SPECIFICATION

GLASS SUBSTRATE FOR INFORMATION RECORDING MEDIUM AND
INFORMATION RECORDING MEDIUM

This application is a National Stage of International Application PCT/JP2009/062186 filed
with Japanese Patent Office on July 3, 2009,

TECHNICAL FIELD
[0001] The present invention relates to a glass substrate for an information recording medium such as
amagnetic disk and an information recording medium using the same, and more specifically to a gléss

substrate for an information recording medium made of aluminosilicate glass and an information

recording medium vsing the same.

BACKGROUND

[0002] Of information recording media having a recording layer utilizing magnetic, optical, or
magneto-optical properties, magnetic disks are available as typical media. Conventionally, as
magnetic disk substrates, aluminum substrates have been widely used. However, over recent years,
with the demand for the reduction of magnetic head floating amount for recording density enhancement,
glass substrates have been increasingly used, which glass substrates exhibit superior surface flatness to
aluminum substrates and have less surface defects.  Of'these, preferably used are glass substrates
formed of aluminosilicate glass capable of strengthening substrates by chemical strengthening treatment
by ion exchange, because of their enhanced impact resistance and vibration resistance.

[0003] In such a glass substrate for an information recording medium, to be capable of high density
recording with reduced surface defects, it is necessary that gas bubbles generated in the melting process
of glass are allowed to be present in a glass substrate at as lowest level as possible. Conventionally, a
method has been commonly employed in which As,Os and SbyO; are contained in a glass component
as fining agents, whereby gas bubbles in molten glass are removed (clarified) (for example, refer to
Patent Document 1),

[0004] However, since As;Os and ShyOs are toxic, from the environmental and health viewpoints, a
tendency to regulate the usage thereof'is being widespread.  Therefore, studies have been made to
realize a method to remove gas bubbles in the molten glass without using As;O3 or Sh,Os serving as
fining agents is studied (for example, Patent Document 2), and proposed is a method to remove gas
bubbles by depressurizing molten glass.



PRIOR ART DOCUMENTS

PATENT DOCUMENTS

[0005] Patent Document 1: Unexamined Japanese Patent Application Publication No. 8-321034
Patent Document 2: Patent Document 1: Unexamined Japanese Patent Application

Publication No. 2000-128549

BRIEF DESCRIPTION OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[0006] However, according to the method described in Patent Document 2, there have been such
problems that a complex process and a special decompression degassing apparatus are required and also
a glass component tends to be changed by volatilization of the glass component with pressure reduction.
[0007] Inview of the above technological problems, the present invention was conceived. An
object of the present invention is to provide a glass substrate for an information recording medium with
sufficiently removed gas bubbles in which neither As (arsenic) nor Sb (antimony) element is contained;

and an information recording medium using the same.

MEANS TO SOLVE THE PROBLEMS
[0008] To solve the above problems, the present invention has the following features.
[0009] Iiem 1. A glass substrate for an information recording medium made of aluminosilicate glass
containing 60% to 75% by mass of SiO,, 5% to 18% by mass of ALO;, 3% to 10% by mass of Li;O,
3% to 15% by mass of Na,O, and 0.5% to 8% by mass of Zr(Q, with respect to whole glass components,
comprising:

neither As (arsenic) element nor Sb (antimony) element;

at least one type of polyvalent element selected from the group consisting of V' (vanadium),
Mn (manganese), Ni (nickel), Nb (niobium), Mo (molybdenum), Sa (tin), Ce (certum), Ta (tantalum),
and Bi (bismuth),

wherein a molar ratio of a whole amount of the polyvalent element o the Al,O5, which is (the
whole amount of the polyvalent element)/Al;Os, is within a range of 0.02 to 0.20.
[0010] Item 2. The glass substrate for an information recording medium of itern 1, comprising:

at least one polyvalent element selected from the group consisting of V (vanadium), Mn

(manganese), Sn (tin), and Ce (cerium).



[0011] Item 3. The glass substrate for an information recording medium of item 1 or 2, wherein a total
content of the polyvalent element is 1% by mass or less with respect to the whole glass components,
[0012] where each of the polyvalent elements is converted in terms of the following oxides: V,Os for
V; MnO; for Mn; Ni»Os for Ni; Nb,Os for Nb; MoO; for Mo; SnQO, for Sn; CeO; for Ce; TayOs for Ta;
and BixOs for Bi.
[0013] Hem 4. The glass substrate for an information recording medium of any one of items 1 to 3,
wherein the polyvalent element is added as fining agent made of oxide, hydroxide, or carbonate.
[0014] Ttem 5. The glass substrate for an information recording medium of any one of items 1 tor 4,
wherein the glass substrate for an information recording medium is chemically strengthened by ion
exchange.
[0015] Iiem 6. An information recording medium, comprising:

arecording layer provided on the glass substrate for an information recording medium of any

one of items 1 to 5.

ADVANTAGES OF THE INVENTION

[0016] According to the present invention, since predetermined polyvalent elements made of oxides
functioning as fining agents in glass are contained at a molar ratio of a predetermined range to ALOs in
the glass components, clarification reaction due to the valence change of the polyvalent elements can
effectively function. Therefore, without As (arsenic) or Sb (antimony) element, a glass substrate for an
information recording medium with sufficiently removed gas bubbles can be obtained.

