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Background of the Invention This invention relates to
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There has recently been an increased tendency to providing an
information storage medium of a large capacity for coping with a multiple
media tendency of a personal computer and for treating large data such as
moving pictures animation and voice data in digital video cameras and
digital cameras. As a result, bit density and track density of an information
storage medium tend to increase and the size of bit cell tends to decreage for
increasing the surface recording density of the medium. For this reason,

the magnetic head is required to operate in a closer distance to the surface of
a disk. '

When the recording density exceeds 100 Gbfin2, thermal ingtability
occurs in such a small magnetic domain and, therefore, the surface recording



density exceeding 100 Gb/in2. For coping with this

probl em a perpendicul ar nmagnetic recording system
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subjected to annealing at a high temperature in the order of 500°C to 900°C

for improving its magnetic properties.

In order to cope with these requirements, there is a need for 4 substrate
which is not likely to change its material configuration after annealing and
which has sufficient heat resisting property. There is also a need for a
substrate having very smooth surface flatness for enabling a low flying
height of the magnetic head required by the tendency toward high recording



hei ght of the magnetic head required by the tendency
toward high recording 3 While there are requirenents
for a substrate having such properties and
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Although addition of such large amounts of SnQ; and CeOs to the glass
produces the refining effect in the molten glass, the spectfic gravity of the
resulting glass-ceramics becomes large and, as a result, it becomes difficult
to simultaneously satisfy both the high Young's modulus property and the
low specific gravity property which are sought for an information storage
medium.

Further, addition of a large amount of SnQs or CeOs gives rise to
possibility of growth of a crystal phase which might hamper the properties
sought for an information storage medium.



Further, addition of a |large amount of Sn@2 or CeQ2
gives rise to possibility of gromh of a crystal

phase whi ch m ght hanper the properties sought for an
information storage nedium 4 It is, therefore, an
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comprising lithium disilicate as a crystal phase, and COmMprising one or more
elements selected from the group consisting of Sn, Ce, Mn, W, Ta, Bi, Nb, S,
Cland F.

Aspect 2. Glass-ceramics as defined in aspect 1 further comprising at least
one crystal phase selected from the group consisting of lithium monosilicate,
o -quartz, «-quartz solid solution and B -quartz solid solution.

Aspect 3. Glass-ceramics as defined in aspect 1 comprising at least one
element of Sn and Ce and comprising in mass % on oxide basis
Sn0; 0-2.5% and



Aspect 3. d ass-ceramcs as defined in aspect 1
conprising at |east one elenent of So and Ce and
conprising in nmass % on oxide basis Sn@2 0 - 2.5% and

5 where a total amount of SnO2 and CeQ2 is within a
range fromO0.01%to 5.0% Aspect 4. 4. {d ass-ceramncs
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Aspect 6. Glass-ceramics as defined in aspect 1 comprising in mass % on
oxide basis

S10; 60 — 78% and
LisO 5-12% and
AlzO3 4 - 10% and
PoQs 1.5 - 3.0% and
Zxr0q 1~ 10%.

Aspect 7. Glass-ceramics as defined in aspect 1 comprising in mass % on
oxide basis

BaO 0 —15% and/or
SrO 0 — 15% and/or
MgO 0 - 2% and/or
Ca0 0 — 2% and/or
Zn0 0 — 3% and/or
K20 0 — 3% and/or
Na20 0 — 8% and/or
Cs20 0 — 3% and/or

one or more oxides selected from the group consisting of GdaQs, LasQs,
Y203 and GazOs in a total amount of 0 — 15% and/or

ShaOs less than 0.1%,



Cs20 0 - 3% and/or one or nore oxi des selected from

the group consisting of Gd203, La2(03, Y203 and Ga203

in a total amount of 0 - 15% and/ or Sbh2O3 | ess t han

0.1% 6 Aspect 8. dass-ceranmcs as defined in aspect

1 conprising a total anmount _n mass % on oxi de basis
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Aspect 15. A substrate of an information storage medium as defined in aspect,
14 wherein the compression stress layer is formed by replacing an alkali
component existing in a surface layer of the substrate with an alkali
component having a larger ionic diameter than the alkali component existing
in the surface layer.

Aspect 16. A substrate of an information storage medium as defined in aspect
14 wherein the compression stress layer is formed by heating the substrate
and then quenching the substrate.

Aspect 17. A substrate of an information storage medium as defined in aspect
12 wherein surface roughness Ra (arithmetic mean roughness ) is 24 or
below.

Aspect 18. An information storage medium using the substrate of an
mformation storage medium as defined in aspect 12.



7 Aspect 19. A nethod for manufacturing

gl ass-ceram cs conprising steps of nelting raw

materials to nolten glass, formng the nolten glass

to glass and then heat treating the glass wherein the
raw materials conprise in mass % on oxide basis: Si Q2
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a AObchg PRSSErtef td kg raw materials other than the
sul fate, chloride and fluoride is wthin a range from

0.01 mass %to 1.5 mass % Aspect 22. A nmethod for
mandifraet 20.i dgeghals br cermrhdsriag defioednicn aaspaatd uilgspect

wher®ew ettty Q\élwnﬁﬁ Q

sel te%l f%‘%e gg %iﬁé@i{?ﬁﬂélﬁﬁl%ﬁr %&9 aﬁ t)édq Tom the
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consi sting of WMh02, W3, Ta206, Bi 203 and Nb2(bi s
0.01 mass %to 2.5 mass % Aspect

S}ie‘ng?a]rs ?n%ﬂ{?ﬁ?@ R rSfepuripg stsaiverantionss detines woaspect
Con‘lﬁr yegn ohe raw materials further comprise one or more materials
selected from the group consisting of sulfate, chloride and fluoride, and,
assuming that the sulfate is converted to 8Os, the chloride is converted to Cls
and the fluoride is converted to Fs, a total amount of S03, Clg and Fs to a
total mass of the raw materials other than the sulfate, chloride and fluoride
is within a range from 0.01 mass % to 1.5 mass %.

Aspect 22. A method for manufacturing glass-ceramics as defined in aspect
19 wherein the raw materials comprise one or more oxides selected from the
group consisting of MnOsp, WOj3, Ta205, BizOs and NbaOs on oxide basis and a
total amount of one or more oxides selected from the group consisting of
MnOs, W03, Taz0s, BisOs and NbeOsis within a range from 0.01 mass % to
2.5 mass %.

Aspect 23. A glass comprising SiOs, LizO and AlOs and also comprising one
or more elements selected from the group consisting of Sn, Ce, Mn, W, Ta, Bi,
Nb, S, Cl and F.



or nore elenents selected fromthe group consisting of

Sn, Ce, Mh, W Ta, Bi, Nb, S, A and F. 8 Aspect 24.

A gl ass as defined in aspect 23 conprising one or both

of Sn and Ce wherein anounts of Sn and Cc are, in

mass % on oxi de basis: Sn02 Q-2.5% Ce2 0-2.5% and a
tot%l armgnt of Sn2 and Ce is wthin a range from
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i n froes 6. oromssdxital .5 thasis, SiR2 60 - 78% and Li20 5 -
12% and A1203 4 -10% and P2C6 1.5 - 3.0% and ZrQ2
ct 28. A glass as defined in aspect 23
CO#BP?@ Eﬂa?’?a%% ofinsd 1pyastect BawigrisBaEd® or 1586 clements

an déi@ctedﬁ‘(ﬁl Ghe gihip @nkBhe oMY@, OV-T2%i 30 95 wherein 4 total
amount in mass % on oxide basis of one or more oxides selected from the
group consisting of MnOg, WOs, Tas0s, BisOs and NbsOs is within a range
from 0.01 mass % to 2.5 mass %.

Aspect 27. A glass as defined in aspect 23 comprising in mass % on oxide

basis:
S510¢ 60 — 78% and
Li;0 5 - 19% and
AlOg 4 -10% and
P20s 1.5 - 3.0% and
ZrOs 1~ 10%.

Aspect 28. A glass as defined in aspect 23 comprising in mass % on oxide
basis:

BaO 0 —15% and/or
SrO 0 —15% and/or
MgO 0 — 2% and/or
Ca0 0 - 2% and/or
Zn0 0 - 3% and/or
K20 0 - 3% and/or
Nax0 0 — 3% and/or

Cs20 0 — 3% and/or



CaO0 0 - 2% and/or ZnO 0O - 3%and/or K200 - 3%

and/or Na20 0 - 3% and/or Cs20 0 - 3% and/or 9 one

or nore oxi des selected fromthe group consisting of
Gd20a, La203, Y203 and Ga23 in a total amount of 0O -
15% and/ or Sb203 | ess than 0,1% Aspect 29. A glass as
defined in aspect 23 wherein“a total anount in mass %
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storage nediumusing a glass as defined in aspect 23.
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Asple‘é’f’- 33. A substrate of an infornmation storage

medi um conprising a conpression stress |ayer provided
aspect

on e face of a .substrate as defined in
31.A%fg€§ﬂ?- s JHIBEA IR aSTset T il rabdtantiatioege As:0s
meddtihvie§sdef i ned in aspect 33 wherein the

conpression stress layer is formed by replacing an
in a surface layer of the

al kal i ongnt exi,stin _ _
sub@%?re?i‘i gf\r/gietsﬂg%{ﬁa{ﬁl YA m%%r&}?ﬁé’ﬁeﬁﬁl‘%a\m@@um hgingerglass as
i orfledingd amesrect 2han the al kal i conponent existing in
the surface | ayer. Aspect 35. A substrate of an

i nf prmat ,on, st or age dium as defined in aspect 33

wh Sé)ugat ?ﬂeAc‘i}ﬁﬁﬁP‘g%%ggﬁns%qf@é@tm@y@ﬁorw frxeriieﬁem Using a glass

heabtaiged Ny Substiratttmg andlashesn Quepehiingat e 23 for phase

sukspsat@n. Aspect 36. A substrate of an information

storage nedium as defined in aspect 31 wherein

surface roughness Ra (arithnmetic nmean roughness ) is

| Adppectbel.om. subsheacd oBan Aforinft@in Bl $idk@de:0 Qisﬁl@ a

;: Icghgpiég?gﬁ;éﬁ%gigd glf 8%)fmd o'nntfh%rsﬁ?ftalceo o & tsgbrs%ga%e QE Ief%r@d in
aspect 31,

Aspect 34. A substrate of an information storage medium as defined in aspect
33 wherein the compression stress layer is formed by replacing an alkali
component existing in a surface layer of the substrate with an alkali
component having a larger ionic diameter than the alkali component existing
n the surface layer.

