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DESCRI PTI ON GLASS COWPOSI TI ON Techni cal Field

The present invention relates to a glass conposition,

particularly to alum no-borosilicate glass

conposi tions. I n manufacturing processes of

gl ass conpositions, a process that renoves residua

bubbl es in the glass conposition is known as fining.

A 10 nmet hod of addi ng pESORIPTEQENt to fine a gl ass

melt is commonly known. Arsenic oxide, antinony

oxi de, and fluorides are sone of the known exanpl es

of the fining agent GLAS®RCOMPOSIGION t hese

conmponents are highly environnental ly unfriendly,

there is a social need to reduce the anount of these
Tevbmpevddiield used. 15Al kali-free borosilicate glass
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of such alkali-free borosilicate glass is Code 7059 glass produced by Corning of
the United States. The mobility of components such as aluminum, boron,
and silicon in glass is limited by the large charge and hence the strong
electrostatic binding. For this reason, the alkali-free borosilicate glass

compositions are generally highly viscous, and this has made fining of the
glass difficult.

To this date, various studies have been made to provide a method for
producing glass compositions for use as the substrate of liquid crystal display
devices, without using undesirable fining agents as represented by arsenic
oxide.

JP 10(1998)-25132A discloses adding, as fining agents, sulfate in the
SO3 amount of 0.005 to 1.0 weight%, and chloride in the Clz amount of 0.01 to
2.0 weight%, to the raw glass materials for obtaining alkali-free borosilicate
glass compositions. This publication also discloses using BaSO4and CaSO4
as the sulfate, and BaCl: and CaCl: 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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wei ght% and chloride in the Cl2 anmobunt of 0.01 to 30
2.0 weight% to the raw glass materials for obtaining
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proviide l.arge fining effects. Further, .when {he glass...
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devices using the glass composition, and an information display device using
the glass substrate for information display devices.
A glass composition according to the present disclosure contains, in
mass%, 40 to 70% SiOz, 5 to 20% B20s3, 10 to 25% Al:03, 0 to 10% Mg0O, 0 to
20% CaQ, 0 to 20% Sr0, 0 to 10% BaO, 0.001 to 0.5% Liz20, 0.01 to 0.5%

Na20, 0.002 to 0.5% Kz0, and greater than 0% and no greater than 1.0% Cl.

In a first- aspect, there is provided a glass composition which
comprises, in mass%, 40 to 70% SiOz, 5 to 20% B20s, 10 to 25% Al:Os, 0 to
10% MgO, 0 to 20% CaO, 0 to 20% SrO, 0 to 1% BaO, 0.001 to 0.5% Lix0, 0.01
to 0.5% Na20, 0.002 to 0.5% K20, and greater than 0% and no greater than
1.0% CL.

In a second aspect, there is provided a glass substrate for information
display devices, which consists of the glass composition as defined above.

In a third aspect, there is provided an information display device
comprising the glass substrate for information display devices as defined
above.

In another embodiment, the present disclosure provides a glass

substrate for information display devices, which consists of



Summary An object of the present disclosure is to

provi de a gl ass conposition that contains a few

bubbl es and a suitable conposition for infornmation

di spl ay devices represented by a liquid crystal

di splay device. It is another object of the invention:
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substrate for information display devices, which

consists of the glass conposition. |In another

enbodi ment, the present disclosure provides an

i nformation display device including the glass

substrate for information display devices.

Al kal i netal oxides such as Li20, Na20, and K20
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%@Eﬂﬁﬂﬁ?@@@énﬁgﬁthe gl ass substrate for liquid

crystal display devices. However, trace anounts of

al et al reatly inprove the glass fining
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envi r al unfriendly conponents. 5 Brief
defres B'qu%’oh of the Drawi ngs FIG 1 is a graph

representing a relationship between chlori ne content

I inth I
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evi ce show ng xXe ass
pagtipylarlst alkply MetA G IAEAG @Udiy h]aégefe chlogidey In this

way, chlorine effectively can exhibif its ﬁmng effect in the glass melt.

Though the mechanism of the fining action by chloride is not entirely
clear, the inventors of the present invention have proposed the following
explanation.

The boiling point of chloride, particularly alkali metal chloride is near
the temperature range of, for example, 1400°C to 1650°C suited for the
melting of a glass composition of the present invention. LiCl has a boiling
point of 1360°C, and NaCl has a boiling point of 1413°C. The boiling point of
KCl is 1510°C. That is, in a suitable melting temperature fange of a glass
composition of the present invention, the vapor pressures of these alkali metal
chlorides are considered to increase to levels comparable to atﬁlospheric
pressure.

It is therefore possible that, in the process of melting a glass
composition of the present mvention, 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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15 Best Mode for Carrying Qut the Invention A
gl ass conposition of the present invention contains
chl orine, which nakes it possible to obtain a gl ass
conposition containing a few bubbles readily.
Preferably, chlorine is contained in the gl ass
conposi tion by melting 20 a batch of raM/gIass
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p%:rdgtggg{aslgnventl on. LiCl has a boiling ({JOI nt of 1360C,

and Nalkalheetal ooides sychaisnki0f K0 3md NeeOpdissolng out of the
glae]&, %d%d%@réégl Af&cﬂ-%%ﬁ& d&ﬁbefss P& fhiuidabhe alkali metal

nper-at ure rang gl ass conposi t
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e 5P O 4 BRSBTS oides
lowetr ahe viscosity of the glass and contribute to facﬂ1tat1ng decompos1t10n of
silica, which does not easily decompose in the raw glass material.

The following will describe each component of the glass composition.
In the following, the percentage denoting the content of each component of a
glass composition is percent by mass.

(K20, Na20, Liz0)

K20, Nag0, and Li2O are components that lower glass viscosity and
facilitate fining of the glass. These components also facilitate decomposition
of silica, which does not easily decompose in the raw glass material.