PREFERRED EMBODIMENTS OF THE INVENTION
[0017] Preferred embodiments of the present invention will now be described in detail.
[0018] (Glass Substrate for an Information Recording Medium)

The glass substrate for an information recording medium of the present invention is made of
an aluminosilicate glass containing 60 - 75% by mass of SiO, 5 - 18% by mass of Al,Os, 3 - 10% by
mass of Li;0, 3 - 15% by mass of Na,O, and 0.5 - 8% by mass of Zr0, with respect to the total glass
components. Therefore, chemical strengthening treatment by ion exchange can be applied thereto,
whereby enhanced impact resistance and vibration resistance can be ensured.  The reason why each
component was regulated in the above range is as follows:

[0019] SiO; is a critical component to form a network structure of glass and significantly contributes
to chemical resistance. When the content of Si0O; is less than 60% by mass, chemical resistance may



be lower. In contrast, in the case of more than 75% by mass, melting temperature is excessively high.
Therefore, the content of SiO, needs to fall in a range of 60 - 75% by mass.  In this range, a range of 60
- 71% by mass is preferable,

[0020] ALOsis acritical component to form a network structure together with SiQO,, functioning to
enhance not only chemical resistance but also ion exchange performance. When the content of Al,O;
is less than 5% by mass, chemical resistance and ion exchange performance may be lower.  In contrast,
in the case of more than 18% by mass, devitrification resistance is lower. Therefore, the content of
AlO3 needs to fall inarange of S - 18% by mass.  In this range, a range of 9 - 14% by mass is
preferable.

[0021] LiO;is anecessary component to carry out chemical strengthening treatment by ion exchange.
In the chemical strengthening treatment, Li* ions in glass are ion-exchanged with Na" ions or K ions
contained in a chemical strengthening treatment liquid, whereby a glass substrate is strengthened.

When the content of LiO» is less than 3% by mass, this ion exchange performance is lower. In
contrast, in the case of more than 10% by mass, devitrification resistance and chemical resistance are
lower. Therefore, the content of LiO, needs to be 3 - 10% by mass. In this range, a range of 4 - 6%
by mass is preferable.

[0022] NayO is a necessary component to carry out chemical strengthening treatment by ion
exchange. In the chemical strengthening treatment, Na' ions in glass are ion-exchanged with K™ ions
contained in a chemical strengthening treatment liquid, whereby a glass substrate is strengthened.

When the content of Na,O is less than 3% by mass, this ion exchange performance is decreased and also
devitrification resistance is lower. In contrast, in the case of more than 15% by mass, chemical
resistance is decreased.  Therefore, the content of Na,O needs to be 3 - 15% by mass.  In this range, a
range of 6 - 10% by mass is preferable.

[0023] ZrO, is a necessary component to enhance chemical resistance.  'When the content of ZrO; is
less than 0.5% by mass, chemical resistance is lower.  In contrast, in the case of more than 8% by
mass, devitrification resistance is lower. Therefore, the content of Zr(O needs to be 0.5 - 8% by mass.
In this range, a range of 1 - 7% by mass is preferable.

[0024] ELither As)O; or SbyO;3 is not contained.  Herein, “being not contained” refers to exclude
intentional addition of those elements as raw materials of glass.  Allowable is a trace amount contained
to the extent that they are inevitably contained as impurities in raw materials of other components.
[0025] The investigation results obtained by the present inventors made it clear that in a glass
substrate containing each of the above components, predetenmined polyvalent elements made of oxide



functioning as fining agents in glass were contained at a molar ratio in a predetermined range to Al,O; in
the glass components, whereby without As (arsenic) or Sb (antimony) element, gas bubbles in the glass
were sufficiently removed. Namely, the glass substrate for an information recording medium of the
present invention contains at least one polyvalent element selected from the group consisting of V
(vanadium), Mn (manganese), Ni (nickel), Nb (niobium), Mo (molybdenum), Sn (tin), Ce (cerium), Ta
(tantalum), and Bi (bismuth). The molar ratio of the total amount of these polyvalent elements to the
amount of Al,O in the glass components, which is (the total amount of the polyvalent elements)y/Al,Os,
falls in a range of 0.02 - 0.20.

[0026] The reason why gas bubbles can be sufficiently removed as described above when
predetermined polyvalent elements are contained at a molar ratio in a predetermined range to Al,Os in
the glass components is basically considered as follows.

[0027] In general, a fining agent having an oxide form in glass contributes to removing (clarifying)
gas bubbles present in molten glass by the following two functions:

[0028] (a) The first one of the functions is a function to generate gas in molten glass in the process of
raising the temperature of the molten glass. Gas bubbles in the molten glass move upward by the
buoyancy thereof to reach the surface of the molten glass, resulting in bursting and disappearance.
Herein, the ascending velocity of the gas bubbles in molten glass largely depends on the size of the gas
bubbles. Large gas bubbles relatively easily reach the surface due to large ascending velocity thereof.
However, small gas bubbles have small ascending velocity, whereby an extremely long time is required
to reach the surface.  In the process of raising the temperature of molten glass, gas is generated from a
fining agent, whereby gas bubbles in the molten glass grow larger and then the ascending velocity of the
gas bubbles is increased, resulting in accelerating the disappearance of the gas bubbles.

[0029] For example, when Ce is contained as a polyvalent element, high temperature allows the
reaction of Equation 1 described below to move rightward, whereby O, gas is generated in molten glass.
Due to the thus-generated O, gas, gas bubbles in the molten glass grow larger and disappear at the
surface of the molten glass.