Aspect 35. A substrate of an information storage medium as defined in aspect
33 wherein the compression stress layer is formed by heating the substrate
and then quenching the substrate.

Aspect 36. A substrate of an information storage medium as defined in aspect
31 wherein surface roughness Ra (arithmetic mean roughness ) is 1A or
below.

Aspect 37. An information storage medium using the substrate of an
information storage medium as defined in aspect 31.

According to the invention, glass-ceramics can be provided which,
notwithstanding that the glass-ceramics are substantially free of arsenic and



According to the invention, glass-ceram cs can be

provi ded which, notw thstanding that the

gl ass-ceram cs are substantially free of arsenic and

10 antinony conmponents which adversely affect human
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conponents is |ess than 0.1%  have properties
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t hadm@imes precipitate as by-products when the lithium disilicate crystal
phase precipitates but they do not adversely affect properties required for a
substrate of an information storage medium. Crystal phases other than
those crystal phases have possibility of adversely affecting the properties
required for a substrate of an information storage medium and, therefore, it
18 not desirable for the glass-ceramics to comprise such crystal phases.

The term “solid solution” herein means « quartz erystal or f -quartz
crystal in which a part of the crystal is replaced by an element other than an
element which constitutes the crystal or in which an atom exists between
crystals. Particularly, f-quartz solid solution is a comprehensive name



el ement which constitutes the crystal or in which an
atom exi sts between <crystals. Particularly, 8 -quartz
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As203..9L..3h203 can be obtained while maintainin
properties Tequired for a substrate of an |nformat|on
storage nedium In the present invention, one or nore
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obtained by AssOs or Sbe0s can be obtained while maintaining properties
required for a substrate of an information storage medium. In the present
invention, one or more of these elements function as a refining agent.

For obtaining a high refining effect while maintaining properties
required for a substrate of an information storage medium, one or both of Sn
and Ce should preferably be added. A refining effect can be obtained even
when Sn and/or Ce only is used but it may also be used together with other
refining agent or agents. For obtaining a high refining effect, the lower
limit of a total amount of SnQy and/or CeOs should preferably be 0,01% on
oxide basis, more preferably be 0.05% and most preferably be 0.1%. In a



and Ce shoul d preferably be added. A refining effect

can be obtained even when Sn and/or Ce only is used

but it may al so be used together with other refining
agent or agents. For obtaining a high refining effect,
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also have a refining effect while maintaining properties required for a
substrate of an information storage medium. Therefore, the glass-ceramics
may comprise one or more such elements as a single refining agent or
together with other refining agent. These elements may be added by adding
sulfate, chloride and fluoride as raw materials. Since these raw materials
partially evaporate during the melting process, amounts of these raw
materials differ from amounts of the glass-ceramic components derived from
these raw materials, The fluoride may be added as, e.g., Mgl and CaFs,

the sulfate may be added as, e.g., MgSO4 and BasSO, and the chloride may
be added as, e.g., BaCl» and SnCls.

For achieving a refining effect by components, the lower limit of a total



sul fate, chloride and fluoride as raw materials. Since
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occurring duung direct pressing, the glass-ceramics should most preferably
be substantially free of these components. The term ‘substantially free”
herein means that these components are not added intentionally, allowing

mixing of a trace of these materials as impurities.

The glass-ceramics may comprise one or more elements selected from
the group consisting of Mn, W, Ta, Bi and Nb can, by themselves or together
with other refining agent, perform a refining effect while maintaining
properties required for a substrate of an information storage medium. For
obtaining the refining effect, the lower limit of a total amount on oxide basis
of one or more components of MnQOs, WOs, TasOs, BisOs and NboOj5 should
preferably be 0.01 %, more preferably be 0.05% and most preferably be 0.1%.
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Li2Q is an important component which is essential for precipitation of
the above described crystal phase and which also contributes to low viscosity
of the glass. If the amount of this amount is less than 5%, these effects
cannot be sufficiently obtained and, therefore, the amount of this component
should preferably be 5%, more preferably be 5.5% and most preferably be 6%,
If the amount of this component egxceeds 12%, chemical durability
deteriorates significantly and, therefore, the upper limit of this component
should preferably be 12%, more preferably be 11% and most preferably be
10.5%.
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and Cs20 which are added as optional components should preferably be 14%
or below, more preferably be 13% or below and most preferably be 12% or
below. For facilitating reduction in viscosity of the glass, a total amount of
Li20 and one ore more of Naz0, K20 and Cs20 which are added as optional
components should preferably be 5% or over, more preferably be 6% or over
and most preferably be 7% or over.

AlO3 is an important component which precipitates, like SiOg, the
above described crystal phase and also contributes to improvement of
stability and chemical durability of the glass. If the amount of this
component is less than 4%, difficulty arises in vitrification of the glass and,
therefore, the lower limit of this component should preferably be 4%, more
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limit of this component should preferably be 15% and more preferably he
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SrO may be added optionally since this component, like BaO, can
realize low viscosity of the glass while maintaining a desired crystal phase.
For realizing low viscosity of molten glass and precipitation of a desired
crystal, and making precipitating crystals fine, this component should
preferably be added in an amount of 2.5% or over and most preferably in an
amount of 8.5% or over. For adjusting the specific gravity to a proper value,
the upper limit of this component should preferably be 15% and more
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Improving mechamcal property by improving Young’s modulus, and raising
temperature at which heat treatment for crystallization is performed, i.e.,
improving heat resisting property, these components may be optionally
added. It will suffice however to add a total amount up to 15% of one or
more of these components and, if the total amount of these components
exceeds 156%, difficulty arises in vitrification and crystallization. The upper
limit of the total amount of these components therefore should preferably be
15%, more preferably be 10% and most preferably be 8%.

Since B20s contributes to reducing viscosity of the glass and Improving
melting and forming properties of the glass, this component may be
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chafr aet b8 (B WABLHAP with the result that the magnetic head or
medium will be damaged. For avoiding such collision and damage of the
magnetic head or medium and also avoiding absorption between the
magnetic head and the medium even at such a low flying height or contact

state, the upper limit of surface roughness Ra (arithmetic mean roughness)
is 2A.

For obtaining such flat polished surface easily, the upper limit of an
average crystal grain diameter of crystal grains of the glass-ceramics should
preferably be 100 nm, more preferably be 70 nm and most preferably be 50
nm.  For achieving excellent mechanical strength and heat resisting



after processing the substrate and polishing the

surface of the substrate. As described previously, as
the surface recording density of an information

storage nediumincreases, the flying height of a

magnetic head is currently ﬁf nmor below and the
progress is still being made tfor a flying height of 10
nm BFON5Eowgndow e thert 1 thre avsangcomstat praiedongitagof the

systestdgrevens {e dRe-ceeANiBehodl@GREEE NG BY LM
according to which the magnetic head contacts the

recording surface conpletely. For coping wth such
t endenclp a Fasatmleess the glakebelorerdrpgelluhtion sfitistpratent ikshtion

be SsURLRHISa b@hdthat oPhn %%Mﬁﬂ_tié:d)%{'ag%qgééiéﬂ% g\?rfa%ef %ﬁQEness

att to,.pertfor, i densi ty 1 nput_an pu

nf SR ﬁhg}?lggaﬁm?%ﬁelaw Rl R e g el Ra
t healbonudishingrd|0.54 aurledsy baved realisetth hi gh density

