é@ g%lm%hss ﬁ'i‘hi(ﬂferf:%lgeg n§ ?)%rflgﬁ‘fad ale g%ﬁ\ﬂefmtaggodé dﬁ? Q'ﬁl’:ﬁ‘é{moiﬁnmg
the gl %@%ausm@ 1§ Y@@t ilg afheo Clieontent as méten greater in the raw

gidftérial eRbhYin/viign p&'B&u&ZQﬁsgonTﬁﬁE hsg-ﬂe%@r LR %f Cl source

t.he 0 cont e eds. 20% "t he aci
%ﬂ%‘ﬂét‘%egg%f %ﬁ@xfaﬂ&’ éﬁ’@%%ﬁt@§a§’n@as%%%ﬁerlﬁé¢h@ﬂ the Cl
cottens neagédifor, thetplady gvalessidibndi fficult to honogeni ze
t he gI Thus, B203 content should be 5 to 20% For
exanpl e ?FPe B203 content may be 8 to 13% 5 to 12%
or 5 tBiQDH an A&%ﬁ)al%nﬁiﬁ@&tia& ;ﬁglz&s&fﬁtwioﬁk former, and it has

dres i @ Bhe e AROL AR 3l s ce! e et

This effentcanspt bp @bgauasd SUfﬁTMﬁBﬂa’fWhem the a0y ctmetent is less than

, @@%a' '\Wﬁeﬁufﬂé gl@@%OYﬁ&‘H@%XEé@iﬁ%@’ge&y%S%) i'fahdjﬁ’sindergoes

éﬁ 5%, eﬁp@ @é content exd

apahcgtions wpkes 1t dificylt tonterar the glasss aadctde increased

ﬁgeceit;omikeg it Hmfﬁ%m%%gmegéma ttha hgwééi blgugso thg s%é‘%;ontent
e co be )

%ﬁb‘m}@% AR50, Sy example 'i@a%ow@ tagmas e % to 70%, 57 to

e 60 ad 65%;[56rterﬁ5%td1666 t08@%. vi scosity of the glass

and fagi |4.tate deconposition and fining of the gl ass.

When the O content and the CaO content exceed 10%
and 20BgOs sspeessendisl canmporshentibedl 10861 uhabisjcbsiyy of the glass

e g S o i 17 U0, 2Pl ot e
c&&an@dawpﬁﬁéwm}yewbg@t he dFQsrmontenyt isdegs tlmrs@% oWhen dhe Bz03

cotent b,
4 @::L;gxizg%‘;?ﬂ_?éﬁ/i ftﬁgvée‘at@ gé%!fﬁ%ﬁiﬁeé tﬁ@ Q]éisg é&egﬁf%tes and

LOB,@5CHF R £ RPIFLY, yhigh anpken,d @éﬁﬁt@lt ﬁe@omvgentze the glass.
’Elmerz(M caitehsbéuld%e § o @VIET Fér BLAUBRL tHE %@3 cogtent may

) A P e SR o Cho Bont ant o1 of o ably

shoul dAgxo greater than 6% It is therefore

E’:é%f iff"‘?bﬁeé e QAT s Sy S hnorR bt aml it has

féeps oftephesging ehanicel urshiittrahBheatresispticendlthe glass.

: 'Plﬂ@@fﬁ%f‘t:&nﬁ&a&e SIEled/] é@ﬁ@ga'x#t ‘erleht}il g%l%g For]t%n@%less than

gg at e dgion'pom tion an 'ni ngh
103 sorfenh exerpdscitoe be siqsosity 2fvharlass lowers

alkﬁi’/tacﬂeﬁd%@ﬁbhu@'dﬁteﬁ&ﬁt@shewmfﬁ, Alz03 content should be 10 to 25%.
For example, the Al2O3 content may be 13 to 20%, 10 to 20%, or 10 to 18%.