K20 binds to the chlorine ions in the glass melt and vaporizes in the
form of potassium chloride at temperatures of 1500°C or greater. This
facilitates increasing the size of bubbles in the glass and causes the bubbles to
float to the surface. By this float action, K20 also serves to homogenize the
glass melt. When the KoO content is too high, there are cases where the
thermal expansion coefficient of the glass is increased, which may produce a
difference in the thermal expansion coefficient from silicone materials. The
K20 content is therefore 0.002 to 0.5%. For example, the K20 content may be
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, Nag20 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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chloride gas forns bubbles in the glass nelt, or

i ncreases the size of bubbles in the glass nelt.
These bubbles would then float to the surface of the
glass nelt and burst, with the result that the
bubbl es are renoved fromthe glass nelt. It is
considered that the fining of the glass conposition
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e RS B 0 P B R R, e e
hinit @pdNagatisdnighas tham ghass of UL raatde igld béocquse the use of
ol LR AP oIS s AR, 500 comten
mhy hienfpref&hoytle careaber thapr 04, mhgr@tguﬂmreﬁél%ﬂ(g tfrerther, the
Nh%(_f) chﬁ{é‘iﬁ% éﬁ%{) géiﬁ@%%'l@% bi @Mk e l&ésass at a 15 level
ause_an ractlca robl em These
al kalTherkatal conteab et LodbrNeRs aid EaQimpydre gueate) thea 0.06%,
orRAtbraPRN0.0veeof th EAEhin éa%b‘s NEedRGARRAT. 290N Toe upper limit of
gl 1 85, 0 b OIS S, Mihciton t
L1@¢ N0 Rk KeOoftht hdag amipomnmﬁsmhyancldde other alkali metal
o34 Y WAEODEHTELS® BT U B gl oido
inbluding Kb201RUor Kaz0 Shbukbpreferably fall in the foregoing ranges, for
example, in a range of greater than 0.06% to no greater than 1.5%.

By inclusion of Li2O and other alkali metal oxides such as K20 and
Na20, a glass composition of the present invention can have lower volume
resistivity compared with glass of the same composition except for these alkah
metal oxides. Therefore, the product glass does not easily undergo
electrification.

(Combined Alkaline Effect)

Among Li20, K20, and NazO, K20 has the slowest mobility rate in
glass. By containing K20 in the glass composition with Li2O and/or Na:0,
the mobility rate of Li ions and/or Na ions can be suppressed. That is, by
containing more than one kind of alkali metal oxide, chemical durability of the
glass composition can be improved.

With more than one kind of alkali metal oxide used together in the
glass composition, a superior fining effect can be obtained as compared with
adding only one kind of alkali metal oxide. Further, with Li2O, Naz0O, and
K20 used together in trace amounts in the glass composition, dissolution of
alkali wmetals 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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K20, Na20, and Li 20 are conponents that |ower glass
viscosity and facilitate fining of the glass. These
conmponents al so facilitate deconposition of silica,
whi ch does not easily deconpose in the raw gl ass
material. 25 K20 binds to the chlorine ions in the
glass nelt and vaporizes in the formof potassium
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Thus, these alkali earth metal chlorides do not tend to boil rapidly even when
the temperature exceeds the boiling points. For this reason, sufficient fining
effects may not be obtained from these alkali earth metal chlorides. On the
other hand, alkali metal chlorides as represented by KCl can move more freely
in the highly viscous molten glass such as the alumino-borosilicate glass,
because alkali metal chlorides are monovalent salts and are subject to weak
electric binding in the glass. Meanwhile, in a vacuum fining technique in
which the glass melt is degassed under a reduced pressure atmosphere, a
fining vessel 1s 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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15 oxi des such as Rb20 and Cs20. The total content of
al kali netal oxides including Rb20 and/or Cs20 should

preferably fall in the foregoing ranges, for exanple,
in a range of greater than 0.06%to no greater than
1.5% By inclusion of Li20 and other alkali

nmet al oxi des such as K20 and Na20, a gl ass
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VIEGOSHY g% sd deihorapeeize ghe glass. us, the %102 content
should be 40 to 70%. TFor example, the Si02 content may be 58 to 70%, 57 to

65%, 60 to 65%, 56 to 65%, or 56 to 60%.

(B203)

B20; is an essential component that lowers the viscosity of the glass
and facilitates decomposition and fining of the glass. This effect cannot be
obtained sufficiently when the B20Oz content is less than 5%. When the B20O3
content exceeds 20%, the acid resistance of the glass deteriorates and
vaporization occurs rapidly, which makes it difficult to homogenize the glass.
Thus, B203 content should be 5 to 20%. For example, the B203 content may
be 8 to 13%, 5 to 12%, or 5 to 10%.

(A103)

Alx03 is an essential component as a glass network former, and it has
the effect of enhancing chemical durability and heat resistance of the glass.
This effect cannot be obtained sufficiently when the AlsO3 content is less than
5%. When the AloOs content exceeds 25%, the viscosity of the glass lowers
and acid resistance deteriorates. Thus, Al:Os content should be 10 to 25%.
For example, the AlsO3 content may be 13 to 20%, 10 to 20%, or 10 to 18%.