i nput and out put cannot be made because di stance

ar go. TFHhE AVGE FRRfstics P RgwEPheHES Rehe iRk armsh can
t hebariigmiere € bheadsiog|firiedegsind tiuing 6f palciponse w@ffofAS.  Since
e kRSl B R DR Ay
SUCH U E P SO e U AMRGE DR e P Dvegnieslnesthoot
medi um and al so avoi ding absorption between the _
rel o 6 SR =T RUENER B TR, LY
r oG RTFEREEAIRILS (GRR b penprkabba imprayg s syusings sgd fiRercrystal
obt@niisig psastfitafth ahd fiatiiah af&o@?f(ifsﬁﬁgisg%g% 163»% ]Ent‘ g}et%?a ce of
| ol SHEARSR, bl 0 gl Sl SLUSA
nm RREPEtH R shoyldpaefreniiyrba mdthim the rowt deatibpd ben&0
nm For achieving excell etnt rr?ﬁgalnio\clz\gl Islt {n_etngt P ?ng
23 gtr ar gﬁllc f@%%% &lgr? gé’eﬁﬁ%ﬁ%ﬁéj@e r® of *¥h eforcreffg?“gfe’ g?"’gﬁeﬁ"s the
of gll‘ﬁ‘g'c@}”"’é%@s SEFmprasenhnyeatipn etemat] forbe sdbstmte lsncla as a
casabyihetear tdnein@rafgionedtorge Aidls thb kidald ARoRfind Rensity can
AT OLE TSP L5015, T e 0
af CBPIYSNS B ieerding dpsiiedadincitemand deferhitedofiid, substrate
noken pe pf@eatidyandRabradfohelucROkhSHicAGp&d Bt 0% bl 1%%%ced
A e £ VS AR S b o
Caggﬂ%mm’ e ke yistlutedgr Aarsotes, pmee ithist atlestruté fiorsmitellent
Si hepacttrbgstRhes iatidadich g dirayh@a.tn%lgegsg _@h@%ﬁ%hﬁ%&?ﬁlﬂ 951%% pake
o gk SR pRleS el Rl B S
Ve &aHP @a¢ asd raeragrelnltpdmtill cwhibit an eicalerftlseatils aperation.
strength, of the
The term “average crystal grain diameter” of the crystal grains means
median accumulated value of grain diameter (“median diameter” d50) on
area basis of a crystal image (n = 100) measured by a transmission electron
microscope (TEM). The grain diameter is a value at which, when a crystal
image obtained is held with two straight lines, distance between the two
straight lines becomes maximum. The term “ring flexural strength” means
flexural strength measured by the concentric bending method according to
which a thin disk sample having diameter of 65mm and thickness of
0.635bmm is prepared and strength of the disk sample is measured by using a
circular support ring and a loading ring,
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1mit of average coe 1c1ent of linear expansmn within a temperature from

25C t0 100°C should preferably be 50[107°C"1], more preferably be 52[107C
1] and most preferably be 55[107°C1]. For the same reason, the upper limit
of average coefficient of linear expansion should preferably be 120[107°C 1],
more preferably be 110[107°C1] and most preferably be 100[10-7°C1].

Since the glass-ceramics of the present invention have the above
described average coefficient of linear expansion, the glass-ceramics can he
used advantageously for uses of various precision parts for which thermal
stability in size is required.



Young' s nodul us and | arge surface hardness for
sufficiently standing use in such devices. Mire
specifically, the substrate should preferably have
Young's nodul us of 85 GPa or over, nore preferably 88
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There is no particular limitation in the thermal reinforcing method.
For example, by heating the glass-ceramics to a temperature within a range
from 300°C to 600°C and then applying quenching by water cooling and/or
air cooling, a compression stress layer can be formed by difference in
temperature between the surface and inside portion of the glass-ceramics.
A compression stress layer may also be effectively formed by combining the
chemical reinforcing method with the thermal reinforcing method.

The above described methods of forming a compression stress layer can
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crystal lization is used as a substrate of an
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mat@ni of smoarpus silag afbey meltard, abscifd gbAerANBNEYs modulus,
dessirighad. AATRINR K SyatRy, average coefficient of linear expansion (&)

at 26°C - 100°C, the highest temperature of heat treatment for
crystallization, average crystal grain diameter and predominant crystal
phase of Examples 1~ 84. The composition of each example is expressed in
mass %. In a case where sulfate, chloride and/or fluoride are added to the
glass raw materials, an amount of the fluoride converted to Fo, an amount of
the sulfate converted to 8O3, and an amount of the chloride converted to Cly
respectively to a total mass of the raw materials other than these
components expressed on oxide basis are expressed in mass %.

Average coefficient of linear expansion is a value measured in



nmel ted and anneal ed to produce nother glass. The

not her glass is heat treated at a tenperature within

a range from 500C to 650C for nucleation and, after

the nucleating process, is heat treated at a
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phase of Exanples 1 - 34. The conposition of each
exanple is expressed in nmass % In a case where

sul fate, chloride and/or fluoride are added to the
glass raw materials, an anount of the fluoride
converted to F2, an anount of the sulfate converted
to S@3, and an anount of the chloride converted to Cl12
respectively to a total nmass of the raw materials

ot her than these conponents expressed on oxide basis
are expressed in mass % Average coefficient of |inear
expansion is a value neasured in 23 accordance with
JOd S (Japan Optical dass Industry Standard) 16-2003
(Measuring Method of Average Coefficient of Linear
Expansion in the Vicinity of Room Tenperature of
Optical dass) and by changing the tenperature range
from25C to 100C



Specific gravity was neasured by the Archi nedes net hod

and Young's
wave method. The crystal
X-ray diffraction imge
devi ce (made by Panal ytica

nodul us was neasured by the supersonic

phase was identified froman
obtained by X-ray diffraction
. Product nane:
"blUbbl es per 1cnB"

Xl

pert-MPD). In the tables,
desilablstles nunber of remai ni ng bubbl es per 1cnB,
"gl.ce.", glass-cerag,gs, S-gravity” specific
gravity, "Ym" Youhg—roduus—Trhi-—terp——the-hi.ghest
temperature of treattrent fldr crydtalligzation,|5grain
di amet er ‘| siayer age cfystal jgrgi n diggret efqo:" 11 .[gy "
['ithium distticate; " a =g “a—-—quartzand-——0
-gi{s.s." ﬁh-aquart z 50 id 9di°ution’®24 [l e 165
Exanpl es|P0: 2 3 4 5[ 2.5 02 [25. 1 74286 74. /0.3 {69. 7
A1P03 7.0,.7,0 7.0 6l { 6.5 ,P205 2 2.0 20 270-2-6
LiP0 9. 0/ 6% o 5 8 B 5 |80 2 6% 0 1 51855 Mo
0.8 0.8 P¥@ 0.8 0. 8 %onpo-2€a0 0/9 0.0 0B 0.0168.0
sition Ba@g®.0 0.0 5.35,5.5 0.5 5 05705
0.p ZrOEﬁ%.S 23 49§p4.0 250 ff%é)o.zo -5 O.Eﬁﬂ 2
0. 5°™8h02%¢%. 2 0.5 1.% 0.2]|6°5 tpd&l 100:0 10090 1000
100:itBn 100840 bubbl esoper/1¢gB 8 9| § 6 10 555. gr ayity
2. 46 2.4%5%716—275/02.59 Yom-(GPa)—160—166-98—96-96
gllce. Ymils g 4 7 40._3%89.8 > 4 37.9% a (925-1000)
(10-71C. 108 77 7Q285 62| psedomamant ligo di . [fp. di
arqg. Hjdp crystql,pnase a -q o2 -qrﬁ;%. a7 6
-q. s. s. - i
Sn0y 0.2 0.5 1.0 0.2 0.5
total 100.0 100.0 160.0 100.0 100.0
bubbles per/lem? 8 9 8 6 10
s.gravity 2.46 2.48 2.46 2.57 2.59
Y.m.{GPa) 100 100 98 96 96
glce. Ym./s.g. 40.7 40.3 39.8 37.4 37.1
& (25-100°C)
(107C) 78 77 70 65 62
N o hi. di.
predominant 1i. di. o o Hodiva-q.
crystal phase - ldieg |Ndie-q 5ase a-q.
B-qs.8.
hi. temp.(1C) 720 720 700 700 700
grain diameter(nm) ) 50 30 30 30




bi. tenmp.( ) 720 720 700 700 700 grain dianeter(nn) 50
50 30 30 30 25 Table 2 Exanples 6 7 8 9 10 S
69.2 66.3 65.7 65.2 66.3 Al12(8 6.5 6.5 6.5 6.5 6.5

P26 2.0 2.5 2.5 2.5 2.5 Li208.5 7.5 7.57.57.5
K201.51.51.51.51.5 MQ0.8 0.8 0.8 0.8 0.8
conpo- Ca0 0.0 0.0 0.0 0.0 “b sition BaO 5. 110.0
10. TaBlel®O. 0 10.5 ZnO 0.5 0.5 0.5 0.5 0.0 Zr2 4.0
4. 07470 4.0 3.0 Cef2— 0502 0-506-62—Sh2-1-0
0.2 0.5 1.0 0.2 tof{&*™%D. 0 100.0 100.0 100.0 100.0
bubbl es per lens 15/4 5 1677 s. (gwavity|g.60 2, @85 2. 66
2.67 2. 6\ Ym (GPa) [ 98969 96 —gt—te—¥% 6
3717 36.3°9b 8 260198 2 30805 1807 0) [T C ' o084 62
6261 64 Ab%edom nants | | diss | . d. aﬁq | |es a q s|5i .d.a
g. {l.d. a|g,o, crysta hase -g. 9 ,s. a
690 graif hLeR aneter(nfiﬁ 30 36 30 30530 267.5 Tabl|g.53
K20 1.5 15 1.5 1.5 1.5
MgO 0.8 0.8 0.8 0.8 0.8
compo- Ca0 0.0 6.0 0.9 0.0 0.0
sition Ba0 5.5 10.0 10.0 10.0 10.5
Zn0) 0.5 0.5 0.5 0.5 0.0
Zr(s 4.0 4.0 4.0 4.0 4.0
CeO2 0.5 0.2 0.5 o5 0.2
Sn0 1.0 0.2 0.5 1.0 0.2
total 100.0 106.0 100.0 100.0 100.0
bubbles per lem# 15 1 5 16 7
5. gravity 2,80 2,65 2.66 2.67 2.65
Y.m.((GPa) 98 96 98 96 96
gl.ce. Y.m./s.g. 37.7 36.2 36.8 36.0 36.2
a (25-100°C)
ome 64 62 62 61 64
predominant i di
hdiewq jlidie-q |Hde-q |l di. ez -q. i
crystal phase &g,
fi-q.a.8. B-qa.s. B -q.a.8. f-q.8.8.
B-q.8.5.
hi. temp. () 695 690 885 690 690
grain diameter{nm}) 30 30 30 30 30