(MgO, Ca0)

MgO and CaO are optional components that Iower viscosity of the
glass and facilitate decomposition and fining of the glass. When the MgO
content and the CaO content exceed 10% and 20%, respectively, the chemical
durability of the glass deteriorates. Thus, the MgO content should be 0 to
10%, and the CaO content should be 0 to 20%. For example, the MgO
content may be 0 to 5%, or 5 to 10%. For example, the CaO content may be 0
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durability of the glass deteriorates. Further, because
of large ion radii, there are cases where SrO and BaO
hi nder nobility of potassiumand chloride ions in the
gl ass, which makes it difficult to fine the gl ass.
Thus, the SrO content 15 should be 0 to 20% and the
BaO content should be 0 to 10% For exanple, the SrO
om0 or ddpHO% to 4% 0 to 10% 1 to 10% or 1 to 6%

FO{) exXgaRhgprove NheBARGP RkRBL bgam,bﬁot@l é()@ncPrCa%)rrgﬂeferably

% gl ass.copposition of thé present I hvention y

PRORERE eapingt Bt By amasmi i aritleastol %: hén pudentepresent glass

diégiﬂ:fiﬁ!ciitiﬁﬂ,hﬂ}%; %@3 ?M?an Q@éfe;ﬁlggf/sgg?ﬁq B WoSredfdr than 5% and

M G0 f?geﬁ%f}%omef?r&biéﬁ%ﬁﬂﬁﬂ%ega%&f?@f@r &béﬁ'pfj(@s &t is therefore

prathratddithaothe Mg@pﬁﬂﬁgt&ﬁ bient |81bl W,Z@@l_r fgg%% lcadfeht 1 to 6%.

n a . ese

iggc%%gﬁg%e? gﬁﬁtheﬁp%%ﬁ?%e g?ﬁ I?alsﬁ%}tlﬁ’é%d/%t al anount of at

nost 3%8rQ,Ba@)tain cases, addition of ZnO may not be

pref er @ r .

Cont it o) end BEOrerop ¥ A8 oo iR ST Beosity of the glass

#ag faeilicater degempasifien padgbnisl ofcthe glass OWBsn th BxO content

Pee crabAl kN nggoPf SFpok h ) :

ey h co@arﬁg%nlti %fcae% ?agge/p ﬁ%dieg)%%i %g%&%:@%f%%, Cﬁ% C%emlcal

g@?ﬁb&ﬁ ebiheselagy, deterigratesy ndirther: bacapserofdargesion) ragli, there

fj;]mmsas @QH?r_eWSllfD ghggga(o ditader hi%lit}&ﬁé(ff magsiﬁ%aﬁai&ﬂ&{iue ions

entja ..Comprises oL egoi conpope
Bl ERRE WhB ek B B heat Ihye T BF9 content
Paalirie € itd 2%, yartb slor Bakll catene ,sha?]ﬂ Be @r@UP0%f For example,
I,V ol 090l 0

ORTDE0 SBhtent TSy 18 08 B 6P 1600, 130 ROEHE O 6%, Fgpgmample,

&HBQQS@@W@ 1opyihecd taié%e omBdnel@?. ot her than these

conpon r : ; -
NPONKIMady c%ﬁﬁfowﬁ% gftnﬁéslﬁ%cl gé‘ﬁf ﬁi\{ém:ﬁeaﬁgzééﬁ @?}éﬁgﬁ contain other

"does not essenti a I's i

enepeRats fonihe sushowse of conirdllinavefractve iinger pug temmerature
oty el ctorldtios AL AUNGRMAAH IO for oxample. - Specific
Saplee oot slen sagihnal] copenenta dncliste 7805 Vit Las05 Taz0s,
Nbe0s, Geoef .Gaﬂb&,ﬁﬂ@ﬁ 8111%?!"./023\, Dﬂt%et @iliﬂpdﬁﬁrﬁs may be contained
rafe n % .a ass OSLLI
B EHHRR YR of D8RS B9 o1 Ui A8 SufRERE Bt iy not
ke paaforabley dhirtkensxidesanf bis vedbic adapthd eontainbd as will be
R 1S ) ‘ o :
SRRy 55301 A0Eehe L ILASH 180! Ut han 05%.
Nidenay bsontrisedpn et mgecsidresithaws 0.085. ofo@they be contained
i §angebei bR @010, UTY bR %aSQTY %ﬂ%&« 'bte;égﬂﬁgﬂled in a