(MgO, Ca0)

MgO and CaO are optional components that lower viscosity of the
glass and facilitate decomposition and fining of the glass. When the MgO
content and the CaQ 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 MgQO
content may be 0 to 5%, or 5 to 10%. For example, the CaO content may be 0
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suppressed and chem cal durability of the gl ass
conposition can be inproved. 35 This is because, by
usi ng potassiumhaving a large ion radius wth sodi um
and lithium the nobility of alkali netals or alkal
nmetal ions is limted by the steric hinderance in the
dense structure of the glass conposition that has

s §oDgo 1pYume shrinkage as a result of cooling

fromthe nolten, state. 0
hat hsmpaer tha Bt rtoby (e hath MR RGP0 Bleferably
slend dat cdnfﬁairiédanr dnrgemexaeeldinnde3¥01%s In biddaeto prevent glass

I hi b 0
ARt o MoblbonteP uiaPican PR b frdadst Shan 5% and
thentat sox@ﬂemt prefirpbly, sho@ld1be noMVeroatbs Ithansﬁ%lc eltds therefore

A M A LR G s o
Mome patferadny.cilve Mgé)e@uéent E%es lead to

forn'a(ggr@ng&fo bubbl es cont ai ni ng chI oride crystals, or

may encoura hase sepayation or devi i fication
the g¥ @8331(5 STCPPHIARLFRMPENQIFE ﬂ?h%fogveg”r‘fé%ﬁoarmog the glass

aﬂ%ﬁ?diﬂtdt@ &E@ﬁ%&%%%ﬁnd fﬂﬂhg{%ﬂfth@@gﬁ/e ,Whb# the SrO content
y 0 ea 0 Or
T O, G0y eteRt GREat o0t 2o 190, TERCHYER; 1(hen chemical
dm;lﬁ)ebt;y dfitbatgdnsd beterdrafds. FurtherTbecaalskalf largetiah yads, there
t e COﬂ t It

5N e TRy A 32810 08 Bt s
mslﬂmergless woviek anakeshis difficabistsl Gne the ghsson$hus, theeskO content
sHuEID gt@ oG 262 %nglnaié Babﬁ&oﬁtaﬁv sﬁ&mae%eeo%tmcy@t hB6r example,

|on reaction, wt e result that

Wnﬁeng 7Y bHOg8 4% i i Qerrho 9%, oF deigeifh. - For example,
th‘é%fi@) GoBfrtYmay be 0 to 1%, or 3 to 10%.

A glass composition of the present invention may further contain other
components for the purposes of controlling refractive index and temperature
viscosity characteristics and preventing devitrification, for example. Specific
examples of such additional components include ZnO, Y203, La203, Taz0s,
NbOs, GeQz, Gaz0s5, SnOq, and TiO2. These components may be contained
in the total amount of at most 3%. In certain cases, addition of ZnO may not
be preferable. Further, oxides of As or Sb may be contained, as will be
described later. Fe2QOs also may be contained in a range of less than 0.5%.
NiO may be contained in a range of less than 0.05%. CoO may be contained
in a range of less than 0.01%. In certain cases, Mo may be contained in a
range of less than 0.02%.

The glass composition may be a composition that essentially
comprises the foregoing component groups (a group of components K>0, Nag0,
Li»O to SrO, BaO individually described above, and a group of components
7Zn0 to Mo given in the foregoing paragraph). In this case, the glass
composition 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
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On the ot her hand, when lithiumchloride (LiCl),

pot assi um chl oride (KCl), and sodi um chl oride (NaCl)
are added to the raw materials, the alkali 20 netals
and d can exist as LiCl, KCl, and NaCl froman early
stage of nelting. This is advantageous for the fining
because bubbles are fornmed rapidly when the gl ass

1&5?'15}9]%; o éﬁrﬁ:fiﬁiceﬁleﬁldﬁldée Qﬁlo%’l‘tldf '1 spﬂ’iaq{ 8. O@f%;,tﬂ}%ﬁﬁ'ably less than
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25 The .al ka eart h I d
ansemif ¢¥idg T ft %ﬂ‘fsaie AR ﬁﬁgﬂss%f W&Pﬂ&ca&]ﬂ% game time
re&:]l%ﬁ@ degll‘fﬂﬁbl glaﬁsy cllamtgj aHeWedsfeir |tmnet;&vés%ﬂﬂmﬁrgnti:msﬁlould not,
a net Olhl not n Ql
b i feisSE] b fRbR e RO PIE RS Sph 3k L EdoRIHIR Upiiropmentally
upipiemtddy cBmponbints. r ésoigh sukfprefeaabld thrtng @aﬁsemmposmon of
thr(l,a r&% tbﬁw%ghﬁhnﬁg%g &%ﬁmeéﬁﬁﬁﬁgﬁ&kﬁ(ﬂtﬁﬁ?ro&@d{gebflarsenlc and
anthlln@nhf,dﬁ& RECSERp ARSRHiEY isppokbmigeh torblis. méysewill be| described
laté} i Exhhiby) & bBGR Lb%nfﬁﬂs‘iﬁt‘ih gk 3ns p‘ié’é‘éﬁtaﬁwéﬁﬁon may include
al um no-bor.osi | Fcate glass, .because al kal err(gft .
oxafesopf GEseniF AN PRFERMY o i exfanBlce Oyﬁﬁ aysgnic may be
com@kledel]lénemer A@Ztcba afiowetidf grhmﬁt@ ﬂ?sa O%ﬁ:nl ﬂ@lg{r'éate_mrthan 0.1%.
vacu I nln echni que .i n I a nelt 1s
O¥Es ety 551 da v Brotufily BPAdeiRE, o5 aysdsfic, may be
cohitznined inedhedbbiOs amednt hiigrdedsr dhao rhﬂ%,xmsm tint 8bgDs amount
of b gaﬂgla%«% toQbEE B DORROSs w ol B st 1a£éﬂ1{ﬂxamp1es

erformned
By &mgbet addmg S;_m@é)@ndmsysg)wylt elwerormle amd{ph gntimony oxide,

a g'ﬁ@ﬁ‘iﬁﬁfé’?‘?ﬁfﬁf 0RE1e robtﬁ?ﬁ%ﬁt &4 ')vﬂl b@ dteBér%écPER@Pﬁl Examples.

orid ch can
TheyPaOzreeatsnt; mamhe@ éfﬁr grample, .%%f&wttham% |ayldnr?o greater than