Exanples 11 12 13 14 15 Si02 75.5 75.5 70.7 70.7
66.5 Al1203 7.0 7.0 6.5 6.5 6.5 P20 2.0 2.0 2.0 2.0
2.5 Lf20 9.9 9.98.5857.5 S20 2.0 2.01.51.51.5
MO 0.8 0.8 0.8 0.8 0.8 CaO0 0.0 0.0 0.0 0.0 0O BaO
0.0 0.0 5.5 5.5 10.0 ZnOO.%—SO.SO.SO.SO.Scon'po-
Zr02 2.3 2.3 4.0 4.0 4.0 siqonCe020.50.20.50.5
OZTaﬁﬁQQlOOZOSlOOZ total 100.0 100.0 100.0
1070~ 100, 0 —suf fat éLUIIVCI ted-to0—S63)-6—-1+0-080-98
0.0 0.51 chloride MiErted to A2) 0.37 0.19 0.0
0.87 0.0 fluoride (1iconvgnted t9:1HD.0 O0[Q 0.0]Q;0 0. B0
r2) bubbl per T¢Cmn 5% ravity 246246
2. 57 2.5] S5 65 Y o Is&a\ #‘ﬁé )7017?)() 107(9')996 (j?%e
Y.m/s. g.AMQ). 7 40.7/38.9 3899 36|85 a (28- 100Q%.5(10. Yo
C. 1) 76 Thob4 64 62, predogynant TH, di. g -q. (LI di
atq. i f—d-—+—dt—a—reg—ti-"tdi—=a-¢ g
crystal phdse p -gs.%. p -&%s G &8%.s.s.85 hi. |fenmp. (D
720 720 YR@ 700 690 ograi njdpanet er{ nm [5Q¢ 30 39,30 3D
27
MgO 0.8 0.8 0.8 0.8 0.8
Ca0 0.0 0.0 0.0 0.0 0
BaQ 0.0 0.0 5.5 5.5 10.0
700 0.5 0.5 0.5 0.5 0.5
compo- ZrQ0q 2.3 2.3 4.0 4.0 4.0
sition Ce02 0.5 0.2 0.5 0.5 0.2
Sn0s 1.0 0.2 0.5 1.0 0.2
total 100.0 100.0 100.0 100.0 100.0
sulfate (converted
o 500 0.17 0.08 0.08 0.0 0.51
chioride
(converted to Cl) 037 019 00 087 00
fluoride
( converted to| 0.0 0.0 0.0 0.0 0.30
Fa)
bubbles per lcm? 6 9 i1 2 5
5. gravity 2.46 2.46 2,57 2.57 2.65
Y.m.(GPa) 100 100 100 100 96
gl.ce. Ym./s.g. 40.7 40.7 38.9 38.9 86.2
@ (26-100°C)
(107CY 76 75 64 64 62
predominant hodiig-q [ldia-g i
Hdie-q [Ldie-q - @ -q.
crystal phase f-q.0.8. fq.8.8.
f-q.8.8.
hi, temp.{C) 720 720 700 700 690
grain diameter(nm) 50 30 30 30 30




Tabl e 4 Exanples 16 17 18 119 20 Si02 74.5 74.8 75.
70.7 66.5 A1203 7.0 7.0 7.0 6.5 6.5 P2Cs 2.0 2.0 2.
2.0 2.5 Li209.99.99.98.57.5 1{20 2.0 2.0 2.0
1.51.5 Mm0O0O0.8 0.8 0.8 0.80.8 Ca00.00.00.00.0
0O BaO 0.0 0.0 0.0 5.5 10.0 n00.50.50.50.50.5
ZrQ2 2.3 2.3 2.3 4.0 4.0 corfpo- Ce02 0.0 0.0 0.1 0.1
0.1 sition Sn02 0.5 0.5 0.1 0.1 0.1 others Bi 2330.5
I\/hO%Ol%]OOOOOO total 100.0 100.0 100.0 100.0
100 8"y fate (converted to S03) 0.0 0.0 0.17 0, 17
0.17 chloride(convemtaid to Cl12) 0.19 0.19 0.0 O.nO
0.10 fluoride ( conyerte J0 0 18u.u 09 u.lsz.u
F2}—bubbl-es—per 1r~f 8 7 § 3 s gravilty 2.45%% 44
2.47 2.5] 5122 65 Y. m746GPa)| 7492 10%.:99 100796 [gés ce
) .6 41.8 40.1 38.9 36 a (125-100¢C) (10
'YcT;/%g ﬁ@c 6462 7'Aoprcdcffn pant4-—di ZGa -0 At
atg |2Odi. a -d2%i. dPO a -(201i. |dio. a 1gs
cryst al Etlﬁﬁe P -996% (I sgss. |4y . teny (C) 740 72
730 690 B90—yra nidiareter{nm——36—20—-56-—36-30
%:0 2.0 9.9 2.0 15 15
MgO 0.8 0.8 0.8 0.8 0.8
Ca0 0.0 0.0 0.0 0.0 0
BaO 0.0 0.0 0.0 5.5 10.0
ZnoO 0.5 0.5 0.5 0.5 0.5
ZrO: 2.3 2.3 2.3 4.0 4.0
COmpo” | CeQy 0.0 0.0 0.1 0.1 0.1
sition SnO: 0.5 0.5 0.1 0.1 0.1
others Bi=030.5 Mn0:20.2 1 0.0 0.0 0.0
total 100.0 100.0 100.0 100.0 100.0
sulfate (converted
0.0 0.0 0.17 0.17 0.17
to SOg)
chioride(converte
0.19 0.19 0.0 0.0 0.10
d to Cls)
fluoride
( converted to]| 0.0 0.0 0.0 0.15 0.0
Fa)
bubbles per 1ems 8 7 8 b 3
s. gravity 2.45 2.44 2.47 2.57 2.65
Y.m. (GPa) 102 102 99 100 96
gl. ce. Yan/s.g. 41.6 41.8 40.1 38.9 36.2
a (25-100°C)
71 70 76 64 62
(107°C1)
predominant fdig-g [Hde-q,
l.die-q | H.dig-qg |4 dle-q.
crystal phase Bq.s.8. B q.e.s.
hi. temp.(C) 720 720 780 690 690
grain diameter(nm) 30 20 50 30 30




28 Table 5 Exanples 21 22 23 24 25 $S102 66.5 66.5
66.7 66.1 75.45 A1203 6.5 6.5 6.5 6.5 7.0 P205 2.5
2.52.52.52.0 LizO7.57.57.57.59.9 1{20 1.5
1.51.51.52.0 MO 0.0 0.50,8 0.50.8 Ca0 0.8 0.3
0.0 0.3 0.0 SrO00.05.010.0,5.00.0 BaO 10.0 5.0
0.0 5.0 0.5 ZnO00.50.50.50.50.0 conpo Zr02 4.0
4.0 4.0 4.0 2.3 sitionCeOZOlOl0.0_0.00.0 Sn02
0.1 0 1000100 others 0.0 0.0 0.0 Bi 203 0.5
Sb?g‘ ]6005 total 100.0 100.0 100.0 100.0 100.0
sulfate (converted {®x8@3 0.0 0.0 0.17 0.17 0.17
chboride(converted 012)7 Q- 0070037010 }O
fl bori dg( (converted e E2) H.0.0i6°0.0 0> 0.0%
bubbl es |f® 1cnB 6 8663 7 2 668. gravity 2|&4 2. 64!53.2.5 65
2.64 2.4 Y. m (GPa 69 6 93 g~ Y /S g
36)4 36. le%a i gu: 2 Gi(%_u 9?%(25_ _Kﬁc) GES%, 6285 77
pr edomi B 0. di. |2 -g. |1%5. di j2a'q. J2di. d20q. |i
di| a - QL@ 7.5 7.5 7.5 7.5 9.9
K20 1.5 1.5 15 1.5 2.0
MgO 0.0 0.5 0.8 0.5 0.8
Ca0 0.8 0.3 0.0 0.3 0.0
SrO 0.0 5.0 10.0 5.0 0.0
Ba0 10.0 5.0 0.0 5.0 0.5
ZnO 0.5 0.5 0.5 0.5 0.0
compo-
. Oy 4.0 4.0 4,0 4.0 2.3
sition
Ce0; 6.1 0.1 0.0 0.0 0.0
Sn0: 0.1 0.1 0.0 0.1 0.0
others 0.0 0.0 0.0 Biz0: 0.6 | She03 0.05
total 100.0 100.0 100.0 100.0 100.0
sulfate ( converted
0.0 0.0 0.17 0.17 0.17
to 803)
chloride(converted
0.0 0.0 0.37 0.10 0.10
to Clz)
fluoride (converted
0.0 0.0 0.0 0.0 0.0
to Ip)
bubbles per 1cm3 6 8 3 7 2
s.gravity 2.64 2.64 2.65 2.64 2.46
Y.m.(GPa) 06 97 96 93 98
gl.ce. Y.m./a.g. 36.4 36.7 36.2 35.2 39.8
a (25-100°C)
65 62 62 65 77
(107CY)
predominant L.die-q |l dig-q |Ldie-q |L di. & -q.
fi. di.e-q.
crystal phage B-q.6.8. 8 -q.8.8. 8 -q.8.8 B -q.6.5.
hi.temp(’C) 690 690 690 880 690
grain diameter(nm) 30 30 30 20 50




crystal phase /3'g.e.8 B -g.ss. p'gss. p -qgss. | di.

