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BACKGROUND

[0002] Ofinformation 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 flatess 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,O3 and Sb,O; 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;O;3 and Sb,0; 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;O;3 or Sb,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.
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DESCRI P EPRHBQEMS‘EU BIYESI/VED 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] Item 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 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,
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), Sn (tin), Ce (cerium), Ta (tantalum),
and Bi (bismuth),

wherein a molar ratio of a whole amount of the polyvalent element to the AL, Os, 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 item 1, comprising:

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

(manganese), Sn (tin), and Ce (cerium).
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[0015] Item 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 Al,O3 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 ALO;, 3 - 10% by
mass of Li;O, 3 - 15% by mass of Na,O, and 0.5 - 8% by mass of ZrO, 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 SiO; is less than 60% by mass, chemical resistance may
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[0021] LiO; is a necessary 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] Na,O is a necessary component to carry out chemical strengthening treatment by ion
exchange. In the chemical strengthening treatment, Na' jons 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 ZrO, needs to be 0.5 - 8% by mass.
In this range, a range of 1 - 7% by mass is preferable.
[0024] Either As;O; or Sb;O; 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, predetermined polyvalent elements made of oxide
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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, +%o2

(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
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elements)/ Al,O3, fell in a range of 0.02 - 0.20, clarification reaction by the valence change of the
polyvalent elements was effectively performed.

[0033] As the 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 ALOs,
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 V205, MnO,, Ni; O3, Nb,Os, MoO3, SnO;,, CeO,,
TayOs, BiyOs, 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 selection from raw materials of well-known forms such as simple metal, hydroxides,
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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 chemical strengthening treatment 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
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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/CtMo/CoPtCr or CoCrPtTa/CrMo/CoCrPtTa) to reduce noise by dividing a magnetic layer by
a non-magnetic material (for example, Cr, CtMo, 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 SiO, 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 aformation 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 underlayer 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. When a



(Equation 1) 100311 (b) The second one of the functions is a function
to absorb gas present in. nolten glass in the process of deavasing
the tenperature of the nolten glass. For exanple, when Ce is
contained as a polyvalent elenment, in the process &decreasing the
tenperature, the reaction of Equation |I. noves |left. Thereby, 02 gas
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rati o of dleldyat atartamiayet, ahydrbgmatabmnn@bwzk@myeglm&e)z lagertabeecited.  The
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(manganes#&y Palsplesmdlﬁperseé,nﬁcmdpn@ﬁ lsm?r aatihﬂspbaiqe‘ﬂl cally preferable
since th 6[5058? n S‘?lfl \t(h%ls cISHR Iga%rsletlc"iayer &t 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 treatment 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,0s (Table 1), MnO, (Table 2), SnO, (Table 3), CeO, (Table 4),
Ni;03 (Table 5), Nb,Os (Table 6), MoO; (Table 7), Ta;Os (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.
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As descri bed above, in the glass substrate for an information
recordi ng nmedi um of the present invention, gas bubbles can be
sufficiently renoved by the function of predeterm ned fining agents.
Ther eby, neither a conplex process nor g;special apparatus for
production is required, whereby production can be carried out using a
wel | - known, common production nmethod. 100391 Usually, it is comon
that a blank material as the base of a glass substrate for an
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[ 00411 As the chemical strengthening treatnent liquid, a nolten salt
cont ai ni ng sodiumions or potassiumions is commonly used, For
exanple, a nitrate, a carbonate, and a sulfate of sodi um or
potassium and a mxed nelted, salt thergof are cited. O these, from
the viewpoint of |low nelting point and being able to prevent the
deformati on of a glass substrate, a mxed nolten Salt of sodium
nitrate (NaNG3) and potassiumnitrate (KNG3) is preferably used.
100421 (I nformation Recordi ng Medium An _information recording
medi um can he preduced|by florim|ng|l at | east| g recpniing |ayer on the
above gl ass |sub rate for anljinfontriation rlecordi ng|nmedium The
recordi ng medi un not &peg&' fa&c‘ﬁ Iéﬂ Ilg t%?marﬂd asarious types of
recording | dyets bgl i zi ng [magnet optigal|, or| magnet o- opti cal
pnpk.ties arle us; An i nf ar nat on fecor/diing pedium (a magnetic
di sk), enplcyln a nagnetlc ayer|as a regor/dijng| |l ayer, is especially
suitabl e for| production. [00431 Magnetic [materials used for such a
magneti c | ay (gr n_gt spegi fli c y limted, wel |- known materials
can be appr gt icate| ygsel &ct dsedeo Hewey &o|realize enhanced
retenti on pawers @ 8- baSeq y ‘Comt & ni exhi bi ti ng | arge
t Tystal anigetropy/its|the pnponent suitable, In particular,
listed are CoPt, GoCr, | CoN Cr,, CoCir G, |CoNi Pt, CoN CrN,
CoNi Or Ta, CqCr Pt Tat, -andSCq O.qIFir Ehe iable is a.
mul ti-layer [structurg (f e, T CoNTht O or
CouPt | al esMy/ CoCrPt Ta) (tQ T nofSse &y ngsa|magnetic | ayer
by a non-rnagnet#c meger i xagapl e b,or Cril). [00441
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100461 For a magnetic disk, an underiayer is further provided as
appropriate. As materials for the underlayer, non-magnetic netals
such as C, M, Ta,W V. 13, Al, and N are listed. Wen a 9
magnetic | ayer contains Co as the main ggnponent :, fiumthe viewpoint
of magnetic characteristic enhancenent; ‘& material for the undedayer
is preferably sinple C& or C alloy, Further; the underlayer is not
limted to a nonolayer and may have a nmulti-layer structure in which

