1 DESCRI PTI ON GLASS SUBSTRATE FOR | NFORVATI ON RECORDI NG MEDI UM AND
MAGNETI C DI SK 5 TECHNI CAL FI ELD Thé present invention relates to
a glass substrate to be used for an information recordi ng medi um such
as a magnetic disk (hard disk), and a magnetic di sk. to BACKGROUND
ART As substrates for informDESCRETOON ng nedia, particularly
for magnetic disks, glass substrates are widely used, and, for
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of K20, from1 to 6% of Ti® and from4!3% 5% of zr@ has been
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| NVENTI ON PROBLEMS TO BE SOLVED BY THE | NVENTI ON A gl ass substrate

for a mgpeiN@Al siELF required to have an appropriate expansion 20
coefficient and Young's nodulus, and further, it is required that its
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prevent films formed on the substrate, such as a base film a

magnet i ecordinganediampsutteas aveagmetin digk dmardedisig, Bnd &l pagoetiediskel ed,
i.e., it is required to have weat her resistance. An obj ect
of the present invention is to provide a glass substrate for a

i nproved weat her resistance. MEANS TO SOLVE

THE%R&%ﬁﬁdm&%resent i nvention provides a gI ass substrate
for an inf Ohg%tdbg feR48F $Hf0 ' hehed ly 3 blic disk
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by mass%, from 47 to 60% of SiOy, from 8 to 20% of Al,O3, from 2 to 8% of NayO, from

1 to 15% of K20, from 1 to 6% of TiO, and from 1 {o 5% of ZrO, has been proposed.

15 Patent Document 1: WQ08/117758

DISCLOSURE OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

A glass substrate for a magnetic disk is required to have an appropriate expansion

20 coefficient and Young’s modulus, and further, it is required that its surface property does

not significantly change during storage to prevent films formed on the substrate, such as
a base film, a magnetic film and a protective film, from being likely to be peeled, i.e., it is
required to have weather resistance.

An object of the present invention is to provide a glass substrate for a magnetic

25  disk having improved weather resistance.

MEANS TO SOLVE THE PROBLEMS
The present invention provides a glass substrate for an information recording
medium, which is made of an alkali aluminosilicate glass, wherein the difference
30 obtained by subtracting the glass transition temperature T4 from the fictive temperature
Ty, 1.e. T~ Ty, is at most 5°C.

Further, the present invention provides the glass substrate for an information



- Further, the present invention provides the glass substrate for an
information 2 recording nmedium whereia the alkali alumnosilicate
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rotation of a drive, and thus it is possible that the power

consunption is increased or rotation of the drive becones unstabl e.
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According 1o the present invention, a glass for an information recording medium
substrate, which is excellent in weather resistance can be obtained. And, films formed
20  on the substrate, such as a base film, a magnetic film and a protective film, are thereby

made hardly likely to be peeled.

BEST MODE FOR CARRYING OUT THE INVENTION
The density d of the glass (hereinafter referred to as the glass of the present

25 invention) of the glass substrate for an information recording medium of the present

invention (hereinafter referred o as the glass substrate of the present invention) is

preferably at most 2.60 g/cm®.  If it exceeds 2.60 g/cm?, a load is applied to a motor

during rotation of a drive, and thus it is possible that the power consumption is

increased or rotation of the drive becomes unstable. It is preferably at most 2.54 g/em?®.
30 The glass of the present invention preferably has a Young’s modulus E of at

least 76 GPa. [fitis less than 76 GPa, warpage or deflection is likely to occur during

rotation of the drive, and it may possibly become difficult to obtain an information



“30The gl ass of the present invention preferably has a Young's nodul us
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The glass of the present invention is an alkali aluminosilicate glass, and typically,
20 it has a SiO; content of from 81 to 71%, an Al,O3 content of from 7 to 17% and an alkali
metal oxide content of from 15 to0 26%.