-q. '.. hi.tenp("C 690 690 690 680 690 grain

di aneter(nm 30 30 30 20 50 29 'Pablo 6 Exanples 26
27 28 29 30 SiO2 66.65 66.3 75.1 66.5 66.5 A1203 6.5

6.5 7.0 6.5 6.5 P2(152.52.§922.02.52.5 Li20 7.5
7.5 9.9 7.57.5 X201.5 1.52.0 0.5 0.5 Na20 0.0 0.0
0.01.01.0 MO 0.8 0.5 0.8 0.8 0.8 Ca0 0.0 0.3 0.0
0.0rgb]% SrO0.05.00.00.00.0 BaOD 10.0 5.0 0.0
1o_v_v_§3 Zn0 0.5 5 05050 5 conpo-_ ZrA2 4.0 4.0
2.3 4.0 4.0 sition/Be®Res0.0 0.0 0.0 0.0 0.0 SnOZOO
0.2 0.2 0.0 0.0 Sbhp otHers 0. 05 B 208 _0—2—W 02
TabCh—0-2 No2B-0-2 " ot all 1100-0, 100 0 180 0 108, 0
100. 0 suﬁ‘loate (conv@rﬁfed t663 S03) 0L 17 s6G 0. 0 66517
0.17 chlardde(converde dli,g 012),07I0 0, 20 0 {Q% 010
0.10 fI goride—(—copverteg—te—06- 3000/ 8 0 0160 E2)
bubbl es &P 1cnB 2 W55 8|27 s. |&Pavit)z®. 65 |2564
2.45 2.65L 65 Y. m(sGPa) (96 95 19§ 96 DPbH 75
K20 15 L5 2.0 0.5 0.5
Naz0 0.0 0.0 0.0 1.0 1.0
MgO 0.8 0.5 0.8 0.8 0.8
Ca0 0.0 0.3 0.0 0.0 0.0
S0 0.0 5.0 0.0 0.0 0.0
Ba0 10.0 5.0 0.0 10.0 10.0
Zn0 0.5 0.5 0.5 0.5 0.5
compo | 7.0, 4.0 4.0 2.3 4.0 4.0
sition Ce02 0.0 0.0 0.0 0.0 0.0
Sn0; 0.0 0.2 0.2 0.0 0.0
SbaQs
others Bir(03 0.2 | W0:0.2 Taz05 0.2 | NbeO5 0.2
0.05
total 100.0 100.0 100.0 100.0 100.0
sulfate (converted
0 500 0.17 0.0 0.0 0.17 0.17
chloride{converte
10 Gl 0.10 0.20 0.20 0.10 0.10
fluoride
( converted to| 0.0 0.0 0.0 0.0 0.0
Fa)
bubbles per lem? 2 4 15 8 12
s. gravity 2.65 2.64 2.45 265 2.65
Y.m.(GPa) 96 95 100 96 96
gl.ce. Y.m./s.g. 36.2 36.0 40.8 36.2 36.2
a (25-1000C)
ome 62 64 75 63 63
predominant L di.e-q. | L. di, e -q. h.die-q L di.a-q
li. di. e -q.
erystal phase 8 -q.8.8, B -q.8.8. B -q.s.8. B -q.8.8.
hi.temp(’C) 690 690 720 680 680
grain diameter(no) 30 |30 40 30 30




gl.ce. Y.m/s.g. 36.2 36.0 40.8 36.2 36.2 a
(25-100"C) 62 64 75 63 63 (10 70C predomi nant h. di. a
-q. li. di. a-g. li. di. a-q. li. di. a-q. "..
crystal phase Il.di'a'q" Rgss. Rgss. 'gss. Rgs.a
bi.tenmp(C) 690 690 720 680 6 grain diameter(un) 30
30 40 30 30 30 Table 7 | Exanples 31 32 33 34 Si02
75, Qabk.2 66.2 70.2 A1203 7.0 6.5 6.5 6.5 B203 0.0

0.0 00000 I-’AUbA]%A?\:D_ZOLU t+-26-9-9—++5 7.5
8.5 Na20 0.0 0.0 O U*fP% K00 2.0 1.5 1.5 1.5 MO
0.8 0.8 0.8 0.8 coppo Ca(30.0 0,8 0.0 P340 sijtion SrO
0.0 0.0 048,0.0 Ba 01 10 5757 Zno-6745 0.5
8
0.8 0.5 [Sh2 2 3 4B 0ld8 ohtiFo s A8 ole 05
Snp2 0.0[6:® 0.0 0.0 tot cI6-5100. D6.400. 0] €1:00. 0 {100. 0
bubbl es pep,1cnB 2 0 0 [1Q@3 91|94 98 ﬂﬁéb_ 09C)
2.47 2. 622652-59¢gt—e41+—+34+-9-35-5-37.-9 185 62 65
60 P20s 2.0 2.6 2.5 2.0
Liz0 9.9 7.5 75 8.5
Na:0 0.0 0.0 0.0 0.0
K30 2.0 1.5 1.5 1.5
MgO 0.8 0.8 0.8 0.8
compo-
sition Ca0 0.0 0.0 0.0 0.0
80 0.0 0.0 0.0 0.0
Ba0) 0.0 10.0 10.0 5.5
ZnQ 0.5 0.5 0.5 0.5
Zr0s 2.3 4.0 4.0 4.0
CeOs 0.5 0.5 0.5 0.5
Sn0; 0.0 0.0 0.0 0.0
total 100.0 100.0 100.9 100.0
bubbles per 1cm3 2 0 0 0
s. gravity 2.47 2.62 2.65 2.59
Y. . (GPa) 108 91 94 98
gl. ce. Yom s, 417 34.9 35.5 37.9
a (25-100°C)
8]’
(10re 5 62 65 60
predominant
rystal phase idieq |Hdle-q {lid.eq |lidiae q.
hi. temp(C) 730 675 700 700
grain diameter{nm) 90 20 30 30




predomnant di. a -q. li. di. a -q. crystal phase |i

di. a-q. li. di, a-g. li. hi. tenp(C 730 675 700

700 grain dianeter(um 90 20 30 30 31 For

manuf acturing the glass of the above Exanpl es, raw

mat eri al s i ncl udi ng oxi des, £ rbonates and nitrates

etc. were m'xed and, in the case of Exanple Nos. 11 -

20 andtrz su f at es,. chlorides and fluorides were
added t'8" tlﬁ@“ﬁéﬂf\f/“hﬁ‘ge‘ﬁeag@ss ahdbe mbsee Faampdeseriaal materials
ver endiedihgdxidns,aarleoBrening Wse kst tidg nﬁ@&ﬁéﬁl Us tBd cfe of

t e”mﬁﬁlﬁuw RIOW %ﬂ“h”zoaaﬂcflﬁge g(ﬁ .rshué% bouélo gfogﬁ o&%gs were

zed.
msaﬁ%qdnéfd t]tl‘b 1aWswa§@wd$, andiitkdee aragy awm@aaledwm melted in a

tpr Omhﬂmoﬁlygh@ﬁsmﬁﬂm'% appe@ius dihe t&h@@l%tul%r %Yi'ﬁ?' ﬁ e from
re ran

650 ?qlqr?@k%’% B stk et P eintn 5 nmolten
t heglypayss cflmeﬁh s@assnwatof ardeslt el ann@ai@cbtmmmatdurzeglass form.
W t ithéh, aks @E@@ f(flETDWh@QQ’Q ttl @atgégg:a té’i‘ﬁ &Etmswl?ﬁlgi}ag ange from

t ha t.ure out
hou?%d 6f Sr cr@af{”al‘lﬁ? }Bmﬂﬁ‘ &)l ’&I‘éctf%eé&nr%‘bd then the glass
gl a@ﬁmc\éﬁtSa]m%éleaThiaafeatetrem atire wilinssraage 0irc600 @@ 850°C

| ap@ﬁﬂ:hVWHTh@hgf ﬁﬁaﬁl ﬂ%vﬁd?:%a%gang #)@1%1811%2{0% 61%?n§tnl1,| {to 12 hours

I;{smﬁﬁ 1I011 Q)dgggl:aﬁ gg g&\ifa“ce@eni@&- dilapendes, the
mer{elam¢e|1 shad wme bepped wuth oxiadie hhﬁm'glag A BraR¥ Qb Agde dlametel
pargfiscl gy p!jﬂnafﬂf-‘ﬁlﬁﬁzt qf L@G@’mm%@s g%n‘:‘l %enagﬂlgﬁ ]Igl%gcf’ss&lg mner and