3%dquﬁte Qﬂ@@ﬂﬁnﬁl‘ﬁ bf%@éﬁg\p&él@wﬂly 2%, and mRRE pusRrablyi 9. The
1voI . H‘g}# h% of ten greater in the raw
OW&T lélo PR 1§ Hr? Ea‘gl.y&b ®-gl ass Thus, a greater
ano Ul?hlts t@fthéﬂcoﬁtwﬂt@)é e5c]$ hﬁmlpdnbﬁt ﬁﬂh}ﬁtﬁb Slf(hrBﬂ aleptidbed above,
to the batc r aw |
th bRt Rt b e RUTG: B2 cIohE SibE, b e By, 13 o 20%
AlgDe21 ite 5% Me3ehto A0%cOaPofetot4% 518, gings® tmdfaBak). Further,
f r f g I
in' HE! ch?J%glg% ts, N8 ool LEG! b %@%ﬁéﬂ@l@sgf REB594Isi02, 5 to
12% B20s3, 10 to 20% Al20s, 5 to 10% MgO 0 to 10% CaO, and 0 to 10% SrO.
Further, in these components, the content may be, for example, 60 to 65%
Si02, 5 to 12% B20s3, 10 to 20% AlsOs, 0 to 5% MgO, 1 to 6% CaO, 0 to 10% SrO,
and 0 to 1% BaQ. Further, in these components, the content may be, for
example, 56 to 65% SiO2, 5 to 12% B20s3, 10 to 18% Al:03, 0 to 5% MgO, 1 to
10% CaO, 1 to 10% SrO; and 0 to 1% BaO. Further, in these components, the
content may be, for example, 56 to 60% S102, 5 to 12% B203, 10 to 18% Al203, 0
to 5% MgO, 1 to 6% CaO, 1 to 6% SrO, and 3 to 10% BaO.

A method for forming a glass composition of the present invention 1s
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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10 This effect cannot be obtained sufficiently when
the Si02 content is |less than 40% Wen the Si02
content exceeds 70% the glass readily undergoes
devitrification. This makes it difficult to formthe
gl ass, and the increased viscosity makes it difficult
to honogeni ze the glass. Thus, the Si 02 content

S A Il 1S B B 2
ghst gihsboate (Hpomy e used, foroxameplgn as ashant ppnel 1?[ and a
bé‘ék'wmtz dihatiq §taufaﬁs h§ QRFickYL0? iligraledss FIMH 3 as an

faC|I|t t es. eco andflnl f the
expanRlecok apiindorpa 10’5 ﬂ%‘ﬂc%uf‘&$§?’€?’ﬂq " %@i % hihe front
pB203 1cond ehé bg&k |2}iﬁ§}‘é0/ IUB%ToﬁP&edee Rhe NRypuBd Q?ys%@l dISlplay device
nt ent excee i St e 0 as
1k Dpeaimy Dot HabERP At iy 3 Wi ASant s0
inNsdteseent tokdther writh todhdro nmgmb&rsesttchea@ tmsspaiidntselectrodes 40

I@g@g&%@%‘ @i{lmﬁwl d be 5 to 20% For exanple, the

con iy be 8 to 13% 5 to 12% or 5 to 10%
(Al 20Bye ﬁﬂmv@@g will slesegbe ani embedimentent the pregingsavention

bd%%ﬁ"&f éfzir_ggfé%r Iﬁgﬂoﬁl'ﬂ hasoldie HeWeeet, Bht $hb ﬁ@éﬁﬂﬂ invention

chem ca r abi | heat. fesi starnce of the gl ass.
is ot dimpited by tb-alfﬂ]é‘?wﬁ’@ @ﬁﬁFﬁlﬂ)ﬁ’é’& sufficiently when the

Al 203Exa/aes 1its 58€$§>dﬂﬁﬁtﬁ%Eﬁﬂiﬁﬁleb|letoﬁilao3 cont ent

ex_ceeE? ﬁ % the vi Sit O.l;lst Fﬂ] 9 %;c,s I owe(is anS "batches"

aci d HUEhSs aicE HebErT THESS t@nf
herbimdftbrbavek }ir@paﬁ% t(Bﬁ(z)iF@ rthe>camploe1t1dm}ikluaﬁ)3n Tables 1 to 7.
AESIAARL P S, o g e,
albouea, vbasiosi mpgoésiune carbonate calcium carbonate, strontium
carbonate, barium carbonate, lithium carbonate, sodium carbonate, and
potassium carbonate were used. As Cl sources, lithium chloride, sodium
chloride, potassium chloride, and calcium chloride were used.

Each batch was melted and fined in a platinum crucible. The
crucible was placed in an electric furnace that had been set at 1600°C, and
maintained therein for 4 hours in Examples 1 to 44 and Comparative
Examples 1 to 8, and 16 hours in Examples 45 to 58 to melt the batch. The
crucible with the glass melt was taken out of the furnace and allowed to cool
and solidify at room temperature. As a result, a glass body was obtained.
The glass body was taken out of the crucible and gradually cooled. The
cooling was performed according to the following procedure. In Examples 1
to 44 and Comparative Examples 1 to 8, the glass body was placed in a
separate electric furnace that had been set at 700°C, and maintained therein
for 1 hour. In Examples 45 to 58 and Comparative Examples 9 to 11, the
glass body was placed in a separate electric furnace 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



10

15

20

25

30

35

glass and facilitate deconposition and fining of the
gl ass. Wien the MgO content and the CaO content
exceed 10% and 20% respectively, the chem cal 35
durability of the glass deteriorates. Thus, the MO
content should be 0 to 10% and the CaO content
should be 0 to 20% For exanple, the MO content may

