1 | NORGANI C COMPCSI TI ON ARTI CLE This application is
based on and clains the benefit of priority from
Japanese Patent Applicatign No. 2007-101180, filed on
6 April 2007, the content of which is incorporated
herein by reference. BACKGROUND OF THE | NVENTI ON
Fiel d of thENOREENTICOROVRESEESSBNAETAVERt i on rel ates
to an inorganic conposition article having superior
mechani cal strength and capable of reducing the
elution of alkali ions fromthe article by providing
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recordi ng devices, and anong them especially to a
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relates to a substrate for a disk-shaped informtion

. Lecording-oedi um having surface super-snoot hness,
herElmasgablflty and high strength. Herein, in the present
invention, "information recording nedia" refer to
i nformati on magnetic recording nedia wusable in a

fixed mount type:hgsehdick usednasmerf@rd disk in
personal conputers, renovable type hard disks or card

type hard disks, hard disks for digital video
canmeras, digital caneras or audi o equi pnent, a hard

. di sk _for_mpbile (cellular) phones or hard disks for
Fleldvﬁ%iBB? éngPrﬁﬁﬁc devices. 2 Related Art In recent
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capable of reducing the elution of alkali ions from the
article by providing a compressive stress layer on the article
surface. In particular, with regard to substrates for a
magnetic recording medium used in various information magnetic
recording devices, and among them, especially to a
perpendicular magnetic recording medium, the invention relates
to a substrate for a disk-shaped information recording medium
having surface super-smoothness, washability and high
strength. Herein, in the present invention, “information
recordiﬁg media” refer to information magnetic recording media
usable in a fixed mount type hard disk used as a hard disk in
personal computers, removable type hard disks or card type
hard disks, hard disks for digital video cameras, digital

cameras or audio eguipment, a hard disk for mobile (cellular)

phones or hard disks for various electronic devices.



speech in digital video caneras and digital caneras,
i nformati on nmagnetic recordi ng devices of high
capacity have becone necessary. As a result, in order
to increase surface recording density, information
magneti c recording nedia tend to increase the density
of bits and tracks while reducing bit cell size.
Therefore, a magnetic head is required to operate
Relaty &rxdtl osely to the disk surface. Furthernore, when
the recording density exceeds 100 Gb/in2, the
r ecar diengnhegonres, t her oaity unstabl ewihh stieh &Pk iion
magneti zation unit, so that the in-plane recording
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the demand for high recording density exceedi ng 100
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perpendi cul ar magnetic recordi ng system has been
spee @RI 0Ye0y: S NGE ddd TanRatpendidc uian taagretiecasecor di ng
system has an easy nmagnetization axis in the
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recordi ng system, the demagnetizing field can be
& a shape, Jmghet ] a0t ¢ efyf eeiicarend
reco%%ﬁt%%g%%’d. Therég&gﬁg,ﬂa?hri@;d systemis agbl eto
to ir%glldé/a%e%@r elfeﬁgnssi h #5 piedutld A-ddkd &eaANd nEGdeRENGY bit
an ermal 1nstability 3 occurring with high density
i N, conventi [ _in_p okrdiLng: .S ] spsa e
cell &atF e tﬁ%%%%ﬁgﬂsai#%§§$g§%n?gﬁg %Sc%%g?ESEddg%s? $9at
conmpared with the in- e gnetic recordi ng system
more ﬁgéef% ?%égﬁ%ﬁ%gﬂafg%ﬁg?xaggnetic recordi ng system
it has. already bheco possi bl
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small magnetization unit, so that the in-plane recording
system reaches a physical limitation with regard to the demand
for high recording density exceeding 100 Gb/in?.

In order to cope with this difficulty, the perpendicular
magnetic recording system has been employed. Since this
perpendicular magnetic recording system has an easy
magnetization axis in the perpendicular direction, bit size
can be extremely small, and alsc since this system has a
desired medium film thickness (5 to 10 times the in-plane
recording system), the demagnetizing field can be reduced and
a shape magnetic anisotropic effect can be anticipated.
Therefore, this system is able to sclve problems such as

reduction in recording energy and thermal instability



al ready being carried ou In recent information
magneti c recordi ng devices, the nagnetic head
perfornms CSS (contact-starg-stop) notion repeating
novenents to contact the disk substrate of the
i nformati on nmagnetic recording nedi um before starting
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starting a device. In this case, when the contact
systesuy,f ace dettweenratiiem itsemantionsoimbirpivehedt sunf ageoovfing
a nore than necessary level, problens occur such as a
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magneti ¢ recordi ng medi um surface caused by an
Thus, NGT 6as&e darddiriifdiictd ergeeefifd cieentradueg tgstem, it has
adsorption. Thus, there are conflicting demands
alredQOHMANG e disk subsidnate«ofa ratorafiogmatheity of no
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the recording capacity, and preventing the magnetic
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recording mediumdi s substrate. To cope with these
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a mirror-finished surface of a more than necessary level,

problems occur such as a unsmooth rotation start or damage to
an information magnetic recording medium surface caused by an
increase in the friction coefficient due to adsorption. Thus,
there are conflicting demands regarding the disk substrate of
an information magnetic recording medium for keeping the
magnetic head floating as low as possible with the increase in
the recording capacity, and preventing the magnetic head from
sticking to the information magnetic recording medium disk
substrate. To cope with these conflicting demands, the
development of a landing region technique to produce a
starting and stopping unit for the magnetic head in the

specific region of the disk substrate of information magnetic



unnecessary. Therefore, by making the substrate

surface super- snooth, it has becone possible to

operate the magnetic head ,extrenely close to the

i nformation recordi ng medi um surface enabling the bit

cell size to be reduced, thereby enabling the
recodddeqr dichng udehsist peko peomaitsed. Furthernore, also in

t he perpendi cul ar magnetic recording medium the
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Furthermore, also in the perpendicular magnetic
recording medium, the magnetic head floating height tends to
be as low as 15 nm or less, as the recoding density improves,
so that the recording system further tends to become near-
contact recording or contact recording. On the other hand, in
order to effectively utilize the medium surface as a data
region, conventional systems to provide the landing region
have been replaced by a ramp loading system with a no landing
region. Therefore, the data region of the disk surface or the
entire substrate surface must be super-smooth so as to enable
the magnetic head floating height to be reduced and enable the
contact recording to be performed.

Furthermore, with the improvement of recording density,



coefficients in the range of +90 - +100 (xI0-7C-1) are
often wused in small magnetic information recording
nmedia in particular, and ikt has been consi dered that
the thermal expansion coefficient in this range is
al so necessary for the disk substrate, so that there
hlghlpnedyammnal¢|S&@wamta@eD@@@hlaglﬂGhehéc@agﬂéﬁéé bpag and
wite error when the thermal expansion coefficient
recodBvigatesiisi, ghltl yha8i hdehi ditknsipeppendicogbay 1s
magneti c recordi ng system rmagnetization is perforned
requipeipendi eulcr lopripertche meEdichm dsekf acbstaamedaomh nagnetic
having the easy magnetization axis in the
infomerfendiradoan idig eetvior .i ssused thatefsedtéfef entefrom
a conventional nedium having the easy magnetization
| diffadred it AR ard n-ipl-ane digzest ioan colitreriahs swainchhhawe
been studied and put to practical use as a recording
compdrafes Hedhe Peripendiicidar, iwagrehieecseeefditbgmayst efe
are Co base alloys such as CoCrPt, CoCrPt-Si and
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expansion coefficient in this range is also necessary for the
disk substrate, so that there has been a disadvantage such as
the occurrence of a write error when the thermal expansion
coefficient deviates sliightly.

Since in this perpendicular magnetic recording system,
magnetization is performed perpendicularly to the medium
surface, a medium having the easy magnetization axis in the
perpendicular direction is used that is different from a
conventional medium having the easy magnetization axis in the
in-plane direction. Materials which have been studied and put
to practical use as a recording layer of the perpendicular
magnetic recording system are Co base alloys such as CoCrPt,

CoCrPt-Si and CoCrPt-S5i0;, and an Fe base alloy such as FePt.



impurities and so on, which mght affect the film
formng nediumcrystal and their conposition nust be
dense, honopgeneous and fipe, and al so nmust have
chem cal durability capabl'e of enduring washing and
etching with various chemcals. Furthernore, in order
t oHatieerpt the éxpeditimgtddn tafperatiion Fetokldt ng
and readi ng, technical devel opnent has been pronoted
minidyhriotatiarg dhendgrfedrinatiubes trageetiry siteddridienga rivegilam
di sk of the magnetic recordi ng device at high speed.
and fHoyeveriort hey hilgh repeeddietatiron icausesndef] eetneniand
deformation of the substrate, so that the substrate
recoP@i®f iddid SURJUT et Ho anay e thiegh oxdchahizecald media have
strength. In addition, in contrast to the current
to bd i XedMDUR, YRerbREQr BBELEA ARYBE!t Fecehecoediageh,
devi ce, information nmagnetic recordi ng devices using 7

anned 1AN0VADI& diske SyslemANGEAld sss temping tkridheature
stage of” investigation and practical application, and
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sufficient flatness and snoothness. In addition,
etC-sjince alumnumalloy is a soft material and apt to be
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impuritigs and so on, which might affect the film forming

medium crystal and their composition must be dense,
homogeneous and fine, and also must have chemical durability
capable of enduring washing and etching with various
chemicals.

Furthermore, in order to attempt the expediting of
information recording and reading, technical development has
been promoted by rotating the information magnetic recording
medium disk of the magnetic recording device at high speed.
However, the high speed rotation causes deflection and
deformation of the substrate, so that the substrate material
is required to have high mechanical strength. In addition, in
contrast to the current fixed mount type information magnetic

recording device, information magnetic recording devices using



medium so that it is not a material capabl e of
sufficiently adapting to high density recording in
future. In addition, since the allowable tenperature
limt of alum numalloy during the filmformation,
whi ch becones nost inportant in the magnetic
a rem@cOrdd i) Sy styemen sndess chay s360CaTEhe s ibst FaRES P§
thermal |l y-deforned if the filmformation is perforned
invesitigdi gheratchan-B300Calargradnedliong iasccalsiedloge &be
hi gh tenperatures such as 500C to 900C. Therefore, it
applicat it fdewd Togrerapdor alistilistlr atieleradenef agl unilgama L
alloy to the substrate for magnetic recordi ng nedi um
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material to resolve these problens of alum num8
more dAD¥mStbstrate, there are anorphous gl ass substrates,
chem cal reinforced glass substrates, crystallized
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has problems such as the occurrence of head clash due to
deflection during high speed rotation leading to damage of the
medium, so that it is not a material capable of sufficiently
adapting to high density recording in future. In addition,
since the allowable temperature limit of aluminum alloy during
the film formation, which becomes most important in the
magnetic recording system, is less than 300°C, the substrate
is thermally-deformed if the film formation is performed at
higher than 300°C, and annealing is carried out at high
temperatures such as 500°C to 900°C. Therefore, it is
difficult to apply a substrate made of aluminum alloy to the
substrate for magnetic recording medium reguiring such a high
temperature itreatment.

As a material to resclve these problems of aluminumn



ot her anor phous gl ass substrates and chem ca
reinforced glass substrates in Young' s nodul us and
hardness, and concerning tRe inpact strength and ring
bendi ng strength sufficiently fulfills
characteristics required as an information magnetic
alloy edrsh rat aevitoe  aroprastipdalususd asist siu9sitiRéRSer to
an anor phous gl ass substrate subjected to the
chentteen cainfoeiad orlcere multatestieent cxAlsttiddgliethelass
crystallized glass is one in which crystals are
subsipr®icd pidrad exb iarsitderibyy heath Mg aimessheus] ghpssiofr tthpact
speci fic conposition and is known to be superior to
stre@go phous 9 glass in its superior mechanical
strength, it has been attenpted to subject the

cryst alld zed-ghass Loathkeschemreak andi nhemteaknteinforced
treatment so as to further inprove its strength. (For
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Pa

- apRatent Appl igat o st Publdcation e ddejscrate
05- 70174, Japanese Unexam ned Patent Application,
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cause damage thereto.

While the crystallized glass substrate i1s superiocr to
other amorphous glass substrates and chemical reinforced glass
substrates in Young’s modulus and hardness, and concerning the
impact strength and ring bending strength, sufficiently
fulfills characteristics reguired as an informatiocn magnetic
recording device for practical use, it 1s inferior to an
amorphous glass substrate subjected to the chemical
reinforcement treatment.

Although the crystallized glass is one in which crystals
are precipitated inside by heating amorphous glass of the

specific composition and is known to be superior to amorphous



di scl osed i n Japanese Unexam ned Patent Application,
First Publication No. 2005-37906 has (3-spodunene
((3-Li2A 251 4012) as a crystalline phase and its
strength is increased by undergoing the chem ca
rei nforcenent treatnent after precipitating the
glassriystidld isweephiage meichang cagt Sprefneitabl étagagnbeen
informati on recording nmedi um substrate, because its
attergred pid atéd scty shal srystelidrer allaravicagtheneparivel
t hermal expansion coefficient. Furthernore, its
reinfappldneati drdasmrenti ted atso tchéurshkeeactivonote ifEr porength.
Furt hernore, although Na20-Al 203-Si Q2 base
(For aiesidld i zed rgltass dicsciresed iJapldapare¥ecbnmiapiinédten
Patent Application, First Publication No.
Appli9he6lor? 86245 tarrd Hiii 28-tAlc2(B8SI @2 0Base 206r, y shakhezed
gl ass disclosed in Japanese Unexam ned Patent
UnexPAPRldCatdam: Figpst RulldrGatr:en tNeubiieicQs1 601 %4 . hane 6a -
p-quartz (p-Si02) solid solution as a crystalline
2862 Phastpdd 20 A 2031IiHd hasec alckized, glFasst
di scl osed i n Japanese Unexam ne Pat ent Application,

publFddistoPubl | gati oy -Ney 1 78ho42:99%2L andx=dapagesetent
Unexam ned Patent Application, First Publication No.

Sj%% 5L 164, a i e (sSIc2)-pselild sebihieer
Appl%uw %?ﬁR%%gggggﬁgﬁél%ﬁgﬁﬁgAl28?48 2) as the bble
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However, no crystallized glass preferable for application to
the magnetic recording medium substrate demanded in recent
years has been found.

Although the crystallized glass of Lip0-Al;03-310; base
disclosed in Japanese Unexamined Patent Application, First
Publication Ne. 2005-37206 has B-spodumene (B3-Li.Al1,31,0:3) as a
crystalline phase and its strength is increased by undergoing
rhe chemical reinforcement treatment after precipitating the
crystalline phase, it is not preferable as an information
recording medium substrate, because its precipitated crystals

are material having a negative thermal expansion coefficient.

Furthermore, its application is limited toc the reflection



crystalline phase, its crystal-volunme ratio is as high
as nore than 70% so that it is difficult to polish
the surface roughness aftgs abrasive grinding. In
addition, its applicationis limted to top plates
for buildings and cooking utensils. Although
mirrddexam ned Patent Application, First 11 Publication
No. Heil O 226532 di scl oses the chem cal reinforcenent
sulpstrtatenbyei, onlexchahgsagd-iSi-02-Bi2O M 0T Hexerllized
crystallized glass and Li20-Al 203-Si 02 base anor phous
glasYl@SSclq¥eTiipl tRigang At Ureastniorel Baténaf Appthicemion,
di silicate (Li2Si 206) and/or spodunene (Li2Al 2Si 4012),
71 r s NOP@XaIY 1€ GONGEr IHK 1 -4t 2 tendreialL inei- Al gh-c€rient bage
crystallized glass is cited. In addition, although

crys™MIC Al 203181 02 based Ly sitral dadze s oglass i selco Sed einn
Unexam ned Patent Application, First Publication No.

