DESCRI PTI ON GLASS COWPOSI TI ON AND PROCESS FOR PRODUCI NG GLASS COWVPCOSI TI ON
5 Technical Field The present invention relates to a glass conposition and
a process for producing a glass conposition, and particularly to

al um no-borosilicate glass conpositions. 10 Background Art Al kali-free
borosilicate gl ass conpositions have been used as the glass conpositions
for the substrate of information dm ]g,gﬁé&es particularly
active-matrix liquid crystal displ I YA representative 15 exanple
of such alkali-free borosilicate glass is Code 7059 gl ass prolduced by '
Corning of th ' S
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conposition is generally known as COMPOGITIONMet hod of adding a fining
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15  example of such alkali-free borosilicate glass is Code 7059 glass produced by
Corning of the United States.
In manufacturing processes of glass compositions, a process that

removes residual bubbles in the glass composition is generally known as

fining. A method of adding a fining agent to fine a glass melt is commonly
20  known as well. Arsenic oxide, antimony oxide, and fluorides are some of

the known examples of the fining agent. In this connection, there is a

social need to reduce the amount of these highly environmentally unfriendly

components. For example, JP 10(1998)-25132A discloses a method in

which sulfate and chloride are simultanecusly added to raw glass materials
25  for the purposes of melting and fining,.

Specifically, this publication teaches adding, as fining agents,
sulfate in the SO3 amount of 0.005 to 1.0 weight%, and chloride in the Cl;
amount of 0.01 to 2.0 weight%. The publication also teaches preparing
sulfate and chloride as fining agents, and using BaSQ,, CaSOy, and the like

30 ‘as the sulfate, and BaCly, CaCls, and the like as the chloride.

Meanwhile, JP 60(1985)-141642A discloses a glass composition
containing as a degassing agent at least one component selected from AssOs,
Sb203, (NH4)2S04, NaCl, and fluorides.

In the glass fining technique disclosed in JP 10(1998)-251324,

35  sulfate and chloride simultaneously are added to raw glass materials. The
chloride added is an alkali earth metal chloride such as BaCls, CaCls.

However, the alkali-free borosilicate glass composition




In the glass fining technique disclosed in JP 10(1998)-25132A, 35 sulfate
and chloride sinultaneously are added to raw glass materials. The chloride
added is an alkali earth netal chloride such as BaCl2, CaCl2. However, the
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usable for information display devices such as a liquid crystal display device,
which contains a few bubbles and is produced using reduced amounts of
highly environmentally unfriendly arsenic oxide and antimony oxide.

20  Another object of the invention is to provide a process suited for the
production of such glass compositions. It is yet another object of the
invention to provide a glass substrate for information display devices using
the glass composition, and an information display device using the glass
substrate.

25 A glass composition of the present invention includes small amounts
of alkali metal oxide and Clin an alumino-borosilicate glass composition.

Specifically, a glass composition according to the present invention

contains, in mass%, 40 to 70% SiOs, 5 to 20% B20s3, 10 to 25% Al2Os, 0 to
10% MgO, 0 to 20% CaO, 0 to 20% SrO, and 0 to 10% BaO, and further

30  contains greater than 0.06% R30, and greater than 0% and no greater than
1.5% Cl, where R is at least one kind selected from Li, Na, and K, and Li2O
falls in a range of 0 to 0.5%, Na20 falls in a range of 0 to 1.0%, and K0 falls
in a range of 0 to 1.5%, all in mass%.

As a process suited for the production of the glass composition, the

35 present invention provides a process for producing a glass composition.
The process includes a step of melting a raw glass material to obtain a glass
composition. The glass composition contains, in mass%, 40 to 70% SiQz, 5




10% MgO, 0 to 20% CaO, 0 to 20% SrO, and O to 10% BaO, and further 30
contains greater than 0.06% R20, and greater than 0% and no greater than
1.5% C, where Ris at |east one kind selected fromLi, Na, and K, and Li20
falls in a range of 0 to 0.5% Na2O falls in a range of 0 to 1.0% and K20
falls in a range of O to 1.5% all in mass% As a process suited for the

I nvention provides a

roducti on of a CQ Slt resent
Br ocess for® ;%03}13’? t@l % Qite H§n6 ﬁa‘ﬁe%p@&/s@%@ e ‘Vfaslé@ep of
melting a mam @ttaslﬁ%rﬁhﬂ aatl fnm}mbt@nmaﬁl sgh@aser SN OIE% BRO, T8I R

t s 0 Z0% Si 0% B203, 10 to 25%
26e o LA IER e KiAd MR A 6 12, MR MBH AR ;ﬂaé%aﬁ%la@%a@geo;
further coto&.5%, Jfaafd &rlls haa mnfge%fmzaq 1viter ean®R HL falls hreastangeefld t

f I e _of; 0 % Na20
Falts 1 alroeal ifnadofl, ‘A A0S Bl b S RSN Elady micfeBial. Lop |
in mass% A chl oﬂﬂ(félqtbensiéﬁed‘s tbarnrewnt hwengiwrgbesddemtieglaad substratot her
aspect, t h@olpﬁﬁ'éﬁﬁhtl'oﬁv(ﬁ'@fyla@nd@h@ d, Qﬁﬁcﬁ BhaRts SrPRd Jf’atsg co{nﬁ)rosit?&? r nﬁf on

di spl d consi'sts o | ass conposi
a'sﬁgcf y tﬁ\éln(éelé%‘éﬁtspﬁﬁ%emﬁ d?rreﬁ?%tnlaﬁgnaﬁnu ﬁﬂbfrldﬁ% jam Imf@qm&tgton démplmr
i ncl udi ng Hhew@lmaﬁnﬁﬂﬁf&]gléaglﬁsé; @t?bét@ﬁw fé?tlhgﬁngéﬁ&ﬁ ﬁYsﬂE% :d%g es |12 \é\:]t h the

nt.inventio icient fining e
glr 5fneni) borosi | i ?glﬂ?ﬁ %@5&5 St 1o a\/ﬁ‘{fﬁé 3@? t Gapmg Arpined
limted amimman m]fumhloghégosddmaté @imé@hba31bimhrwmw %Eﬂélﬁgaﬁﬂy a

t R[resent n es wa

br oduce of Jrtedl Mt Thighly SraFGhepffy dveﬁﬁ%fﬂaewwgn B5RiAY at
15 hi gh vyi émlt‘e&ﬁnte':b\byc@gsenmmxldeavdﬂnh pyesed ddveritgin yprenidesowamst @ | y
unfriendly QQ&M'EI&S% sﬁét@éte@eﬁﬁ'rlaqg% qg’lf&{méﬂgn%@ﬁagzgaeﬁfgs fregldﬁy at

erspectiv VI ew ovmn an exa S Su
Pnf ofnﬁl 0 %@WS Coﬁtog‘leihdef@i‘tmﬂalgjlws of drigbly tanyrafmentlly
present i nu@_mbﬁmy J;‘d]ﬁspog{,ﬁ@ a cross sectional view of an infornation
di spl ay device, show ng an exenplary use of the glass substrate for
I nformati on di splay
Brief Description of the Drawings