5 o] t of,., € : t GaP gR t :
tlﬁﬁ %Dotr&e) Y?) &6@/0 (glagx%{%e(f XaRLitn S?ECI a %ngy@% using
IG‘H? 119§OEY péShippden Ccmp@wtmg@ and CaO preferably

shoul@vg%&%}{af@gﬁ.ﬂ the anount of at least 1% In

order_to preve sdeV|tr|f| atio t he O .
cont ehie plasty 2@11 lhoalya@a%‘f%ﬂééﬁ(&hrpﬁgh “ég%%am@ of the
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e tha e

b lﬁs tpgli'gL/;ch B% tgﬁ'Fbs Cﬁ%fnle: gﬁ}%ﬁlﬁsﬁ YigWgare 1&8 q:ilgnrtmmber of
bustdéeolbddryed.t h@lanﬁ@ Wa@hm eviadudted byt daterminingSt Slative ratio
t&flg@cbée?%%gp YiVltE SB% tg& I %rllﬂlk %QE%?@SIE Sed. hat | ower

Since this method is based on simple decomposition using a crucible,
the bubble count is much greater than numbers of bubbles actually contained
in a commercially produced glass body. Nevertheless, it is known that the
number of bubbles contained in the commercially produced glass body will be
small when the bubble count determined based on this method is small. It is
therefore possible to use this method for the measurement of clarity
evaluation.

(Evaluation of Homogeneity Due to Melting)

Homogeneity of each sample glass due to melting was visually
evaluated. Homogeneity was evaluated as "Good" when undecomposed
portions were not observed, and "Poor" when undecomposed portions were
observed.

As shown in Tables 1 to 7, the sample glasses of Examples 1 to 58 all
had good homogeneity due to melting. Further, the sample glasses of
Examples 1 to 58 all had smaller relative ratios of bubble count and fewer
numbers of bubbles compared with Comparative Examples that did not
contain Liz0, Nag0, K20, and Cl. The number of residual bubbles in the
sample glasses of Comparative Examples 1, 4, and 11 was about 1100/cm?,
about 340/cm3, and about 450/cm3, respectively. Undecomposed portions
were observed in all of the sample glasses of Comparative Examples 1 to 8,
but not in the sample glasses of Examples 1 to 58. This showed that the
sample glasses of Examples 1 to 58 also had good homogeneity due to
decomposition. In Comparative Examples 9 and 10, devitrification occurred
during the 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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10 and facilitate deconposition and fining of the

gl ass. Wien the Sr() content and the BaO content

exceed 20% and 10% respectively, the chem cal

durability of the glass deteriorates. Further,

because of large ion radii, there are cases where Sr0

and BaO hinder nobility of potassiumand chloride
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S%ﬁ%%ﬁlﬂb@@s m@g @I’géﬂ#ﬂ% 1E§s)aaxfdag&ﬁ1 n&lnlogsﬁeftja arThe glass
9 I I a ran es

Ayt oyl Se HedoRR AR H Gaap lF s dankhhsbown in
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an e t.nan S1C
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conponent s en N

t he fmgbuﬁga gamlgrrapmsenm& Ai elatignship he gpaasthe chlorine
cog?%']&gl?%{nﬁiggﬂ? %g@&ﬁ@gtrnggiﬁz g?tﬁlﬂmlé/ doﬁgag @e tE® gﬁ’-ﬁgﬁﬁlét $lasses of
se erel n,
Exayaplegntufyd2 ﬂ&geéorﬁa@rae@é%ﬂ{xﬁami? 4 nésuthown w the graph, the
numbeP Q€ desidual GabbaSSiH Bhé bangile flags Hea@eas@lmuth ibfrease in
h{@urlt%{ that is inevitable in industrial

Bf 58P¥Mng. Specifically, it is intended that a
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bubbles or other deﬁc1enc1es without using, or using a reduced amount of,
arsenic oxide and the like.

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 107/K, though
not shown in Tables. This is considered to be due to the small amounts of
Li20O, Na20, and K20 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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Wth a glass conposition of the present invention,

t he anobunt of arsenic oxide or antinony oxide used

can be reduced while at the sanme tinme 5 reali zing
desirable glass clarity However, the present

i nvention should not be understood to conpletely

exclude As, Sb, or other highly environnentally
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éﬁ; dgscr! ed .10 later in Exanples, a IaTs
ctdanghand gredtta RECRAESE BRI Hn SHEPLG.n (T b neasurement
sdpRE@50E) WhS qmjl@eda@ﬂ/agplaanmmrd Kog mewairphédih, 200 mm in
e cont.ai

Lol w1 Bt PP O O gV EnRes VR (G fagasurement
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' t @i i D, . of .
crf it IR BronP B B oW QbPREic P webE Bs R RbicR an optical
mgprestope. t Hamagimum temperdtame Griavhichsciyistals fyeere observed was
Y68 L lPAS il Akl pERkaSe. By further adding 5n02
and using It wth arsenic oxide and/or antinony
oxi de, a superior fining effect can be obtai ned, as
will be described later in Exanples The SnQ2 content
may be, for exanple, greater than 0% and no greater
than 3% The upper limt of Sn02 is preferably 2%
and nore preferably 1% The 20 lower |imt of SnQ2 is
preferably 0.05% As to the content of each
conmponent 5i 02 to Sr0, BaO described above, the
content may be, for exanple, 58 to 70% 5102, 8 to 13%
B2O3, 13 to 20% Al 203, 1 to 5% MgO, 1 to 10% CaO, O
to 4% Sr0, and 0 to 1% BaO. Further, in these
conponents, the content may be, for exanple, 57 to
65% 51 02, 5 to 25 12% B203, 10 to 20% Al 203, 5 to 10%
MO 0 to 10% CaO, and O to 10% Sr0. Further, in
t hese conponents, the content nay be, for exanple, 60
to 65%5i02, 5 to 12% B203, 10 to 20% Al 203, 0 to 5%
MO, 1 to 6% Ca0 0 to 10% Sr0O, and 0 to 1% BaO.
Further, in these conponents, the content may be, for
exanple, 56 to 65%5i02, 5 to 12% B2G3, 10 to 18%
Al 203, 0 to 5% MO 1 to 30 10%Ca0O 1 to 10% SrO,
and 0 to 1% BaO Further, in these conponents, the
content may be, for exanple, 56 to 60%5i02, 5 to 12%
B203, 10 to 18% Al 203, 0 to 5% MO, 1 to 6% CaQ, 1 to
6% Sr0, and 3 to 10% BaO. A net hod for
formng a glass conposition of the present invention
is not particularly limted. The downdraw process or
fusi on process nay be 35 used. A gl ass
conposition of the present invention can be used
suitably as a glass substrate 10 for large and thin
i nformati on di splay devices such as a
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[Table 1]