App1 005Q 3879 haspyr et Cryshad S 1ofi - qUArta heare § @2)uartz
and sapphirine (4 M0.5A1203Si @2) or p-quartz (R

- r bzt $0khid 30kt i:0B)ysikbS 16 h¥Shak sanDunlo+ 81 a8-S1i0
(8-5 ] MR o5 b;/tq\?/ei St POy SRR LERESERasAD IO ?

base Ezgll'ryi(%garfﬂezé&" e doughness af tﬂéqag{éé@i%xamined

nore, the gl asses are not i scussed concerni ng
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becagggtgﬁgiggpgggggiggéé eér§gtals are materials having a
negative thermal expansion coefficient. In addition, they have
not been discussed for the crystalline particle diameter,
Young’s modulus and specific gravity.

Furthermore, although Japanese Unexamined Patent
Application, First Publication No. 2006-62929 discloses Si0,-
Na,0-B,0;-A1,0; base crystallized glass precipitating crystals
of forsterite (2 Mg0/S8i0;) and/or gahnite (Zn0-Al;0;) as the
crystalline phase, its crystal-vclume ratio is as high as more
than 70%, so that it is difficult to polish the sufface
roughness after abrasive grinding. In addition, its
application is limited to top plates for buildings and coocking
utensils.

Although Unexamined Patent Application, First



spodunene and p-quartz are nmaterials having a negative
thermal expansion coefficient, are not preferable as
the information recording;yedi um substrate.
Furt hernore, when the crystallized glass contains
nepheline and carnegieite, it does not include 12
Publildatthicomias &eddiperént? whischosgs Bbeethe@irde in the
chem cal reinforcement and further requires a
reinfloeneerteatiursabas: daitgh bys 1 059@xtbangd@0Ctf 6i Ot helthdiz0al base
reinforcenent, so that it is not preferable as a
crystsllisteat e lfaers thel iIAfL,0r ARid:018 10ecoa de ngmo npldbwm glass
addition, the glasses are not discussed concerning
precﬂﬁﬁtéﬁﬂd@NaQESQkaEQmﬁo&ﬂ@dsoﬁoddhheunsﬁeeuﬁmCageaV|ty,
crystalline particle diameter and crystallization
les& 410 Ald /A lspcAMARY (OF ,AHES 1 NVENTIXN Arerglljeectdniees rning
the present |nvent|on is to provide an inorganic
the &F)—:’iﬂ?&%ﬂ QN A G nFURET IOty s 1tRe e ghaRiscals cited.
strength and chem cal resistance, especially an

gﬁgéaﬁgt %anQ§%Eb9?haﬁﬁbch§ﬂﬁﬁﬁﬁihnbéB@ddtﬁﬁstalllzed
strate or i nformati on"recordi ng nedia having a | ow

glasgnﬂtééﬁbégﬁlg (f%ﬂlﬂgﬁ Reduc iyt tGapablre rak
Ing wth the sign I nprovenent (de3|gn upgr ade)

Publlcés%??g%c# C didQf nadd l(hbn 8 A0 G8MGaS 8F g-quartz (a-

‘above, and aV|ng superlor surface

510,) CE%&a ng;p;ﬁ&-& a&ap' %AQ fd,61 § Qtt# dealingpwi th

‘déhsi ty r cordlng in

eucrgq}lgcet heC]{ﬁn% uet nc%ar%net ] C r gwtdd'ln e.ng %%d hﬁ

gne ¢ recording sys havi ng

mechani.cal str pab f yr.d i.gh e
75% 9%ﬂ%ﬁ%%ﬂ+%uﬁf é;%f%cu nggﬁgﬁglgb % rface
t her nal expansi n cha ac grlstlc a reS|stan

rousHARA DebEHR 1 L h st ve e e a3 st anee
dlsc:t?sosnéc’é d(:egpacbéren:{negeL re deasncdrfbeesést) Onduicoung’s modulus,
specific gravity, crystalline particle diameter and
crystallization ratic at all.

Unexamined Patent Application, First Publication No. Sho
47-49299 discloses the reinforcement of crystallized glass
containing the crystalline phase selected from the group
consisting of p-eucryptite (Li,0-A1;03+28510;), B-spodumene
(Li,0-RA1,05-451i0,), nepheline ((Na, K)AlSiO.}, carnegieite
(Na,0+Al,04-2810,) and B-guartz (B—- S5i0;), but among the
precipitated crystals, those containing f-eucryptite, B-
spodumene and B-guartz are materials having a negative thermal
expansion coefficient, are not preferable as the information
recording medium substrate. Furthermore, when the crystallized

glass contains nepheline and carnegieite, it does not include



by the inventors of the present invention in order to
achi eve 13 the above object, the inventors have found
that an inorganic conpositjon containing an Li20
conmponent and A1203 conpone€ht in the percent by nass
ratio of Li20to A1203 (Li 20 A12G3) of no 1ess than
11th0m3,a Cont@irioi@grar,ystdlcs: and provifdedtwivehia the chemical
conpressive stress layer on the surface can yield a
reinfrdeidie Adyantageous ddiarganizC teappasictiren aar hiighe as
as conpared with the conventional inorganic
590 C@MAsid iy anld Glreniadl ewieff dritemeafqr epenbiaangd is not
obj ect, thereby achieving the present invention.

pre shurtherjore, o e dvertor s thave found ithatrethe ding
I norgani ¢ conposition article of the present invention

medmﬂﬁ? Iﬁi%%dq%ﬁ%gﬂi%ﬁé strengthacapableqotcdeakiingowbtbring
the high speed rotation of information recording

the %%fgéea%sﬁ@eé%%ﬂgﬁsn FdRActs § esleliance donenty f or

cations, urt hermore conbi nes a heat
expansi an propert .ggﬁﬁg: ;ggggl- Qpat ikl wth
CTYSHive T rf;t)l%nlen es,é/lsao a ealr{%;f ca prlo%%e a faI%t?rLgr éat
advant ageous substrate when conpared with the
"substrate used in the conventional information
recording nedia, etc. In this case, crystals to be
contained are preferably at |east one kind sel ected

fromthe group onsLsti.ng [.t.hj nosi |l i cat e,
lithiumdisili cﬁf%g,p‘ig% égaFgE’ Eggraﬁgrﬁ)gosol i d
solution, a-cristobalite and. a- cz%ﬁpobaLit% S°|i%ide an
solARt {%BN .2 CRieSe O ySalPL S5FE tortdY Wit CR are ~Cstperi-or
. in the extrepe snoot hness of the abrasiveiﬁéﬂshqu_
inorgaRr aceCHRC Thte®l 37 g thes WSt o | Fhe PartiTie ¢
precipitation anount and crystallizatjon degree.
stremspeciaf | Ghemhen di 5% 1 $tARts at B REG- 3ot 0ifF orierganic
information recording media using inorganic , ,
compeohpbent # BRECEuCES G £f yEral 1 Te S Yrasses i iPoride o tion

recording media having a low melting pcint and a high

all

productivity, capable of dealing with the design Improvement
(design upgrade) of magnetic information recording devices as
described above, and having superior surface characteristics
capable of sufficiently dealing with the ramp lcad system for
high density recording in both the in-plane magnetic recording
system and perpendicular magnetic recording system, having
high mechanical strength capable of enduring high speed
rotation and dropping impact, and combining both the thermal
expansion characteristic and heat resistance corresponding to
gach drive component.

As a result of considerable research and tests conducted

by the inventors of the present invention in order to achieve



to achieve the object of the present invention are
preferable for use in the ranp | oad system
Furthernore, they are in Y crystal l i ne phase
preferable especially for d%taining t he
af orenmenti oned desired nean |inear expansion
the amefd ictijentt, Mbre inspediotiscélavg, fohedpreséneni ARGRTRDAC
provides the followings. In a first aspect, an
compd 1T igani eoraenpdsid izon 1dp0i cbepocent adng Alil;20omponent in
conmponent and A1203 conponent in terns of oxides wth
the g eentndys masS o atfl 0.igd tb201im AL1203/A1:03) of no
(Li 20/ Al 203) being no less than 0.3, including
less GIYSt al 3, alhthas iy coRRRess weasbressdedyet tdet up
on the surface. In a second aspect, the inorganic
comp OO 140N At ACeodisia fae et Benf iyist daspeetrkedly
includes as a crystalline phase any one selected from
advad ey AP CANSIrstd N Rfodiithiidimar taenesizlsi eakea rleidt Rijum
disilicate, a-quartz, a-quartz solid solution,
the &fFdsiahalit; o%%ﬁ'&fdo%tﬁbbﬁ'ﬂﬂo% $Qiiid 180k ut QR bE an
ec%ﬁlréﬁggpect %% the inorganic conposi#ion grticlg ©
aforéﬁéﬁ%f%ﬁghtéﬁfgg%f' ey See0nd aspetle tRGent
conpressed sttess ayer i s formed by replacing ions
inveé%ggﬁﬂ n%%r%%e%ﬁ%r%urEﬁge%nbgﬁ%Er@”Bgvgakbgﬁ bayingre
ﬁrger i'on radius thanthe tons. In a fourth aspect of
. t he, i norgani ¢ .conmpasi.ti.an tJ.cl rdi n
Inor g GRS 15 i T O?Epeehcet ?ret%;w‘eg& ggﬁ%ﬁétgg?lvéas
. . Stress Jayer is farnmed by .heatin quent Iy
high rapr %l%%]glsitﬁfgqun FEEE cién Q%af%‘quq}g?]ld’gzcgleé’% réofh)ﬁ e
i norganjc composition article according to _any one of .
speeq HEPFR 1517 (3 FOUr T HROb e T oI G681 V8 bt 6 =T Lo
, layer js fornmed by the jon inplantati.on. .I.n a sixt
meR St o1 e FCofos 1 GrRrtade s 2
according to any one of the first to fifth as ts,
fTurthEro R MM IS Pt eRATbwW Ny HWG&%%FF%%@& ot

phase is no nore, , :
readily compatible with drive components, so that it can

provide a far more advantageous substrate when compared with
the substrate used in the conventional information recording
media, etc. In this case, crystals to be contained are
preferably at least one kind selected from the group
consisting of lithium moncsilicate, lithium disilicate, a-
quartz, o-quartz solid solution, a-cristobalite and o-
cristobalite solid solution. These crystals are ones which are
superior in the extreme smoothness of the abrasive finishing
surface by controlling the crystalline particle precipitation
amount and crystallizaticn degree. Especially, the disk
substrate and so on for information recording media using

inorganic compositions such as crystallized glasses in orcer



than 70%in terns of percent by mass (no nore than 70
percent by nmass). In a seventh aspect of the
i norgani c conposition artigle according to any one of
the first to sixth aspects, the nean particle
di aneter of the particles showi ng the crystalline
to agihase ithenobieos tHanht pirmsehh anvehgheh aspepredpradle
the inorganic conposition article according to any
for ione iof tthhe rhimpstlcha sevérth aSpechsrmoxspposengEtdhatn a
the elution amount of alkali netallic ion of the
crystaltliiclee e dad fwirtblthespenprédyi ferstbéssniiagethin
a water bath is A and the elution anbunt of an
aforaldealiionet alddiced araof ltiheaar eikpkesprevicoasfycient. More
provided with the conpressive stress:layer in a water

specib@tdr sy Bt A Bdsserl ibReatiiont braspeet ohet Hellowings.
i norganic conposition article according to any one of

thenfiar st -te gkghth, aspechsrgkhec coOMPOsSition oftidbee
I nor gani c conp03|t|on article before the conpressive

cont SILSS 11a¥ekchfosehtUBniNgh tsles ke nkekl oW RErms of
(respectlve) conmponents in percent by nass in terns of

oxidd¥] eﬁhan 1 %rcxréQlaé’ t%?r%é’s Li-2Q por %1%@aﬁo4ﬂ(9§3}d no

mor e 203: toto 20% In a tenth
(Li, O%%ﬁ ANArgani-c, conpasi tiHon . ah tn'gc l-eysacaar di:ng
% n|n h

aspect, e conp osition of the” inor ganl C

has %a@nsrletsls s,tercees] gg%&este*%e COnpr @331 \4& §LIess

er e Set” d s the fol'l owm ng (respectlve) 16

Lg%%;%l%QE%thgspeQOOt%h%%inogagﬁ189%58p&9%%lo§ag£t96§e

according to the first aspect includes as a crystalline phase
any one selected from the group consisting of lithium
monosilicate, lithium disilicate, a-qguartz, a-guartz solid
solution, o-cristobalite and w-cristobalite solid solution.

In a third aspect of the inorganic composition article
according toc the first or second aspect, the compressed stress
layer is formed by replacing ions contained in the surface
layer with cations having larger ion radius than the ions.

In a fourth aspect of the inorganic composition article
according to any one of the first to third aspects, the
compressive stress layer is formed by heating and subsequently
rapidly cooling the article.

In a fifth aspect of the inorganic composition article
according to any one of the first to fourth aspects, the
compressive stress layer 1s formed by the ion implantation.

In a sixth aspect of the inorganic composition article



BaL: no to 7% SrO 0%to 7% P205: 0%to 3% Zr02:

0%to 10% Ti02: 0%to 5% K20: 0%to 3% Na20: 0%

to 2% and/or at | east onqjselected froma Sb203

conmponent and As203 conponent: 0% to 2% In an

el eventh aspect of the inorganic conposition article
accordGeer diongniocasy odnehef fihetf tosfifoht eaphcaspeets,

the inorganic conposition is crystallized glass. In a
contetMelfit haaspecks ahewystakhkzedygtassisabptaateifonc more

i nformation recordi ng medi um consi sts of the inorganic

than CQAPASI ke@msabl gkecageondi ngsto (anymone ohathelfpestent
to eleventh aspects. According to a thirteenth

by mz@3Pect, an information recording medium uses the
crystallized gl ass substrate for information

reeqrdi 0g,oBdkURLAEE0r IF Nend 0i Abegdmed f ébupspeeion lar@icle
fourteenth aspect, an electronic circuit substrate

accof&ﬁ%ﬁé&?a%%'%%% IRorgani-¢ .GONMPEsSit k@R akbkeke, the mean
acc ing to any one of the first to eleventh

.aspect.s. | fd f.t ee t, .el.e¢tLoni kneui
oot GEECI B2 0 e SRR B heetonkg-Supent

the fourteenth _ _aspect. In a sixteenth aspect, a
phase%dﬁ%f%hﬁngthgﬁ%ﬁb ‘filter consists of the

i ngrgani c, iti ti . i . .
tha™f FPof 08 B BUBRCR Bpbafe. TCa LoveniBontf O =fticte
a

ec . . .
hect,, an optical f%k;%ﬁx%%ck%g%%v%nth aspects,

according to any one of t
supposing that the elution amount of alkali metallic ion of
the article provided with the compressive stress layer in a
water bath is A, and the elution amount of an alkali metallic
ion of the article previously provided with the compressive
stress layer in a water bath is B, A/B is <I1.

Tn a ninth aspect of the inorganic composition article
according to any one of the first to eighth aspects, the
composition of the inorganic composition article before the
compressive stress layer is set up includes the following
(respective) components in percent by mass in terms of oxides,

5i0Cz: 50% to 90%,

1.i,0: more than 4% and no more than 13%, and

RAl1.05: 2% to Z0%.