m nut es 10 provi de a, substrate
st SF 4G ARG U W@&r@&é@@%ﬂb KHeem oidle havinhwe ayeraaenarticle
r oujamets)of 6f5 + Bey substabatie3@to ¢hinsnitiesreo pasid@A fbstrate of

bel
et T R
H%h%%é)nﬁi &¥ Stt’r?ée gﬁtafé%% él@?@ai’ﬁaészvgfmt bdowpr'Bee purface

[ nwenghum?.s &lal w dsaea fure withysst @b m@r Bkdasm RFosabpangnage
crystal grain dianeter of 90 nmor below, nostly 50

nm or bel Qqw. The exarrpl es have a coefficient of
| i near “6x{H9Nai Bh Toablehilm 4 thenpreranlos ef tamglass romn@sof the

t 0 pra@AC iwhinthonr alh dese ffinena:6@at ar zﬁﬁé b@ﬁﬁ: é‘)eiag-ﬁh@rystal gram
nu'ﬁ?f?xﬁe@ft of 95%!11{] pgﬁlogu &%L}ﬁf 50%m 3¢ II‘E% gg%mglsés have a

%f exh|? ass- cer
refCP 1RGNk O éwamwﬁwsa@ Shihan a éergmcag@zr@enaage drom i25°C to

WhilOR G vildelgerangem ot 6 QHSB(WW or ’ﬂh@%‘nﬁae@%‘éﬁ%ﬁmg
SRR A LSRG Ay

nagr@pr essing is
§ a bq» gggg Plotrhich Bngsluwy dd. glass ceramics in which a large

amount of antimony or arsenic component is added. In Example Nos. 31 —
34, occurrence of reboiling during pressing is not observed when the direct
press method is employed.

Comparative Example

Glass-ceramics were produced with the same composition and under
the same conditions as in Example 1 excepting that the refining agent was
not used and that the amount of SiOz was 75.5% in mass % on oxide basis.
The number of remaining bubbles per 1cm? of the glass was observed. The
number of remaining bubbles was 70.

Example No. 35



Conpar ati ve Exanple G ass-ceram cs were produced with
t he sane conposition and under the sane conditions as
in Exanple 1 excepting that the refining agent was

not used and that the anpbunt of SiO2 was 75.5% i n mass
% on oxi de basis. The nunb\e;jr of remai ni ng bubbl es per
lcnB of the glass was obser éqd. The nunber of

remai ni ubhl was 70. Exanple No. 35 32 A 2.5

i nch _HD%g%ngghE@”% apéthedrwbpinale tgvingdi dimstoser of6565m and
”Tn amdkbdus ckin 88585 onl). H:3Be mﬁtlﬁagﬁsﬁﬁerbﬂlgcs_ of Example 1 was
gl a$§nGeLANi,C 1.was _.imers N a mxe .
Sall\l&% %%[@lési fng{{ﬁdpl { f a‘t ém’%sns u’%&&llnﬂqeﬁ?(ﬁ‘é‘{lgpﬂ(?%ﬂ@e ?KNOS :
Na a1 3) at4004pde ¢-phow ® fwouer cowpfosmmatress layer on its
conmpuefssi Ot Sk @SE{IhAYEEhANHi SubsWihags: il
Con{wjhﬁdﬂﬁ\ga%\ﬂﬁha%m% subst r at elt _h%d ?r; ng, fl gi%rﬂé‘\%ﬁml Smtngth
st rengt Hch e g8E A glfee&"&? okt horefopmmedy s poppression
bef ressrlarer (BR0MPak he conpression stress |ayer

(500MPa). Exanple No. 36 A 2.5 inch HDD polished

subgg%%égnr&?%\éi ng a dianmeter of 65 mm and thickness
of 0.

made of the gl ass-ceran cs of Exanple 10
was inmmersed in a mxed salt of potassiumnitrate and

sodi um Aoty aick HKNGR); Trake (hadd far 0.5
“houp,. ho form a.%a%ogﬁ%?eg%ﬁ{c%%s(hﬁrﬁg% _dg%gl%eé of 65'hm and
sur Face® 1 E0c e Prde thte ehrsciapder ot Bxmanler 1hgvas
f | exupelsedin engixad sakiidfipotasivii witrdtel chdamdlan gerae G, :
fg%%N@%S lbs/f)bg"t @O(ﬁ@raﬁ'&* l@% }"E\U‘%n'ttg&rﬂcgE'Egﬂﬁ%gskigl}nﬁbestsrseﬁfer on its
poﬁ“é??é%r gﬁb"%’i‘gr S‘P\gﬁ’m@vﬁﬁ@ thisopubsinaie had 168 feoenl strength
t hivelkinkswaof it -BHBE amamades ahe t fiehs@lads IreERE affhe$nPlof the

ExagRipSeshiotesrdie alyed (sdooyBQ0 C - 600 C and then was
guenched by air cooling to forma conpression stress

| ayer on its surface. It was confirned that this

substangtle Nead7i nproved ring flexural strength. Exanple

No. 38 A 2.5 inch HDD polished substrate (having a

di anmet er gf. qg and =t hickness of 0.635 nm nade of

the gl 4s%°dBiaRlS rekshedpraato(basing 4 dinorcdedol 65 am and

?Lkmkmsﬁ; 6f63|50111§d$ maglmogge% %h?-?ﬁ)?m&@ gﬁ %ghlgb%eg ?%V%? he%ted
B30 1 NaN§&y : 150 amou . |

conpr essi on st_rcgs nldayeern_ona i gse Cglﬁ(rif c I POk to form a

cofiPPPIEFOR heltetshidyes uigs tifsatsariaedl r Iingvalsl eonfiraded that this

st pelgtdie had improved ring flexural strength.

Example No. 38

A 2.5 inch HDD polished substrate (having a diameter of 65 mm and
thickness of 0.635 mm) made of the glass-ceramics of Example 32 was
immersed in a mixed salt of potassium nitrate and sodium nitrate (KNO; :
NaNOs=3:1) at 400°C for 0.5 hour to form a compression stress layer on its
surface. It was confirmed that this substrate had ring flexural strength
which was eight-fold as large as the substrate before forming of the
compression stress layer (500 MPa). It was also confirmed that this
substrate after it was immersed in the mixed salt for 0.16 hour had ring
flexural strength which was triple as large as the substrate before forming of
the compression stress layer and that the substrate after it was immersed in
the mixed salt for 0.32 hour had ring flexural strength which was five-fold as
large as the substrate before forming of the compression stress layer.



whi ch was eight-fold as |arge as the substrate before
formng of the conpression stress |ayer (500 MPa). It
was al so confirmed that this substrate after it was
imersed in the mxed salt for 0.16 hour had ring

fl exural strength which was §$iple as |large as the
substrate before form ng of he conpressi on stress
Iay g3@£at the substrate after it was inmrersed in
the It for 0.32 hour had ring flexura
strength whi ch was five-fold as Iarge as the

substra ression stres
e%%h@@ﬁﬁl? afllggg;' E\(g lﬁf or and 2 ag)tya U glaigagzltéq, ?%ﬁtj were
g)égi Wﬁ@ﬁéﬁl@ fhaysabstipeteeobtfiopdtbg thy ab6ve described
spabiaﬁﬁpl@g a0 ﬂlhﬁelsH%&Ih@ﬁ@h@@%ﬁ‘b@ﬁ%ﬁ){ v@ﬁefoﬁggél' %h%leon A

d furt
esg&‘fﬁ%gwff}’%@l Thf climHh 5 oeat &ﬁgodtoi}@tihéP pypade an

I ubm %léltﬁthmeagltqmlswa%ateéwnuo provi de an

i nformation magnetl c storage medium Exanple 40 The
gl a{§§ Ige e crystallization of Exanple No. 32 was
heat” {reat ed at 600C for 6 hours and subjected to a
processing to have a dianmeter of 65 mm and thickness

of 0.63f 50 d75,QVY, n f.or m of

d| séfpdaév Cn@? an fl% dlg&d@“? ??%%%?# N(g%z v@&s heaéttf%‘ﬁed at
TERP DO AR CUBIEE A 6 4 WACSERg T hibke § Atrengiasof 65 mm

C onfmdr i‘ri@fdmeﬂ'm@?‘ Os6 A5 rameto g ottlﬂea substdtaietiwasrh apRAk N ing

about ink@r tetﬁ@alrﬂp@ﬂfn?s ! Bscﬁvgtrl%{}ltﬂaavﬁ‘ﬂgi %ri]l]a?e/ seerpggatlon in
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as a substrate of an information storage medium.