[0030]

2Ce0,=Ce,0, 4-%02

(Equation 1)
[0031] (b) The second one of the functions is a function to absorb gas present in molten glass in the

process of decreasing the temperature of the molten glass.  For example, when Ce is contained as a



polyvalent element, in the process of decreasing the temperature, the reaction of Equation 1 moves left.
Thereby, O» gas in the molten glass is absorbed and then gas bubbles shrink and disappear.

{0032] Inorder to sufficiently remove gas bubbles in molten glass as described above, it is necessary
that the generation and absorption of gas by the valence change of a polyvalent element functioning as a
fining agent made of oxide are effectively carried out.  The present inventors conducted diligent
investigations with respect to the valence change of a polyvalent element in molten glass, and then
found that the reaction of the valence change of a polyvalent element functioning as a fining agent made
of oxide was largely affected by the redox reaction of other metal ions, specifically Al ions coexisting in
molten glass.  Then, investigations were further conducted, whereby it was found that in an
aluminosilicate glass having predetermined components, when the molar ratio of the total amount of the
above polyvalent elements to the amount of Al,Os, which is (the total amount of the polyvalent
elements) Al,Os, fell in a range of 0.02 - 0.20, clarification reaction by the valence change of the
polyvalent elements was effectively performed.

[0033] Asthe polyvalent elements, at least one type selected from the group consisting of V
(vanadium), Mn (manganese), Ni (nickel), Nb (niobium), Mo (molybdenum), Sn (tin), Ce (cerium), Ta
(tantalum), and Bi (bismuth). Only one type of polyvalent element may be contained alone, or two or
more types of polyvalent elements may be contained. Of these, V (vanadium), Mn (manganese), Sn
(tin), and Ce (cerium) are specifically preferable since they can effectively remove gas bubbles.

[0034] When the molar ratio of the total amount of the polyvalent elements to the amount of ALO;,
which is (the total amount of the polyvalent elements)/ Al Os, falls outside a predetermined range,
clarification reaction by the valence change is inadequate, whereby it becomes difficult to sufficiently
remove gas bubbles in molten glass.  Accordingly, the molar ratio to Al,O3 needs to fall in a range of
0.02 - 0.20, more preferably in a range of 0.05 - 0.15.

[0035] Further, from the viewpoint of sufficiently expressing clarification effects with no decrease in
devitrification resistance, the total content of the polyvalent elements in terms of their oxides described
below is preferably at most 1% by mass with respect to the total glass components. Herein, V, Mn, Ni,
Nb, Mo, Sn, Ce, Ta, and Bi are considered in terms of V,0s, M1Q;, Ni;Oa, NbOs, MoO,, Sn0,, Ce(,,
TayOs, BiO3, respectively.

[0036] Incidentally, these polyvalent elements function as fining agents made of oxides in molten
glass. However, raw materials for them are not limited to the form of oxides and may be used through

appropriate sclection from raw materials of well-known forms such as simple metal, hydroxides,



sulfates, or carbonates. Of these, from the viewpoint of easy handling, it is more preferable to add
them as finishing agents made of oxides, hydroxides, or carbonates.

[0037] Further, the shape of a glass substrate 1s not specifically imited. However, a disk-shaped
substrate having a central hole is common. The size and thickness of a glass substrate are not
specifically limited. For example, the outer diameter is 2.5 inches, 1.8 inches, 1 inch, or 0.8 inch and
the thickness is 1 mm, 0.64 mm, or 0.4 mm.

j0038] (Production Method of a Glass Substrate for an Information Recording Medium)

As described above, in the glass substrate for an information recording medium of the present
invention, gas bubbles can be sufficiently removed by the function of predetermined fining agents.
Thereby, neither a complex process nor a special apparatus for production is required, whereby
production can be carried out using a well-known, common production method.

[0039] Usually, it is common that a blank material as the base of a glass substrate for an information
recording medium is prepared and thereafter, production is carried out in processes such as inner and
outer circumference processing, grinding and polishing processing, chemical strengthening treatment,
and cleaning. With regard to the preparation of the blank material, a method of preparation by press
molding of molten glass and a method of preparation by cutting sheet glass are known. The inner and
outer circumference processing is a process to carry out boring processing of a central hole, grinding
processing to form the shape of the inner and outer circumferences and to ensure dimensional accuracy,
and polishing process of the inner and outer circumferences. The grinding and polishing processing is
a process to carry out grinding processing and polishing processing to satisfy the flatness and the surface
roughness of a surface on which a recording layer is formed.  Usually, the process is frequently carried
out by dividing into some stages such as coarse grinding processing, fine grinding processing, primary
polishing processing, and secondary polishing processing. The chemical strengthening treatment is a
process to immerse a glass substrate in a chemical strengthening treatment liquid to strengthen the same.
And, the cleaning is a process to remove abrasives remaining on the surface of a glass substrate and
foreign substances such as a chernical strengthening {reatment liquid.

[0040] In particular, since the glass substrate for an information recording medium of the present
invention is made of aluminosilicate glass containing predetermined glass components, enhanced
impact resistance and vibration resistance can be ensured by chemical strengthening treatment.  The
chemical strengthening treatment is carried out by an ion exchange method in which a glass substrate is
immersed in a heated chemical strengthening treatment liquid, whereby lithium ions and sodium ions
being components of the glass substrate are exchanged with ions such as sodium ions and potassium



ions having larger ion radiuses than these ions. ~ Strain produced by the ion radius difference generates
compressive stress in the region where the ions have been exchanged, whereby the surface of the glass
substrate is strengthened.