In a tenth aspect of the inorganic composition article
according to the ninth aspect, the composition of the

inorganic composition article before the compressive stress

layer is set up includes the following {respective)



dielectric nultilayer filmforned on the substrate for
optical filter according to the sixteenth aspect. In
an ei ghteenth aspect, a neh?od for producing an
i norgani c conposition article includes steps of
I mersing an inorganic conposition containing Li20
ingre@@npanrent and A1203 conponent in terns of oxides with
the percent by mass ratio of Li20 to A1203
(LgB6: AbROB) being no less than 0.3, and adding
crystals into the heated reinforcenment treatnent
sokbubi.0n3Se, agxto replace ions contained in the
surface layer of the inorganic conposition wth
caklenschaykngsl arger ion radius than the ions,
thereby setting up a conpressive stress layer on the
su%g@qeogftbhg%tnorganic conposition. In a nineteenth
aspect, a nethod for producing an inorganic
cogggglb%ogoaﬁgicle i ncludes setting up a conpressive
stress layer on"the surface of the inorganic
pogp8s|&hpqxp¥ﬁ;apidly cooling after heating the
i NOFgaNni'c® conpdsition containing a Li20 conponent and
Al%%§ gogpogen% in terns of oxides with the percent
by §ﬁ &Bug ?“hizo to AL203 (LiZ20/ A 208) of no
ess thap, ,cand adding crystals. In a twentieth
asgég?; Q°n§?h%d’for produci ng an inorganic
co%goglégon aggicle i ncludes setting up a 18
c Pes rvEOS fess layer on the surface by perform ng
ion inplantatjon to the inorganic conposition
co%@ﬁpniﬁé Bgi%er %%ﬂ%%ﬁent and Aazosngonponent in
ternms of oxides with the erce mass ratio _of
L7006 2RE03 % EISFAFSOBT S0t o6 R CRERRRTY, 37 a0
addi ng cgystal§. According to a twenty-first aspect,
compopeithe PetHoFFor  producing an i norgani ¢ conposition
article according to any one of eighteenth to , |
t welnt izet 1¢ lesisects 2spReti /dr §asi dnorganic composition

article according to any one of the first to tenth aspects,
the inorganic composition is crystallized glass.

Tn a twelfth aspect, a crystallized glass substrate for
information recording medium consists of the inorganic
composition article according to any one of the first to
eleventh aspects.

According to a thirteenth aspect, an information
recording medium uses the crystallized glass substrate for
information recording medium according to the twelfth aspect.

In a fourteenth aspect, an electronic circuit substrate
consists of the inorganic composition article according to any
one of the first to eleventh aspects.

In a fifteenth aspect, an electronic circuit uses the



conposition contains as a crystalline phase of at
| east selected fromthe group consisting of Iithium
nonosi | i cat e, Iithiun1dis'%icate, a-quartz, a-quartz
solid solution, a- cristobalite and a-cristobalite
solid solution. According to a twenty-second aspect,
electfbidhe dmthod fOih s d0@4UGIHE rall righ @y ahieC foarpesint-hon
article according to any one of the eighteenth to
aspedtentieth aspects, the inorganic conposition is
crystallized glass obtained by nelting and rapidly

coqly Bg cthe -ghass skaw-Rat gr kabstezpeeparechaicglagsicer
heat treating the raw gI ass at 450C to 620C to perform

cons:t_g"es Wcék?@rlrf&f%{ 40N ggéteﬁiorf Qldowed hydheifeato any

reat ment at to 80 o performthe crystal

one %ngﬂ% eaifg‘ﬁgntkf] &gg;ggsear formati on process.

Accor ding a twenty-t pect, in the nmethod for

pr%@U&;ﬂ%v%%te%%g%aﬂg%e%%”poi'BFOECQﬁtkEthécgﬂﬁﬂuals a

-Secon ect ass raw mater1 al
cont ai ns

n respect t
selperdnc” ]ytTefEas%e PRI 8 BB g ot
Li 20;, nore an 4% .and .no nDre than 15% and
fllt%z@?‘:o%}?% %0 %cseﬁtc%eﬁbt o & Twent y- fourth aspect,
in_the nethod for produ ani ¢ -£amposi t

arﬂFbF%lébé%Fﬁﬁﬁﬁhtgs FﬁFh&g 38 con sglggn
the foll ow ng (re;g%ftlve) qPone ts in %.mass

inorgaphe GFTRNG deOn YO - D9 tJ %0 SR04 0 Jfﬁ%?fs%e?oa“

0%to 7% BaD: 0% to 7%
inorganic composition containing Lip0 component and 2Al,0C;

component in terms of oxides with the percent by mass ratio of
11,0 to Al,0; (Li,0/A1,03) being no less than 0.3, and adding
crystals into the heated reinforcement treatment solution so
as tc replace ions contained in the surface layer of the
inorganic composition with cations having larger ion radius
than the ions, thereby setting up a compressive stress layer
on the surface of the inorganic compcsition.

In a nineteenth aspect, a method for producing an
inorganic composition article includes setting up &
compressive stress layer on the surface of the inorganic
composition by rapidly cooling after heating the inorganic
composition containing a Li0 component and Al;03 component in
terms of oxides with the percent by mass ratic of Liz0 to Aly0s
(Li,0/R1,03) of no less than 0.3, and adding crystails.

In a twentieth aspect, a method for producing an

inorganic composition article includes setting up a



SrO 0%to 7% P205: 0%to 3% Zr02: 0%to 10%
Ti02: no to 5% K20: 0%to 3% Na20: 0%to 2%
ar_d/or conbined content ofgat |east one selected from
Sb203 conponent and As203 conponent: 0 to 2% Thus,

t he i norganic conposition article of the present
comprapedntd artrean degrat iccalthy ismprfeve biepPErpactiisor eagt h
and ring bending strength desirable for substrates
implasiteitias: additske isuhstamdte doapcisnfdrmatcicon aragngt Bé120
recording mediumby formng the conpressive stress
compdraydel S0 as 0o danecmeht eved: dingh o frechiatd Tatl St rigmgt h

and i npact resistance property capable of enduring a
percdidbReas retald o 1lincaddi hlam, (@d.0hRl.@pplkifcati drss
of the inorganic conposition article of the present

than IVveNtd RN .z dhe Ppresgitziinventi on can provide a 20
substrate which beconmes capabl e of suppressing the

el uti-on 9ty abkal kybanytheretronpucth thechermsthon obr
the conpreSsive stressS |layer on the surface, and has

prod#%%ﬁgiéH SYIAGE - roughness &f ek i1he aiesiveg to any

nishing so as to reduce the distance between the
: or.di z.'FP%i ae%%%ctise}l I A 5 Liat e
One(%fggggggfgﬁgbpgéﬁgqln 5#%%t| n recordiné'ne |&%
compc?s!f&fér?n&o%tcal LUt a?%:#ycsta%jaelfi%:ﬂr}eer n&lC o fHerein gl ow,

a Sspecl fic enbodi men norgani ¢ conposition
L
vrenfROPL SO LELE R e, PLESRN) - LNETHIO 45, 00
cristeobalite and a-cristobalite solid solution.

According to a twenty-second aspect, in the methed for
producing an inorganic composition article according to any
one of the eighteenth to twentieth aspects, the inorganic
compcsition is crystallized glass obtained by melting and
rapidly cooling the glass raw material to prepare raw glass,
heat-treating the raw glass at 450°C to 620°C to perform the
nuclear formation process, followed by the heat treatment at
620°C to B00°C to perform the crystal growing process after
the nuclear formation process.

According to a twenty-third aspect, in the method for
producing an inorganic composition article according to
twenty-second aspect, the glass raw material contains the
following (respective) components in percent by mass in terms
of cxides:

Si0;: 50% to 890%,



conmponent in terns of oxides, with the percent by mass
ratio of Li20to A1208 (Li 20 Al 20G8) being no | ess
than 0.3, including crystals, and having a
conpressive stress |layer se€t up on the surface. \Wen
the conpressive stress layer is set up on the
suLfaece, marnd tihen 4hearcbnpr essiayelstrr €5k ,i sarfdor med by
the chem cal reinforcenment in particular, the LiZ20
comppoment2s hecomes essential. Furthernore, in order to
formthe inorganic conposition stably and inprove the
i onkecdiiihystona enehtiyerentrht hepdd2(Binoupeneathéd for
essential. Furthernore, in order to facilitate the
prodifOY essive 9=hass daipmtitaprandtjdnamatdceakliyg to
increase the inpact strength, the percent by mass
rwent Al 0f dd2@i G AR bl 2QAIFEBLwiis g egeisbedtligehe
no less than 0.3, nore preferably no less than 0.4,
compﬁ#%t{?sﬂn 21 Juefier ablhned essdehan 0.6. In addition,
IT the ratio s less than 0.3, p-spodunene and
R—gg@gté%395i§%§olution becone easy to precipitate,
gnffmher t hese crystaLs precipitate, it becones
| Cul.t, tain the nean expansi on coefficient
(+§5bi %G-k%-g%fé +130 X 10-'C—P) of the inorganic
conpasi tj,on_akticle, which is required in the present
inggﬁfigﬁ.tEnﬁfhe ot her hand, when the ratio bgcones
Iarggh okhat g, if the Li20 content increases
eE@ EEIV 5ﬁd the A1203 conponent content decreases,
t eni,c yrability deteriorates, so that the
up%&& Igl'%oog°ti2CYAd203 is preferably 5 nore
preferably 4, and nost preferably 3. Next, the
por?@?éss(ﬁ/et%t%éss | ayer is described. Although the
|nor%§picoconposltion article of the present
in fof®can obfai n an advantage to further inprove
the mechanical strength, which the inorganic

corfgési t PBntRas®-

K;0: 0% to 3%,

Na,0: 0% to 2%, and/or

combined content of at least one selected from Sb;0;3
component and As;0; ccmpenent: 0 to 2%.

Thus, the inorganic composition article of the present
invention can dramatically improve the impact strength and
ring bending strength desirable for substrates such as a disk
substrate for information magnetic recording medium by forming
the compressive stress layer so as to have achieved high
mechanical strength and impact resistance property capable of
enduring a high speed rotation. In addition, as the
application of the inorganic composition article of the

present invention, the present invention can provide a



before setting up the conpressive stress |ayer by
setting up the conpressive stress |layer on its
surface, the advantage is Jurther el evat ed by
crystals that the inorgani% conposition contains. As
a method of formng the conpressive stress |ayer, for

substa®hei dhekse drgsa cehemileab fr eupbeeeetrnt thet hodtobn of
replacing ions contained in the surface |ayer of the

alkalNOrGARHG (GFRAS kiiiton takt ifok-ezabebar efsehti agmppetheve
conpressive stress |ayer wth cations having | arger

st redONiG dradius Hhan trhed oBsd nkEur theerdne, sthereeare
the thermal reinforcenment nethod by heating and

rougritRseauent,l ¥ Hapidly 16ROl ARG shhe ¢l Rer ganke eeAnesi then
article, and the ion inplantation nethod of 22

distdA0 AU NG RS Lo Lhey %%%F%%ﬁﬁba¥ﬁﬁigﬁ,tE@pﬁcially a

I norganic conposition article. n the chem ca

| { t ' he .| b r l . ium
subs%f1#%&%&Sﬂﬁﬂﬁﬂgﬁéaﬁdt %egpgggg&?q'% cempashll 2841 um,

'S ' soaked 1nt nolten) salt "of, for

exanpl e,. sal.ts caont.aj_ni kas l.yum or sodium for
eleCte%(Oanrrlp(f ec,“'Lrpcéjtlz:\ts’siO %%atqr gtg“éﬁ% or sodiumnitrate

(NN, ;e camlex sallothesenl ot 200 10,9996

1C
ere € 1 on-excnan

reaction with cations such as .potassium.i K+
COmPLTHATA 1h SIBE) R R SRR o aaae T, geP FrRR

the lithiumion (Li+) existing in the surface |ayer
of the inorganic conposition article (when the

of the i conposi icle (when the
urT oo IHFLIBD HSTRRH Y aod EomuaROALoNt hor ¢ han

crystals) is pronoted to, cause, a_volune increase_of

t h&hien4FERPE LE0RPBEPEL 6/ CRr EFEFLE %aRd GRRePAER T he
' conpressive stress in the surface |ayer of the
inventiRas cromiesiaingmar ildize, CPEBAPERRgENH &h203

increase in the ring bending strength, an_indictor of,
compqmﬁpﬁrﬁnuﬁeqwanﬁﬁtgﬁides, with the percent by mass ratilo
of Li,0 to Al,0; (Li,0/Al,03) being no less than 0.3, including
crystals, and having a compressive stress layer set up on the
surface.

When the compressive stress layer is set up on the
surface, and when the compressive stress is formed by the
chemical reinforcement in particular, the Liz0 component
becomes essential. Furthermore, in order to form the inorganic
composition stably and improve the ionic diffusion
coefficient, the Al,0; component is essential. Furthermore, in
order to facilitate the compressive stress formation and
dramatically increase the impact strength, the percent by mass

ratio of Li,0 to Al,03 (Li:0/A1,03) 1s regquired to be no less

than 0.3, more preferably no less than 0.4, and most



Al t hough the thermal reinforcenment nethod is not
particularly limted, for exanple, by heating the
i norgani c conposition artifle at 300C to 600C, and
subsequently rapidly cooling it with water and/or
air, the conpressive stress |ayer generated by the
prefdemier atdresdi fihemencé .beImeendit hen sui f aces apgtinsizleless
of glass can be fornmed. Furthernore, by conbining the
than they,mel - sriditereenent srethad zwisbh itthecabover desomiebedsy
chem cal treatnent nethod, the conpressive stress
to prhayigliGak berformee mbkeceidhiveitent| pyretheitahe, it
i nplantation nethod is not particularly limted, 23
beacont  40F: exaple oHthe rdesia e@=nork&pEnissbar epeligibarded
with accelerating energy and the accel erating voltage
(+50 & &Teveh (potideskroyingdhe surface ofrddhec
obj ective inorganic conposition so as to iInplant the
- %ﬂ ired 1.on(s) arddol-esukf ace wrthaut
conp est?%gf%gﬂi g'cﬁ&%ﬁ%?gf%né%% Subsequently, as the
inverdef Jo%nd%ﬁgng§h the heat heeatABNL.LSo PEELRERRLLSGe,
a5 10 be able to formthé conpressive stress layer in
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case of a rei nforcenen I ons
contai ned in the surface e %j qe& norgan
Yele %? h ) T
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| ayer formatiqn ar repl aced wi.t L. vi.ng
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the conpressive stress .is generated, in the r.f ace
Dref TRy by (TS GG U | e KAy & T dar Y o
radi us. For exanple, .in the natgrial con&aining gxcess
| i t¥im 4<%a COBREESEadRAt SHEEERi um'Fh tRe“t8pT stiFface
is replaced with ions having | arger. ion radi us (than
ALthoyghi Up§ LRUEIRTHES w%%qgfoﬁsf%ﬁ%esﬁ hanis GHESS
that, as a result, the elution anpunt of al kal
invenpieh | F20 | AN M Eraia e it Turther improve the

mechanical strength, which the inorganic composition has
before setting up the compressive stress layer by setting up
the compressive stress layer on its surface, the advantage 1is
further elevated by crystals that the inorganic composition
contains.