it is preferab hat a gl ass conposition o
RS tesrsr@é’i’td)ﬁgg/"does not essentially contain oxides

of ar SEmé Cghid camipos®ity, 1A m@ese@néoﬂl%ws%ﬁbhomhaﬁ &Qentially
| im t.ed ttho his. As will be descr(l bed 10,later in.
ERAMIPELNCHORTEOLIE EURBARTHRS FouBs (¢ BEOWR eSeamPeRanfidiath Naz0,
;510 thIrOdB_a@)ihdt}@ﬁﬁll;aﬁaewrﬁlﬁe(%aﬂbw, @nl angiyp ﬁgéomponents
0 S: r | C. e contakned . n the

A BT L R A -
@ripesition does not essentially include components other than these
component groups.

As used herein, the language "does not essentially include" is intended

to encompass inclusion of a trace amount of impurity that is inevitable in

industrial manufacturing. Specifically, it is intended that a trace amount of



10

15

20

25

30

35

Oxi des of antinony, not as environnentally unfriendly
as arsenic, may be contained in the Sb203 anount of
greater than 1.0% or in the Sb203 anount 15 of
greater than 0%to less than 0.4% as wll be
described later in Exanples. By further adding Sn02
and using it wth arsenic oxide and/or antinony oxide,

YORUHAY i eontagnethinfhe ameunt efdesptham QdJS‘Vaspm;t‘mrab&e less than

0999%, labﬁplmlo@éprefbfmﬂymeﬁnoiﬁbf%SHOZ content may be,
for ex |l e, greater th 0/a.Fld no greater than_ 3%
The upPBFR |3 @ASSfOmRPBIEIOR of She BISFOAT IgveRiEPTite amount of

@r%hm aaildy ol‘oxﬁrgtﬂﬁeny%&ldlémgéd lehATHe ﬁdfu@é%hﬁe at the same time
fera ont ent, of eac
58 Vet B odhat B FLteT thereBat UieTiP Bhould not
b@ unerastpbe to &ede)etéb%aﬂlme £85,18b, 13%tB2O Righl$ droidfifmentally

HATRAL O AN 0 5 e o

they Peserrioinvendivl does ntoesBYBIED conain @84 WfRI6eNIc and
A bfd %’BeA%)?Q&.%nt ﬁn{réht}ﬁt{ S@@l@t 1nit8a ]tQ {‘hffoAsaWillGoet Qescribed

% S ul@ Int e corrponen S e con
XagRplesainglass wmpesiggn.of shepresentonyengippomay include

ds;ﬁdé@ @%%Q%W&ngtﬁfé%ﬁﬁﬁeﬁr‘dr barfl ecg)%:%e%p 2?2?]%{910 may be
n
@%’gawﬁt ?h*’ngg?l‘é% anojnt ofereates  than 03 59 eptersthag 0.1%.
RideB26IB antith T« a%lé’ﬂﬁlr ﬂnie@t Adly0adGirkefiic, b
8kt 8. AL, A0, Dol Brd e eEh FAATSE bl HEDE s
conponent s % con %e%gr P errBT in ]g% g-/s amount
ﬁmﬁgtmthaal 0% mzﬁeezban 0L4%; as ¥eidh lﬁaﬁm,nhmd lave59h Examples.
B@@J rthel %dg#igrcgsz hnld sqr(% ¥ 91th%eﬁlct09ﬂ%ep {%&%@an/t\rm?ny oxide,

net hod fqr mng a g conmposi {1 0on
3 fuReHPHHNING effret cpn bejobinimedy as will thedlesmibedy lﬂ/tﬁu imlxamples.