[0041] As the chemical strengthening treatment liquid, a molten salt containing sodium ions or
potassium ions is commonly used. For example, a nitrate, a carbonate, and a sulfate of sodium or
potassium, and a mixed melted salt thereof are cited.  Of these, from the viewpoint of low melting
point and being able to prevent the deformation of a glass substrate, a mixed molten salt of sodium
nitrate (NaNOj3) and potassium nitrate (KINOj3) is preferably used.

[0042] (Information Recording Medium)

An information recording medium can be produced by forming at least a recording layer on
the above glass substrate for an information recording medium. The recording medium is not
specifically limited, and various types of recording layers utilizing magnetic, optical, or magneto-optical
properties are usable.  An information recording medium (a magnetic disk), employing a magnetic
layer as a recording layer, is especially suitable for production.

{0043] Magnetic materials used for such a magnetic layer are not specifically limited, and well-
known materials can be appropriately selected and used. However, to realize enhanced retention
power, a Co-based alloy containing Co exhibiting large crystal anisotropy as the main component is
suitable. In particular, listed are CoPt, CoCr, CoNi, CoNiCr, CoCrTa, CoPtCr, CoNiPt, CoNiCrPt,
CoNiCrTa, CoCrPtTa, and CoCrPtSiO. Further, employable is a multi-layer structure (for example,
CoPtCr/CrMo/CoPtCr or CoCrPtTa/CrMo/CoCrPtTa) to reduce noise by dividing a magnetic layer by
a non-magnetic material (for example, Cr, CrMo, or CrV).

[0044] As the magnetic layer, other than the above Co-based materials, ferrite-based or iron-rare-
earth-based materials, or granular materials having a structure in which magnetic particles of Fe, Co,
CoFe, or CoNiPt are dispersed in a non-magnetic film formed of 810, or BN are also usable. The
magnetic layer may employ either one of an in-plane type and a vertical type recording format.

[0045] As a formation method for a magnetic layer, any appropriate well-known method is usable.
For example, cited are a method to spin-coat with a thermally curable resin, in which magnetic particles
are dispersed, on a glass substrate for an information recording medium, a sputtering method, and an
electroless plating method.  From the viewpoint of thinner film and higher density realization of a
magnetic layer, the sputtering method or the electroless plating method is preferable.

[0046] For a magnetic disk, an underiayer is further provided as appropriate.  As materials for the
underlayer, non-magnetic metals such as Cr, Mo, Ta, Ti, W, V, B, Al, and Ni are listed. Whena



magnetic layer contains Co as the main component, from the viewpoint of magnetic characteristic
enhancement, a material for the underlayer is preferably simple Cror Cralloy. Further, the underlayer
is not limited to a monolayer and may have a multi-layer structure in which layers formed of the same or
different materials are layered. For example, Cr/Cr, Cr/CrMo, Ct/CrV, NiAl/Cr, NiAl/CrMo, and
NIAVCrV are cited.

[0047] Further, the surface of a magnetic layer may be provided with a protective layer to prevent
abrasion and corrosion of the magnetic layer. As the protective layer, for example, a Cr layer, a Cr
alloy layer, a carbon layer, a hydrogenated carbon layer, a ZrO; layer, and an SiQ; layer are cited. The
protective layer may be a monolayer or have a multilayer structure containing layers of the same kind or
different kinds.  Such a protective layer can continuously be formed using an inline-type sputtering
apparatus, together with the underlayer and the magnetic layer. Further, when forming a protective
layer of Si0O; layered on a Cr layer is formed, the SiO; layer may be formed in such a manner that a
solution of tetraalkoxysilane diluted with an alcohol-based solvent and therein in which colloidal silica
fine particles are dispersed, is coated on a Cr layer and then baked.

[0048]  Still further, the surfaces of the magnetic layer and the protective layer may be provided with a
lubricating layer to improve slipping properties of a magnetic head.  As the lubricating layer, examples
include a layer of a liquid lubricant containing perfluoropolyether (PFPE) applied and then subjected to
a thermal treatrent as appropriate.

EXAMPLES

[0049] Examples carried out to confirm the advantages of the present invention will now be described
without limiting the present invention thereto.

[0050] Raw materials were blended according to the glass components shown in Table 1 - Table 10
described below.  As fining agents, V,Os (Table 1), MnO, (Table 2), SnO, (Table 3), CeO; (Table 4),
Ni,Oj3 (Table 5), Nb,Os (Table 6), MoO; (Table 7), TaxOs (Table 8), Bi,O; (Table 9), and a mixture of
CeO; and SnO, (Table 10) each were used.  Herein, neither As nor Sb was not contained in any fining
agent above.