As a method of forming the compressive stress layer, for
example, there is a chemical reinforcement method of replacing
ions contained in the surface layer of the inorganic
composition article before setting up the compressive stress
layer with cations having larger icnic radius than the ions.
Furthermore, there are the thermal reinforcement method by
heating and subseguently rapidly cooling the inorganic

composition article, and the ion implantation method of



reduced than that before the conpressive stress |ayer
is set wup. This property is excellent in suppressing
the destruction of inforngfion recordi ng medi um
especially magnetic filmby" alkali ion (alkal
mgration). In the inorganic conposition article of
impldrhe iy esent irtovehts eor fswppisiyry tliathehénekrdenom
anmount of alkali netallic ion of the article having

compddie iGaessilee stress layer set up in a water bath
iIs A and the elution amount of 24 alkali netallic

i onpofrkhenant beherbehobecthenconptiessj vehe stnesganic
| ayer is set up in a water bath is B, AABis <1, in
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l'ithiumnmonosilicate (Li2SiG38), lithium
cause a volume increase of the indrganic composition article

and generate the compressive stress in the surface layer of
the inorganic composition article, resulting in an increase in
the ring bending strength, an indictor of the impact property.

Although the thermal reinforcement method is not
particularly limited, for example, by heating the inorganic
composition article at 300°C to 600°C, and subsegquently
rapidly cooling it with water and/or air, the compressive
stress layer generated by the temperature difference between
the surface and inside of glass can be formed. Furthermore, by
combining the thermal reinforcement method with the above-
described chemical treatment method, the compressive stress
layer can be formed more efficiently.

The ion implantation method is not particularly limited,



disilicate (Li2Si 205), a-quartz (a-Si02), a-quartz
solid solution (a-Si 02 solid solution),
a-cristobalite (a-Si02) or,A- cristobalite solid
solution (a-Si02 solid solUtion) having a relatively
hi gh precipitation ratio and fine globular particle

but, shapexaAptleoughet Hese reystal(kl neésphaseésbeomhabded with
precipitated, 25 for exanple, by the heat treatnent

accelefrardwggleassgyt hey ate aprecepbtahedvalitegkativel yewel
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. into a substrate such as disk substrate for .the
in the surface layer by the replaced caticns hav1ng a larger

layer

ion radius. For example, in the material containing excess
lithium as a constituent, lithium in the top surface is
replaced with ions having larger ion radius (than lithium)
such as potaésium ions and scodium ions, so that, as a result,
the elution amount of alkali metallic iocn in a water bath is
reduced than that before the compressive stress layer is set
up. This property is excellent in suppressing the destruction
of information recording medium, especially magnetic film by
alkali ion (alkali migration).

In the incrganic composition article of the present
invention, supposing that the elution amount of alkali
metallic ion of the article having the compressive stress

layer set up in a water bath is A, and the elution amount of



i nformation recodi ng nedium the reduction of surface
roughness (Ra) of the substrate after the abrasive
finishing and the superio 4mechanical characteristics
in the substrate after the formation of a conpressive
stress layer are 26 realized. In this case, as a
alkalQuardddatiiove drard itng efrtdryst alefoarpiiht:, cbheressive
di ffraction peak area was obtained fromthe X-ray
stred ffact i:gn feat tey nrobt ai-ned by can % Bay AdBf fisactiodn the
device (Phillips, trade nane: X pert-MPD) and the
more s nas MRl ual-ed yased e .tohe aeal iibr ahicomogtir ve.
urthernore, generally anong the aforenentioned

prefSUPAUNGS,Blihaugh, fhere «ps ga possi bility of slight
al teration dependi ng upon the tenperature range,
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preferable that the inorganic conposition article does
surfapg characteristics, physical property and composition of

particles showing the crystalline phase of the inorganic
composition article of the present invention were limited as
described above are described.

First, regarding the crystalline phase, in order to
obtain the desired surface roughness, the crystalline phase is
preferably one containing at least cne kind selected from the
group consisting of lithium monosilicate ({Lip8103), lithium
disilicate {Li;5i,0s), c-quartz (o-5i0;), o-gquartz splid
solution (a-85i0; solid solution), o-cristobalite (a-8510z) or o-
cristobalite solid sclution (w-5i0; soclid solution) having a
relatively high precipitation ratic and fine globular particle
shape.

Blthough these crystalline phases can be precipitated,



contain p-quartz and a p-quartz solid solution having
a negative nean |inear expansion coefficient.
Furthernore, in 27 order make the precipitated
crystalline phase finer and the surface roughness
nmore smooth, it is preferable that the inorganic
for oumasd timgn Hrar teclte ) rdeemenst cfomeai glpetal thes are
including a-tridymte and Zn-petalite; wollastonite,
preciorstiesd ta, dilepsivday refhel imet drcaderstatiemperature,
anorthite, celsian, gehlenite, feldspar, willemte,
so tHad |ites @ordindumne rankiindidse a dearpnicire pand tekei rnd a
solid solutions, and furthernore, in order to
crys Rl @ prsinerd 9fe Mechaisealin aifeenginfadet pireperty and
preferable also to not contain tungstates i ncluding
physfﬁéfLﬁﬂﬁgégﬁéﬁﬂgkég'déﬂﬂﬁgfﬁéﬁiﬁjtdﬁﬁﬁﬂﬁ%d.nCFudthgrmore,
nmagnesi umtitanate, bariumtitanate and manganese
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due to a | arge distance between the head andfg%giunl
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roughness after abrasive finishing and the realization of

superior mechanical properties as described below, the lower
1imit of the existing ratio of particles showing these
crystalline phases is preferably 1% in percent by mass, more
preferably 3% and further more preferably 5%, and the upper
limit is preferably 70%, moré preferably 69% and most
preferably 68%.

Tn this embodiment, when the inorganic composition is
molded into a substrate such as disk substrate for the
information recoding medium, the reduction of surface
roughness (Ra) of the substrate after the abrasive finishing

and the supericr mechanical characteristics in the substrate

I=h

after the formation of a compressive stress layer are



28 attenpted, protrusions of the medi um (disk

substrate) and head collision may cause damages of

the head and nmedium Therefore, in order to not cause

danmages of the head and diSk substrate, as well as

the adsorption between the head and nedi umeven wth
realitddids exhrenkkychsw, f bsati ggaheightior handhengont agtystal

state, the upper limt of the surface roughness Ra
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likely to become large and influence the strength of the
composition occassionally. Therefore, Li,;5i0; is a more useful
crystal in that the difference in the heat expansion
coefficient between raw glass and LipS3iCs; is smaller than that
between raw glass and o-51i0;.

In the inorganic compesition as a material for the
inorganic composition article, if a crystalline phase having a
negative mean linear heat expansion coefficient 1is
precipitated, the inorganic composition article cannot obtain
the desired mean linear heat expansion coefficient, so that it
is preferable that the inorganic composition article does not
contain p-guartz and a B-gquartz solid solution having a

negative mean linear expansion coefficient. Furthermore, in



preferably in the aforenentioned range. Thus, for
exanpl e, when the inorganic conposition is nolded
into a substrate such as azpisk substrate for the
magnetic recording medium~'the surface recording
density can be increased; deflection and defornmation
orderaﬁﬁ>&Q&EgQ%@r@k%@ipde&mbﬁecmgeaéﬂm@nehphaabsfiaEE and the
itself at high speed to inprove the recording
surfdensidughrihe wideatrentaye itoishpsetlicghbspeetat the
rotation is reduced, resulting in the decrease in the
inordddi cdMpHRern ioh datradieadi agecTMBL: duattont petalites
vibration and deflection. Furthernore, because of the
inc1RHUREY IQr AiMRAG = e8I ShapktAnaepert yolt e tbAgkgani c
conposition’exhibits superb stable behavior agai nst

fors%%%?{év aghandisubsifiahe destnuehi-0Rt 2 t8$peChably¥hase,

i nformation ‘recording nediumin a nobile

celst lgﬁﬁhﬁ Tfhb%%f&s qntkﬁhﬁ%nﬁQ%W RgitiRe eCr ¥stakliune
phds refer to particles constituting the crystalline

rankjhnhaai_steé R litagﬁcr%il{dei ng L ti%J lsioEgL P %rotliu%li%%sa,n%nd

d_on-crys f i ne particles. rein, the nmean particle
i amet er of the crystallin rticles t he
furtherdiat ’cdrpuloartc}%vre S mg'l&r SeTe %?ﬁp éerlfgtogr H{@?h%gica%
di anet er”, d50 as on .the  area.ne r
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, the rin bendi ng strength refers to.t.he ndi n :
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ormng a thin disk-shaped sanple in the range_ of 65
MagneFAYH ot R B35 AT T CRASS S Sqng T tenate
nmeasuring the in-plane strength of. the djsk- .shaped
mull Sl ERAT G & T Yo HtSuppere %@‘—é% @%ﬁﬁl%q 5%31%
ring. 30 Next, the ring bending strength and specific
solugr@vsty are described. As described above, in order to

i nprove the recording density and data transfer ,
SpéEkt t Ber &9 $hEr SSEREICH characteristics, as describe

above, with the improvement of the surface recording density
of information recording mediz, the head floating height has
become no more than 15 nm in recent years, and will be no more
than 10 nm in the future, and thus, the recording system 1is
advancing toward a near contact recording system or a complete
contact recording system, so that in order to deal with this
trend, the surface smoothness of a substrate such as a disk
substrate must be better than the conventional one.

Even though a high density input-output has been
attempted in the magnetic recording medium with smoothness of
the conventional level, the input-output of magnetic signals
cannot be performed due to a large distance between the head

and medium. Furthermeore, if reducing this distance 1is



atrend to rotate the information recordi ng nmedi um
di sk substrate at high speed. In order to deal wth
this trend, the substratgnpaterlal nmust have high
stiffness and | ow specific™ gravity so as to prevent
di sk vibration due to the deflection during the high
attemgpeel rotatdved cnBucthehrorediwherdiké ssbbstrace and head
material is used in nobile recording equi pnent such
colliasidrhendieadheentiacia gdeviode tard hehe redbwablent ecBrerafore,
device, the substrate material nust have nechanica
in orddend] hothicghiseYolrg ce smedukie arddsurnfiadeshasdhessate,
sufficiently durable to the application. Mre
as wSPedd i1gal |34sAfdelort hethermtihen hekd hed aedpuessiea
stress layer on the surface, the substrate materi al
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obtain a
heat resiztance, the lower limit of the mean particle diameter

of crystalline particles of the inocrganic composition is
preferably 1 nm.

Furthermore, the mechanical strength of the inorganic
composition can be improved by evenly precipitating fine
crystalline particles. Especially since the precipitated
crystalline particles prevent the growth of minute cracks,
fine cracks formed during the polishing processing and so on
can be significantly reduced. Furthermore, it becomes possible
to dramatically improve the mechanical strength and especially
the ring bending strength of the incrganic composition by
precipitating evenly such fine crystals and forming the

compressive stress layer on the surface. From these view



substrate having the desired stiffness. Furthernore,
regardi ng the nean |inear expansion coefficient, wth
t he i nmprovenent of recordiﬂg density, high precision
is needed in positioning tfre nmagneti c head and the
(recording) nmedium so that the high di nensiona
pointae,C W nd éfaﬁqjﬂdl@ ficeeach cdonpesent. Lahenpdirticles is
substrate and disk. Since effects of the difference
prefdrdherivlc expansian ceefdd centes bet ween the
substrate material and these conponents becone
si @i fd, cant, etBepdifl f ehencenknihbegenieabonbbstaton is
expansi on coefficients nust be as snmall as possible.
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gl ass after polishing, and al so easy to obtain a_high
espen@@hhﬁi@@Jt@@r%@@ﬁwmation recording medium in a mobile

application. Herein, particles showing the crystalline phase
refer to particles constituting the crystalline phase,
including crystalline particles and non-crystalline particles.
Herein, the mean particle diameter of the crystalline
particles refers to the median cumulative of particle diameter
(“median diameter” d50) based on the area measured by &
transmission electron micioscope (TEM) . Furthermore, the ring
bending strength refers to the bending strength measured by
the concentric bending method of forming a thin disk-shaped
sample in the range of 65 mm in diameter and 0.635 mm in
thickness, and measuring the in-plane strength of the disk-
shaped sample using a circular supporting ring and a loading

ring.



when the conpressive stress layer is forned on the
surface. Herein below, the conposition range of the
i norgani c conposition mﬁlgobe descri bed. Each
conmponent of the inorganic” conposition is expressed
in percent by mass in terns of oxides. Herein,
"peesent +hy FRS§ bentiéngssoteoxtdestidrefersfio gthelty are
conmposition in which supposing that oxides, nitrates
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conmponent content is preferably 50% nore preferably
comp5596iwmgstress layer on the surface, the substrate

material has preferably no less than 400 MPa in bending
strength, and no less than 80 GPa in Young’'s modulus.
However, even though the substrate material has a high
stiffness, when it has a high specific gravity, deflection is
formed due to its high weight dufing the high rotaticn so as
to generate vibration. On the contrary, even though the
specific gravity is low, when the stiffness is small,
vibration is similarly generated. On the other hand, if the
specific gravity is lowered too far, as a result, it becomes
difficult to obtain the desired mechanical strength.
Therefore, the substrate material must keep 2 seemingly
conflicting (contradictory) balance between high stiffness and

low specific gravity, and the preferable range of Young's



nost preferably 60% and its upper Iimt is preferably

90% nore preferably 85% and nost preferably 82%

The Li 20 conponent is a veg i mportant conponent which

produces |ithiummnonosilicate (Li2Si G3) and |ithium

disilicate (Li2Si205), which are precipitated as a
modul6iysi=al/l isne cplFase ey vithe ikeab teeat meah 8D, thereaw

i norgani c conposition. However, when its content is
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coeffimeum Cetowmfiosing cimtsigarticomateie 3lowdd IHHRSE of

the A1203 conponent is preferably set at 2% nore
compquresfiet abt gorE 5%orand arost, PrefEddsingrgy in these mean
linear expansion coefficients must be as small as possible.
Components having thermal expansion coefficients around +80 to
+100 (X104-°C*) in the range of 25 to 100°C are often used in
small magnetic information recording media in particular, and
it is considered that the substrate is alsc regquired to have a
thermal expansion coefficient in this range. However, some
drive makers may use materials having thermal expansion
coefficients deviating from this range (about +70 ~ about +125
(xqu-°Cﬂd) as a component. From the afcorementioned reascns,
in order to broadly deal with the guality cf materials of
components to be used while keeping a balance with the

strength in the crystalline system of the inorganic

composition of the present invention, the lower limit of the



MO, CaO, BaO, SrO and ZnO conponents are arbitrary
conponents to inprove the nelting property of the
i norganic conposition and,at the sane tinme prevent
coarseni ng of the precipi%ﬁted crystals, and
furthernore, effective in precipitating each

mean CHy=al ld:pepard do fafi dilehhi um predesibilgahe, 1ksshibmm
disilicate, a-quartz, a-quartz solid -solution,
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more than 7% In the present inyention, P205
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crystalline nucleus form ng agent of the inorganic

oxidgdnposition, and can be added arbitrarily. Wien its
content exceeds 3% the raw inorganic _conposition
becdmes ropalReseent &vd Tdevi £Fi PSS 85 CRAPSP{sTeiers to
content is preferably no nore than 3% Furthernore,

the owmposheleonterMhich $erpesish WAt (e 4 str1iaes and
nucl eus formation is

so on, which are used as the raw materials of the inorganic

composition components of the present invention, are all
degraded to change into oxides when melted, each component
contained in the inorganic composition is expressed relative
to the total mass cof the produced oxides taken as 100 percent
by mass.

The inorganic composition of the present invention 1is
produced, for example, by melting a glass raw material having
a specific composition, and after performing the molding and
slow cooling, further performing the heat treatment.