FIG. 11is a perspective view showing an example of a glass substrate

20  for information display devices, formed from a glass composition of the
present invention.

FIG. 2 is a cross sectional view of an information display device,
showmg an exemplary use of the glass substrate for information display
devices of FIG. 1.

25

‘Best Mode for Carrying Out the Invention

In the following, the percentage denoting the content of each
component of a glass composition and raw glass material is percent by
mass.

30 A glass composition of the present invention can be produced using
chloride as part of raw glass materials. Preferably, chlorine is contained in
the glass composition by melting a batch of raw glass material that has been
prepared to include chloride, particularly alkali metal chloride and/or alkali
earth metal chloride. In this way, chlorine effectively can exhibit its fining

35  effect in the glass melt.

The chloride is preferably at least one compound selected from, for
example, magnesium chloride, calcium chloride, strontium chloride, barium




devices of FIG 1. 25 Best Mdde for Carrying Qut the Invention In the
foll ow ng, the percentage denoting the content of each conponent of a
gl ass conposition and raw glass material is percent by mass. 30 A glass
conposi tion of the present invention can be produced using chloride as
part of raw glass materials. Preferably, chlorine is contained in the
aw.glass material that has been
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mel ti ng melting of a glass composition of the present invention. LiCl has a boiling
point in a range of 1325°C to 1360°C, and NaCl has a boiling point of
1413°C. KCl sublimes at 1500°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
20 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

25  bubbles in the glass melt. These bubbles would then float to the surface of
the glass melt and burst, with the result that the bubbles are removed from
the glass melt. It is considered that the fining of the glass composition
proceeds due to this mechanism. ' ‘

Meanwhile, because Cl is volatile, the Cl content is often greater in

30 the raw glass material than in the product glass. When the raw glass
material contains a trace amount of Cl, hardly any Cl may remain in the
product glass,

Like other alkali components, KCl is a monovalent salt and
therefore is subject to weak electric binding in the molten glass. However,

35 because potassium has a greater ion radius than sodium, its mobility is
limited by the steric hinderance in the dense structure of the glass
composition that has undergone volume shrinkage as a result of cooling




tenperature range of a glass conposition of the present invention, the
vapor pressures of these alkali netal chlorides are considered to increase
to 20 levels conparable to atnospheric pressure. It is therefore possible
that, in the process of nelting a glass conposition of the present

I nvention, the chlorine woul d bind to the alkali in the glass nelt and
generate a alk n?tal chlorlde gas. The alkali metal chloride gas forms
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at mospher e hegahsdIKO] 1€S86te WedldfbhdliM by charges than alkali earth metal
chloride and therefore moves more freely in high-viscosity molten glass.
Alkali metal oxides such as Li20, Na20, and K20 dissolve out of the
glass and adversely affect other members. For this reason, alkali metal
20  oxides have been excluded from the glass composition in applications as the
glass substrate for liquid crystal display devices. However, when the alkali
metal oxides are used in trace amounts, the glass fining effect can be
improved while suppressing the influence of dissolution from the glass at a
level that would not cause any practical problem. This is because the
25 alkali metal oxides lower the viscosity of the glass and contribute to
facilitating decomposition of silica, which does not easily decompose in the
raw glass material. It is preferable that the K20 content in the glass
composition be adjusted to be at least equal to the NasOQ content, more
preferably sufficiently greater than the Na»O content, or more specifically
30 at least two times, more preferably at least three times, and even more
preferably at least four times the Na20 content. By thus limiting the
content of NagO that has a relatively large mobility rate in glass,
dissolution of alkali metal from the glass can be suppressed more effectively.
From the same reasoning, it is preferable to adjust the LisO content to be
35 less than the Na20 content, and more preferably less than half of the NasO
content.

It is preferable that the glass composition contains two or more




has a conpl ex structure for sealing or other purposes. In this case, fining
shoul d be perfornmed preferably in a lower tenperature range (1450C to
1500C) than normal fining tenperatures (1600C or greater). In this 15
respect, the use of KO is particularly advantageous for vacuum fining,
because KO is nore weakly bound by charges than alkali earth netal

hl d d th or.e nopv eely in high-viscosity nolten gl ass.
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al kali metals or nmetal ions from5 the glass conposition, thereby
enhanci ng the ch®30gdh agsabhtinl ¥o@pohBRt that lowers the viscosity of the glass

and facilitates decomposition and fining of the glass. This effect cannot be
20  obtained sufficiently when the B203 content is less than 5%. When the
B20O3 content exceeds 20%, acid resistance of the glass deteriorates and
vaporization occurs rapidly, which makes it difficult to homogenize the glass.
Therefore, B203 content should be 5 to 20%, preferably 8 to 13%, and 5 to
12%.
25 (AI20s)

Alz0s3 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 AlsOs content is
less than 5%. When the AlzO3 content exceeds 25%, viscosity of the glass

30 lowers and acid resistance deteriorates. Therefore, AlsO3; content should
be 10 to 25%, preferably 13 to 20%, 10 to 20%, and 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

35 content and the CaO content exceed 10% and 20%, respectively, the
chemical durability of the glass deteriorates. Therefore, the MgO content
should be 0 to 10%, and the CaO content should be 0 to 20%.