[0051] Table 1
The Number
Si0; | ALO; | LiO | NaO | ZrOs Fining Agent of Gas Devitrification
Bubbles Properties
L) 0, (}) ) 0 0
(%by | (eby | (Geby | (bby | (%eby Type (%oby {molar ratio) (number)
mass) | mass) | mass) | mass) | mass) mass)
Comparative
No.1-1 Example 7091  10.00 | 5.00 700 | 700 | V05 | 0.09 | (V/ALO;¥0.01 34 A
No.1-2 Example 70.82 | 10.00 | 5.00 7.00 | 7.00 | V,0s | 0.18 | (V/ALO;)=0.02 0 A
No.1-3 Example 70.42 990 | 5.00 690 | 690 | V.05 | 088 | (V/ALO;)=0.10 0 A
No.1-4 Example 69.75 9.80 | 4.90 690 | 690 | V,0s i 1.75 | (V/ALO:)=0.20 0 B
No.l-5 | ComPamtive | oo | g0 | 490 | 680 680 | VaOs | 218 | (V/ALO=025 27 B
Example
No.l-6 | COMPARVE | oo | 1400 600 | 1000 700 | Va0s | 012 | (V/ALO5=001 41 A
Example
No.1-7 Example 6275 1400 6.00 | 1000 | 7.00 | V,05] 025 | (V/ALO;)=0.02 0 A
No.1-8 Example 6227 | 1380 590 990 | 6.90 | Vo,0s | 1.23 | (V/ALO5=0.10 0 B
No.1-9 Example 6137 | 13770 590 0.80 | 6.80 | Vo0s | 243 | (VIALGO3)=0.20 0 B
Comparative _

No.1-10 Example 61.08 | 13.60| 5.80 9.70 6.8_0 V205 | 3.02 | (V/IALO;)=025 35 B

01



[0052] Table?2
The Number
Si0, AbLO; Li,©O Na,O 7rOs Fining Agent of Gas Devitrification
Bubbles Properties
0 0 0, 0 0 (V)
(oby | (Ceby | (P6by | (eby | (%by Type (o by (molar ratio) {(number)
mass) | mass) | mass) | mass) | mass) mass)
No2-1 | OmPARYC | 000 | 1000 | 500 | 700 | 700 |MnO,| 009 | (MALOs=001 24 A
Example
No22 | FExample | 7083 | 1000 | 500 | 700 | 7.00 |MnO,| 0.7 | (MwALOy-0.02 0 A
No23 | Example | 7046 | 990 | 500 | 690 | 690 |MnO,| 0.84 | (Mn/ALO:)=0.10 0 A
No2-4 | Example | 6982 | 980 | 490 | 690 | 690 |MnO,| 1.68 | (Mn/ALO;=0.20 0 B
No2-5 | ComPamave | o 01 | 980 | 490 | 690 | 690 |MnO| 209 | (MwALOY=025 2 B
Example
No2-6 | COMPAANE | ) eq | 1400 | 600 | 1000 | 700 |MnO| 0.12 | (Mn/ALO:=0.01 36 A
Example
No2-7 | FExample | 62.76 | 1400 | 6.00 | 1000 | 7.00 \MnO,| 024 | (Mn/ALO:~0.02 0 A
No2-8 | Example | 6232 | 13.80 | 590 | 990 | 690 |MnO,| 1.18 | (Mn/ALO:)~0.10 0 B
No29 | Example | 6147 | 1370 | 590 | 980 | 680 |MnO,| 233 | (Mn/ALO:)=0.20 0 B
No2-10 | COMPAIEIYE | 150 | 1360 | 580 | 970 | 680 |MnOy| 290 | (MnALO:=025 31 B
Example

I



[0053] Table3
The Number
Si0y | AbOsy | LiO | NayO | 7ZrO, Fining Agent ];)lfl' l)(;?:s Devitrification
Properties
0 0 0 (1) (1) (1)
(%by | (hby | (by | (eby | (%by Type (Yoby (molar ratio) {(number)
mass) | mass) | mass) | mass) | mass) mass)
No3-1 | COMPAENG | 2005t 1000 | 500| 700 7.00|Sn0s | 015 | (Sn/ALOS=001 | 38 A
Example
No3-2 | Example | 707t| 1000] 500| 700] 7.00]Sn0, | 029 | (SwALOy=0.02 0 A
No3-3 | Example | 6994 990 490 690] 690 Sn0, | 1.46 | (SwALOy)=0.10 0 B
No34 | Example | 6893 970 490| 680] 680 Sn0, | 2.87 | (Sw/ALOy)=0.20 0 B
Comparative
No35 | "l me | 684 960| 480) 680 680|800 | 356 | (SWALO;025 30 B
No3-6 | OmPEAIVE | o mo | 1400 | 600| 1000| 7.00 1800, | 021 | (SwALOy=001 | 38 A
Example
No3-7 | Example | 6269| 1390| 600] 1000| 700 SnO; | 041 | (SwALO;=0.02 0 A
No3-8 | Example | 6167] 1370 590| 980| 690 SnO; | 203 | (SwALOy=0.10 0 B
No3-9 | FExample | 6053] 1340 580| 960| 670 SnO; | 397 | (SwALO;)=0.20 0 B
No3-10 | OmPRatve | o0 | 1330 | 570| 950| 670 | Sn0, | 492 | (SwALO:=025 42 B
Example _

4!