A S5i0, component is a very useful component which
produces, by the heat treatment, lithium monosilicate, lithium

disilicate, a-quartz, o-guartz solid solution, o-cristobalite



insufficient and the precipitated crystalline phase is
likely to often grow abnormally, so that the upper
limt of its content is pgeferably 3% and the |ower
l[imt of its content 1is nore preferably 1% The Zr02
conmponent functions, simlarly as P205, as a useful
and cconpioneyiia Mhieclsoidtd eolly thuymct brishas @ prystialiteied as a
nucl eus fornmation agent of the inorganic conposition,
crystultlialesphadwas t Heweennr kabke éffectstentthe less than 50%,
mniaturization of the precipitated crystals and
the oW QweeiteOfpitthe atechanitedls oft rergtincaganelcl  as
chem cal resistance of the material, and can be
compa Di tdrard ey vadded1 Ven trhe: aont %@tst@fm tike 1ikely to
af orenenti oned conponent exceeds 10% the nelting of
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the heat treatment of the raw incorganic composition. However,
when its content is no more than 4%, the precipitation of the
above~described crystals is likely to become difficult, and at
the same time the melting of the raw inorganic composition is
likely to become difficult, and when the content exceeds 15%,
the obtained crystals are unstable and the system is likely to
become coarse and its chemical resistance is also likely to be
reduced, so that its lower limit is preferably no less than
4%, more preferably 5%, and most preferably 5.5%, and its
upper limit is preferably 15%, more preferably 14%, and most
preferably 13%.

The Al;0; component is preferable to improve the

chemical resistance and mechanical hardness cf the inorganic



is preferably no less than 1% nore preferably no |ess
than 1.5% and nost preferably no | ess than 2% The
K20 conponent is an arbitrq{y conmponent to inprove
the nelting property of t he i norgani ¢ conposition, and
at the sane tinme prevent coarsening of the
compdyiecigpi.t anedhenyst ahs, tapd of npoedepitatédcitytaal vories
obtain those effects, its content is preferably no
deperey haRnd 0Mathere prefher abhyindomsr, esvhanth2ug® taking
and nost preferably no nore than 2.6% Furthernore,
varidie MNa20 camenent dohcdn ianki tinaky copefpenentohp in order
i nprove the nelting property of the inorganic
to prROSiddon,: utimvhen santiaired (1A ,ex08ssnd S ildHdelny
to cause an increase in the precipitated crystalline
disiPNas& a{LqugagoE%? widHeratdon Ofs fihe:precipl hated the
crystalline phase. Therefore, it can be contained in
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can be added arbitrarily. In order to qgk t he ,
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limt of the respective ,
composition and at the same time prevent coarsening of the

precipitated crystals, and furthermore, effective in
precipitating each crystalline particle of 1ithium
monosilicate, lithium disilicate, o-quartz, o-guartz solid
solution, o-cristcbalite and o-cristobalite solid solution in
a glcbular shape as a crystalline phase. However, when
contained in excess, the obtained crystals are unstable and
the system is likely to become coarse, 30 that the content of
the MgC compeonent is preferably no more than 3%, more
preferably no more than 2.8%, and most preferably no more than
2.5%. Furthermore, the content of the Cal0 component is
preferably no more than 7%, more preferably nc more than 5%,
and most preferably no more than 3%. The content of the BaC

component is preferably no more than 7%, more preferably no



contents of these conponents is no nore than 3. 0%
nore preferably no nore than 2.8% and nost
preferably no nore than 2¥§@6 Furthernore, the PbO
conmponent is an environnentally unfavorable one, so
that it is desirable to avoid its use as nuch as
more pOSSI BRe. ahA addict berfecabpynent sokactbhdnngzmetal lic
oxides of V, Cu, M, C, Co, Mo, Ni, Fe, Te, Ce, Pr,
FurtiNdmand  Erheokens cglass taeeskDkebypboedet ési praferably no
ot her characteristics, so that it is desirable to not
more SRSt anti all-y eestraraptheny 38reNextn bB, osdérmbet
produce the inorganic conposition of the present
prefe‘r@b@@t I@Nmofrer sthaaf ber tiheréave Apted adohasingot hehe Zno
af orénenti oned conposition is nelted and subjected to
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insufficient and the precipitated crystalline phase 1s likely

to often grow abnormally, so that the upper limit of its
content is preferably 3%, and the lower limit of its content
i3 more preferably 1%.

The Zr0, component functions, similarly as P;Cs, as a
useful component which not only functions as a crystalline
nucleus formation agent of the inorganic compositicn, but also
has the remarkable effects on the miniaturization of the
precipitated crystals and improvement of the mechanical
strength as well as chemical resistance of the material, and
can be arbitrarily added. When the content of the
aforementioned component exceeds 10%, the melting of the raw
inorganic composition is likely to beccme difficult, so that

its content is preferably no more than 10%, more preferably no



control the crystallization. Furthernore, when the
tenperature of the crystal grow ng process becones
| oner than 620C, crystals 6bar dly grow up to those
havi ng a preferabl e nmean %l near expansi on
coefficient, and further, when the tenperature
more eXxceeds, BQ0GhC mystrals elfaviabd va 6. 6W. expansi on
property are eventually precipitated. The crystalline
phase, of ut diei bMor ganicl eonpaoss tian thusonenystabl Pzed
by the heat treatnent includes at |east one kind 19
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solid solution, has a nean particle dianmeter of no
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crystal, the combined content of more than any one of the
aforementioned P;0s compcnent, ZrQ; component or Ti0; component
is preferably no less than 1%, more preferably no less than
1.5%, and most preferably no less than Z%.

The K,0 component is an arbitrary component to improve
the melting property of the inorganic composition, and at the
same time prevent coarsening of the precipitated crystals, and
in order to facilitate to obtain those effects, its content is
preferably no more than 3.0%, more preferably no more than
2.8%, and most preferably no more than 2.6%.

Furthermore, the Na,0 component is an arbitrary
component to improve the melting property of the inorganic
composition, but when contained in excess, is likely to cause

an increase in the precipitated crystalline phase and the
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surface property having surface roughness Ra
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preferably no nore than 5A7 further nore preferably

no nore than 4A, and nost preferably no nore than 3A
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crystallized gl asses, which are inorganic

1.5%conpositions according to the previous invention, and
a crystallized glass of an inorgani c conposition
( CothraraPs veorEeempt e) LN WEx &Pﬁ@oélﬁnc?orrﬁngﬁeﬁ@%
conposition, a nucleus formation tenperature of a
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crystal line phase, a degree of
melting property of the inorganic compcsition, and at the same

time promote Young’s modulus of glass to higher level, and can
be added arbitrarily. In corder to make the desired crystal to
be obtained readily, the upper limit of the respective
contents of these components is no more than 3.0%, more
preferably no more than 2.8%, and most preferably no mere than

2.5

@
.

furthermore, the Pb0O compeonent is an environmentally
unfavorable one, so that it is desirable to avoid 1ts use as
much as possible.

In addition, components including metallic oxides of V,
Cu, Mn, Cr; Co, Mo, Ni, Fe, Te, Ce, Pr, Nd and Er colors glass
are likely to deteriorate other characteristics, so that it is

desirable to not substantially contain them.



crystallinity, a mean crystalline particle dianeter, a
specific gravity, a value of Young's nodul us, a val ue
of Vickers hardness, a ne coefficient of linear
expansi on, and an elution anmount of al kali ions.
Herein, specific gravity is 41 neasured by the
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When the crystal nuclel formation temperature becomes
lower than 450°C, the nuclei are not formed so that the
crystallization does not begin, while when the temperature
becomes more than 620°C, the crystal growth besides the nuclel
formation simultaneocusly occurs, so that it becomes unable to
control the crystallization. Furthermore, when the temperature
of the crystal growing process becomes lower than €20°C,
crystals hardly grow up to those having a preferable mean
linear expansion coefficient, and further, when the
temperature exceeds 800°C, crystals having a low expansion
property are eventually precipitated.

The crystalline phase of the inorganic composition thus

crystallized by the heat treatment includes at least one kind



glass. Then, this crystallized glass was | apped with

800# to 2000# di anond pellets for about 1 to 20

m nutes, and then 42 poIig?ed for finishing with an

abrasive (ceriumoxide) having a nean particle

di aneter of 3 pmor less for about 10 to 120 m nutes.
selerdBaAPAMHLI LS amelastahgpaet ilckes ushewnbgiaicate,

crystalline phase of each crystallized glass thus
1ith OB alned vas e d%t%{dﬂﬂtezd Wi-Thy 28tz @RS IS $ian teleGt Ben

m croscope (TEM. 1n addition, the crystalline type
cris@ébflaiocne olystaldding pantie &o1ves dodertich, et zky 2XRRzn

anal'ysis. Subsequently, a conpressive stress |ayer was

partldéf%)oc?ieaqn%ﬂgp%f di f f.erent.,condi tj,0ng, QR & -8YRsthakenc

surface of an obtained inorganic conposition article
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COMpos| on ‘M eclti Iy, the articl'e was inmrersed
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condition of conpressive stress (Type of each fused

magn%&&?,r??ﬁﬁﬁ%q%n tenperature, and inmersion tinme), a
rl%%rflexural strength, and r2/rl, which is a

. / rati.o

of PRGOS WICAR 5s trenrgeR CoBEPSr6 LoHe CEPRALLORSS BY

of conpressive stress layer, and a ring flexura
the B¢aengin et (RECHIRS fGTEtd B DI TCompBEE AV 5tTesgioth

- layer. Aring flexural strength was cal cul ated u%

withpr epbnd rigered i ndi # HRKEIs HEpetP SEifs 1o 68 i betore

di ameter and 0.635 mMmin
the compressive stress is formed and the mean linear expansion
coefficient in the temperature range of 25 to 100°C having a
lower limit of no less than +50 (x1077:-°C™) and an upper limit
is no more than +130 (x1077-°C™"), preferably no more than +120
(x1077-°C™Y) . Its Young's modulus is no less than 80 GPa and
the specific gravity is no more than 2.7.

Furthermcre, by wrapping the substrate including this
inorganic composition crystallized by the heat treatment
followed by polishing by the usual method, a smooth surface
property having surface roughness Ra (arithmetic mean
roughness) no mere than 104, more preferably no more than 54,
further more preferably no more than 4A, and most preferably
nc more than 3A is obtained. These properties are preferable

for the application to disk substrate for the magnetic

recording medium. Therefore, a disk substrate for the magnetic



43 thickness, obtaining a breaking |oad by a
concentric ring flexural method for measuring a
in-plate strength of a dizﬁf shaped sanple using a
support ring of 59 nmin aneter and a |oad ring of
26 mmin dianeter, and using the following equation 1

recoﬂﬁ&%@‘%@dﬁﬂ&ld@‘@b@ﬁ@h@&,caﬁcoutdeEIdLaaﬁﬂellght di sk
t hi ckness, a Poisson's ratio, and a breaking | oad of

subsﬂﬂ%%e ﬁh%%rlélsg@an #3PhRrE{2EHTV) AN e (dagn)dtlidB film

- v+ b2inaB?21+v) b2 a =- - 2(1+v) a2
and, a@zt%e 2 10b2 deRaboeRquati an-t) plHer eg Brdesohestaon
breaking | oad. "a" dISk out si de dianeter, "b" a

layerd %Jﬂso't'&%t‘i%ed'lé%tref’lub @t‘ih%kfﬁmmclsﬁ@5§o 8Rdar¥" farmed
ifsson's ratio.” A separated crystal line phase and a

cn th %gﬁi%kp%ut%EXEEglha%b&&a@e%bSB%EQQDréthﬁf@&mﬁ@ﬁbh0|e

owng a crystal hase) were indentified with an

magng% ra%ec%ﬁgfnﬁckggghﬁ. gpﬂl %bl%rgéedﬁéﬂeng with the

anni ng el ectron

hlghzaﬁq%% pec%ﬂgjgﬁaﬁgﬁrQXQ%%%§f£S|Xe%fgféagf{c multi-layer

S5 ade Hor'i frade nane:
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obtaﬁé_%h#Aé%%%ééllfalL6éll 7.4 7.0 Li20 10.0 10.0 10.0

EXAMPLES

Hereinafter, the present invention is explained in more
detail with reference to embodiments; however, they should not
be construed as limiting the invention in any way.
Tnorganic compositions A to L and inorganic composition
{Comparative Example) M

Tables 1 to 3 show, in regards to inorganic compositions
A to L of crystallized glasses, which are inorganic
compositions according to the previous invention, and a
crystallized glass of an inorganic composition (Comparative
Example) M, a ratio of component compesition, a nucleus
formation temperature of a crystallized glass, a
crystallization temperature, a crystalline phase, a degree of
crystallinity, a mean crystalline particle diameter, a
specific gravity, a value of Young’s modulus, & value of
Vickers hardness, a mean coefficient cf linear expansion, and

an elution amount of alkali ions. Herein, specific gravity is



2

.0 Na20 dass MyO 0.8 0.8 OB
CaO (percent by BaO 2.5 mass) ZnO
: : SrO1,7 1.0 2Zr02 2.3 2.3 2.3 2.4
Tio2 3.0 Sb203 0.2 0*2 0.2 0.5 0.2 As203 Y203
2.0 Total 100 100 100 100 100 Li20/A1203 1.41 1.41
measukeHl 1 836l 20Qnkibicym merastl, i ¢atagbsOmddQlus-is
Crystalline Lithiumdisilicate 1.0 2.0 28.8 - - phase

mneas @l A OUR 62 10230012 Bedhod, degkeesohaetiystal bsninbysured
a-quartz solid solution - - - - 2 (percent by

accof’%ﬁf}{g{ StPhald (8 610, =rnd meBBSShe&TGEishobalki t enseki d

o) uTlonl- ;%?.6 12%5 R-quartz solid solution - - -

s fon O 22D 3202806 12 BheYRRAGuSARAYl H8tEod of
CXPAT A5 50 ST 5 SpQ%ific gravity d (g/cnB) 2.4

mean %OELFS%%‘ qiﬁ% ré:8 %% %g.gu%_ya LYQURG' S sapdulysispecihi ¢1a5avhkYr

/ _ 32°55 32.41 Mean coefficient of
rooml%égggré?ﬂ¥g“%é¥Ef§%e%5i%of%%I%B(Japan Optical Glass

Industrial Standard) 16-2003 by changing the temperature range

.0 0 1.0 2.0
.5 conposition
.5 56.05.1

to a range from 25 to 100°C.

The crystallized glasses of inorganic compositions A to
L are all obtained as a glass compact by mixing a raw material
such as oxide, carbonate, and nitrate in a ratio shown in
Table 1 in terms of oxides, melting the mixture using an
ordinary melting apparatus at temperatures from about 1200 to
1550°C, stirring the melted material to homogeneity, forming
it to a disk shape, and coeling it. Furthermore, the
crystallized glass of the inorganic composition M is obtained
as a glass compact by mixing a raw material such as oxide,
carbonate, and nitrate in a ratio shown in Table 1 in terms of
oxides, melting the mixture using an ordinary melting
apparatus at temperatures from about 1400 to 1600°C, stirring
the melted material to homogeneity, forming it toc a disk
shape, and cooling it.