Example 41

The glass before crystallization of Example No. 82 was heat treated at
490°C for 2 hours and subjected to a processing to have a diameter of 65 mm
and thickness of 0.635 mm to provide a substrate in the form of a disk having
an inner central opening. The surface of the substrate was lapped for about
10 — 60 minutes with a grain having an average particle diameter of 0.5 [m
~ 2 m and, after processing inner and outer diameters, was polished with
cerium oxide having an average particle diameter of 0.5 — 9 u m for about 30

to 60 minutes. The surface roughness Ra after polishing was an excellent
one of 0.48A.
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melting by direct supply of electric current can be significantly reduced.



corrosion of a nol ybdenum el ectrode which is generally

used for electric nelting by direct supply of

el ectric current can be significantly reduced. 35

What is clainmed is: 1. G ass-ceram cs conprising Si02,

Li 20 and A1203 on oxi de ba3|§ﬂ conprising |ithium

disilicate as a crystal phase and conprising one or
QVEﬁéﬁ@ﬁﬂge digel ected fromthe group consisting of

Sn Ce, Mh, W Ta, Bi, Nb, S, d and F. 2.

Gl a§ fg%%% @(ﬂ]afrﬁ?s c%n{p?fshggeg Qgglsllzélangké e %%1& CERprising
t he 1 %nglé’éﬁéi'}es‘tﬁ agrstall phase, umdrmmmu@ng ahe ,01 anore elementq

- QUadidded BromOihalehdu @k sl FBhO i
solution. 3. 4 agssuliernamlcgoas G? ?\Egdﬁl ’chgc %0&1 and

conprising at |east one elenent of So and Ce and
cogg Fiigeraminnss @ﬁnmddmldenbasﬁsnﬁﬂmzmﬁpnmﬁgS&bRﬁgtone

Ce e 0 gy n it mon silicate,
QBy0m2 ph % éMIb%E&I@ ﬁlqth@ asg)ga%&;ﬂ E%}%%z And i rhl tde, a

t hi
\ams @glrtze(rﬂlaﬂﬂa%lz a@?ﬁ "f)l%fd?fbﬁl‘élﬁ@uéﬁé spiid ﬁ‘ﬁlﬂ@mel enent s

selected fromthe group consisting of S, C and F by

usi ngyaks- &e@%ice%@ Qe Vﬁfmd ﬁlu&gl% ?’coﬁﬁ)ﬁglrnlgdgé o e O{ﬁliggte of Sn

w eria erern_an ano

sul%la]tr@e a’EﬁFQ&P@d@“&HHHﬂS@cﬁr%@ﬂ%ba‘sw ot al nass on
oxi de Baglss of glass nmaterials other thanstfe,ng
sulfateﬁﬂjhe chloride and the fluoride 5?:2%9 fate
cal cul ated as an amount converted to S03 0“*’1.5 nass
% ‘EHI'BrA H)éa‘c%fp%ﬂtaqfe%l%a% CaRpiint witbmy erteade fionCLD16 to
- B.®emass % fluoride cal cul ated as an anmount
converted to F2 0 - 1.5 nass % where S03 + Cl2 + F2

rH%l - 1.5 mass % 5. dass-ceramcs as defined in
ol d FSEEHPRIcsi Higddedoin deite lebermitisg oseleched Elempnts

t heegriedpranrae sbng cfsidvihe WS Te) aﬁﬂ rapd |, & E?&tadxle of

My il ghlo@cg%%g/ ﬁ%ﬁégeéasd & agﬁ%?%%l aly n@ﬁﬁg\rﬁn{ fhr%%ulg, of each of
r aﬁéﬂ‘e SPEHi% Gll@llﬁ@t@dzﬂg%ld@ to @ tegsl pesamncexides bdsh idfedass
i N ncdtadinis btlearthkh $hagulizie s Shik-@8 a%altﬁsﬂ*aéﬁaéls Si @2

60 - 7 12% a 10% and P205
15 % A?g%g{ﬂ%%%% g _aLr(ﬁj]%)/unfjconvez%egto 803 0 1.5 mass %
chloride calculated as an amount converted to Cly 0- 1.5 mass %
fluoride caleulated as an amount converted to Fa 0 1.5 mass %
where SOz + Clg + Fo 15 0.01 ~ 1.5 mass %.

5. Glass-ceramics as defined in claim 1 COmprising one or more elements
selected from the group consisting of Mn, W, Ta, Bi and Nb, a total amount in
mass % on oxide basis of one or more of MnOs, WO3, Tas0s, BizO3 and NbsQj
being within a range from 0.01% to 2.5%.

6. Glass-ceramics as defined in claim 1 comprising in mass % on oxide basis

Si0q 60 — 78% and
Li20 5~ 12% and
AlOy 4~ 10% and
P20s 1.5 — 3.0% and
ZrOg 1~ 10%.

7. Glass-ceramics as defined in claim 1 comprising in mass % on oxide basis
BaO 0 —15% and/or



7. G ass-ceramcs as defined in claim1 conprising in
mass % on oxide basis BaO O - 15%and/or 36 SrO O -
15% and/or MJO 0 - 2% and/or CaO 0 - 2% and/or 2ZnO O
- 3% and/or 120 0 - 3% and/or Na20 0 - 3% and/ or
Na2O0 0 - 3% and/or Cs20 O -,3% and/or one or nore

oxi des selected fromthe gro consi sting of Gd203,
La203, gX203 and Ga203 in a total of 0 - 15%
and/ or YQOB | ess than 0. 1% 8}§G1§g§¥g@?anics as
defined™® claim 1 conprising a total @msB#mndier mass %
on oxi déaBasis within a range from 5%0t-09%4%i0f one or
nore oxjggs sel ected fromthe group gf Aj 20, Na2Q,
K20 an 20. 9. dass-ceranics as defingdPHC aim 1
whi ch substantially free of As2030-alttlasy203. 10.
A ass-ciHadhi cs as defined in claim1l phesgingaver age
coefficigmy of linear expansion wt hhn & te?)ger ature
range from25C to 100C is within a range’ " fromt

50[ 10- 7@2P to 120[ 10-7C-1]. 11. d ass-teB#mmioras

def i nedbnierr ch@kmxllesheleicn AN ERISGh ¥ohakuds 8 Bd0s Ta.0
di rystal phasge. i 00 or tb‘g%ovv. 1% % 5
subs% rgg{néiq%?zwﬁn%r%%trl ﬁgioi%Bﬁo’ﬁq Bﬁg i um usi ng

gl ass- cBre@ri cs as defined in clai m1lesk3har\0gebstrat e
of an information storage nediumas defined in claim
12 ng Young' dul us of 85 GPa or over. 14. A
st MR Y BR b DAL GG Rk (i cnpr<h s %
a conpidskidnwithin egengafren Pt v il 6 df one bheosabfiasesetoted
a subisthak@upotdel, Medoi R,6LalMl@. 15. A substrate of
an information storage nedium as defined in claim 14
wherei n the conpression stress layer is forned by
r el &dagsepenamigh kaldefingbnpdment wehittstiengibisth @ia8y HFa Q8 Asy0s
| ayer s,0t.he substrate with an al kali conponent
having a | arger ionic dianeter than the alkal
conmponent existing in the surface |ayer.

10. Glass-ceramics as defined in claim 1 wherein average coefficient of linear

expansion within a temperature range from 25°C to 100°C is within a range
from 50{107°C1] to 120[10-7°C1].

11. Glassceramics as defined in claim 1 wherein average crystal grain
diameter of the crystal phase is 100nm or below.

12. A substrate of an information storage medium using glass-ceramics as
defined in claim 1.

13. A substrate of an information storage medium as defined in claim 19
having Young’s modulus of 85 GPa or over.

14. A substrate of an information storage medium comprising a compression
stress layer provided on the surface of a substrate as defined in claim 12,

15. A substrate of an information storage medium as defined in clajm 14
wherein the compression stress layer is formed by replacing an alkali
component existing in a surface layer of the substrate with an alkali
component having a larger ionic diameter than the alkali component existing
in the surface layer.



37 16. A substrate of an information storage nedi um

as defined in claim 14 wherein the conpression stress

| ayer is formed by heating the substrate and then
gquenching the substrate. 17. A substrate of an

i nformati on storage nmedi um ag, defined in claim12

wherein surface roughness Ra (arithmetic mean

r oudhnés suhstraie ogf ap indbivation] Sstovhge imédnmeasd defined in claim
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sto Nediyumas .detine claim12
forgﬁgﬁﬁ ”gl%eﬂlfﬂi”ﬁlﬁ S‘F 5%155 ?am cs conprising steps of
melting raw materials to nolten glass, formng the

m)l 1BnA %hﬁ%aﬂc%f&hﬁﬁﬁoﬁﬂﬂl&p% aé@eﬁltedﬂm? %E 'dQ) nﬁg@ Iy, clgim 12

n the raw terl
OB P e Tt ackic Mo, Eovehnostn A on below.
Al28 4 - 10% and PZCB 1.5 - 3.0%and ZrQ 1- 10%

andig. Sﬁ@n@ugaé&‘l ) 5 gl %ru?r/%sf\ﬁ% %e g %gtéat %}’O an luggldpauon

B| 2 3 + Nb2(b éﬁ? rther conp
]djfgetnﬁqéh‘r“&vﬁs ’aﬂ@dm@ - 2.5 mass % of sulfate
cal cul ated as bei ng converted to S, 0 - 2.5 mass %

of ahlokkaRa GRLGULALENAP eI FONNENL L 0aeh s Blfling

corf\?&’} {nééplféﬁ @m%n g&ﬁ%ﬁmfmang dhe medtehagltasr fongjass and then

gl desi ¢emaimgcthe agadelhaeth i Pixﬁliﬁﬁtéﬁais%ﬂp?isg %m?aé'saw on
mat gtdAls;conprise one or nore oxides selected from

the gro p consi sting of Sn02 and CeQ2 on oxi de basi s
and a toYal anount of SnO2 and Ce&P-i7a%mmds % on

oxi de hagls is within a range fromdf. @ifot,q 5. 0% 21.
A neth q263or manuf act uri ng gl ass- cerané% s defined
in claim T9 wherein the raw material 2% arther

conpr i $e0pne or nore materials sel Botet0%fndm t he

group @obsi sting of sulfate, chloride;gnd,fl uoride,
and, mng that the sulfate is 2 rtedto 503,
t he ch orldels converted to Cl2 an He® fluoride is
conver 882t o F2, a total anpunt of ®BE&,540 2 and F2 to

a tot aMuBsSVOPE Thh®s + BWOTBLQRI@| S (Ot Bgs, than the

sul %ﬁ‘tﬁ?rthgl?}o?ng)ll%% ndgo&édgxgaésdo ti1e rg\\n}vtmf;tenm?ls ] a% emfags? ‘E/Tn1 of

" sulfate calculated as being converted to SOz, 0 — 2.5 mass % of chloride
calculated as being converted to Cls, and 0 — 2.5 mass % of fluoride calculated
as being converted to .