'Ph@% (Qi'ntéﬂﬁh@xﬁ B, F6L e2a e, N ca tHAG! A)'%Iﬂi gﬁ Sreater than

i ition 03&1 esent gg’tlon qul % 0
YURRET 1 %lwrr% rablyp2%oan HFQj’é papterahinl%. The

Boﬁfe@ﬂfi‘?iithqﬁ@rilﬂﬁlﬁp&yfeﬁﬁhhﬁ(g85%lCh as a 9 liquid

cryst | a \VAR S n a

choan Ao BBen i E8eR BomboR Bt PR b g alesbaliod above,

tther caatenp ey bs, ﬁrfm:anlplpaﬁ@ltol’ﬂo%rﬂi()a, 8aciepBs, 13 to 20%

R0, 48BN B 1900 PR AR RAN dnd 0 WY Bt  Frurther,

e’xa an I nf or
Bethese. cop@cmwm qor@nemambeffomxampianér tmﬁ%csloz, 5 to

m@ mk 19%6920%%1 £\ G0N g?“b {o ﬁd‘%b A’Qyéﬁ@'o 0 10% SrO.

ay. devi ce are di spos on t
r Bi e Bhepet %mmwmt :Zﬂl%cﬂhteélts@ayalm fap expmple, 60 to 65%

$iS1686.1200BONEI0 84 20% AUIBY, 0'RHE MG UE by 8%  CaQ, 0 to 10% $10,
T B S 0 i bR b oSt be, o
dxaneplo] 66 to BB &G Do ezmheg 10 to $8BUABORe0 ROtT4 MgO 1to
ﬂﬁwag?,l ]Olt,o ;‘%" @‘@c prairn&stf g?] 11’/0?%9 tlig’rt g? lslergompone)ﬁts the
oheet sy e, forexpigse156 to 80% Eazphe«s 12% B0y, dDass 8% AlyOs, 0
tIRI% NIFDS 1608Y% PRO, §718do8 brbP 237 3 RP1GHRSSa0.

A method for forming a glass composition of the present invention is
not particularly limited. The downdraw process or fusion process may be
used.

A glass composition of the present invention can be used suitably as a

glass substrate 10 for large and thin information display devices such as a
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hereinafter) were prepared to have the conpositions
shown in Tables 1 to 7. 15 As comon raw gl ass
materials, silica (silicon oxide), boric anhydride,

al um na, basi c magnesi um car bonate, cal ci um carbonat e,
strontium carbonate, barium carbonate, |ithium

&grb nat e, ‘%@ um car bonate, and potassium carbonate
gtel dgplay deyirecasd a plasmmilishlas pajel, ssghawn in FIG. 2,

Thbcgiaétesulﬁéﬁ'@%s%@lhﬁ%ﬁ)?%@rﬁ@g rfgtn?)éegrﬁ 12 lé@agg@do‘?ft'nﬂiﬁel 11 and a

nLe us a i i

BRI PHRe 12 G Gt SREA 331 devies 1) et vt i FIG. 3 as am

etampld of faurﬁﬁ‘ommhah cﬂlﬁﬁ#&@ed@vﬁ:@t Ak S}Min?mni43 the front
t n our. 0

PEAGL P ARE kbl 15 Biaided Br bR TuRd iy @y ialag deviee

480 ave 8Bposedhen the hethositles of T hguid cxystddl laysd 20 witlea sealant 30

a al | owe
coo?ﬁg%gﬂé gk 380 diHbr B Do WAREE ARREALRLBlrchBdes 40
Hgn e m§s5(bbt ained. The gl ass body was taken

OUt OfTh@%Hédb‘ﬁingIMCQB@d%‘?lelfﬁﬁoﬁﬂﬁleﬁg of THE prEeait {iﬂrention

was perforne n 'owm n procé)(fure. I'n"

B 6%hitples. 4.t haUIgh b aostd o EvaRRe) the egsnt fention

Bl dihitdd bmeﬁbﬂg@ﬁ(zfe@np%ﬁﬁﬁr ate electric furnace

ggft 1%@@%&% 00C, and i nt ai ned i erein 30

naratiye tive
Exanpl Bstches cofl tawt Qﬁssgh%énblyﬂm\a@sb@ r€aGell Nt as "batches”

t had b
B Sl 97 B e 17
Ap egpramopsaw tgéaSSO(matemalsn,o silicamfsitiatnir exiy), t bore n@nhydnde