Subsequently, this glass compact was crystallized by
heat-treatment under the nucleus formation conditiocns and
crystallization conditions to obtain the desired crystallized
glass. Then, this crystallized glass was lapped with 800# to

20004 diamond pellets for about 1 to 20 minutes, and then



(x10-"- CG') (25-100C) Mean crystalline particle

di aneter (nm 10 20 40 10 10 Vickers hardness (Hv)
680 720 740 600 610 Nucleus formation tenperature (O
540 540 540 570 540 Reterftion tine (hr) 5555 5

Crystallization tenperature (C) 645 660 685 690 710

polished for Timishing Wit - an abrasives {cerium-oxide) having
---------------------------------- Ret enti on

£ e (e 3 33 o utigncamuat ebrakkahi ionso 120

& me ] E%“&?é?f fif%§ f.800.32h0.§4 45 Tabfe 2 Inorgan?c

i nuGonposi tion FGHI J Si02 69.5 68.7 67.8 68.0 75.3
Y205 2.2 2.0 2.5 2.3 2.0 A1203 7.0 7.0 9.0 8.5 7.0

LBl R R,
I, . .
oy S e 3 U5, A0 5,8, B850y 00

deter%@igqe_l_scbgfil b%;_)%(y%ié@%s% i%nz e 'e2c tQ:'o% m’%%:%%% CX%%B ( TE% "fll In

addition, the crystalline type of each crystalline particle
was identified by XRD analysis.

Subsequently, a compressive stress layer was disposed
under different conditions on a substrate surface of an
obtained inorganic composition article including inorganic
compositions A to L or inorganic composition M. Specifically,
the article was immersed in a fused salt that is potassium-
containing and/or sodium-containing, for example, potassium
nitrate (KNO3) or sodium nitrate (NaNOs) or a complex salt
thereof, at temperatures from 300 to 600°C for 0.5 to 12
hours.

Tables 4 and 5 show, regarding Example 1 to 38 and
Comparative Example 1 to 12, a formation condition of
compressive stress (Type of each fused salt, immersicn
temperature, and immersion time), a ring flexural strength,
and r2/rl, which is a ratio of a ring flexural strength rl
pefore the formation of compressive stress layer, and & ring
flexural strength r2 after the formation of compressive stress
layer.

A ring flexural strength was calculated by preparing a

thin disk-shaped sample of 65 mm in diameter and 0.635 mm in



Li 20/ A1203 1.00 1.00 0.78 0.82 1.41 Lithium
monosilicate - - - - - Crystalline Lithiumdisilicate
- - - - 28.8 phase and a-% artz - M31 - 2.0 degree o
a-quartz solid solution 2.2°2.4 - crystallinity
(percent by a-cristobalite - - - nmass) a-cristobalite

thiceddd %@llrg_n?g -2 FH LU A ‘sz] R-euaZ =S eldrdeselittl enng -
“ Total 12.5 9.3 10.0 13 30.8 Young's nodulus E

Llex&%)meg@u&?’ ﬁ?ﬂ: %a]sqgrln'%o%c' -G 10 avistteth o @/ ©FBk 31492
50 2.43 2.49 2.46 Young's nodul us/ Specific gravity

o% YA 46 5 AR Caef tH:ch@Rtrofing
Shap%ﬂ%%&%p%%srﬁggnag?sx ) (25 1000) 101 99 B2 93

6 | 10,10
o Broff SO et AL 0

equathi&h S5 L9f BTN LeMeralirs (Gh Q960 ¥ARL,24G

dlskﬁ%ewp trléﬁo%srtel %51657%3%850 r6aé:d. 6’96&%{% %fea%&tnlgorload of the

-------------------- Retention tine (hr) 3 3 3 3 3
El uti amount of alkali ions g /disk) 0.49 0.71 0.53

v, 086 ad a@g% %X+aig|ae)§% qgl faagfc)gonposition K L

Canpar 02 35 75.3 55
2 2
- 1—w N b in 2 B:_ﬂ1+v)2b zhi
2A1+v) a’-b* b l-v a“-b" b

{Equation 1)
BEere, P denotes a breaking load. “a” a disk outside diameter,
“b” a disk inside diameter, “h” a disk thickness, and “v" a
Poisson’s ratio.

A separated crystalline phase and a degree of
crystallinity (existence ratioc of particle showing a
crystalline phase) were indentified with an X-ray
diffractometer (Philips, trade name: X'pert-MPD), as well as a
scanning electron microscope and an energy dispersive analyzer

{Hitachi, trade name: S-4000N; Horiba, trade name: EX420).



P26 2 2 8 A1203 7 7 24 Li20 9.9 9.9 4 K20 2 2 Na20
Gass MO 0.8 0.8 1
BaO 1 mass) Zoo 0.5 0.5 0.
2.5 Sb203 0.2 0.2 As208 14

Li 20/ A1203 1.41 1.41 0.17

conposition CaO 1

(percent by

Soo Zrd2 2.3 2.3 2 Ti02

Y203 Tot al

Crystalline Lithiumdisilicate 29 30.1 -

100 100 100
Li t hi um nonosilicate - -

phase and

a-quartz 15.6 34.8 - degree of a-quartz solid solution
Tabls T - Crystallinity (percent by a-cristobalite - - -
mass) a-cristobalite solid solution p-quartz solid
Ino3@hif icofpositioZ0 Total 44.6 64 9 702 Youny' s fodul usEE
(GPa) 98] 94,90 Specific gravitey:d]g/icnB)e.2. 4722 4Bes.7
2.55 Youpg, S nodul us7SpeciTilc; gravety B/xdo39] 68 38 ¢1s
35.29 B1,0 7.1 7.1 7.1 7.4 7.0
Li,0 10.0¢ {10.0 |10.0 6.2 1.0
K,0 1.0 1.0 1.0 2.0 2.0
Na,0
Glass Mg 0.8 0.8 0.8 2.0 1.5
composition Cal
(percent by Bal 2.5
mass) 200 0.5 Jo0.5 0.5 |6.0 5.1
5ro 1.7 1.0
2ro, 2.3 2.3 2.3 2.4 2.0
Ti0, 3.0
Sb,0; 0.2 0.2 0.2 0.5 0.2
As5,0,
Y204 2.0
Total 100 100 100 100 100
Li,0/A1,;0; 1.41 [1.41 1.41 D.83 1.0C
Lithium monosilicate 5.0 7.0 - - -
Crystalline Lithium disilicates 1.0 2.0 28.8 | = -
phase an% a-guartz 0.3 0.5 4 - -
degree of
crystallinity | @-gquartz solid sclution - - - - 2
{percent by o-cristobalite - - - - -
mass) u*crigtobalite solid . . _ 9.6 10.5
solution
B-quartz solid sclution - - - - -
Total 6.3 9.5 32.2 9.6 12.5
Young’s modulus E (GPa) g0 93 86 83 B2
Specific gravity 4 (g/cm®) 2.4 2.43 2.48 2.55 2.53
Young’s modulus/Specific gravity E/d 37.50 | 38.27 | 3B.71 | 32.55 | 32.41
ffici e} nsi
I\{ﬂiig_jc-%ec_f) ;:;_;?;Cogfc)llrear expansion 63 65 80 85 93
Mean crystalline particle diameter (nm) |10 20 40 10 10
Vickers hardness (Hv) 680 720 740 600 610
Nucleus formation temperaturs (°C) 540 540 540 570 540
[ Retention time (nry s 1 50| 5 | 5 5
Crystallization tempsrarure (°C) 645 660 6585 690 710
| Retention time (hr) 3 [ 3] 3 CO 3
Elution amount of alkali ions (upg/disk} |2 2.3 1.8 0.32 0.54




Mean coefficient of |inear expansion BS 112 3 (x10-'
C-") (25-100C) Mean crystalline particle dianeter
(nm) 100 120 60 Vickers hardness (Hv) 740 740 680
Nucl eus formation tenperat re (C 540 540 700 -

Table-2Retention time (hr) 55 10 Crystallization
temperature (C) 730 750 800

Inorganic compasitien. - o oo _-_-_- S5 AU I U N - S . S J
--------- £i@pmmmmmmmmn -e-----L68. 5. 68t --6L.8-168-8-175.3
Retentioneickne (hr) 3 3 10 o on zapount.sof Jal kKal 127 ¢
i ons (pgldisk) T 52 148 47 7|_apbi =I7ftoiln r%e_rosi R ng75
Type of |EMEr STom el fusEd sqlto(eD arapuTe o
EXANDL e §obr-bxamplo—t KNG 450 0.6 Tlbo P23 - 7t
Exanpl e 2 KRC8-450 3.0 3300 6, 6..nln Exanple 3 KNOS

cla#50 6.0 35¥) 6.4 0 Exanple 4 ¥N03 450 12¢-0 348057. 008

comeanpire H°¥N03 350 0.5 770 1.5 H 1 Exanple 6!KNO3 550

(peppeBt 950 P20l H. Exanpl e 7 KNOB/NaNO36380 3.0|2940 B. 9

mass) 7m0 2.8 2.8 6.0 6.0 0.5

Sro 1.0 1.0
210, 2.0 2.0 0.5 2.3
Ti0, 3.0 4.0 3.0 3.0
5by0s 0.2 0.2 0.2 0.2 0.2
As;0,
¥505
Total 160 100 100 100 100
Li0/A1,0, 1.00 {1.00 C.78 0.82 1.41
Lithium monosilicate - - - - -

Crystalline Lithium disilicate - - - - 28.8

phase and c-quartz - - - - 2.0

degree 0? . w—quartz sclid solution 2.2 - - Z.4 -

?;gigiiil;;ty a-cristobalite - - - - -

mass) o-cristeobalite solid 10.3 9.3 10.0 10.8 -

solution
B-quartz solid solutiocn - - - - -

Total 12.5 8.3 10.0 |13.2 30.8

Young’s modulus E (GPa) 83 83 83 85 102

Specific gravity d (g/cm?®) 2.49 2.50 2.43 2.49 2.46

Young's modulus/Specific gravity E/d 33.33 133,20 324.161]34.14 | 41.46

?iigqfiiff%iZ§ngg;éfnear expansion 101 99 8 93 66

Mean crystalline particle diameter (nm) | 10 10 10 10 30

Vickers hardness (Hv) 610 600 580 610 720

Nucleus formation temperature (°C) 570 570 520 570 540

Retention time (hr) TN 57 5 s 5 s

Crystallization temperature ({°C) 670 680 690 6§30 710

Retention time (hry T 3T 3 773 3 3T

Eluticn amount of alkalil ioms (pg/disk) | 0.4% [ 0.71 0.53 10.60 1.20




> Exanpl e 8 NaNO3 380 3.0 2280 4.6 Conparative o

Exanple 2 - 500
Exanpl e 10 KNG3 450 3.0 27
450 6.0 2800 5.6 0O Exanpl

9.5

n m Exanple 9 KNCB 450 0.5 1050 2.1

n n Exanple 11 KNG3

12 KI\I(B 450 12.0 3140 6.3

0 Exanple 13 1Q403 350 0.5 590 1.2 Exanple 14 KNO3

Tabl®859 0.5 1270 2.5 o Exanpl e 15 KNO3/ NaNO3 380 3.0 1780

el Exanpl e 16 NaNO3 380.3.0 2100 4.2 0
ﬁﬁﬂﬂ"@ﬁflatdo\iﬁﬁosj_tﬁwExan'm e 3 530 n|{xP) Exanple 17FoRNGEtive
4500581 H—Exanpl-e-18-KNO3-450 3 0 148672 g
n n Exanpl ¢ 5'%2 KNO3_ 450 6.0 1730'23 |75 Fxa e 20
KNOB 450 127652140 4.0 Exanple!?21 1Q483 350 i® 5 630
1.2 Ir Exanpgte€:22 KNOB 550 0.5 1010 1.9 H Bxdnple 23
KNO3/ NaNO3 {38 3.0 1350 2.5 Exaaple 24.NaNC3 380 3.0
1860 3.5 48k, cTable 5 Type R ng |2 2

Na,0
Glass MgO 9.8 0.8 1
composition Cao 1
(percent by Ba0 1
nass) Zn0 0.5 6.5 0.5

5ro

210, 2.3 2.3 2

TiO, 2.5

5b10; 0.2 0.2

As,0, 1

Y,0,
Total 100 100 100
Li,0/R1,0, 1.41 1.41 0.17

Lithium monosilicate - - ~
Crystalline Lithium disilicate 29 30.1 -
phase and o-gquartz i5.6 34.8 -
degree of o-gquartz solid solution |- - -
crystallinity o-cristobalite - - -
{percent by : - -
mass) o-cristobalite solid _ _ _

scoluticn

B-quartz solid seolution - - 70
Total 44.6 64.9 70
Young’s modulus E (GPa) 58 96 90
Specific gravity d (g/cm®) 2.47 Z.48 2.55
Young's modulus/Specific gravity E/d 39.68 | 38.71 35.29
Mean coefficient of linear expansion -
(x10°7 °C ™) (25-100°C) ° 112 X
Mean crystalline particle diameter (nm) | 10C 120 60
Vickers hardness (Hv) 740 740 680
Nucleus formation temperature (°C) 540 540 700
Retention time (hr) T R -
Crystallization temperature (°C) 730 750 80D
Retention time (hr) T R 3 e
Elution amount of azikali ions (ug/disk) [1.52 1.48 -




ImMersion O tenperature Inmmersion | exural r2/rl
fused tinme (hr) strength salt (0C (MPa) o
Conparative 360 - 5 Exanmple 4 o Ln mw H H Exanple
25 KNOB 450 12.0 3340 9.3 40 0 0 y C' o Conparative
340 _ Exanmple 5 oin mwrt H Exanple 26 KNO, 450
Tab1d424 0 3120 9.2 O Conparative o - - - 330 5 o Exanple
6_owmwn H Exanple 27 KNO3 450 12.0 3010 9.1 rn

0w 0 O 7§ Conparatijve 330, 5|0 Exanpl g&ifg0 w
Exanpl e 28 KNOB°450 12 :0n3180,:9 | frwersion | flexural |

fused salt o time (hr) | strength

) (MPa)

5 Comparative
5 Exa;'nple 1 - - B >00 -
% | Example 1 KNQO; 450 0.5 11506 2.3
E [Example 2 | &NO, 450 3.0 3300 5.6
o | Example 3 KNG, 450 5.0 3220 6.4
% Exampie 4 | KNG, 450 12.0 3480 7.0
2 | Ezample 5 KNG, 380 0.5 770 1.5
& |Example 6 | KNGO, 550 0.5 1650 2.1
S [Example 7 | KNO,/NaNO, | 380 3.0 1940 3.9
1w | Example 8 NaNO, 380 3.0 2280 4.6
‘S | Example 9 KNO5 430 0.5 1050 2.1
E- Txample 10 | KNO, 450 3.0 2700 5.4
o | Example 11 | KNG, 450 6.0 2800 5.6
% Example 12 | KNO, 450 12.0 3140 6.3
8 | Ezample 13 | KNG, 350 0.5 590 1.2
& |Example 14 | KNO, 550 0.5 1270 2.5
¢ [Example 15 | KNO,/NaNO, | 380 3.0 1780 3.6
w | Example 16 | NaNQO; 380 3.C 2100 4.2
an omparativ -
2 Exai;lits |- - 3 530 }
D | Example 17 | KNO, 450 0.5 B10 1.5
E- Example 18 | KNO, 150 3.0 1460 2.8
» | Example 18 |[KNO, 450 6.0 1730 3.3
% Example 20 | KNO, 450 12.0 2140 4.0
2 | Example 21 | KNO, 350 G.5 630 1.2
E{ Example 22 | KNO, 550 0.5 1010 1.8
g |Example 23 | KNO;/NaNO; | 380 3.0 1350 2.5
r | Bxample 24 | NaNO, 380 3.0 1860 3.5