liquid crystal display device and a plasma displ ay
panel, as shown in FIG 2. The gl ass substrate 10 may
be used, for exanple, as a front panel 11 and a back
panel 12 of a liquid crystal display device 100,
illustrated in FIG 3 as an exanple of an information
di spl ay device. As shown in FIG 3, the front 5 pane

11 ranc—the b panetr—f2Tpnovigeg—for the |iquid
crystjalt di spl deVi ¢e [100 |are| dj §posed on the both
si deq fc|@ kd afiq qBYSH &8Il SllagerERH| with a seal ant 30
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The—feHl-awrg—wtl—des¢rirbg—anrepbpdi ment of the
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ang i 5 %lﬁ e SxafpEed | & tg RS %m 16 hours in
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al foweq tlo|cqol] 25 |and|sol ifdifly a#}roomtenperature.
As|a|egsuktl . |afgliasg @0%_3 Si r@ ned. The gl ass
bofly |wass |fakear |elt gfgtoeg ric|®| 2| and gradual |y
cop¢d.| The c¢ool iing was perf or fedSaccording to the
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se to | Z06C:s | aneh | MaENEaENE hegegh 30 for 1 hour. In
ExanpEes | #5— |58 " aBdSCBnBar at jyeg'Exanpl es 9 to 11,
t he%igl ass hody |was {pllaced iin a sepprate electric
fuffiace t/hat |had |[been set at 750C |-And mai ntai ned
there¢in flonr 1 hoyri The gl ass pody 2as t hen al |l oned
to| cgoll to(rgom temperat ur m“ym%ngoﬁ t he
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[Table 2]

The sanpl e glass was conm nuted to quantify the gl ass
conposition by fluorescent x-ray anal ysis using

Rl X3001 from Ri gaku Cor porati on.
was quantified by em ssion spectra

| CPS- 10001 V of Shi madzu Cor por ati on.
Clarity) The clarity of the glass body was eval uat ed
t hrough observation of the 5 sanple glass with an

Not e

t hat boron (B)
anal ysi s using
(Eval uation of

optical mcroscope (40x) and by finding the nunber of
bubbl CS PET LT EN of T gtass 1 iy me$SyvVIew area,
and t%em1u1ber of pupbl ek, jQpsdrved. |A arity s al so
evaltit-éﬁag Seeeemhi g2 gel & ilglof |bubbl e
count g\/\ét‘ﬁ F espert|Th tdies s [ank | & gtadsgs. Since
thi s |retjhod | s| basked] on sijnpl € deg osition fusing a
crucifbl e} O] t hel bubpl e count great er| than
nunbgiEs~(of | bubpl esi act uald v |ca A8
commezoilak | §f| HFOHRERH B8 ESIS bo erf{Belegs, it is
known gt Bigt | t el nuinbey 6% | bbbl i mfed T} the
=]
co Pofijal | y] produced gllasls |bg be smalfl when
t he bubbf e} cbunt| detlerm ned [bg t his|{netlhod is
smal It 5 Lf | s|therefore posfsi|bl se {his,method
for fBeZlnBESUEERERLZOf| cf ari|t-y eValuagi of.
(Eval gagi Bn 0F| Honpgeneity| Due | ti -
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[Table 3]

20 observed. As shown in Tables 1 to 7, the
sanpl e gl asses of Exanples 1 to 58 all had good
honogeneity due to nelting. Further, the sanple

gl asses of Exanples 1 to 58 all had smaller relative

rati os_of bubhbl e count nd_fewer nunbers of bubbl es
conppt ed vi t|h Cgmpar|at|i ve iExarnpl es that did not 25
cont BE sl (20~ Na20 | K2R zaBd ¢  [The :unber of
resi HRal| B s < | ehE| Salipl ¢ gl p8ses [of Conparative
Exanptes 1|, |4, gnd 11 |was |aboyt 1[10D/cnB, about
340/ ppBy—an bagut—4560/¢nB,regspectrvety.
Undefpmglosied porjtijons wer e obgerved injall of the
sanp| & YN &S0t |Comp@n &Y By e |[ERanp| e5{1 to 8, but
not | @ &l —Hanpl|€|gl|asses|of Ex@nPtes 1 to 58. This
showed &hat |t He |30 sanpl|e|glagses| of Exanples 1 to 58
al so{ had doqd |hgnugenei ty |diie it o deconposition. In
Conpg# atli.ye, EX?JEL es. .9 and 10, dev%t r4 fication
occuri@'%'dgiggs &g adual | cqofi ng the glass nelt
to rpdrg|t enper i i that [was taken out
of t e furlndce —of the sanpl e
gl ask. As |a|re 9l ds$ body was not
homopend s 2 |33 in)s| = The sanpl e
gl ask€s |&f| X Ghpagr ati ve Exanpl es
1 to| & 4haw i e_eValluat ed
conpf ehénsi Vel eify and the
rel afpive <r|at|icd pecififcal ly, the
overpld |&/&|EE y cfovgs: "Poor" when
homogehei tly [we at =ve¢ ratio of
bubbfe—qoumtwag 10 orjgreatdr; [ACCEPt abl e” when
homogendid|y, [wds |" Good'| cand+t hé rel-atide¢ ratio of
bubb| & dellet| &3 30575081 & |Gt &4t Br én@ |ess than 1.0;
"Good'g\ﬁen homdgenei § 7| RaS| ®¢ood! ap |t he relative
r at i p—offBubblecounttwas0-5fer—greater and | ess
than| 0. 7; |and |" Excel|l ent g@hgd} horlggé:)nei ty was " Good"
and [ he | ERIHE | Ve < atl 0208 | Qul | & couAt |was | ess than
0.5.| I'n [Fabi|e'|E,| | e 1 el & &ye |r Gt || &F |bubbl e count
i s nof? gi ven florl_tthe samplelgllasses! B |Exanples 45 to
58 blecaysg tlhe Conparatiive 10|Exanpl es|{did not have
conplosi f ke —Siafi at ot 8| EnEse | ERarfl és | However, the
overfald |&43|FaeE G‘rl“%l\iﬁg' E)ge];’uledt Shdcquse al | of
t hesle dEtanplles had $mal | numbérs pf| Bubbl es (20/cm 3
or less) gnd goqgdjhombgeénei ty)] The jgha$s devitrified
in the jam| e|gllasses | of :(%ngéarat ¥eExanples 9 and
10 showi S || bl & | &) SgryEng | 2 |p8ofs me ki n t he
overfld [evalluatilon W {Rouf “hayi ng| t|hé need 15 to
eval tihre—bubbtrercoumt—Inthe bd%pig gl ass of
Conpjar atji Me anplle | 11-skownsifn _Tabl & Vs t he overal |
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[Table 4]