gl ass conposition. The following will describe each conponent of the glass
conposition. (Si02) SiQ2 is an essential conponent as a glass network
former, and it has 10 the effect of enhancing chem cal durability and heat
resi stance of the glass. This effect cannot be obtained sufficiently when
the Si02 content is less than 40% Wen the Si02 content exceeds 70% the
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20% 15 chloride ions in the glass, Whlch makes it difficult to fine the glass
Therefore, the SrO content should be 0 to 20%, preferably 0 to 4%, more
preferably 1 to 10%, and even more preferably 1 to 6%. The BaO content
should be 0 to 10%, more preferably 0 to 1%. The BaO content may be 3 to
10%.
20 (K20, Naz0)
K20 is a component that lowers glass viscosity and facilitates fining
of the glass. 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
25 bubbles to float to the surface. By this flow action, K2Q also serves to
homogenize the glass melt. The K20 content may be 0%. However, the
K20 content preferably should be 0.05% or greater, more preferably 0.07%
or greater. Meanwhile, there are cases where K20 increases the thermal
expansion coefficient of the glass. In order to prevent a difference in the
30 thermal expansion coefficient from silicone materials, the KoO content is
desirably no greater than 1.5%. That is, the K20 content may be 0.05 to
1.5%.
Unlike other alkali metal oxides such as Naz0 and Li20, K20 has a
small mobility rate in glass and does not easily dissolve out of the glass.
35  This allows the K20 to be contained in the glass substrate for information
display devices such as a liquid crystal display device. In order to suppress
dissolution of alkali metal oxides from the glass, the NasO content is




6 To inprove the fining effect by chloride, both MyJO and CaO preferably
shoul d be contained in the anount of at |east 1% The MJO content nay be 5
to 10% In order to prevent glass devitrification, the MgJO content
preferably should be no greater than 5% and the CaO content 5 preferably
shoul d be no greater than 10% For exanple, the I\/gO]c con})tant1 S rlrgtr)/e .
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Because Cl is volatile, the CI content is often greater in the raw
glass material than in the product glass. For this reason, a raw glass
material batch should contain Cl in the amount of 0.05% or greater.

20 However, since Cl does not readily decompose into the glass, condensation
may occur in the glass being formed when the Cl content exceeds 1.5%.
This may lead to formation of bubbles containing chloride crystals, or may
encourage phase separation or devitrification of the glass. It is therefore
desirable that the Cl content be no greater than 1.5%.

25 The potassium as the constituting element of K20, and Cl may be
supplied from different source materials. However, the absolute fractions
of these elements are so small that they compete with other ions for the
binding reaction, with the result that the binding of these elements may not
proceed sufficiently.

30 On the other hand, when the source material of K and Cl added to
the raw glass material is potassium chloride (KC1), K and Cl can exist as
KCl from an early stage of melting. This is advantageous for the fining
because bubbles are formed rapidly when the glass temperature exceeds the
boiling point of KCl. It is therefore preferable that KCl be used as the

35  source material of K and Cl.

(Combined Alkaline Effect)

The total content of alkali metal oxides (for example, the R20




1.5% Unlike other alkali netal oxides such as Na20 and Li 20, K20 has a
small nobility rate in glass and does not easily dissolve out of the gl ass.
35 This allows the K20 to be contained in the glass substrate for
information display devices such as a liquid crystal display device. In
order to suppress dissolution of alkali netal oxides fromthe glass, the
Na20 content is 7 desirably greater than the K20 content, as descri bed
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A glass composition of the present invention may contain any of the
foregoing glass components in the defined ranges, and, essentially,
preferably only the foregoing glass components are contained in the defined

20 ranges. However, other components also may be contained for the
purposes of controlling refractive index and temperature viscosity
characteristics and preventing devitrification, for example. As such
additional components; Zn0, SnOz, TiOz, Y203, Lag0s, Ta20s, Nb20s, GeOs,
or Gaz05 may be contained in the total amount of at most 3%. In certain

25  cases, addition of ZnO may not be preferable. Further, oxides of As or Sb
may be contained, as will be described later. Fe203 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%.

30 The glass composition may be a composition that essentially
comprises the foregoing component groups (a group of components SiOs to
Cl individually described above, and a group of components ZnO to Mo
given in the foregoing paragraph). In this case, the glass composition does
not essentially include components other than these component groups.

35 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




supplied fromdifferent source materials. However, the absolute fractions

of these elenents are so snmall that they conpete with other ions for the

bi nding reaction, with the result that the binding of these elenents nmay
not proceed sufficiently. 30 On the other hand, when the source materi al

of Kand C added to the raw glass material is potassiumchloride (KC1), K
and C can.,exist as KCl froman early stage of nelting. This is
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15 " than 0% to less than 0.4%, as will be described later in Examples.
As to the content of each component SiO2 to BaO in the foregoing
component group, the content may be, for example, 58 to 70% SiO3, 8 to 13%
B20s, 13 to 20% Al203, 1 to 5% MgO, 1 to 10% CaO, 0 to 4% SrO, and 0 to 1%
BaO.
20 Further, in the component group, the content may be, for example,
87 to 65% 510z, 5 to 12% B203, 10 to 20% Al203, 5 to 10% MgO, 0 to 10%
Ca0, and 0 to 10% SrO.
Further, in the component group, the content may be, for example,
60 to 65% SiO2, 5 to 12% (preferably 9 to 12%) B20s, 10 to 20% (preferably
25 10 to 15%) Al20s, 0 to 5% (preferably 1 to 5%, more preferably 2 to 4.5%)
MgO, 1 to 6% CaQ, 0 to 10% SrO, and 0 to 1% BaO.
Further, in the component group, the content may be, for example,
56 to 65% 510z, 5 to 12% B203, 10 to 18% Al»Os, 0 to 5% (preferably 2 to 5%)
MgO, 1 to 10% CaO, 1 to 10% (preferably, 3 to 10%) SrO, and 0 to 1% BaO.
30 Further, in the component group, the content may be, for example,
56 to 60% S10g, 5 to 12% B203, 10 to 18% Al2Os, 0 to 5% MgO, 1 to 6% CaO,
1 to 6% SrO, and 3 to 10% BaO.
Further, in the component group, the content may be, for example,
58 to 64% SiOg, 8 to 12% B:0s, 5 to 18% (preferably, 15 to 18%) AlOs, 1 to
85  10% (preferably 1 to 5%, more preferably 1 to 2%) MgO, 1 to 6% (preferably
3 to 8%) Ca0, 1.5 to 4.5% (preferably 2 to 4%) SrO, and 1 to 5% (preferably 1
to 4%) BaO.
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20 ranges. However, other conponents also may be contained for the
purposes of controlling refractive index and tenperature viscosity
characteristics and preventing devitrification, for exanple. As such
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greater than 0. 1% FéindgRsof tAM hfVompPatatdve FRUMPRIANA |bnfirmation
was made as to how the inclusion of small amounts of alkali metal oxide and
20 Cl would affect the fining effect.