[0054] Table4
The Number
SiO; | AbO3; | LiO | NaO | Zr0), Fining Agent of Gas Devitrification
Bubbles Properties
Q [4) (1) (V) 0 0
(6by | (oby | (bby | (bby | (%eby Type (o by (molar ratio) (number)
mass) | mass) | mass) | mass) | mass) mass)
Comparative
Nodl | “pl mle | 7083 | 1000| 500| 700| 700 |Ce0; | 017 | (ClALOY=00T | 33 A
No42 | Example | 7066 | 1000 500] 700] 700 Ce0,| 034 | (Ce/ALO002 | 0 A
No4-3 | Example | 6984| 980 490| 690| 690 Ce0,]| 1.66 | (Ce/ALO0.10 | 0 B
No4-4 | Example | 6864| 970| 480| 680| 680 Ce0;| 326 | (Ce/ALOY020 | 0 B
Nod-s | COmPAIve | o 0| 060| 480| 670| 670 |CeOs | 405 | (Ce/ALOY=025 | 26 B
Example
Nod-g | OmParve | o 2ol 1400 600| 1000] 7.00 | CeO,| 024 | (Ce/ALOY=001 | 32 A
Example
No47 | Example | 6263 ] 1390 600| 1000 700 CeO, | 047 | (Ce/ALO)=0.02 | 0 A
No4-8 | Example | 6149 | 1370 590| 980| 680 Ce0;| 231 | (Ce/ALO)=0.10 | 0 B
No49 | Example | 6019] 1340] 570 950| 670 | CeO, | 451 | (Ce/ALOs=020 | 0 B
Nod-10 | COMPAENVE | 5960 | 13501 570 | 940| 660 |Ce0s| 558 | (CelALOY=025 | 27 B
Example

|



[0055] Tables
The Number
Si0y | ALOs; | L0 | NayO | Zr0, Fining Agent of Gas Devirification
Bubbles Properties
0, 0, 0 o, 0, 0
(%oby | (Ceby | (bby | (%6by | (%by Type (o by {molar ratio) (number)
mass) | mass) | mass) | mass) | mass) mass)
Comparative . .
No.5-1 Example 7092 | 1000| 500 7.00| 7.00 |NO;| 0.08 | (Ni/Al,03)=0.01 38 A
No.5-2 Example 7084 | 1000| 500| 7.00 7.00 | Ni,O3 | 0.16 | (NIALO5;=0.02 3 A
No.5-3 Example 7050 | 99| 500| 690 6.90 | NiO; | 0.80 | (Ni/ALO;)=0.10 1 A
No.5-4 Example 6990 | 980 490| 690 6.90 | NixO; | 1.60 | (NiVALO;)=0.20 2 B
Comparative . .
No.5-5 Example 69.51 980 | 490 | 690 6.90 | NiO3 | 1.99 | (Ni’ALOs;=0.25 25 B
Comparative . . _
No.5-6 Example 62.89 | 1400| 6.00| 1000| 700 [Ni;O;| 0.11 | (Ni/ALO3)=0.01 34 A
No.5-7 Example 6277 | 1400 6.00| 10.00| 7.00 [NixOs| 023 | (Ni/Al,O3)=0.02 3 A
No.5-8 Example 6238 | 1380 590| 9690| 690 [NiO;| 1.12 | (Ni/ALO5)=0.10 2 B
No.5-9 Example 6158 | 1370 590| 9.80 6.80 | NiyO; | 2.22 | (Ni/ALG;)=0.20 3 B
Nos-10 | OmPEAVE | o1 a0l 360 | 580 | 970| 680 |NiOs| 276 | (NWALO:025 29 B
Example
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[0056] Table 6
The Number
Sio, | Al Li ini
10, 203 1O | NaO | ZrO; Fining Agent of Gas Devitrification
Bubbles Properties

0 Cy L+ b 0 0 0,

(Coby | (%by | (%eby | (eby | (%by Type (o by {molar ratio) (number)

mass) | mass) | mass) | mass) | mass) mass)

Comparative
No6-l | “pomne | 7087|1000 | 500 | 700 | 700 | NbOs| 013 | (N6ALOJ=001 | 37 A
No62 | Example | 7074 1000 | 500 | 7.00 | 7.00 | NbOs | 026 | (Nb/ALO3=0.02 5 A
No6-3 | Example | 70.11| 990 | 490 | 690 | 690 | NbOs| 129 | (No/ALO;)=0.10 2 B
No64 | Example | 6926| 970 | 490 | 680 | 680 | NbOs| 2.54 | (Nb/ALO5=020 3 B
Comparative

No65 | L nle | O875| 970 | 480 | 680 | 680 |NbOs| 315 (NbALO)=025 | 34 B
No.6-6 C‘]’Ei‘;f;i"e 6282 | 1400 | 600 | 1000 | 7.00 |NbOs| 0.18 | (Nb/ALO;=001 | 42 A
No67 | Example | 6274 1390 | 600 | 1000 | 7.00 | NbOs| 036 | (Nb/ALO;)=0.02 4 A
No6-8 | Example | 6191 | 1370 | 590 | 980 | 690 | NbyOs| 1.79 | (Nb/ALO3)=0.10 3 B
No.6-9 | FExample | 6078 | 1350 | 580 | 960 | 680 | NbOs| 352 | (NW/ALO;)=020 3 B
No.6-10 C%‘;’gﬁﬁ;"e 6024 | 1340 | 570 | 960 | 670 |NbOs| 436 | (Nb/ALO:=025 | 35 B