H H Conparative - 350 - o Exanple B w Exanple 29
KNO3 450 12.0 3400 9.7 Conparative 360 - Exanple 9
Exanpl e 30 KNOB 450 12.0 3320 9.2 U o o Conparative -
_ - 540 - ,b Exanple 10 o mw r- 0 HH Exanple
31 KNO 450 12.0 1970 3.6 N. n3 0 0O x oo
rapldoarparative 610 Exanple 11 Exanple 32 KNO, 450 0.5

720 1.2 7 R EX rmle 3 KNO3 4'53'%019Qn‘91 \'4
Exanplle 34 KNO 6. Qrids5002. anpl| E785 KNO, 450
Xyra
12.0 1830 3.0 F 'anp d tBEeKNOr= 35_@;8 a2 L 6Bt | 72/
Exanplie 37 KNO3 /576880 1.4 Conpaf=af1ve _ - -
~SeeTTESAIIE TR EXANpTe 55 RNCETZ50 (1270
17%@: 3.ekanpl= R
]
Lﬂ.g
= & | Example 25 | KNO; 450 12.0 3340 9.3
5 0
E"g ’é‘ Eomparative B B _ 340 _
i Example 5
5 @
oo
& Do | Example 25 { KNO, 450 12.0 3120 .2
6 "
5
"1§ g Comparative | _ _ _ 330 _
R Example &
G G
25
it b | Example 27 KNGy 450 12.0 3010 9.1
g
@ o5 Comparative § _ _ _ 350 _
2 0 | Example 7
29 pyomple 28 | KNO, 450 12.0 3180 9.1
P .
Ff- »5 Eompa:r:atlve _ - _ 350 -
o Lxample B
2 Example 28 § KNO, 450 12.0 3400 9.7
Comparative | - _ 360 -
Example 9
Example 30 | KNO; 450 12.0 3320 9.2
=4 5 | Comparative | _ 3 _ 540 _
£ 9 | Example 10
o Q
25
O 5 | Example 31 ] KNO, 450 12.0 1970 3.6
3
=a Y Compa;:atix_fe B _ ~ 610 N
g 9 | Example 11
29 | pxample 32 § KNO, 450 0.5 720 1.2
& & [Exenple 33 | KNO; 450 3.0 1290 2.1
g Example 34 { KNO, 450 6.0 1650 2.7
Example 33 KNO; 450 12.0 1830 3.0
Example 36 § KNG, 350 0.5 680 1.1
Example 37 [ KNO; 550 0.5 880 1.4
%:"ég‘ E:omparat_ive . - _ 550 _
g = Example 11
[t}
!'JJ- o]
Er_ﬁ. Exemple 38 § KNOs 450 12.0 1750 3.1
b
=]
=L g Comparat:;ve _ _ R 340 B
2 9 | Example 12
SR
e g Comparative
. - 12.0 480 1.4
g"a Example 13 KNO, ¢50
=




O a o Conparative 340 5 Exanple 12 O wmwrt ~-
Conparative KNOB 450 12.0 480 1.4 O Exanple 13 0 O
49 As shown in Tables 1 to 3, in regards to inorganic
conpositions Ato L of the4bresent invention and

I nor gani c conposition M of Conparative Exanple,

r ati 05+-0f, L1120 110145203+ o( i 20LAL2Q8) dsCEYStAbLEARIc

phases, degrees of crystalllnlty, and nean particle

compgéfgf&f% Sy of o pard# oligs MY & IHSA lanke s nBhase: ¢

are difterent. In crystallized gl asses of inorganic

comp&gnygﬁétﬁo alé§%ééé%Ltha4§§ﬁg§%|IJH% Qﬁa%@SLﬁhﬁrgefA1203

St one crys I ne p ase sel ect ed

Lq%@&ﬁiﬂn£ﬂ£ﬁ§%“agw u$ﬁ&@%ée%ee§ﬁ%h& and

a mean ne parti

mean aﬁ’?r%}f/g? aﬁizsar%ef,teeo Olci# r]Cd G es s ogntla%% Q:I §%t‘“1‘1ﬁ%d

spherl forn1 Furt her tall d
phasgiat fiot GarT e co 6gﬁﬁﬁgﬁeﬁ%lﬁsd ?ﬁ%eéiigtaﬁ PRg 1

phases thereof includin Ieast one stalli.,ne
ccmp%ﬂa%oe%%cw%ocfrf&?ﬁacag%fr%a]zll% Eﬁlascﬁfa PIEST grciuding
solution, a-cristobalite and an a-crjsto I|te solid
at le%%t%% HEYS PRy B R T T ST G iR gt 1é? iHhet er
no nore than 0.05 um and all crystals are m nute

monoehbl%tesubls‘%lahw A1 Sitars A fErRa Y GAPEEE 15 ZEEn

gl asses of
crystalline particle diameter of no less than 0.01 pm and no

more than 0.15 pm, and all crystals are minute and in
substantially spherical form.

Furthermore, in crystallized glasses of inorganic
compositions D to I, the crystalline phases thereof including
at least one crystalline phase selected from o-guartz, an o-
quartz solid solution, a-cristobalite and an a~cristobalite
solid solution having a mean crystalline particle diameter of
no more than 0.05 pm, and all crystals are minute and in
substantially spherical form. In crystallized glasses of
inorganic compositions J to L, the crystalline phases thereof
including at least one crystalline phase selected from lithium
disilicate and o-quartz having mean crystalline particle
diameter of no more than 0.15 um, and all crystals are minute
and in substantially spherical form. On the other hand, in a
crystallized glass of inorganic compositicn M, the crystalline
phase thereof is a f-quartz solid solution having a mean

crystalline particle diameter of 0.06 um, and all crystals are



I norgani c conpositions J to L, the crystalline phases
thereof including at |east one crystalline phase
selected fromlithium disL@icate and a-quartz having
mean crystalline particle “dianeter of no nore than
0.15 um and all crystals are mnute and in

minusdbsiand alyssnherdical dofemi @ tderot her hand, in a
crystallized glass of ‘inorganic conposition M the

cr yst akldae i pphase ot henaaf T'a%l@ B; dvaphzga$ehi Bxamples 1 to
sol ution having a nmean crystal li ne particle dianeter

37 a0 pm-angsally :@@/slt als ﬁet%% fTRUte and oiin

substantial ly spherlca form As shown i'n Table 4 and

stren E@?‘[§ F ﬂ lcgéqgi E%arga]l esel 419 %%h%'}d tg%[ﬁp%%@t 'x\i%g

I es the ring flexural “ streng ths

flex#?%ggﬁéﬁ;JQHgng h g%ﬁﬁg?g??%g&gxgh;hggrl to 11.

Fu%%r%%erm%glln 8 Case Mhe e % gon Eﬁ%él Vétégféss layer

| ayer éposea Grder "a-frxed-co Fon-t
ubstrq% rsed | fus %@_alt E%
was LRt dt e ( %@5 filat 3 S BuEs e BRI
h is a rat r|n fl exur str, th %N
mewﬁﬁ&%ﬁ T bR g HTG B o8 EPeh ¢
aratl%ﬁgﬁx mpl. e éZ is 1.4, whichis
4507 QrfcaCi‘F RS ES s&TEHd iy ABSGS Pt ifo I&Pg “Hexural
nparatlve Exanple Mis a _low 0.17, the proaress of
streqg! é&%g@wlv%@xﬁéﬁlﬁr red 2ot Ay héXPatito
of anorphous gl ass, which exist in crystalllzed gl ass
Strengifi iy i o 1hsy Sramia i 132 ii$ 4 - HirgW 209, 2i5s 1ess
low. On the other hand, under the sane conpressive
than s} r o815 apePerarmat LbA Eordd21sdh, Tather OExappPesative
denonstrate dramatic effects in which the ratios
Exampl af et a hervedt- late tHte Irapsire®s Herdeinn excdgacd mgnnot
Exanpl e 4 in which a conpressive stress |ayer was
be paligposel dnoatie vexdi esAiof olfabimexphatiise otiasg, which
exlist in crystallized glass having a degree of crystailinity
is a high 70%, is low.

Cn the other hand, under the same compressive stress
layer formation condition, other Examples demonstrate dramatic
effects in which the ratios obtained thereof are at least 3.
Herein, regarding Example 4 in which a compressive stress
layer was disposed in the Example A of Table 4, the ring
flexural strength calculated thereof is 3,480 GPa, which is
the highest of the Examples. In addition, r2/rl, which is a
ratio of a ring flexural strength of Comparative Example 1 in
Tablie 4 and a ring flexurzal strength of Example 4 under the

same aforementiocned lmmersicn conditicons, is 7.0. This is

because the Liy0/Al,0; ratio of Example A is 1.41, the



flexural strength calculated thereof is 3,480 GPa,
which is the highest of the Exanples. In addition,
r2/rl, which is a ratio of _a ring flexural strength
of Conparative Exanple 1 inl Table 4 and a ring
flexural strength of Exanple 4 under the sane

crysed OF efen) | @necbd Merssi oy corgl tions tHeS rhtQ.o B %rr!o?f hous
because the L12Q/ A1203 rati o of Exanmple Ais 1.41,

glasdl wiefystatddd tyn degree s ad QW .3%:; -and fhe rat ' 0
of anorphous glass, which exists in crystallized

gl a8Set '%nhbggas@e%herbntﬂeC%§$e“@§r?uggﬁ Lype Qgs

fused salt was ¢ hanged, potaSS|un1n|trate sodi um

chandbd 858 2 418 HXAS Ofsocﬂc&nﬁ ymi i tr m%t%%%' %'P

hitrate at a ratio of 1 o ut dn volune rati
potadBiisf J?@fh@er‘daﬁ%f%%dl-[ﬁr? r&r %%f r%% %X%@aﬂg% afid
ormation of a conpreSS|ve S ress ["a can

nDothI u5|n each t ne of fused salt
(sol {érpm Tra 1% tv)’sthe re?ulat

mever accor 0] dExarrples l1to
a case wh Rotas |un1n|trate was gsed S a

fusgg salrereaden f&P 't fECLERESconPogi fPORE éoﬂiﬁ e?

fl exural stren th s calcul at ed for Exa
comp LR R TS ® degiice S Cry SEHTGHEY Ot Fovl 5o Bigs
contrar f or le C where the de ree
ach criRg d .#H%%Pv@aﬁ i gROVERCExaRpFesdi79 to éhemﬁ%%lgs of
reSS|ve stress |layer was forned, a higher ring
Examalr%%p Horengt 17 \ies & ARG PEd 4SF 14T fde LRfrer was used
sodium nitrate was used as a fused salt. \Wen the '
as a Jatissk i tor ySteAl 1GOH (S SAGWCORPOALitg o8 a higher ring
crystalline particle that may disturb the exchange of
tlexynglhishnenadns varfd qedicassitag ifons ans Bkewp land nt Wedehoitde
the ion exchange <can be perforned easily; on the
degrest gy &yida Mben thheradedrces ot they scaltiviemivt y fiog Rixghple
due to a high ratio of crystalline particles that nay
C whegisstilveb dewreex cifange sofe Uliirhitymwisendighd in Examples 17

to 24 where a compressive stress layer was formed, a higher
ring flexural strength was calculated in a case where sodium
nitrate was used as a fused salt.

When the degree of crystallinity is low, a ratio of
crystalline particle that may disturb the exchange of lithium
ions and potassium ions is low, and therefore the ion exchange
can be performed easily; on the other side, when the degree of
crystallinity is high, due to a high ratic of crystalline
particles that may disturb the exchange of lithium ions and
potassium ions, a tendency of an easily increased difficulty
of the exchange was demonstrated clearly by the ring flexural

strength. Therefore, regarding a fused salt containing sodium

ions having a radius smaller than potassium ions, the degree



pot assi umions, a tendency of an easily increased
difficulty of the exchange was denonstrated clearly
by the ring flexural strength. Therefore, regarding a
fused salt containing sodium ions having a radius
smal | er than potassiumions, the degree 52 of

of ceyystalinbtyythbeseofissppartidal § ynidgher. 1hnaaGasewhere
where the degree of crystallinity is reaching 10%

the UshPgeacfusedstsal {ncopt ad niag-sodi %%Pﬂ%ﬂﬁ%‘iﬁ@é@@
to deposit a conpressive stress layer in a short

saltttBtaHevRyesod RN §08S] defingdhe vedugtdon of

al kal'i elution, although lithiumions were
compBb8t & Ukl i t h, POt assi 4my d.0ns. and/ or sodi um i ons
t hrough ion exchange, the alkali elution of sodium

!(”Hbﬂé%égﬂ|dhéha§&§kaEQQHﬁet%%er%ﬁﬁh%ﬁo%foft%%k%?gium

ion is smaller than the potassiumion, and érefore

elut§o£us§g%$§$%%ggf%ﬁgﬁEigbﬁgnﬁgﬁg:%Hﬂéyg%dﬁ%%gﬁﬁﬁqufotassium

prefer taking a reinforcenen
; f I n d_a_ r.eduction.of al kal.i eluti.an
tons | ¢EEME soSlORNONDs AN RAPTHE SO s kAT,
) | at i onshi bet ween, i rsion tenperature and
elut O B R B e N Tt TR o et o
was. used as, a fused salt a imersion tinme was. fixed
the Fp9p s h%%r%si?{ﬂaégc% %&%ﬁp{%e P GrEud& A
o f%exural striﬁgth was cal cul ated at 450 Cin
I oRpart soft SN T B56C FHiHd- Hh RGO RSP ddumpdicent

. or eater rj fl exural strength was cal cul ated at
pref Gegd ¥ st | SO 1 TUSUCT GERTAINY i (g el
I on exchange process of anorphous glass, the upper ,
strepgig tang va i%ﬁ?@)r%ﬁw t&hper iy & \wisl detiertd fedisigleration.
tenperature |ower than the glass transition
t eAPErREGFe e TgE Felis davey tEaathadr Ahge TRL8m 2008 PO
500C. However, according to the aforenentioned
betwasm igiesr s j9n dafaiasoravans minafdephous. gitassgta when
crystal|lized gl ass can be immersed in a
potassium nitrate {KNO3) was used as a fused =alt and immersion

time was fixed at 0.5 hour, in each Example, a far greater
ring flexural strength was calculated at 450 °C in comparison
with 350°C, and an approximately eguivalent or greater ring
flexural strength was calculated at 550°C in comparison with
450°C. Generally, during the ion exchange process of amorphous
glass, the upper limit of immersion temperature was determined
at a temperature lower than the glass transition temperature
(Tg), usually in the range from 400°C to 500°C. However,
according to the aforementioned Examples, in comparison with
an amorphous glass, a crystallized glass can be immersed in a
fused salt at a higher temperature due to the high

thermostability thereof, and in order to obtain the same ring



fused salt at a higher tenperature due to the high
thernostability thereof, and in order to obtain the
same ring 53 flexural strgggth that is obtained by an
imrersion at 450 C, it is“expectable to shorten the
imersion time by determining an inmersion

flexteapesatamett gzt sidighteritdan A50C irRegaridirnagitt k&0 °C,
dept h of ion exchange in a chem cal reinforcenment

it ipregesstable itso passiddre die investdgat e e byambdtrmhing
pot assi umions and the presence or absence of sodi um

an im@@ssidn acssd e POrdHon dy e mg ars SV EDX
observation. As a result, the ion exchange of the

EX@&Eﬁ&%ln@e%%%e@e®t@eﬁph1Eh0€k§hbﬁggolﬂnh chemical
Furt her nore, a scanni ng el ectron mcr oscope and an
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uoropolye her was app

n i.nf or t|o ecordi.n medium The thu
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e of redu0|n a head flo t|n helgh ared
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usi n nelther head damage nor nedi um danmage,
uSEdeV%nq%%éﬂj ‘9 D4 nput -out put was perforned while

the head was in contact with the nedium_  Furthernore
t he s GhSHFAC8 f 87 (58 aSPFRRgRERI EPTALBRARiTORNe Examples

described above, a Cr intermediary layer (80 nm), a Co-Cr
magnetic layer {50 nm), and a2 SiC protective f£ilm (10 nm) were
formed by the DC spattering method.