Batches of raw glass materials (may be referred to as "batches”
hereinafter) shown in Table 1A and Table 1B were prepared. As common
raw glass materials, silica, boric anhydride, alumina, basic magnesium
carbonate, calcium carbonate, strontium carbonate, and barium carbonate

25 were used. As Cl sources, potassium chloride, calcium chloride, sodium
chloride, lithium chloride, and the like were used.
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unfriendly as arsenic, may be contained in the Sbh2G3 anmpbunt of greater 15
than 0% to less than 0.4% as will be described later in Exanples. As to
the content of each conponent SiQ2 to BaO in the foregoing conmponent
group, the content may be, for exanple, 58 to 70% Si(2, 8 to 13% B2(3, 13
to 20% A12C3, 1 to 5% MO 1 to 10% CaO 0 to 4% SrO and 0 to 1% BaO 20
Further, in the conponent group, the content nay be, for exanple, 57 to
65% Si 2, 5 to 12% B203, 10 to 20% A1203, 5 to 10% MO, 0 to 10% CaO and
0 to 10% SrO. Further, in the conponent group, the content may be, for
exanple, 60 to 65% Si 2, 5 to 12% (preferably 9 to 12% B203, 10 to 20%
(preferably 25 10 to 159 A12C3, O to 5% (preferably 1 to 5% nore
preferably 2 to 4.5%9 MO 1 to 6% Ca0 0 to 10% SrO, and 0 to 1% BaO.

Further, in the conponent group, the content may be, for exanple, 56 to
10 to 18%A12Q3 0 ta 5% (preferably 2 to 594 MO,
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back panel 12 of a liquid crystal display device 100, illustrated in FIG 2
as an exanple of an information display device. As shown in FIG 2, the
front 10 panel 11 and the back panel 12 provided for the liquid crystal

di spl ay device 100 are disposed on the both sides of a liquid crystal

| ayer 20 with a sealant 30 in between, together with other nenbers such as
transparent electrodes 40 and alignnment filns 50. The following wll
descri be an enbodi rent of the present invention 15 based on exanples. It
shoul d be noted, however, that the present invention is not limted by the
foll ow ng description. (Exanples 1 to 12, Conparative Exanples 1 to 3) In
Exanples 1 to 12 and Conparative Exanples 1 to 3, confirmation was nade as
to how the inclusion of small anounts of alkali netal oxide and 20 O
woul d affect the fining effect. Batches of raw glass materials (my be
referred to as "batches" hereinafter) shown in Table 1A and Table 1B were
prepared. As common raw glass materials, silica, boric anhydride, alum na,
basi ¢ magnesi um carbonate, cal cium carbonate, strontium carbonate, and
barium carbonate 25 were used. As O sources, potassium chloride, calcium

chloride, sodium._chloride, lithiumchloride, and the |like were used. 11 Lo
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Each batch was melted and fined in a platinum crucible. First, the
crucible was placed in an electric furnace that had been set at 1600°C, and
maintained therein for 16 hours 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. The glass body was placed
In a separate electric furnace that had been set at 700°C, and maintained
therein for 30 minutes. 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 that, boron (B) was quantified by emission spectral analysis using
ICPS-1000IV of Shimadzu Corporation.

(Evaluation of Clarity)

The clarity of the glass body was evaluated through observation of
the sample glass with an optical microscope (40x) and by finding the
number of bubbles per 1 cm3 of glass from thickness, view area, and the
number of bubbles observed. There are difficulties in evaluating the fining
effect in the absolute sense because it varies depending on the type of base
composition glass. As such, evaluation was made by comparing each
Example with Comparative Examples of similar compositions. Clarity
(bubble conditions) was denoted as "Excellent” when the relative ratio of the
bubble count observed in Examples was less than 0.5, "Good" when 0.5 or
greater and less than 1.0, and "Poor" when 1.0 or greater.

Specifically, the sample glasses of Examples 1 to 6 were compared
with the bubble conditions of Comparative Examples 1 and 2. The sample
glasses of Examples 7 to 12 were compared with the bubble conditions of
Comparative Example 3.

Since this method is based on simple decomposition using a crucible,
the bubble count is much greater than the 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
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Ou) awa0 wo~a xy u O cc 10 F % 13 Each batch was nelted and fined
in a platinumcrucible. First, the crucible was placed in an electric
furnace that had been set at 1600C, and nmaintained therein for 16 hours to
melt the batch. The crucible with the glass nelt was taken out of the
furnace and allowed to cool, and solidify at 5 roomtenperature. As a

result, a dregsugamsntefclagtuprelRatine gl ass body was taken out of the

cruci ble and gr adNRasyir6®ehed of TMEh«G9RAT NBxPRSsioRe COSMRIACCA Tako the
fol |l ow ng g&gﬁg&ure 'I;%Z gl ass body was placed 1n a separate electric
t

furnace th 197 B at 700C, and maintained therein for 30 m nutes.
The gl ass body wdly taheomahdwvgitss proeessihg teehfiidhid, t 1P eARIPIE eglRYs tWaHi Ng

of f thegel ic. fhurnace. .The .resulting. s_hod s used as a .sanple
gl ass. ?jS’%b%‘#sl%ggt]ing% oty lﬁl‘iggg]?ﬁlﬁpgésﬁ'ﬁ%%ﬁ; T enéﬁn‘\é%em&l' égsla%g’)- iy
conmmi nut ed thermaehekpaysionecqifficient armbai gliass triysitionopEst ensrexnicagusedl ysi s
usi ng RI X3¢Q1 i ti on t hat, boron ( was, .
auant1 11 ed 'S0 AR R, s i PR GEBY 10880 PR
Cor por at i ofilatemgtemtTharmyifley EMA§140, Rigaku Corporation).
The sample glasses of Examples 1 to 12 had the compositions shown
10  in Table 2A and Table 2B. The number of residual bubbles in the sample
glasses of Examples 1 to 12 was considerably fewer than that in the
Comparative Examples. Further, the sample glasses of Examples 1 to 12
are free from arsenic oxide or other environmentally highly unfriendly
fining agents. Taken together, the present invention enables manufacture
16  of glass substrates that have very few defects due to bubbles or other