Sl



[0057] Table?7
The Number
SlOz A1203 L120 Na20 ZI'OZ meg Agent of Gas Devitrification
Bubbles )
(%by | (%by | (%by | (%by | (%by (% by Froperties
Type (molar ratio) (number)
mass) | mass) | mass) | mass) | mass) mass)
Comparative _
No71 | "Loiie | 7086| 1000| 500|700 7.00 | MoOs | 0.14 | (Mo/ALO)=001 31 A
No7-2 | Example | 7072| 1000| 500] 700 700 | MoO; | 028 | (Mo/ALO;=0.02 3 A
No7-3 | Example | 7001] 990| 49| 690 690 MoO; | 1.39 | (Mo/ALO;)=0.10 3 B
No74 | Example | 6906| 970| 490| 680 680 |MoO; | 2.74 | (Mo/ALO;)-020 4 B
No7s | ComPAmve | couo | 970| 480| 680 680 | MoO; | 341 | (Mo/ALOs=025 36 B
Example
No7-6 | COMPEANE | o0 | 1400| 6001 1000 7.00 | MoOs | 020 | (Mo/ALO-001 | 43 A
Example
No7-7 | Example | 6271 ] 1390] 600] 1000] 7.00| MoO; | 039 | (Mo/ALO;)=0.02 4 A
No7-8 | Example | 6176 1370 590 980| 690 MoO; | 1.94 | (Mo/ALO3)=0.10 3 B
No.79 | Example | 6060 | 1350| 5801 960| 670 | MoO; | 3.80 | (Mo/ALO;)=020 5 B
No7-10 | COmPEAIE |\ o500 1 1330|5700 950| 670 | MoOs | 471 | (Mo/ALOs=0.25 40 B
Example

o1



[0058] Table§

The Number
Si0, | ALO3; | LibO | NayO | Zr(, Fining Agent of Gas Devitrification
Bubbles Properties
0, 0, (1) 0, 0, (1]
(%oby | (6by | (Ceby | (6by | (%aby Type (o by (molar ratio) (number)
mass) | mass) | mass) | mass) | mass) mass)
Comparative
No&-1 | TPl e | 7078 | 1000| 500|700 700 | TaOs | 022 | (TwALO)=001 39 A
No82 | Example | 7057 | 1000| 500! 700] 7.00 | Tay0s | 043 | (Ta/ALOy=0.02 3 A
No83 | Example | 6938 | 980| 490| 690| 690 | Tax0s | 2.12 | (Ta/ALOy)=0.10 1 B
No84 | Example | 6805| 960| 480! 670| 670 TaOs | 4.15 | (Ta/ALO;=0.20 1 B
Nog-s | COmPENE | a6 950| 470| 660| 660 | TaOs | 514 | (TwALOY=025 | 33 B
Example
Nos6 | COmPAAVE | om0 | 1400|600 | 1000] 7.00 | TaOs | 030 | (TaALOy=001 38 A
Example
No87 | Example | 6260 | 1390 600 990| 7.00 | TayOs | 060 | (Ta/ALO;=0.02 3 A
No88 | Example | 61.16| 1360 580 970 680 TayOs | 294 | (Ta/ALO2=0.10 2 B
No89 | Example | 5938 | 1320 570 940 660 Ta0s | 572 | (To/ALO5)=020 2 B
No8-10 | COMPANE | oo | 1300 | 560| 930| 650 | TeOs | 705 | (TwlALOp=025 | 36 C
Example

Ll



[0059] Table9
The Number
Si0, | ALO; | LibO | NayO | ZrOn Fining Agent of Gas Devitrification
Bubbles Properties
0, 0, 0, LH) 0, 0
(oby | (oby | (%6by | Obby | (%by Type (% by (molar ratio) (number)
mass) | mass) | mass) | mass) | mass) mass)
Comparative . .

No.9-1 Example 70.77 | 10.00 5.00 7.00 7.00 | BixOs | 023 | (BYALO3=0.01 27 A
No.9-2 Example 70.55 | 10.00 5.00 7001 700 | BiOs | 045 | (BirALO;F0.02 3 A
No.9-3 Example 6947 980| 490 680 | 680 | BiO; | 223 | BIVALO;)=0.10 1 B
No9-4 | Example | 6783 | 960| 4801 670] 670 Bi0s | 437 | (Bi/ALO»=020 2 B
Nog-5 | ComParalive | g | 950|470 | 660| 660 | BhOs | 540 | (BUALOY=025 26 B

Example
No9-6 | ComPARNE | o e | 1400| 600 | 1000| 7.00| BiOs | 032 | BUALOJ=001 | 31 A

Example
No.9-7 Example 6256 | 1390 6.00| 990, 7.00]| BiO; | 0.64 | (Bi/ALO;=0.02 2 A
No.9-8 Example 6100 | 13.60| 580| 970| 6.80]| BixDs; | 3.10 | (BVALO;)=0.10 1 B
No.9-9 Example 59.19 1 1320| 560| 940| 6.60]| BiyO; | 6.01 | (BifAL0370.20 3 B
No9-10 | COMPAAIVE | soo0t 1300 | 560| 930| 650 | BiOs | 740 | (BYALOs=025 28 C