Subseguently, a lubricant of a perflucropolyether type
was applied (5 nm) to obtain a magnetic information recording
medium.

The thus cbtained magnetic information recording medium
was capable of reducing a head floating height compared with
that currently in use owing to the superior surface roughness
thereof, and alsc cperating an input-ocutput of magnetic
signals in a ramp loading method causing neither head damage
nor medium damage, even when a signal input-output was
performed while the head was in contact with the medium.

Furthermore, the substrate for use zs magnetic information



54 recording mediumincluding the inorganic

conposition of the present invention will show a

st abl e bunpy shape also in A | aser texture perforned

in a landing zone system lsixanpl e 39 In addition,

after a crystallized glass of the aforenentioned
recotdidt@am i conpasiudion thsas deappedc polpskeéd,ion of the

i on- exchanged under the same conditions of Exanple 38,

preséaind imeshecbt avioht ajhbwa Cratsidld ibzetyglsaspesabstr ahea
a multilayer filmof Ti02/ S @, Ta202/Si 2, and

1ase N0ZOB St D b aveso frgrdred, a rnespeeld welny, sgitihe
crystallized gl ass substrate to fabricate an

ExampTd esderonetric optical filter. This interferonetric
optical filter that has a superior thernostable center

vwavel englih 1io% VerYsukt abl,etE91becHsgdaas arband- pass
filter in an optical conmunication System Exanple 40

aﬁor%@eﬁ@%ﬁéc@nﬁn 80 @ Shypialdized glass Qhdilepoiished,

orenenti oned i norgani ¢ conposition C was | apped,
n
r

ton- SOSN8 o i e Same gl e ot
o FYIBLT AL, DULASEIS e 6 dan s onad ity
rion SR ASR TR B R PR, ol L 2
cesp§LEEERIRUIRL YRR o LEN LI TSl onOLh ccmighed.
on 4L RRSAUODLL oo UGB, BredeLL L e GeeLopLno
oot BT L Uee PILRISTS L L e Lo 1 Uhe ungsponed ool o
wave{gggggsiéegag?tgfgggégg to be used as a band-pass filter
in an optical communication system.
Example 40

In addition, after a crystallized glass of the
aforementioned incrganic composition C was lapped, polished,
ion-exchanged under the same conditions of Example 18, and
washed to cbtain a crystallized glass substrate, a
photosensitive resin layer was formed on the crystallized
glass substrate by coating or laminating, on which a mask
naving a depiction of a desired pattern was attached firmly,
and exposed to electromagnetic waves of which the wavelength
matched with the sensitive wavelength of the photosensitive
resin. Subsequently, using a predetermined developing solution

to expose the exposed regicn when using a positive

photosensitive resin or the unexposed region when using a



the substrate. As a mask material, the photosensitive
resin is capable of formng a pattern on a
crystallized gl ass substragg by a dry process. The
substrate has promi se as a“Substrate of electronic
circuitry used in biochips, patterned nedia,
negadispl pystortrsiThes | norgani crrconpadid idesiardd gaetefrn on
the present invention has superior heat resistance,
the bupactathar dd e nstskc matand anechaei pabtsteesgtlive resin is
required to be capable of dealing wth the high
capabgeostli figrdensgid Yodytdhre €0 NG PRI A0 eQelsd Rbstrate
systens, especially the high recording density by the
by aperpepdbessar magnetiGthreeer diaRgpsystiem aand eaBstrate of
achieve a super-snooth surface which becones
elechHEELSSAE Yr &:91 4 PProves the picsyst | ine «udent aldan of
filmmateri al en formng a film 'so as to provi de
dlspy@ngU§t§ubstrates with little alkali mgration.
Thus, the inorganic conposition article of the

pr egent; Jvehtion dis Atk 1@nl v-Rreferakl epfo IEFSnt

application to a substrate for the perpend

inveTBPNCTL Co V§E§H§H6¥JHE§HL¥E f0r, ARD, byt al $9 Ut %%Re%*%%lcs
t he substrate Tor an information 'reéc I'ng nme
rrat t £
< L L ST, S -
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stalllze ntalnln Li 2 ent _and an
SySt ’03e c%%ogje]%f ati%h Gt T dss qg’ s&hfatio
%ﬂ %H? L|20/ Al1203, beln no | ess %ﬁ
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stalllne hase bei n at nost 70% by mass, and a

SuPE‘” A b%Li‘lPrga‘iﬁ' JUHdeY RATHST TESREss V€ sfipedye the

er. 2. The crystallized gl ass accordln% to claim1,
crys%éﬁgﬁpe orientatfon of film material when forming a film

80 as to provide variocus substrates with little alkali
.migration. Thus, the inorganic compesition article of the
present invention is not only preferable for the application
to a substrate for the perpendicular magnetic recording medium
for HDD, but also usable as the substrate for an information
recording medium, electronic circuit substrate, substrate for
an optical filter and an optical filter having a dielectric

multi-layer film formed on the substrate for a optical filter.



contains, as a crystalline phase, at |east one
selection fromthe group consisting of Iithium
nonosilicate, lithium disilicate, a-quartz, a-quartz
solid solution, a- cristobalite, and a-cristobalite
solid solution. 3. The crystallized glass according to
claim1, wherein the conﬁfessive stress layer is
formed by replacing ions contained in a surface |ayer
wndM th catdigng having a larger ion radius than the
(original) ions. 4. The crystallized glass according
to claiml, wherein the conpressive stress layer is
formed by heating the article, followed by rapid
1§00 10 o211 THEaCEYSL 2140780 085S BEROIADAARCLAL N
ressive stress [ayer for med
Alznoe)mcvmﬁmrﬂnlnwerlﬁs dheoxctrdest adﬂtlhzedmglsassa’an:commmo

t | ai.m re nea arti |aneter
to Bt e A s PR R nBS LeDE i e desoredhrethost
corltiB of. pﬁﬂ@l@[¥§t@dépﬂﬁﬂugd@S&r@@ﬁ@&dkﬂ@ H10a €4 abamnly
wherein, the elution amount of alkali metallic ion of

at (RS tariitc PY TRATI MY He OHICEs SPVBIsPFREE ¢ AyRYED St

coﬁﬂ%ééﬁﬁ%éwgkggsgaigyefS A, and the elution anount of
alkali netallic ion of the article before the

conpressive stress layer is set up in a water bath is
B, ABis < 1. 8. The crystallized glass according to

2. cl&iyp Le ‘é@ﬂ?iﬁe@ g GNP ORI L]0 ngf tBh81§£1}{51 alili zgd

gl ass before the conpressive stfess [ayer i's arranged
CoﬁﬂﬁﬂﬂﬂrngstheCpE$t@ﬁﬁlfﬁbyﬂWE§S et thestobhowinbection

onponents_in_terns. of | 0 of SiQ2;, .
£ O R o S N ore (Han AEoder OET o0 e - Bk
di 20%Alt203 x-quartz, a-quartz solid solution, o-

cristobalite, and o-cristokalite sclid solution.

3. The crystallized glass according to c¢laim 1, wherein
the compressive stress layer is formed by replacing ions
contained in a surface laver with cations having a larger

ion radius than the {original) ions.

4. The crystallized glass according to claim 1, wherein
the compressive stress layer is formed by heating the

article, followed by rapid cooling.

5. The crystallized glass according to claim 1, wherein

the compressive stress layer is formed by icn infusion.



9. The crystallized glass according to claim8,
wherein the conposition of the crystallized gl ass
before the conpressive stress |ayer is arranged
contains the percent by nass of the at |east one

oxi de selected fromthe fgJlow ng group of

conponents: 0%to 3% of r 0% to 10%of ZnG 0%to
7% of CaO 0%to 7% of BaO 58 O%to 7% of SrO 0%

5. 10 306 O R203;  ,0%0 ;Paé-ao"/gcca‘oréf » 0% 1,0, 5% ofyy I;eqzn a
0% to 3% of K2O, 0% to 2% of y and 0% to’ 2% o

negorriedicontenttef at pedsiclese ddebéeyédy thom Sb203
Crfggp&gﬁﬂ; %nd A@gogtcogyonfnt 10. An information

ecording Préd i um consl i ng Yof" the crystallized gl ass
according to any one of clains 1 to 9. 11. An
i nformati on recordi ng nediumusing the crystallized

gI S subs e for the information recording di um
T B CR AT h G0 A AT P EOPPORTE L oo tetE,
the Ustiiade seenst st nglief1 1 hecaanyst abhi zedegkagsticle
according to any one of clains 1 to 9. 13. An
Na B ULt EniCOTBF RE BT TS USH IR T NEY&FecBRENIE & r@uFqter bath

is SUSRSIS ake aeGOEdh NndithCl Al @l]{%lllﬂletél§ygsiéﬁt§ff@{e
an optical filter consisting of the crystallized

arglalss bedesedithg conarss o oft relsai ABvert 639se659up in a
water bath is B, A/B is < 1.

8. The crystallized glass acceording to ¢laim 1, wherein a
compoesition of the crystallized glass before the
compressive stress layer is arranged contains the percent

by mass of the following components in terms of oxides:
50% to 90% of SiQz;
no less than 4% and no meore than 15% of Li:0; and

% to 20% Al:203.

9. The crystallized glass according to claim 8, wherein
the composition of the crystallized glass before the
compressive stress layer is arranged contains the percent
by mass of the at least one oxide selected from the

following group of components:

0

o\@

to 3% of MgO;

% to 10% of Zn0;

o

)
i)

to 7% of Ca0;

[an]
e

to 7% of Bal;



15. An optical filter conprising a dielectric
multilayer filmon the substrate for the optica
filter according to claim14. 16. A nethod for
produci ng crystallized glass, the nmethod conprising
arrangi ng a conpressive stgfss | ayer on a surface of
t he i norgani c conposition ystal lized gl ass by

i mrersing the crystallized glass containing a Liao
conponent, s and<ap.A1203 conponent, with, in terms of
oxi des, a percent Dby mass ratio of Li20 to A1LO3
(Li@Qlﬁg%ﬁp%fb%kﬂg at least 0.3, and a contai ned
content of particles displaying a crystalline phase
bei pg af mmst 7% by mass, in a heated cheni cal

rei nforcement treat'ment solution, so as to replace

i ong, ¢ éngg %%dTLBEa surface | ayer of the inorganic
composition Wi th-cations having a | arger ion radius
than, the.original ions. 17. A nethod for producing
cr?@%&ﬁfifegfgkggs, the method conprising arranging a
conpy essive stress |ayer on a surface of the
cr&gigﬁi@fea%gF3(§ dheating and subsequently

rapi dl Qoling the crystallize | ass containipg a

B gt CaHAS T TR o foREn SAP £ e e L R

fr&h oxbdeSmARELCEAE BY.dTBSSmpatd 0. of Li 20 to A1903
(Li 20/ A1203) being at least 0.3, and a contai ned

content of particles displaying a crystalline phase
being at nost 70% by mass. 18. A nethod for producing

10 1yt alddzed ghasse 4L hes ethed un e %'ié‘c?ﬂ alFafigl ng a
conpressive stress ?ayer on a surface of the

cryglyshlal4€dz ¢d agb asscbyd ey flor minyyg cheno60< 1 & ipt aht &t i Dn
into the crystallized glass containing a LiZ20
conponent and an A1203 conponent with, in terns of

oxi des,
11. An informaticn recording medium using the crystallized

glass substrate for the information recording medium

according to ¢laim 10,

12. An electronic circuit substrate consisting of the

crystallized glass according to any one of claims 1 to 9.

13. An electronic circuit using the electronic circult

susbstrate according to claim 12.

14. A substrate for an optical filter consisting of the

crystallized glass according to any one of claims 1 to 9.



percent by mass ratio of Li20 to A1203 (Li 20/ A1203)
being at least 0.3, and a contai ned content of
particles displaying a crystalline phase being at
nost 70% by mass. 19. The nethod according to any one
of clains 16 to 18, mhere%p the crystallized gl ass
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di sil i e, 1a- z - I SQJ.i l; ut | :
L ot b e R o A e AR e
figmcoystial |sure tphasefo20thdhetmetiod idceor dbngrddbnanyo

-19ne ?I 16 to 18, wherein the crystallized glass is
crystallized glass obtained by nelting and rapidly

cooling glass raw material to prepare raw gl ass,
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chemical reinforcement treatment solution, so as to replace
icns contained in a surface layer of the inorganic
compesition with cations having & larger ilon radius than

the original ions.

i7. A method for producing crystallized glass, the method
comprising arranging a compressive stress layer on a
surface of the crystallized glass by heating and
subsequently rapidly cooling the crystallized glass
containing a Li:0 component and an Al:03 component with, in
terms of oxides, a percent by mass ratio of Li:0 to Al:0s
(Li:0/A1:203) being at least 0.3, and a contained content of
particles displaying a crystalline phase being at most 70%

by mass.

18. A method for producing crystallized glass, the method
comprising arranging a compressive stress layer on a

surface of the crystallized glass by performing ion



0%to 7% of CaG 0%to 7% of BaO 0%to 7% of SrQ
0%to 3% O P205; 0%to 10%of ZrO2; 0%to 5% of
Ti2; 0%to 3%of K2ZO 0%to 2% of Na2GQ and 0% to 2%
of conbi ned content of at | east one selected from
Sb203 conponent and AS203 f():Oon'ponent.

implantation into the crystallized glass containing a Li:20
component and an Al:03 component with, in terms of oxides,

percent by mass ratioc of Li:0 to Al:0: (Li2C/Al203) being at
least 0.3, and a contained content of particles displaying

a crystalline phase being at most 70% by mass.

19. The method according to any one of claims 16 to 18,
wherein the crystallized glass contains at least one
selection from the group consisting of lithium
monosilicate, lithium disilicate, o-quartz, o-guartz solid
sclution, o-cristobalite, and a-cristcobalite solid

solution, as a crystalline phase.

20. The methed according to any one of 16 to 18, wherein
the crystallized glass is crystallized glass obtained by
melting and rapidly cooling glass raw material to prepare
raw glass, heat-treating the raw glass at 450°C to 620°C to
perform a nuclear formation process, followed by heat
treatment in a range cf 620°C to 800°C, at temperatures
higher than that of the nuclear formation process, to
perform a crystal growth process after the nuclear

formation process.

21. The method according te claim 20, wherein the glass
raw material contains the following components with percent

by mass, in terms of oxides of:
50% to 90% of S5i102;
no less than 4% and no greater than 15% of Li20; and

2% to 20% of Al:0s.
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22. The method according to claim 21, wherein the glass
raw material contains the percent by mass of the at least

one oxide selected from the following group components:

0

o

te 3% of MgO;

[
@

to 10% of ZnO;

o
oo

to 7% of Cal;

O
oe

to 7% of BaQ;

<O
[Sid

te 7% of Sr0;

[
oo

to 3% of P:0s;

[am]
a@

to 10% of ZrQz;

<
ae

to 5

oo

of T10:2;

(]
el

e

to 3% of Ka0;

0

o8

to 2% of Na:0; and

0% to 2% of combined content of at least one selected from

Sbh:0s component and As:0: compoenent.