Aufnihbe %'a@ﬁt F i I%%Hélﬁﬁ‘lfe ca-ﬂ?g%a[t? kéltcﬂ%ucg‘{a%ﬁgngﬁdy strontium

wa USE as .a Sa ass I on
qarhenatey phdnm gayb esd lﬁmglcaﬁgon@és, softimutabonate, and

pbta@émhy chfiSortHtaSwe fORREAI t 'A%n 01 B ubéddONRRGEA! cHiokfl, sodium

SIS usi.n 1 X3001 fro li’gCgr porati on.
O’El %’th}eﬁ%H %‘10 , fld e OFW@oC Prigeree é‘ﬁe@pect r aI

anal ysEfchjsbatfdl OW@ESgabﬂiéﬂl );(ndlf fisbd na zu p@ﬁiﬁﬁﬁfitdrﬁ&ble The
uati om0 ar clari ass

RRERI HP1a80 W Gy IR o e ok B sl J¥B0-C, ana

Igaagzmmd Hhareinpfdrcdl hmms aac Opani16x)1 and f4I4y ahdn doftparative

f r o s fr o

ERERIEDEG 8 USSP ehaflftly % g .

apeible math theglasy mell ves balearabwiao%thebt;umat@ landralhgvea?l to cool

dril Qél'ld’lfy ra%tl‘oem %m@é‘ﬂﬁh@e t ta %Mﬁra?%@e?s%t b(gt%dtvshaes obtained.

ﬁ_:l é?r% | asse Si nce
ahen itnef the rCiH'éﬁ?lblee andjgradvalbubesled. The

caoliﬁg WS ﬁbﬁbrrﬁé@%ﬁ:@drtﬁﬂ@"ﬂo &H@H@m&n pwaeliﬁ& actuRkhMples 1

00 e bR R ERSo HoB SES b o huplaced i =
sreparaijertdelctmm ﬂllﬂﬁa@)fhﬁﬂ@adibéé'n REOEITOOP Q)| BB nRAHYaiNeH therein
8., A B0 YR S U LSS AR g, e
glasss bady hoas pdacedhin mesmarete rlectfic duanadey that had been set at
750°C, and maintained therein for 1 hour. The glass body was then allowed
to cool to room temperature by turning off the electric furnace. The resulting
glass body was used as a sample glass.

(Quantification of Glass Composition)
The sample glass was comminuted to quantify the glass composition
by fluorescent x-ray analysis using RIX3001 from Rigaku Corporation. Note

10
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15 eval uation. (Evaluation of Honpbgeneity Due to
Mel ting) Honobgeneity of each sanple glass due to
nmelting was visually eval uated. Honbgeneity was
eval uated as "Gbod" when undeconposed portions were
not observed, and "Poor" when undeconposed portions
20 02 rved. As shown in Tables 1 to 7, the
é@ﬁ’pl@rgpa Bgs s ExagpiiBed 1 byo exgisgion spggtrgdoanalysis using

I@PSQR]@@EV)beﬁmta@zﬁE(b&?ﬂﬁatnﬁwt her, the sanple
o 58 all had smal ler relative

gl asse a
rati os&b‘falﬂﬁtﬂ n?gi%ﬂ'fy)and fewer nunbers of bubbl es
conpar Ehe vlarity@ditha rg&ﬁss\/lﬁ:)@(x&w besluabed tl@dﬁgﬂ@bs@ﬁratmn of the