Example

81



[0060] Table 10
The Numbser of]
Si0; | ALOs | LiO | NaO | Z1O Fining Agent
2 23 2 % 2 & Ageh (Gas Bubbles | Devitrification
0 (i) 0 Q 0 0 P I'ti
(%by | %by | (%by | by | (%by Type (% by (molar ratio) (humber) roperties
mass} | mass) | mass) | mass) | mass) mass)
Comparative Ce0O, | 0.08
Nol0-1 | “p e | 7085 | 1000 500|700 | 700 | G ot o (CerSnyALO)-001 37 A
CeO; | 0.17
No.102 | Example | 7068 | 10.00| 500| 700| 7.0 ((Ce+SnyALO;=0.02 0 A
SnOz .15
No103 | Example | 6994| 980| 490] 690| 690 S| %83 | (cersnyal0y=0.10 0 B
sn0, | 0.73
CeO, | 1.64
No.104 | Example | 6883 | 970| 480 680| 680 . ((Ce+SnyALO3)=0.20 0 B
SnO; | 143
i CeO, | 2.03
No10-5 | Comparative | oo 0| 960 | 480| 670| 670| &2 ((Ce+Sn)/ALO;)=0.25 31 B
Example SnO, | 1.78
No.10-6 | Comparaive | o oot 1400 600| 1000] 7.00| €% | O | (CersnyaLO)=001 3 A
Example Sn(,  0.10
Ce0, | 024
No10-7 | Example | 6265| 1390| 600| 1000| 7.00 sz 02 0a; | (CerSnYALO=0.02 0 A
) X
Ce0, | 1.16
Nol0-8 | Example | 61631 1370| 590| 980| 680 o | (CetSn/ALO)=0.10 0 B
’) .
Ce0, | 226
No.109 | Example | 6036 | 1340| 570| 960| 670 szoz o | (CerSnYALO=020 0 B
’) .
. )
No10-10| COmPREIE | oo ol 1330 | s70| 950 660 | S| 2| (cersnyan0y=025 26 B
Example SnO, | 245

61
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[0061] Each raw material was put into a melting furnace heated at 900 °C - 1300 °C, followed by
melting, clarification, and homogenization by stirring, and then the resulting molten glass was press-
molded to prepare a blank material. Thereafler, by inner and outer circumference processing, as
well as grinding and polishing processing, a glass substrate having an outer diameter of 65 mm, an
inner diameter of 20 mm, and a thickness of 0.635 mm was produced.

[0062] With regard to each of the thus-produced glass substrates, the number of residual gas
bubbles and devitrification properties during melting were evaluated. The evaluation of the number
of residual gas bubbles was conducted in such a manner that the number of gas bubbles per glass
substrate was counted with respect to the entire surface of a glass substrate by using an optical
microscope of a magnification of 50. The evaluation of the devitrification propertics was conducted
by judging the numerical value of the difference AT (°C) between Tiggn =25 (°C) and T, (°C) (AT =
Tiomm -25 - T1), where a temperature at which the melting viscosity of a glass satisfies the expression
of logn = 2.5 15 Tiggn =25 (°C) and the liquid-phase temperature is 11, (°C).  When the relationship
150 °C < AT was satisfied, the evaluation result was the best (A).  'When the relationship 50 °C <
AT < 150 °C was satisfied, the evaluation result was good (B). When the relationship AT < 50 °C
was satisfied, the evaluation result was problematic (C). Herein, the liquid-phase temperature T;_
refers to a temperature at which generation of devitrified substances has been observed on the surface
of or in the interior of a glass after being kept melting at 1550 °C fo r two hours followed by being
kept in a temperature gradient furnace for ten hours with a temperature gradient and rapidly cooled.
Further, Tiogn =25 refers to a temperature at which equation logn = 2.5 was held when the viscosity of
amolten glass is determined using a stirring viscometer.  The evaluation results each are
collectively shown in Table 1 - Table 10.

[0063] The evaluation results of the measurement confirmed that in Examples of the present
invention in which a polyvalent element functioning as a fining agent made of an oxide in a glass was
contained such that the molar ratio to Zr(; in the glass components fell in a predetermined range, the
number of residual gas bubbles was remarkably smaller than in Comparative Examples, and a glass
substrate for an information recording medium with sufficiently removed gas bubbles was obtained.
Further, when the total content of polyvalent elements was at most 1% by mass with respect to the
total glass components, the devitrification properties were confirmed to be most excellent.
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CLAIMS

1. A glass substrate for an information recording medium made of aluminosilicate glass containing
60% to 75% by mass of Si0O,, 5% to 18% by mass of Al,O3, 3% to 10% by mass of Li,O, 3% to
15% by mass of Na;O, and 0.5% to 8% by mass of ZrO, with respect to whole glass components,
and containing neither As (arsenic) element nor Sb (antimony) element, comprising:

at least one polyvalent element selected from the group consisting of V (vanadium), Mn
{manganese), Ni (nickel), Nb (niobium), Mo (molybdenum), Sn (tin), Ce (cerium), Ta (tantalum),
and Bi (bismuth),

wherein a molar ratio of a whole amount of the comprised polyvalent element to the Al,Os
in the glass substrate, which is represented by (the whole amount of the comprised polyvalent
element)/Al,Os, is within a range 0f 0.02 to 0.20.

2. The glass substrate for an information recording medium of claim 1, comprising:
at least one polyvalent element selected from the group consisting of V (vanadium), Mn

(manganese), Sn (tin), and Ce (cerium).

3. The glass subsirate for an information recording medium of claim 1 or 2, wherein a total content of
the comprised polyvalent element is 1% by mass or less with respect to the whole glass components,
where cach of the polyvalent elements is converted in terms of the following oxides: V,0s for V;
MnO, for Mn; Ni;Os for Ni; Nb,Os for Nb; MoQ; for Mo; SnO; for Sn; CeO; for Ce; TayOs for Ta;
and Bi;Oj3 for Bi.

4. The glass substrate for an information recording medium of any one of claims 1 to 3, wherein the

comprised polyvalent element is added as fining agent made of oxide, hydroxide, or carbonate.

5. The glass substrate for an information recording medium of any one of claims 1 tor 4, wherein the
glass substrate for an information recording medium is chemically strengthened by ion exchange.

6. An information recording medium, comprising:
a recording layer provided on the glass substrate for an information recording medium of

any one of claims 1 to 5.