20. A method for manufacturing glass-ceramics as defined in claim 19
wherein the raw materials comprise one or more oxides selected from the
group consisting of SnOz and CeOz on oxide basis and a total amount of SnOy
and CeOs in mass % on oxide basis is within a range from 0.01% to 5.0%.

21. A method for manufacturing glass-ceramics as defined in claim 19
wherein the raw materials further comprise one or more materials selected
from the group consisting of sulfate, chloride and fluoride, and, assuming
that the sulfate is converted to SOs, the chloride is converted to Cls and the
fluoride is converted to Fy, a total amount of SOs, Clg and Ty to a total mass
of the raw materials other than the sulfate, chloride and fluoride is within a
range from 0.01 mass % to 1.5 mass %.

22. A method for manufacturing glass-ceramics as defined in claim 19



22. A nethod for manufacturing glass-ceramcs as

defined in claim19 38 wherein the raw naterials
conprise one or nore oxides selected fromthe group
consi sting of WMn02, W3, Ta205, Bi 20s and Nb205 on

oxi de basis and a total anmount of one or nore oxides

sel ected fromthe group consisting of MQ2, W3,
Ta20%0re 208 ravidnms2@b: fenmitchi meavrmangeosid@meBo®d from the
naS§10%ptc@11s18L115g PSS 0% WE3, T:h 9|I§§(§3 m{é@ d’f}?ox%e(%asm and a

Li 2%2][ and al so cor r ne of

el eneh %m%? 8? 8L £F SMe e grP%It fhegeust Sansigang of
Vh, MaOsTR OdiTaz(Mp Bif)s ard Nmﬂi; 15Fwﬂ214n aAagh@$®nas.01 mass % to
defglgqgagsr%_cl aim 23 conprising one or both of Sn and

Ce wherein amounts of Sn and Ce are, in nmass % on

oxi de basis: SnQ2 0-2.5% CeO2 0-2.5% and a total

anpUhtA PhsSnOramts BEGRLI6 adt A0, and arsg @oxfmﬁﬁé‘ih@ogé- or more

eS8 m53 0 00 SR 08025, 980 Sy RLCLEN s

gro@lpan;g{) sisting of S, O and F by using sulfate,
chloride and fluoride as raw materials wherein

anmognt t.he fat e lQride and quor|
raw rra? %tsgl‘ﬁ ?aﬂleda& df’[ﬁ rrazg’scogﬁplb%%?%gnﬁé)él@ ’gf‘)fc}inaé‘gd Ce
”&lil‘%la}nsam@%rﬁé ©f Brand searsuinfraass, % ohlosidedesand

quorlc&m(Ere 0 - 1.5 mass % of sulfgte sgal cul ated as

bei ng gqpyerted to S03, 0 - 1.5 mass % f chl ori de

cal cuI ated as bei ng converted to 2“% d 0 - 1.5 nmss
% oPdfg Eroel areowdl of Singe e d & (e mathin envegt dmt @OFass % to
wher.@mast of al anount of SOG3, Cl2 and F2 is within a
range from0.01 mass %to 1.5 mass % 26, A glass as
defined in claim23 conprising one or nore el ements
sel%cfedrssiasainlinne iy clip 2Sonsipsisimgorof ovipreWlerhsntsBelected

andlolislb thbleg,l’l&hrﬂ candihdd oﬂ@m@]t aﬂcf‘f‘ B?Q%m ﬁe&é' 99011&0 and
npr e, oxi,des sel eCte romt up

on or
cofkrsfl iff G wnBBH et Etda 850t ncewisseseblgid and
wi fhPHde It thegavf metarGlOt a wissn S4ston Xide m&ﬁof%iasgﬁlat&zals

gl atierahadehi ReHaicN cEﬂoﬁ'dEna%a WOZ LY '1ng$ﬁ1%§ C( /0,010 sulfate

';Z’g]gulg‘ffledl%%}aeé%conﬁﬁt%d 1o é(é) ,%gé%néﬁ& % of chloride caleulated as

being converted to Cly and 0 — 1.5 mass % of fluoride calculated as being
converted to Fy where a total amount of SO3, Cls and Fs is within a range
from 0.01 mass % to 1.5 mass %.

26, A glass as defined in claim 23 comprising one or more clements selected
from the group consisting of Mn, W, Ta, Bi and Nb wherein a total amount in
mass % on oxide basis of one or more oxides selected from the group
consisting of MnOsg, WOs, TasOs, Bi2Os and NbeOs is within a range from 0.01
mass % to 2.5 mass %.

27. A glass as defined in claim 28 comprising in mass % on oxide basis:

Si0g 60 — 78% and
Li0 5—12% and
AlxO3 4 —-10% and
P20s 1.5 - 3.0% and
ZrOq 1-10%.

28. A glass as defined in claim 28 comprising in mass % on oxide basis:



Zr2 1-10% 28. A glass as defined in claim23
conprising in mass % on oxide basis: 39 BaO O - 15%
and/or SrO0 - 15% and/or MO0 - 2% and/or CaO 0O -
2% and/or ZnO 0 - 3% and/or K20 0 - 3% and/or Na20
0 - 3%and/or Cs20 0 - 3% /or one or nore oxides
sel ect eg fromthe group consisting of Gd203, La203,
Y203 ant®2a203 in a total anoun®-dF%mnd/@5% and/ or
Sb2C8 1883 than 0.1% 29. A glass ag) defi;ngd/-n claim
23 whergim a total anpbunt in mass %8n axi dg basi s of
Li 20, . K20 and Cs20 is within a’rangéi#Pbm 5%t o
14% 30Cai gl ass as defined in clain23%nMnidbr i s
substangh@l |y free of As2G3 and Sh2(3 %Beilnd/(ﬁ
substr eoof an information storage rregl um usi ng a

gl ass as®defined in claim23. 32. Asdbstdiee of an

i nf or melNpdh st orage medi um using a ¢l -as% afa@i ned by

heat tregbing a glass as defined ingclam l,for phase
separation. 33. A substrate of an infor FTB,PI_OH st or age
medi umoél(?nobrql%rier?&“ﬁfsé ipied g she gropeansistyes offrdasdbea:Os,
on t he ¥ihfaddial;:a subsl nabenas Wefineadion cl ai m 31,

34. A rate of an information s e i um as

defi ne?ﬂigﬁgcl aim 33 wherein the co%‘%% ggasﬁ dgﬁ%st ress

| ayer is fornmed by replacing an al kali conponent

elxi 49 ngadsrmsalefiued acdalmaype mil@freihmet_oﬁdl BSIFAE & Wak1%A oxide
a [ . t_ionic dianeter an
he ol 1A B ED Ko aRT o dE bl LREE Y P

35. A substrate of an information storage nedi um as
definédglass gt defincBin sihan @BRyLiBE i€ QML LSS18N:SL hERS,0;5 and
| aygy,0bs formed by heating the substrate and then
guenching the substrate. 36. A substrate of an

i nformati on storage nmedi um as defined in claim33
V\:héﬁEﬁﬂBuB&l;l[‘iia(Dé anonfghnessn B@lé@rﬂl&hﬁﬁl‘: hdndB@has as defined in
roughpess) is IA or below. 37. An information

storage nedi um using the substrate of an information

32. A substrate of an information storage medium using a glass obtained by
heat treating a glass as defined in claim 23 for phase separation.

33. A substrate of an information storage medium comprising a compression
stress layer provided on the surface of a substrate as defined in claim S1.

34. A substrate of an information storage medium as defined in claim 33
wherein the compression stress layer is formed by replacing an alkali
component existing in a surface layer of the substrate with an alkali
component having a larger ionic diameter than the alkali component existing
in the surface layer.

35. A substrate of an information storage medium as defined in claim 33
wherein the compression stress layer is formed by heating the substrate and
then quenching the substrate.

36. A substrate of an information storage medium as defined in claim 33
wherein surface roughness Ra (arithmetic mean roughness ) is 1A or below.

37. An information storage medium using the substrate of an information



40 storage nedium as defined in claim31.

40

storage medium as defined in claim 31.