SRBPB! BlaSh Stk o yifFichni Btfeab 4DE 2B Y Fiedinga tha mpanber of
Pubbips qerl] om?® afigsldds fmen ahioknetd 00iemnBireaahndtthe number of

e o -
off bubdrip spumt withsesppitete thethdagk samptle ghasses t he sanpl e

gl assesink tﬁi%aﬂéltﬁéd %s B ?_ngﬂn?ées ﬁ?%%ﬁg&%ﬁﬁnt%?ng 9 crucible,

glasses of
ﬁ%ﬁﬂ@ COYIHFEmS %@@Fﬁ?ﬁé‘é‘iﬂt ngpbersmoldhld ﬁ‘%\ﬂfﬂv@ﬂy contained
ﬂammeﬁ:@mﬁ ptBduéay gxars»sfboﬁgft i Név@%ﬂé!és%d it kh&8¥n that the

t he 0 ass nel 00
bUF0RF B HRbo b litadhn hoipaimchSalu kiR ghes bedy will be
$man] ﬂamlmn the hebhﬂeepahaﬂetm'nﬁhed hasedohlthighR$bod Assmall. It is

8Tl BAFTHICCH, P P PR SRR o claie

avalwaldan.and Conparative Exanples 1 to 8 shown in
1abl eEbalatRont'Bl FoRtdeBliHGOMPARIGRS) vel ¥ based on

1 honpgeneity an tive ratro f bubbl e count.
Speci fH@lallOg9neltt}ﬁe0%\¢@£hl Eamﬁlealglasa shende mediingswas visually

dallhawsl: ﬂ@ﬁfogeﬁ@ﬁ? %@9@5‘&'&@6 V@ "G%gﬂ“ vrvleig?eﬁﬁﬁecomposed

relative ratio or
pg{g@gﬁt\gﬁqeenom ﬁeI'Vﬁl &en o:@,p@sqch@ortlons were
olekatddie ratio of bubble count was 0.7 or 5 greater

ang e shaPR R Bt 105 HhESer e adpreendt Haaneles 1 to 58 all

lnprce agoed hnmogenenty hdune Oto7 ;meimhg mﬁﬂ:lhbgnthe Vﬂmmple glasses of

RERPEACLY 46 R 88, b GRRs Bhune an evr
naphersy of rlatbkde%fcomnﬁmeé W@tlntCompamtweguEpmnpbs thet did not

&ﬁmheL&tﬁsﬁﬁ Okz@(aﬂﬂi & d4§’hE bQF%?%Em{[Jé? hubbles in the

rrplg tive 1 npl es ave co
oFlapgpsy ?fe@@nmaa"ﬁﬁweslﬂxww@@el, 5, ane Wvweal dbout 1100/cms3,

MH:UM(D/@@?'V\@ﬁd Bk66t |@Ulcmbeﬁ% %@tlﬁél& 0fUﬂ(ib%§ﬁJposed portions

es ub (20/ c
‘1"%1? S&ﬁ‘éﬂ b‘b& %'lnbgf‘e @Pg@mmtk‘ﬁeu Exaaplas 1 to 8,
Hutenstaimplthe @la&qﬂesglaése@O@ﬁJEkaﬁipl@ Exepi eSTalsaBHoxilz@d that the

a ving,a rk,in the overal
B EPssetit s emRidh 15 of 85 et Bt oy Bpiipeitity due to
degbivipesitmumt In Gomlparsiamn [Exagipses SodndCaopdewitiifieation occurred
FdIP e gradual cooling of the glass melt to room temperature in a crucible

that was taken out of the furnace in the preparation of the sample glass. As
a result, the resulting glass body was not homogenous.

(Overall Evaluation)

The sample glasses of Examples 1 to 44 and Comparative Examples 1
to 8 shown in Tables 1 to 5 were evaluated comprehensively based on

11
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11 shown in Table 7, the overall evaluation was "Poor"

because the bubble count (450/cnB) was greater than

that in Conparative Exanple 4. FIG 1 is a graph

representing a relationship between the chlorine

content and the relative ratio of bubble count in the
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In the sample glasses of Examples 1 to 14 for example, the thermal
expansion coefficient can be confined in a range of 30 to 50 x 10"/K, though
not shown in Tables. This is considered to be due to the small amounts of
Li20, Naz0, and Kz0 added in the limited ranges shown in Tables. Further,
in the sample glasses of Examples 1 to 14 for example, the glass transition
point Tg can be increased to 720 to 750°C.