If SiO; is less than 61%, the acid resistance will be decreased, d will become
large, or the liquid phase temperature will be raised, and the glass will become unstable.
If it exceeds 71%, temperature T, where the viscosity becomes 10° dPa-s and

25 temperature T4 where the viscosity becomes 10* dPa-s will be raised, and melting and
forming of the glass will be difficult, E or E/d will be decreased, or a will become small.

If AlzOg is less than 7%, the weather resistance will be decreased, E or E/d will
be decreased, or Ty will be lowered. If it exceeds 17%, the acid resistance will be
decreased, T, and T4 will be raised, and thus melting and forming of the glass will be

30  difficult, a will become small, or the liquid phase temperature will be too high.
As the alkali metal oxide, LizO, NayO or Kx0 is common, but if the total content

of alkali metal oxides is less than 15%, a will become small, or melting performance of



~ be decreased, or Tg will be lowered. If it exceeds 17% the acid
resistance will be decreased, T2 and 144n 11 be raised, and thus
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As one of preferred embodiments of the glass of the present invention, a glass
comprising from 64 to 67% of SiO,, from 8 to 10% of Al,O3, from 10 to 13% of LixO,
from 9 to 12% of NazO, from 0 to 2% of K;O and from 2 to 4% of ZrQ,, provided that the
20 total content of LizO, NayO and K30, i.e. Li;O+Nax0+K0, is from 21 to 25%, may be
mentioned (this glass will hereinafter be referred to as glass A of the present invention).
Next, the composition of glass A of the present invention will be described
SiO; is a component to form the skeleton of the glass and is essential. If it is
less than 64%, the acid resistance will be decreased, d will become large, or the liquid
25 phase temperature will be raised and the glass will become unstable. |f it exceeds
67%, Tz and T4 will be raised and melting and forming of the glass will become difficult,
E or E/d will be decreased, or a will become small,
AlO3 has an effect to increase weather resistance, and is essential. If it is less
than 8%, such an effect will be small, E or E/d will be decreased, or Ty will be lowered.
30 If it exceeds 10%, the acid resistance will be decreased, T, and T, will be raised and

melting and forming of the glass will become difficult, a will become small or the liquid

phase temperature will be too high.



~Si02 is a conponent to formthe skeleton of the glass and is
essential. If it is less than 64% the &cid resistance will be
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present invention. In such a case, the content of the other components is, in total,
preferably at most 2%, more preferably at most 1%, particularly preferably at most 0.5%.

Next, examples of components other than the above components will be
described.

25 MgO is not essential, but it has an effect to increase E, E/d or q, to make the
glass being hardly scratched, or to improve melting performance of the glass, while
maintaining the weather resistance, and it may be contained in an amount of at most
2%. If it exceeds 2%, the liquid phase temperature will be too high. It is more
preferably at most 1%, particularly preferably at most 0.5%. No MgO is typically

30 contained.

CaO is not essential, but it has an effect to increase a or to improve melting

performance of the glass, while maintaining the weather resistance, and it may be
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exceeds 2%, phase separation may possibly be liﬂely to occur. It is more preferably at
20  most 1%, particularly preferably at most 0.5%. No B20j is typically contained.

La;O3 may be contained in order to e.g. improve E while maintaining the
weather resistance, but in such a case, it is preferably at most 2%. If it exceeds 2%, it
may be possible that d becomes large or the liquid phase temperature becomes too
high. It is more preferably at most 1%, particularly preferably at most 0.5%. No LayO3

25 is typically contained.

Nb2Os may be contained in order to e.g. improve E while maintaining the
weather resistance, but in such a case, it is preferably at most 2%. | it exceeds 2%, it
may be possible that d becomes large or the liquid phase temperature becomes too
high. 1t is more preferably at most 1%, particularly preferably at most 0.5%. No