FIG 1 is a graph representing a relationship between
the chlorine content and the relative ratio of bubble
count in the sanple glasses of 20 Exanples 15 to 22
and Conparative Exanple 4. As shown in the graph, the
nunber of residual bubbles in the sanple gl ass
decreased with increase in chlorine content.

Taken together, a glass conposition of the present

i nventi on enabl es manufacture of glass substrates
that have very few defects due to residual 25 bubbles
or other deficiencies, wthout using, or using a
reduced anount of, arsenic oxide and the |ike.

In th ngl e gl dassesg of [Exapples L fo 14 for
exanple~slthe [thenmal [expaasbon| coef ficlent can .be
conf i iet| o8 | & g6 20 %()818_ 50- k- L0} 7K, —t h8ligh |not
shown T4blleq. [Thi s iiS|Torisi tefed fo be du€|to|the
smal | udtd of 130 iz [Na20 [and! 1{20 laddedlin]the
limt arjges (shoywn|im Tabl €s{ Further,| in|theg
-] h
sanpl e gllasas | of cixanphied | 3 |05 148 brex@npEe S the
gl ass mﬁmﬁ&ﬂf&b:bw¢m6ﬂm@m7@to
750C. Funt hed, [im the sanp| ef gl dsses o
Exanp 43, 141, |50 4o |53, |and| 5p fof 58 for|examl e,
the d i sabl| el eMReRaB UG ecbans pe, | jowergd 3 ¢ no
gr eat _@ﬂa&ﬂﬂ}@@@?ﬁbwgmﬁag@f
10004 asurienent |off deyitr cpt] ofp tegnperat ¢ was
per f ofmeg—as (foltfows] Frist, 7the| s e jgiass gg‘
commijnut ¢d, fwi|th a nont abi«lhenl, olasf parti ckess that
passed «a | 2380:PH| ReshIsBewed bE S 10‘§ paiss3a 200
pm nestk gieve were|col |8cPed|From fhe camm v et
sanpl agses{gHasspat-tieles—Fhp—eghassrpprtficl es
so co| ted \were subj ectQtl 1@l ul traponiic washishg in
et hajgl B 2df| ed<t x| pr €par £ | 3| EE3s8| ements 580wl ¢.
The negsyfement 5 sm;ple €28|g)° 1A~ pl ade® (A &
pl at i jnffim| board | (12 in|width! PoD hmiln | engfh) and
put ijn aftenpenatute|gradi ent furnacg where|thes
measyr ement o3 atpll & | wae | BeBUS s hwrs. | Ehegokngs
was tal&:e o0 <ot | tihe | FUENSCE | ahd @fg ptaAl|sct hat gl ew
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10 given as a devitrification tenperature.

*Conparison with Conparative Exanple 4
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[Table 7]

Industrial Applicability The present invention
provi des gl ass conpositions that are applicable to
uses requiring chem cal resistance, heat resistance,
and a small thernmal expansion coefficient. CLAIM

1. A glass conposition which conprises, in mass% 40
to 70% Si 02, 55 to 2a% B203, 10 to 25% Al 203, 0 to
10% MgO, 0 to 20% CaO,
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0O to 20% Sr0, 100 to 1% BaO, 0.001 to 0.5%Liz, 0.01
to 0.5% Na20, 0.002 to 0.5% K20, and greater than 0%
and no greater than LO% O . 15 2. The gl ass
conposition according to claim1, wherein the Liz
content is in a range of greater than 0.02 mass%

3. The gl ass conposition according to claim1,

Iﬁ%@%ﬁgy&gﬁ(}%ﬁgﬁo content is in a range of greater

he present invention provides glass compositions that are
apphcable to uses requiring chemical resistance, heat resistance, and a

small thermal expansion coefficient.
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4. The gl ass conposition according to claim1,
wherein the 1(20 content is in a range of greater
than 0.03 nmass% 25 5. The gl ass conposition according
to claim1, wherein a total content of Liz, Na20, and
1(20 is in a range of greater than 0.07 mass% 6. The
gl ass conposition accordi 0GAIMEl aim 1, wherein the
A content is 0.04 mass%or greater. 30 7. The glass
conposi tion according to claim®6, wherein the d
1 cont ehiglis qomla)m’angewhfchgtroempﬁses; iamfs 9, mass %

osition according to claim1, which
| s essent?é('lﬁl ng)ee 35 of oxides of As and oxi des of
Sb. Dto 39% BiQ@ss conposition according to claim i,
Whi chid 4 2HRTAIGOAPT | Ses
0 to' 10% MgO,
0 to 20% CaO,
0 to 20% 5rO,
0 to 1% BaO,-
0.001 to 0.5% 1120,
0.01 to 0.5% Na20,
0.002 to 0.5% K20, and
greater than 0% and no greater than 1.0% C).