Further, in the sample glasses of Examples 45, 47, 50 to 53, and 55 to
58 for example, the devitrification temperature can be lowered to no greater
than 1100°C, preferably no greater than 1000°C. Measurement of
devitrification temperature was performed as follows.

First, the sample glass was comminuted with a mortar. Then, glass
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ethanol and dried to prepare a measurement sample. The measurement
sample (25 g) was placed on a platinum board (12 mm in width, 200 mm in
length) and put in a temperature gradient furnace where the measurement
sample was held for 2 hours. The glass was taken out of the furnace and
crystals that grew in the glass (devitrification) were observed with an optical
microscope. A maximum temperature at which crystals were observed was
given as a devitrification temperature.
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go I ndﬁsﬁq?é %O%Bﬁﬁp%whqﬁmpnses, 111 mass%,

40 to 70% SiOq,

5 to 20% B20s,

10 to 25% Al:Qs,

0 to 10% MgO,

0 to 20% CaO,

0 to 20% SrO,

0 to 10% BaO,

0.001 to 0.5% Li20,
0.01 to 0.5% Na20,
0.002 to 0.5% K20, and
greater than 0% and no greater than 1.0% CI.
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2. The glass composition according to claim 1, wherein the L20 content
is in a range of greater than 0.02 mass%.

3. The glass composition according to claim 1, wherein the NasO
content is in a range of greater than 0.05 mass%.

4, The glass composition according to claim 1, wherein the K20 content
is in a range of greater than 0.03 mass%.

5. The glass composition according to claim 1, wherein a total content
of Li20, Na20, and K20 is in a range of greater than 0.07 mass%.

6. The glass composition according to claim 1, wherein the Cl content
15 0.04 mass% or greater.

7. The glass composition according to claim 6, wherein the CI content
18 in a range of greater than 0.09 mass%.

8. The glass composition according to claim 1, which is essentially free
of oxides of As and oxides of Sh.

9, The glass composition according to claim 1, which further comprises
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The present invention provides glass conpositions that
are applicable to uses requiring chem cal resistance,
heat resistance, and a small thermal expansion
coefficient. 21 CLAIM5 1. A glass conposition which
conprises, in mass% 40 to 70% Si 2, 55 to 20% B203,
10 t0,25% A12 0 to 109 r\/go 0to 20%Ca0, O to
3paalent As@nsl/enan 93adeaef SP0. 001 to 0.5% Li 20, 0. 01
to 0.5% Na20, 0.002 to O 5%K20 and greater than 0%

dno reter t han .1. 0% Cl The gl ass . )
c 'rrpos ajTEYrEP l%a%qoﬁfhrﬁglto Q\Hé‘ine?:nwﬁﬁ%emzt@e oxide of As
Lsomrmemned sn ithe Asshgemoting of aireatdrngia00 0B a88% PAd Bo greater
ﬁ%en%a]g%sa %8,np05| tion according to claim1l1, wherein

content is in a range of greater t han

0.05 mass% 4. The gl ass conposition according to

aim e of . .
gir o e’%‘h{é#?&éseé%%ﬁcgﬁmgﬁgw %‘ﬁ%‘f;ﬁ ecﬁiltﬁé gs%hﬁ'l -ag oxide of Sb is
eaegig than tthe FheOs qmoménoérgrreatetroﬁaﬂn @anaest amsf less than 0.4
Wad¥%. Na20O, and K20 is in a range of greater than 0.07
mass% 6. The gl ass conposition according to claiml,
wherein the O content is 0.04 mass% or greater. 30
¥2. TheThé @Sasstcumpseﬁlbﬁrh@ﬁﬁ@ifr@ fifclh@n %Héﬁam%@ r&ide of Sb

nt e range of ater than
%3%3% m§% 11:fgh g?i&%s% 6‘2 O?rgsﬂafﬁg‘&g‘ﬁ&fre RS al m 1,
which is essentially free 35 of oxides of As and
|de Y Eely ac ordi.ng.,t o .
B o1 e S 0 ARSE AR SRR compries
Snde én the amewet @ﬁg@telltilaﬂ'ﬁengss;%san&)n@gseahem than 3 mass%.
accordlngto claim9, wherein the oxide of As is

nt ai n the As203 anount of greater than 0 mass%
fﬁgd no ‘?g §srcompqsiiapn @cqongding ¢p claim 1, which comprises 58 to 70

mass% SiOg, 8 to 13 mass% B20s3, 13 to 20 mass% AlsOs, 1 to 5 mass% MgO,
1 to 10 mass% CaO, 0 to 4 mass% SrO, and 0 to 1 mass% Ba0.