30 Nb2Os is typically contained.

RE:O3 may be contained in an amount of less than 1% in total. The RE.O3

represents an oxide of a rare earth selected from the group consisting of Sc, Y, La, Ce,
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present i nvemrhkQjladsSplate of the present invention is typically a circular glass plate.
The weather resistance of the glass substrate of the present invention is
20 evaluated by Cg defined by Cr=C_+Cna +Ck, wherein Cy;, Cna and Ck are amounts of Li,
Na and K, respectively, which are precipitated on the surface of the glass after it is hold
under a water-vapor atmosphere at 120°C at 0.2 MPa for 20 hours.
The difference obtained by subtracting the glass transition temperature T, from
the fictive temperature T;, i.e. Tr-Tg, of the glass substrate of the present invention is at
25 most 5°C in order to improve the weather resistance. If it exceeds 5°C, the effect to
improve weather resistance will be hardly obtained. Ts-Tg is preferably at most -10°C,
but if it is at most -25°C, this effect will be more distinct. Ty-Ty is typically at least -35°C.
In a case where the glass of the present invention is the above glass A, Cr of
the glass substrate of the present invention is preferably at most 7 nmol/em®.  If Cg
30 exceeds 7 nmol/cm?, films formed on the substrate, such as a base film, a magnetic film
and a protective film, will be likely to be peeled.

The glass substrate of the present invention is typically used as a glass



- 20 eval uated by CR defined by CR=Cu+CNa +CK, wherein Cu, CNa and CK
are anmounts of Li, Na and K, respectivelgy, which are precipitated on

the surface of the glass after it is hold under a water-vapor
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by €. g.méiwll dUdh a$hidoiWmaray mRdNbd irudhg @ fakidhi rhe®fod, a float process or a
press method, and then, after annealing, processing such as grinding or polishing is
20 carried out as necessary, to obtain a glass substrate having prescribed size and shape.
As the forming method, particularly, a float process suitable for mass production is
preferred. Further, a continuous forming method other than a float process, i.e. a
fusion method or a down-draw method, is also suitable.
A method for producing the glass substrate of the present invention is preferably
256  such that, in cooling of the glass in the last step where the glass temperature becomes
at least its strain point, the time t during which the glass temperature is at least its strain
point and at most a temperature where the glass viscosity becomes 10'° dPa-s is at
least 13 minutes. |If the time tis less than 13 minutes, it may be possible that it
becomes difficult to bring the above T;-T4 to at most 5°C. It is more preferably at least

30 18 minutes.

EXAMPLES
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obtai ned plate glass had a density d of 2.51 g/cm an average |inear

expansi on coéff itwaatmeasifred by EOVAIChimedtes netbodrodingfsork 26X tossD GRAa glass
specific 10m)dLHL{L% E/d of 33.7 MNmkg, a glass transition point -1.9
of Woadaving ney ¢ Eiber ature Tf of 478C, a strain point Tstr of
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g of a §fiCGdssn from room temperature to a temperature at which the glass is softened and
elongation is no longer observed, i.e. to an yield point, was measured, and from the
20 obtained thermal expansion curve, an average linear expansion coefficient within a
range of -50 to 70°C was calculated.
E: With respect to a glass plate having a thickness of from 5 to 10 mm and a
size of 3 cm square, the measurement was carried out by an ultrasonic pulse method.
Ty: By means of a differential thermal dilatometer and using quartz glass as a
25 reference sample, the rate of elongation of a glass when it was heated at a rate of
5°C/min from room temperature to its yield point, and the temperature corresponding to
the critical point in the obtained thermal expansion curve was taken as the glass
transition point.
Tsi:  The strain point was measured in accordance with “Determination of
30 annealing point and strain point by fiber elongation” (JIS R 3103-2:2001).
Tio: A temperature-viscosity curve within a viscosity range of from 10" dPa-s