| ayers formed of the sane or different materials are | ayered. For
exanple, C/|O, £/Crivio, |CrlierV, NiAtier, INF(Ai |Crivlo, and NNAI/CrV
are cited. 113047 1gFurther,| tihel surface olja |mag, peti ¢ layer may be
provi ded w tlh a . prgtecti I r.to.ptevent qé)r 51 on|and corrosion of
the magneti g | ayerg As tﬁ:g Et?é?e%tio\ee Ié@er{f oarg e%al‘rpl e, a C |ayer,
a O alloy llayer A cafbon | dyer, | a hydrogenated| carbon | ayer, a Zr02
| ayer, and gn Si"02 | ayer arle |cited. The prjotlective | ayer may be a
nmonol ayer or ri’lﬂave a multilayer struct We gontai n| ng llayers of the
seine kind @ 'fﬁergm ki nds. [Such a|protlectiye|l ayer can
conti nuously% f:@nn d|using |an inline-type |sputtering apparatus,
t oget her witgt gaundedagier At ®heSmaghet|it| F@yers Further, when
forming a pr|étective |ayer |of| SiOR | ayered on @ Cr layer is forned,
the SiQ layer may| be forned|in such a marnerozénat a|sol ution of
t et raal koxysi | ane diJaui e@ W|IE @R| alicohdl -|Esedsofivent and therein
i n which col|l oi dal | sgl i c& |fli|® BarTi ¢l & |ar|/eL dLsp&rsed, is coated on
a O layer and then BJaked. [£)03&T SO |1 & uefhErS| tdie |surfaces of the
magneti e | ayer @nd| t8e|protedtdvg| | dyer dmyd|he P ol ded with a
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900 C - 1300 OC,

honogeni zati on by stirring,
press nolded to prepare a blank materi al
outer circunference processing,
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[ 0063] The evaluation results of the neasurenent confirned that in
Exanpl es of the present invention in which a. polyval ent cl enent
functioning as a fining agent made of an oxide in a glass was
cont ai ned such that the nolar ratio to 02 in the glass conponents
fell in a predeterm ned range, the nunber of residual gas bubbl es was
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urn), and Bi (bismuth), Wherein a nolar ratio of a whole
anount of the polyvalent element to the Al 2,03, which is (the whole
anount of the polyvalent elenent)/A 203, is within a range of 0,02 to
020, 2. The glass substrate for an inf orlgati on recordi ng medi um of
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the group consisting of V (vanadiunm, M (rmanganese), Sn (tin), and
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a recording Layer provided on the glass substrate for an information
recordi ng nmedi um of any one of clainms | to 5,
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[0061] Eachraw 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. Thereafter, 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 properties was conducted
by judging the numerical value of the difference AT (°C) between Tiogq =25 (°C) and Ty, (°C) (AT =
Thogn=25 - T), where a temperature at which the melting viscosity of a glass satisfies the expression
of logn = 2.5 is Tiogq =25 (°C) and the liquid-phase temperature is T, (°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, Tiog, =25 refers to a temperature at which equation logn = 2.5 was held when the viscosity of
a molten 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 ZrO, 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 SiO,, 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,
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), Sn (tin), Ce (cerium), Ta
(tantalum), and Bi (bismuth),

wherein a molar ratio of a whole amount of the polyvalent element to the ALOs, which is

(the whole amount of the polyvalent element)/Al,O3, is within a range of 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 substrate for an information recording medium of claim 1 or 2, wherein a total content of
the polyvalent element is 1% by mass or less with respect to the whole glass components, where each
of the polyvalent elements is converted in terms of the following oxides: V,0s for V; MnO, for Mn;
NiyOs for Ni; Nb,Os for Nb; MoOj3 for Mo; SnO; for Sn; CeO, for Ce; Ta,Os for Ta; and BiyO; for
Bi.

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

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

any one of claims 1 to 5.