deficiencies, without using, or using a reduced amount of, arsenic oxide and
the like.
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The clarity of the glass body was eval uated through observation of the
sanple glass with an optical mcroscope (40x) and by finding the 20 nunber
of bubbles per 1 cnB of glass fromthickness, view area, and the nunber of
bubbl es observed. There are difficulties in evaluating the fining effect
in the absolute sense because it varies depending on the type of base

conposi tion gl ass- conpari ng each Exanple
wi th Conparative Ex Clarity 25 (bubble
condi tions) was |d& ellative ratio of the
bubbl e count obses , "Good" when 0.5 or
greater and |ess & reater. Specifically,
t he sanpl e glasseaCU wi th the bubble
condi tions of Comp&t le 30 glasses of
Examples 7 to 12 wer par h bdbbl ¢ cdnditions of Conpar ati ve
Exanpl e 3. Sincs i ﬁF TS basedjor npie—dgeconposi ti on using a
crucible, the Qubp count |i sl nuch |[griedt gr than [the nunbers of bubbl es
actually contaifrig n| a clonmer gi al 1}y |prioduced glass body. Neverthel ess, it
is 35 known that| # C%Lg?tﬁ@er;m hubhblleq .qaAjt & n ig1 the comercially
produced gl ass d@ T I10d Sl 1] when e "bubbl|&|count determi ned based
on this nethod [is™qmal || |l t| i|s |t Her|efiorje [possi blle [to use this nethod for
the 14 neasurenent joff cll arijty] gval yat|i an.§ (Measur gnent of Ther nal
Expansi on Coeffifci ernt jand {G{ass ran5|t|1n Poi ni[) |By a common gl ass
processing techrniqug, {the samgl g dl gs§ wag 5fprgegssed into a cylindrical
gl ass piece (~ 3 % 4% ramd (ol gngt Wi A <t het gl expansion coefficient
and a gl ass trarsit ijon ot Nt *Yetle \ndageiieq by T giding the tenperature at a
rate of 5C/ mn, |using ja [diff flerlentilal| |di|l gt omet er{e=|Ther nof | ex TMA8140,
Ri gaku Cor poratilan) .| Th anplie |gljagses |off Exanplle§ 1 to 12 had the
conposi tions shgqwn |10 i|n [Tgblle (24 and Tall e BB. [THe nunber of residual
bubbl es in the sagpI%J ghgsses qf Exang}gf l1to J% was consi derably fewer
than that in thg 5 g = < @le|® SRR g e :g
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Conpar ati ve Exanples. Further, the sanple glasses of Exanples 1 to 12 are
free fromarsenic oxide or other environnentally highly unfriendly fining
agents. Taken together, the present invention enables nmanufacture 15 of

gl ass substrates that have very few defects due to bubbl es or other
deficiencies, without using, or using a reduced anount of, arsenic oxide
and the like. 15 - 0 s a Nmoo MO to 0O oWy Ns~. ad mLcocooC
coti m,-~pPa ococo6W1d MWco FJ(:6ti -voNmM6 4 m8 mOoo
00 x o 00 Lo coo of 10 14 ui 14 00 co C CDcqgCDLoCDt- mcq WMtiOO
mmri NMU Cl1 eq W c, mooco OO0 ~o0o WcoO0O,yM ri coCDkcOW
M Mcolgmo71 Wcoa,...~mm,-i oot- MC7 000000000 az

xUoo~ P, m

Comparative
Example 8
59.8
10.5
15.1
0.5
4.7
3.1
6.2
732
37
Poor

Ex.12
59.3
10.5
15.0
0.5
4.7
3.1
6.1
0.09
0.18
0.28
0.25
717
40
Excellent

0.5

Ex.11
59.5
10.5
15.1
4.7
3.1
6.2
0.09
0.28
0.17
722
39
Excellent

Ex.10
59.4
16.5
15.1
0.5
4.7
3.1
6.2
0.18
0.28
0.17
724
39
Excellent

Ex.9
59.0
10.4
14.9
0.5
4.6
3.1
6.1
1.11
0.33
722
41
Excellent

Ex.8
59.4
10.5
15.0
0.5
4.7
3.1
6.2
0.56
0.17
726
39
Good

Ex.7
59.6
10.6
15.0
0.5
4.7
3.1
6.2
0.28
0.09
729

]
Good

8102
B203

Al:O3

MgO
Ca0
Sr0O
BaO
Li=O
Na0
K0
Cl

jnsl
N
)
=
<
=

Glass transition point
[°C]
Thermal expansion
coefficient [x10'7/°C]
Bubble condition

Composition
[mass%]
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15

The sample glass of Comparative Example 1 has the composition
shown in Table 2A. This glass body was fined using CaClz as the Cl source
and does not contain R20. The sample glass of Comparative Example 1
had large numbers of residual bubbles, which accounted for poor clarity.

The sample glasses of Comparative Examples 2 and 3 have the
compositions shown in Table 2A and Table 2B, respectively. These glass
bodies were formed without using chlorides of alkali metals and do not
contain Cl and R20. The sample glasses of Comparative Examples 2 and 3
had considerably large numbers of residual bubbles, which accounted for
very poor clarity.

(Examples 13 to 21, Comparative Examples 4 to 6)

In Examples 13 to 21 and Comparative Examples 4 to 6, suitable
composition ranges of the glass composition were confirmed. At the same
time, the glass compositions were evaluated comprehensively by
considering various factors together, such as Glass transition point, thermal
expansion coefficient, and bubble conditions, taking into consideration
applications as a glass substrate for information display devices.

| Batches shown in Table 3 were prepared using the same materials
used in Examples 1 to 12 and Comparative Examples 1 to 3.