15. The glass composition according to claim 1, which comprises 57 to 65
mass% Si0g, 5 to 12 mass% B20s3, 10 to 20 mass% Alz03, 5 to 10 mass% MgO
0 to 10 mass% CaO, and 0 to 10 mass% SrO.

>

16. The glass composition according to claim 1, which comprises 60 to 65
mass% S10g, 5 to 12 mass% B20s, 10 to 20 mass% AleOs, 0 to 5 mass% MgO,
1to 6% CaO, 0 to 10% SrO, and 0 to 1% BaO.

17. The glass composition according to claim 1, which comprises 56 to 65
mass% SiOg, 5 to 12 mass% B20s3, 10 to 18 mass% Al:Os, 0 to 5 mass% MgO,
1 to 10 mass% CaO, 1 to 10 mass% SrO, and 0 to 1 mass% BaO.

18. The glass composition according to claim 1, which comprises 56 to 60
mass% Si0Og, 5 to 12 mass% B20s3, 10 to 18 mass% AlsOs, 0 to 5 mass% MgO,
1 to 6 mass% CaO, 1 to 6 mass% SrO, and 3 to 10 mass% BaO.

19. A glass substrate for information display devices, which consists of
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11. The gl ass conposition according to claim1,
wherein an oxide of Sb is contained in the Sb2C03
anmount of greater than 0 nass% and | ess than 0.4
mass% 10 12. The gl ass conposition according to claim
9, vvherei n the oxi de of Sb is contained in the Sb203
gﬁo E%S' gg}gea .er tfh O mass% 13. The gl ass

Ji1:] UEHBR AL IF‘b claim9, which further
conprises 15 Sn02 in the anobunt of greater than O

gBSs % nd 0 ater;.t mass %
corrpos%t l%g%é'%}od] #QSI{] - v it f‘)%l%lﬂgcg?‘?p% aos@Ss@gstrate for
mfofmatmd%pﬁﬂevﬁes; of dﬁnma]s&% B203, 13 to 20 mass%
A1203, 1 to 5 mass% MgO, 1 to 10 mass% CaO O to 4
mass% SrO, and 0 to 1 mass% BaO. 20 15. The gl ass
conposition according to claiml1, which conprises 57
to 65 mass% Si2, 5 to 12 mass% B203, 10 to 20 mass%
A1203, 5 to 10 mass%MgO 0 to 10 mass% CaO and O to
10 mass% SrO. 25 16. The gl ass conposition according
to claim1l, which conprises 60 to 65 nmass% Si2, 5 to
12 mass% B203, 10 to 20 nmass% A12G3, O to 5 nmass% MyO,
1to6%Ca0O 0to 10% SrO and 0 to 1% BaO. 17. The
gl ass conposition according to claim1, which
conprises 56 to 65 30 mass% Si2, 5 to 12 nass% B203,
10 to 18 mass% A1203, O to 5 mass% MgO, 1 to 10 nmass%
CaO 1 to 10 mass% SrO and O to 1 mass% BaO. 18. The
gl ass conposition according to claim1, which
conprises 56 to 60 mass% Si2, 5 to 12 nass% B203, 10
to 18 mass% A1203, 0 to 5 mass% MO, 35 1 to 6 nmass%
CaO 1to 6 mass% SrO, and 3 to 10 mass% BaO. 19. A
gl ass substrate for information display devices, which
consists of 23 the glass conposition of claim1. 20.
An information display device conprising the glass
substrate for information display devices of claim
19. 24
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