2. The glass composition according to claim 1, wherein the LizO

content 1s in a range of greater than 0.02 mass%.

3. The glass composition according to claim 1, Wherem the Nao0O

content is in a range of greater than 0.05 mass%.

4. The glass composition according to claim 1, wherein the K20 content

1s In a range of greater than 0.03 mass%.

5. The glass composition according to claim 1, wherein a total content
of Li20, NasO, and Kz0 is in a range of greater than 0.07 mass%.

6. The glass composition according to claim 1, wherein the Cl content

1s 0.04 mass% or greater.

7. The glass composition according to claim 6, wherein the Cl content

is 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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an oxide of As and/or an oxide of Sb. 10. The gl ass

conposition according to claim9, wherein the oxide

of As is contained in the As203 anmount of greater

than O mass% and no greater 5 than 0.1 mass% 11.

The gl ass conposition according to claim1, wherein
amoxold deAebn®orisss cadeaifdd i n t he Sb203 ampunt of

greater than 0 mass% and | ess than 0.4 mass% 10 12.

The gl ass conposition according to claim9, wherein,

10.he okhelglass @mpesigontiarordingriotHeinsi gehenssuhhe gride of As
isWoeRh&led HRbhel AQ-08338unt of glehted BRafll ®$Pass% and no greater

conposition according to clarm9, which further
t 7imags®s Sn02 in the amobunt of greater than O

mass% and no greater than 3 mass% 14. The gl ass:

conpasj tipn according to claiml1,. which gconprises .58 )
1o 70The sl spEmosHign adepTiRue if s 1 iupein g Qg of S is
coNt2lidd ih tlee Sbads sty ofl gientdd thaaVnCGa@% and @ss shan 0.4

4 npss% SrO. 20 15. The gl ass conposition accordi ng
MAFS® ai m 1, which conprises 57 to 65 nmass% 5i 02, 5 to

12 mass% B203, 10 to 20 mass% Al 203, 5 to 10 mass%

’ass. conmposition acco to Cclaiml
is conprinedsnaberth6)s ameuns of gpeatsr thand.Geaser03, 10
to 20 nass% Al 203, 0 to 5 mass% MgO 1 to 6 mass%
CaO and 0 to 10 mass% SrO0._. . . ' .
13. The glass composition according to claim 9, which further comprises

SnO3 in the amount of greater than 0 mass% and no greater than 3 mass%.

' 1%0Th@hé Iélsg, %ﬂﬁ%%éi&?}gacﬂgﬂiiﬂggg&ginﬂ@? Whereh t]\%% iog:ihde of Sb

14. The glass composition according to claim 1,- which comprises 58 to 70
mass% SiOq, 8 to 13 mass% B20s, 13 to 20 mass% AlxOs, 1 to 5 mass% MgO,
1 to 10 mass% CaO, and 0 to 4 mass% SrO.

15.  The glass composition according to claim 1, which comprises 57 to 65
mass% SiOs, 5 to 12 mass% B203s, 10 to 20 mass% Al20s3, 5 to 10 mass% MgO,
0 to 10 mass% Ca0, and 0 to 10 mass% Sr0.

16. The glass composition according to claim 1, which comprises 60 to 65
mass% SiOz, 5 to 12 mass% Ba0s, 10 to 20 mass% Alz0s3, 0 to 5 mass% MgO,
1 to 6 mass% CaO, and 0 to 10 mass% SrO. ‘ '

17. The glass composition according to élaim 1, which comprises 56 to 65
mass% SiOs, 5 to 12 mass% B20s, 10 to 18 mass% Alz0s, 0 to 5 mass% MgO,
1 to 10 mass% CaO, and 1 to 10 mass% SrO.

18. A glass substrate for information display devices, which consists of
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17. The gl ass conposition according to claim1, which

conprises 56 to 65 30 nmass% Si 02, 5 to 12 mass% B203,

10 to 18 nass% Al 203, 0 to 5 nmass% MgO, 1 to 10 nmass%

CaO and 1 to 10 mass% SrO. 18. A gl ass substrate

for information display devices, which consists of 35
thehglagh asmpositpos of © f.claiml. 19.An informtion

di spl ay device conpr|3|ng the gl ass substrate for

i nformation display, devices, of claim18. ABSTRACT A
19l assAeompoanation érfﬁp&md@w@de@@arxsmg Haeaggahtsistrate for

ish Sish cﬁb’;ﬁ%&feﬁﬁ@b bSclpipdwced using snal | er
annunts of "an”environnental ly
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S5unfriendly conponent such as arsenic oxide and
anti nony oxide. This glass conposition conprises, in
terns of mass% 40-70% Si 02; 5-20% B203; 10-25%
Al 203; 0-10% MgG 0- 20% CaG, 0-20% Sr0; 0-10% BaO,
0. 001- 0. 5% Li 20; 0.01-0.5% Na20; 0.002-0.5% 1(20; and
0-1.0% excluding 0% C

ABSTRACT

A glass composition which is reduced in the amount of residual
bubbles and is produced using smaller amounts of an environmentally
5 unfriendly component such as arsenic oxide and antimony oxide. This
glass composition comprises, in terms of mass%: 40-70% SiOg; 5-20% B203;
10-25% Al03; 0-10% MgO:; 0-20% CaO; 0-20% SrO; 0-10% Ba(; 0.001-0.5%
Li=0Q; 0.01-0.5% Na20; 0.002-0.5% K20; and 0-1.0%, excluding 0%, CI
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