18
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0 X009 OV-cocbhbooco WNmMOOC O c&vCmn NOPO cmommecd
y A UU NWUW F 0 17 The sanple glass of Conparative Exanple 1 has the
conposition shown in Table 2A. This glass body was fined using CaCl2 as
the d source and does not contain R20. The sanpl e glass of Conparative
Exanmple 1 had | arge nunbers of residual bubbles, which accounted for poor
clarity. 5 The sanple gl asses of Conparative Exanples 2 and 3 have the
conpositions shown in Table 2A and Table 2B, respectively. These gl ass
bodi es were formed w thout using chlorides of alkali netals and do not

contain O and R2O—ythe baﬁfpi eTgtasses—ofrConparat+ye—fxanples 2 and 3 had
consi derably | arlge «funbers jof resijdual bubbl es, |whi ¢h gccounted for 10
- . = ) A . -
very poor cl arl'Eyg H|Exanmpkes 513 &0 2Z1) Lanpa aglvg =xanples 4 to 6) In
Exanpl es 13 to 3l and ICpnpar at | ve E)@"&ITD%ESM tD |62 subtlable conposition
ranges of the gllas& |conposifti on were conflirned. |At the |[same tine, the
gl ass conpositidns yereleval uated lcompr ehensjivelly by 14 consi deri ng vari ous
factors together,ggsuch as @ as$ trjansitign point,, thermal expansion
coefficient, ang @@tblce cendig i oas|, .t akjng. pto con siger ation applications
as a gl ass subst|ratEg Eo #nf & megiloE dispgl &y c@vi ges. 3 Bat ches shown in
Table 3 were pre@ﬁﬁed using the sgne matgrials
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used in Exanples 1 to 12 and Conparative Exanples 1 to 3. 18 NNOCO L~ o0
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Preparation of sample glasses, quantitative analys1s of sample glass
compositions, clarity evaluation, and measurements of thermal expansion
coefficient and glass transition point were performed in the same manner as

5 in Examples 1 to 12 and Comparative Examples 1 to 3. Note, however,
that the evaluation of bubble conditions for the sample glasses of Examples
13 to 21 that had varying compositions over a wide range was performed by
comparing with Comparative Example 6, because the other Comparative
Examples did not have compositions close to the compositions of Examples

10 13to 21.

(Measurement of Devitrification Temperature)

Measurement of devitrification temperature was performed as
follows. First, the sample glass was comminuted with a mortar. Then,
glass particles that passed a 2380 pm mesh sieve but did not pass a 1000 pm

15 mesh sieve were collected from the comminuted sample glasses (glass
particles). The glass particles so collected were subjected to ultrasonic
washing in 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

20  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.

20
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Exanpl es did not have conpositions close to the conpositions of Exanples
10 13 to 21. (Measurenent of Devitrification Tenperature) Measurenent of
devitrification tenperature was perforned as follows. First, the sanple
gl ass was conm nuted with a nortar. Then, glass particles that passed a
2380 m nesh sieve but did not pass a 1000 m 15 nesh si evcra] welre col | ect efl
fromthe conm nuted sanpl Iasses gl ass articles). The glass particles
so col | ect ed Werterﬁé‘%b?@rjgf’ ] glasenst s&ﬁ@ﬂ%ﬁsﬂﬁnéol R letmshdromperafived t o

pr eloar e a @mgwﬁe@toﬁa]ﬁmﬂ €om b@mmfﬁﬁﬁttioo v@ﬁ&ﬂtTa"nﬂé'ﬂ' e ad@%&%n}%%@;@léﬁed on
nmmin
Fempor at ur ig bRt of dpsidual hibblesin e sbals Elhsats CLmBRPIbA o 2L 1 or
hours. The vmsas:s:n\m:ler'ahlgersmiﬂexofthahhehﬁw rmaﬂbnm‘miracfviesméjamﬁlhﬁlg. gr'Hgé i 2
I { 0 C m. S i
el bt eSAEUIbIRbER (RYAMBIE 193 Bl Bt BaRthiR b Rl SR TS
devitrifi czhlgbhf t@mpmramanmﬂﬁOuEfrEerfdinfmmgﬂagéhﬁ C @hre Mexi@ificitiow E

C+' O O O @e&p@r&tﬁ% ]wa{s 102?&5{1’(1188@ ?ofg E%M&dinct % Qf?\%ﬁlﬁﬂ %gﬁgeéo oPp W
%»Mﬁlnie@ o tp e6 and lesg tha@%&@t@e@ammedglasswaf Bxamplesn 8 N

O O O t B7MoA20. PPhid '\f@ve ergi@ellléntt matk 61 B0 5369 18 (B89 SMiHe Wobkh M ~
N =~ HlO M %)vla\i/iu%t%r? N '
In Comparative Examples 4 and 5, 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.

15 As mentioned above, the sample glass of Comparative Example 6
had considerably large numbers of bubbles, which accounted for very poor
clarity.

(Examples 22 to 24, Comparative Example 7)
In Examples 22 to 24 and Comparative Example 7, it was confirmed

20  that the glass compositions may include small amounts of Ass05 or SbaQs.

Batches shown in Table 5 were prepared using the same materials
used in Examples 1 to 12 and Comparative Examples 1 to 3. Arsenic
pentoxide and antimony trioxide were used as the source materials of As205
and Sb203, respectively.

22
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hi ghly environnentally unfriendly fining agents. The devitrification
tenperature was 1027C or less, for exanple, in the sanple gl asses of
Exanples 13 to 20, and less than 900C in the sanple gl asses of Exanples 17
to 20. This gave an excellent mark for Exanples 13 to 20 in the overall 10
eval uation. In Conparative Exanples 4 and 5, devitrification occurred

during the gra cool | ng glass, nelt to roomterrperature in a
cruci bl e that ngr?%ﬁl%%néﬁqaﬁ% sip i mageplerGlass) preparation of the

sanpl e gl ass. As I&ep&@:&ﬂibﬁ ofba@m@gmgéeagq@é@ﬁﬁatwynm&msMWaeys 15
As nenti on%d above:0 n‘ﬁ lg 11%egzétss of n’gar ative %ar{&remfg
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cl gr ic'z)y ( Exeffpliest, 2Q1|aise ﬁ'énsifmrpqnﬁh?vanﬂxdwitmf'bhmbﬁ Rapptftard 2wee 24

an confi.r t t S co ositions
may inc Z’tew&d ainEg tﬁ ssa %% Tof® 3B %ﬁ‘t@ﬁ&g @h%&ﬁﬁ? HOPAK té % were
prepar ed uﬁngnP]@@ 4 do®. nddubhilalconditiong nf Ehalsrphgﬂe Elassed Df dwchiGphpa2 it i ve
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(Preparation and Analysis of Sanple d ass) Preparation of sanple gl asses,
guantitative analysis of sanple glass conpositions, clarity eval uation,
and neasurenents of thermal expansion coefficient, glass transition point,
and devitrification tenperature were 5 perforned in the sane manner as in
Exanples 13 to 21 and Conparative Exanples 4 to 6. Bubble conditions of

t he sanpl e gl asses of Exanples 22 to 24 were evaluated by conparing with
Conparati ve Exanple 7.
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Glass transition point [°C]
Devitrification temperature [°C]
Bubble condition