to 10*° dPa-s was measured with a rotation viscometer. Further, a softening point at
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square. This glass plate was ce ape ectri c ur nace
and t hehéeaﬂacmmGeermaebd 0 630C. I t was mai nt ai ned at 630C for
10 m nutes, and then cooled to a holding tenperature Tk at a cooling
rate of 1 niNext, the above plate glass was processed into a glass plate having a thickness
20 of 1.2 mm and a size of 4 cm square. The glass plate was placed into a box-shaped
electric fumace, and the temperature was raised to 630°C. It was maintained at 630°C
for 10 minutes, and then two types of samples were prepared, for which the cooling
rates were set to be 0.1°C/min and 1°C/min, respectively, by a program control (the
former is identified as Example 1, the latter as Example 2). The refractive index of
25 each sample was measured, and T was obtained using the above calibration curve.
The results were 483°C for Example 1 and 478°C for Example 2.
Further, the above plate glass was processed into a glass plate having a
thickness of 1.2 mm and a size of 4 cm square. This glass plate was flowed through a
belt conveyer type electric furnace, and two types of samples i.e. Example 3 and
30 Example 4 were prepared, which have different cooling histories by controlling of the
belt velocity. That is, the electric furmace has a length of 3.4 m and has five heaters

installed at 0.3 m, 1 m, 1.7 m, 2.4 m and 3 m away from the inlet, and the preset
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glass is improved even if the composition is the same.

Cr: Both surfaces of a glass plate having a thickness of from 1 to 2 mm and a
size of 4 cm x 4 cm was subjected to mirror polishing using cerium oxide and washed
30 using calcium carbonate and a neutral detergent, and then the glass plate was placed in
a highly accelerated stress test chamber (unsaturated-type pressure cooker EHS-411M,

manufactured by ESPEC Corp.) and was statically left under a water-vapor atmosphere
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by ESPEC Corp.) and was statically |left under a water-vapor
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was redBf@¥N-as CR | NDUSTRI AL APPLI CABI LI TY The present invention is
useful for production of an information recordi ng 10nedi um such as a
magneti c disk and for a glass substrate for an information recording
medi um Theai j i sy t .
Application 1N-Qe eznéfg%?&sg%gﬁp?@%éon @3@%’5‘?9@%@@0@3 ?(EQ: g ?9\69 filed on
speci f iNatdriber 20,2009 iaolddwrgpagifidationncRime aatedimenai i iA&dorated herein
reference inits entirety. 13 CLAIMS 1. A glass substrate for an

i nflér méyi refereseeinitagntiesdy.um which is nade of an al kal i



alum nosilicate glass, wherein the difference obtained by subtracting
the glass transition tenperature T9 fromthe fictive tenperature Tf,

i.e. Tf - 19, is at nost 5C. 5 2. The gl ass _substrate for an

i nformation recordi ng nmedi um accor di n@ aim1, wherein the alkali

al um nosi |i I n_alkali,.netal oxide content. of from15 to, .
26 mer ol 5 iR AR AR ToE An kR o e R Do i g A Alkal
accor di - &k i r A 9 2
o The FaROSNEME e et o A AR e o g DS Re B T BBt g bRES Eapsttion
Al 203, farmperbfured  fedmahe icBle tdrmparauredr 1290 Na2dat fibesOCt 0 2% of
K20 and from2 to 4% of Zr02, provided that the total content of

Li 266 Na20 dhe dagpsubsteate foran dearatt; racordingmediutroa@siding4o Claien 1,

gl ass S%Rst rate for an information recordi ng medi um according to an¥

one of &I the plad alymiasilicatg glassgiasanmalkab gietabaydde egntgnhof from 15 to

rragnetiéaglitl& having a magnetic recording |ayer formed on the gl ass
substrafe fofan i nformation recordi ng medi um as defined in any one

of Caigs 1The dlass substrate for an information recording medium according to Claim 1,

which comprises, as represented by moi% based on the following oxides, from 64 to

10 67% of SiOz, from 8 to 10% of Al,O3, from 10 to 13% of LiyO, from 9 to 12% of NayO,
from 0 to 2% of Kz0 and from 2 to 4% of ZrO,, provided that the total content of Li,O,
NaxO and K20, i.e. LizO+Naz0+K0, is from 21 to 25%.
4. The glass substrate for an information recording medium according to any one of
Claims 1 to 3, wherein Ts— T, is at most -25°C.

15 5. Amagnetic disk having a magnetic recording layer formed on the glass substrate

for an information recording medium as defined in any one of Claims 1 to 4.