[Table 6]
Composition [mass%]
Thermal expansion coefficient [x10-7/°C]
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Zl‘riqe sample glasses of Examples 22 to 24 and Comparative Example
7 had the compositions shown in Table 6. As shown in Table 6, the number
of residual bubbles in the sample glasses of Examples 22 to 24 was
considerably smaller than that in Comparative Example 7.

5 As mentioned above, the sample glass of Comparative Example 7
had considerably large numbers of residual bubbles, which accounted for
very poor clarity.

As the foregoing results show, the present invention readily enables
manufacture of glass substrates that have very few defects due to bubbles

10  or other deficiencies, without using, or using a reduced amount of, arsenic
oxide and the like.

Industrial Applicability
The present invention provides glass compositions that are
15  applicable to uses requiring chemical resistance, heat resistance, and a
small thermal expansion coefficient.
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The sanpl e gl asses of Exanples 22 to 24 and Conparative Exanple 7 had the
conpositions shown in Table 6. As shown in Table 6, the nunber of residual
bubbl es in the sanple gl asses of Exanples 22 to 24 was considerably
smal l er than that in Conparative Exanple 7. 5 As nmentioned above, the
sanpl e gl ass of Conparative Exanple 7 had consi derably | arge nunbers of
resi dual bubbles, which accounted for poor clarity. As the foregoing
results show, t he present invention rg%éﬂ enabl es manufacture of gl ass
substrates that have very few defects due to bubbles 10 or ot her

defi ci enci §S. Wi t Sr} nﬁ a_reduced armur# arseni c oxide
and the like. In Fzgfm%é’ﬁf CABHFY FOPRE P e TR HASS ¥ention provides gl ass
conposi tions that40a10é70%531@|@pl i cable to uses requiring chem cal resistance,
heat registance, sand s, @I | thermal expansion coefficient. 26 CLAIMS 1.
A gl ass conposition |c cOrrprl ses, in mss% 40 to 70%Si2, 55 to 20%

B203, 10 to 25%IR1RGEH% Ad2Qe 10% |vgo 0 to 20% CaO, 0 to 20% SrO, and 10
0 to 10% BaO, ang douidonev gonprl ses greater than 0.06% R20, and greater
than 0% and no greater tﬁ 5% Cl, where Ris at |east one selected from
Li, Na, and K, a%cFOL %Q»Ism arangeofOtoOS% Na20O falls in a
range of 0 to 1.0Q% 20w €Pd4mwl!s in a 15 range of 0 to 1.5% all in

mass% g The gl ass ng) tion according to claim1l1, wherein the d
conten} isin a’r® n@gf %’reater than 0.09%to no greater than 1.5% in

mass% and further comprises greater than 0.06% R20, and greater than 0%
and no greater than 1.5% CI,
where R is at least one selected from Li, Na, and K, and Li»O falls in
a range of 0 to 0.5%, Naz0 falls in a range of 0 to 1.0%, and K0 falls in a
15 range of O to 1.5%, all in mass%.

2. The glass composition according to claim 1, wherein the Cl content
18 in a range of greater than 0.09% to no greater than 1.5%, in mass%.

20 3. The glass composition according to claim 1, wherein the RsO content
1s in a range of greater than 0.07%, in mass%.

4. The glass composition according to claim 1, wherein the RoO content
is in a range of greater than 0.06% to no greater than 1.5%, in mass%.

25
5. The glass composition according to claim 1, wherein the NasO
content is in a range of 0 to 0.5%, in mass%.

6. The glass composition according to claim 1, wherein the KsO content
30 1isin arange of 0.05 to 1.5%, in mass%.

7. The glass composition according to claim 1, wherein the Li:O
content is in a range of 0.015 to 0.5%, in mass%.

356 8. The glass composition according to claim 1, which comprises 58 to

70% 5102, 8 to 13% B20s, 13 to 20% Alz0s, 1 to 5% MgO, 1 to 10% CaO, 0 to
4% SrO, and 0 to 1% BaO, all in mass%.
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20 3. The gl ass conposition according to claim1, wherein the R20 content
is in arange of greater than 0.07% in nmass% 4. The gl ass conposition
according to claim1l, wherein the R20 content 1is in a range of greater
than 0.06%to no greater than 1.5% in mass% 25 5. The gl ass conposition
according to claim1, wherein the Na20 content is in a range of 0 to 0.5%
in mss% 6. The glass conposition according to claim1l, wherein the K20
content 30 is in a range of 0.05to 1.5% in mass% 7. The gl ass

conposi ti 0. accoflthenglaise @hapasitionreoedingt foeclhimOl, #HIERbmipSided F¥ f@Nge

of 0.015 tQxQ: &%, | 9 5.8, T l,ass it on_acc [ to claim
T wiich oS S0x T T3 el 4 2B G347 BoBER Nl S50 el o' 5o
MO, 1 to 009 eSO, tadl iM%, and 0 to 1% BaO, all in mass% 27 9. The
gl ass cgnposition according to claim1, which conprises 57 to 65%3Si (2, 5

to 12% B203, 10 to 20% A1203, 5 to 10% MyO, 0 to 10% CaOQ, and O to 10%
srO all iAOmasshhesglags compagiitien asomplingt tooslaimachr which templrEemaD, tavhi ch
conpri ses @B8v% 8i0 [ 01423 : % 0 Y% MO, 1
{0'6% a0 101 00518 sﬁﬁzgl?if%wl% BABOR B ARMEG, Pio 834 Baf OBP, ¢
conposi ti onVgtesPdrng @ tp L1 161l imeRs@onprises 9 to 12% B203, 10 to
159712038, and 1 to 5% MgO all in mass% 12. The gl ass conposition

accor di hg clajy 1,. which conprises 58 to 5% S| 2,,5.to 12% B203, 10 to
18% Al%‘%s, rl@' o SHENGBSS LOIY raecordipg to18aimed & whichyermprises & ©a0,

all in nmasd2Ws BaOs THetyl&%sAbOspasdtl tns B ialbid mazk®.m 12, which
conprises 2 to 5% MO, and 3 to 10% SrO, both in mass% 20 14. The gl ass
conposition according to claim1, which conprises 56 to 60% Si2, 5 to 12%
B203, 10 td218% hacé,as@ con Bt actording%oGdaim 11,t whidPeSnprisand63td 0 10%

BaO, al | 1859P8739, 5 to 12% B3, 10 to 18% Al:Os, 0 to 5% MgO, 1 to 10% CaO, 1 to
15 10% SrO, and 0 to 1% BaO, all in mass%.

13. The glass composition according to claim 12, which comprises 2 to
5% MgO, and 3 to 10% SrO, both in mass%.

20 14. The glass composition according to claim 1, which comprises 56 to
60% SiOg, 5 to 12% B203, 10 to 18% Al2Qs, 0 to 5% MgO, 1 to 6% CaO, 1 to
6% SrO, and 3 to 10% BaO, all in mass%.

15. The glass composition according to claim 1, which comprises 58 to
25 64% SiOg, 8 to 12% B20s, 5 to 18% AlOs, 1 to 10% MgO, 2 to 10% Ca0, 1.5
to 4.5% SrO, and 1 to 5% BaO, all in mass%.

16. The glass composition according to claim 15, which comprises 15 to
18% AlsOs, 1 to 5% MgO, 3 to 8% CaO, 2 to 4% SrO, and 1 to 4% BaO, all in
30 mass%.

17. The glass composition according to claim 16, which comprises 1 to
2% MgO, in mass%.

35 18. A process for producing a glass composition comprising:
melting a raw glass material to obtain a glass composition,
wherein the glass composition comprises, in mass%,
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15. The gl ass conposition according to claim1, which conprises 58 to 25
64% Si 2, 8 to 12% B203, 5 to 18% A12(8, 1 to 10% MyO, 2 to 10% CaO 1.5
to 4.5%SrO and 1 to 5% Ba0, all in mass% 16. The gl ass conposition
according to claim15, which conprises 15 to 18% A1203, 1 to 5% MO, 3 to
8% CaO, 2 to 4% SrO and 1 to 4% BaO, all in 30 mass% 1;0/ -II\-/B?) gl ass o
conposition accor im16, which conprises 1 to 0 . i n mass%
35n28. A process ‘ﬂjo{]g%{’%d%ga ng a gl ass conposition conprising: nmelting a
raw gl ass materid td 0%WB#DH a gl ass conposition, wherein the glass

conposition conpr d ss% 28 40 to 70% SiO2, 5 to 20% B203, 10 to
25‘223A1203 Otolpsf% /A]ga’to 20% CaO, 0 to 20% SrO, and 0O to 10% BaQ,

and the gl ass corﬁﬂml@%dﬂgﬂ;rther conprises greater than 0.06% R20, where
R is atgleast ong from Li, Na, and K, and Li20 falls in a range
100f0t005% '\E?e% in arange of 0 to 1.0% and K2ZOfalls in a
range of 0 to 105%2%%3#@» amds% and wherein a chloride is used as part

-~ of the raw gl ass gwf gtdsalb 019. The process for producing a gl ass
conposition accor d| nﬂﬂ oiaaél aim 15 18, wherein the chloride content of the
€8

raw gl ass materi@pdit 36 Gompesition fyridwrcomnriseogreasenthay 84968 Refan

1. 5%; in rf?ﬁls%e RO aﬂ@s@bﬁ@{%‘éﬁe%@d an?@HCN‘a aﬁdqt%%w %&Egﬁ%’%ﬁ%gﬁgﬂd: Rg
toc a ori de con

a rang %9&%5% [I%az?f‘ £3 SfrharF&%@%Of 1to I é’t’[ﬁ%{:%@ 1BrokRRaeRf

gl ass corrpctellw%naﬁanonelss%, aadcl ai m 20 wherein the chloride content of

the raw glass matg{dal, L%H18ride 180984 & as part of the raw glass material.

19. The process for producing a glass composition according to claim
15 18, wherein the chloride content of the raw glass material is in a range of
greater than 0% to no greater than 1.5%, in mass%.

20. The process for producing a glass composition according to claim
19, wherein the chloride content of the raw glass material is in a range of
20  0.05 to 1.5%, in mass%.

21. The process for producing a glass composition according to claim’
20, wherein the chloride content of the raw glass material is in a range of
greater than 0.09% to no greater than 1.5%, in mass%.

25
22. The process for producing a glass composition according to claim
18, wherein the chloride in the raw glass material is alkali metal chloride
and/or alkali earth metal chloride.
30 23. The process for producing a glass composition according to claim

22, wherein the chloride in the raw glass material is potassium chloride.

24. The process for producing a glass composition according to claim

18, wherein the chloride in the raw glass material is at least one kind of

35 compound selected from magnesium chloride, calcium chloride, strontium
chloride, and barium chloride.
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greater than 0.09%to no greater than 1.5% in mass% 25 22. The process
for producing a glass conposition according to claim 18, wherein the
chloride in the raw glass material is alkali netal chloride and/or alkali
earth metal chloride. 30 23. The process for producing a glass conposition
according to claim 22, wherein the chloride in the raw glass material is
pot assi um chl ori 24. The, process for producing.a ass conposition
according to cl aid%'l%,g%\ﬁeﬁlép rf"F?e?%F reation fl%?@l%%eg}%s“?@trem theis at
| east one Iglass shibst3ateccorpisincbfthk etsededmpmim@andsilamm ghl ori de, cal ci um
chloride, strontium chloride, and bariumchloride. 29 25. A gl ass
substrate for information display devices, wherein the glass substrate
consists of the @fadyn odoposittonodispiaycdeiice tomPaising the pdassahilstratie ot ay

devi ce_somphisthitishRighaF AeItRS rRlfaf 95, 5 1 nformation display devices of
claim25. 30 ’ |
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